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ABSTRACTS

Accepted Abstracts from the International Brain Injury Association’s 12th World
Congress on Brain Injury
March 29, 2017−April 1, 2017
New Orleans, Louisiana

0001 Enhancing emotional insight after traumatic
brain injury: A treatment for alexithymia

Dawn Neumanna,b,c, James Maleca,b, and Flora Hammonda,b

aIndiana University, Indianapolis, IN, USA; bRehabilitation
Hospital of Indiana, Indianapolis, IN, USA; cEmotEd,
Indianapolis, IN, USA

ABSTRACT
Objective: Alexithymia is a common problem after traumatic
brain injury (TBI), with a prevalence ranging between 30%
and 61%. Characteristic features of alexithymia are poor emo-
tional awareness, difficulty in labelling and differentiating
emotions and poor interoceptive awareness. Alexithymia is
often associated with emotion dysregulation, including anxi-
ety, depression and anger. The purpose of this study was to
explore the preliminary effectiveness of an intervention
designed to improve emotional insight in people with TBI.
Methods: Seventeen adults who had a moderate-to-severe TBI,
who had a minimum of 1 year after injury and had moderate-to-
severe alexithymia and completed an intervention targeting pro-
blems with alexithymia. The study was a within-subject design
with three assessment times: baseline, post-test and 2-month
follow-up. Primary outcome measures were the Toronto
Alexithymia Scale-20 (TAS-20) for alexithymia and the Levels
of Emotional Awareness Scale (LEAS), which is a performance-
based assessment pertaining to emotional cognizance and label-
ling. Secondary outcome measures evaluated anxiety [Trait
Anxiety Inventory(TAI)], depression (PHQ-9), anger [State
Trait Anger Expression Inventory(STAXI)], affect [Positive and
Negative Affect Scale(PANAS)] and overall emotional dysregula-
tion [Difficulty with Emotion Regulation Scale(DERS)]. The
intervention consisted of eight 60- to 90-minute sessions (2 per
week) for 1month. Sessions were one-on-one between a therapist
research assistant and participant, in which a web-based training
programme was used to deliver structured content and exercises
aimed at enhancing participants’ emotional vocabulary, emo-
tional insight and interoceptive awareness were conducted.
Results: Thirteen participants completed the intervention.
Repeated-measures analysis of variance revealed significant
improvements on the TAS-20, LEAS, TAI, STAXI, Positive
Affect and DERS, which were followed by planned compar-
isons. Changes on these measures were all significant between
baseline and post test. Changes between baseline and 2-month
follow-up continued to show significant improvements on the
TAS-20, LEAS, TAI and Positive affect. Effect sizes were
mostly medium to large. Post-treatment satisfaction scores
showed strong satisfaction for the programme.

Conclusions: These preliminary findings suggest that alexithy-
mia can be reduced after TBI with treatment and may also
coincide with better emotional regulation. More research
needs to be conducted using a randomized controlled trial
and a larger sample.

0002 The influence of alexithymia, depression and
anxiety on aggression after brain injury

Dawn Neumanna,b,c, James Maleca,b, and Flora Hammonda,b

aIndiana University, Indianapolis, IN, USA; bRehabilitation
Hospital of Indiana, Indianapolis, IN, USA; cEmotEd,
Indianapolis, IN, USA

ABSTRACT
Objective: The aims of this study were twofold: 1) To deter-
mine the differences in aggression severity and prevalence in
people with traumatic brain injury (TBI) and healthy controls
(HCs) and 2) examine the influence of alexithymia (blunted
emotional insight), depression and anxiety on aggression.
Methods: Forty-six participants with moderate-to-severe TBI
with age 49 years and gender-matched HCs. Participants with
TBI had a minimum of 3 months after injury. Participants
completed measures of trait aggression (Buss Perry Aggression
Questionnaire); depression (Patient Health Questionnaire-9);
trait anxiety [State Trait Anxiety Inventory (STAI)] and alex-
ithymia (Toronto Alexithymia Scale-20).
Results: Participants with TBI had significantly higher total
aggression, physical aggression, verbal aggression, anger and
hostility than HCs. Compared to HCs, significantly more
participants with TBI were classified as having higher than
average total aggression (34.8% vs 14.3%), verbal aggression
(41.3% vs 18.4%), anger (39.1% vs 20.4%) and hostility (45.7%
vs 20.4%). Together alexithymia, depression and anxiety
accounted for 34.2% of the adjusted aggression variance for
participants with TBI and 45.7% for HCs. The largest unique
contributor to these models was alexithymia for participants
with TBI and depression for HCs.
Conclusion: This study provides empirical data showing that
aggression is more severe and prevalent in people with TBI
than HCs. Moreover, our findings suggest that alexithymia is
a major contributing factor to aggression after TBI. This is
concerning as alexithymia is prevalent in up to 61% of people
with TBI. Because people with alexithymia have poor emo-
tional insight, they may not have the awareness needed to
properly regulate escalating feelings of anger and aggression.
Clinical implications for the treatment of aggression will be
discussed.
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0003 The relationship between anger and negative
attribution bias after brain injury

Dawn Neumanna,b,c, James Maleca,b, and Flora Hammonda,b

aIndiana University, Indianapolis, IN, USA; bRehabilitation
Hospital of Indiana, Indianapolis, IN, USA; cEmotEd,
Indianapolis, IN, USA

ABSTRACT
Objective: Negative attributions pertain to judgements of
intent, hostility and blame that one makes regarding other
people’s behaviours. Negative attribution bias is when some-
one has the tendency to perceive actions significantly more
negative than the general population, especially when actions
are ambiguous or benign. The aim of this study was to
examine if people with traumatic brain injury (TBI) make
stronger negative attributions than healthy controls (HCs)
and explore the relationship of these attributions with situa-
tional anger.
Methods: Forty-six adults with moderate-to-severe TBI and 49
HCs who were frequency matched for age and gender, parti-
cipated in the study. Participants were presented with
hypothetical scenarios describing characters’ behaviours that
ultimately resulted in hypothetically negative outcomes for the
participant. Actions described in the stories were clearly hos-
tile, ambiguous or benign, resulting in three story types.
Participants rated characters’ behaviours for intent, hostility
and blame, as well as how angry they would be in response to
each scenario.
Results: Compared to HCs, participants with TBI had
significantly stronger anger ratings in response to scenarios
(p < .05). Additionally, participants with TBI rated characters’
behaviours to be significantly more intentional, hostile and
blameworthy than those of HCs for benign, ambiguous and
hostile scenarios (p < .05). Negative attributions significantly
predicated 72.4% of anger variance for participants with TBI
and 65.3% of variance for HCs.
Conclusion: People with TBI appear to be biased in judging
others’ behaviours as more intentionally hostile and blame-
worthy. Furthermore, it appears that these negative attribu-
tion biases are contributing to anger problems after TBI.
These findings have important clinical implications, which
will be discussed. Future studies investigating factors that
contribute to negative attribution biases are critical to under-
standing and treating anger deficits in the TBI population.

0005 The use of an algorithm and a modified
agitated behaviour scale to evaluate the
effectiveness of interventions and the necessity for
constant supervision with brain-injured inpatients

Martin Diorio and Jolene Klotz

Good Shepherd Rehabilitation Hospital, Allentown, PA, USA

ABSTRACT
Objectives: Individuals who suffer severe traumatic brain inju-
ries often exhibit agitated and aggressive behaviours early in
their recovery (Rancho 4), which impact both patient and staff

safety. Determining when constant supervision or every
15-minute observation is necessary can be difficult.
Methods: In order to facilitate the decision-making process, an
algorithm was developed to assist staff in determining if a
patient requires one-to-one supervision or another alternative
safety measure. The Agitated Behavior Scale (Bogner, 2000)
has been developed to identify and evaluate the level of agita-
tion for a designated period of time. The scale lists 14 specific
behaviours that are rated from 1 (none) to 4 (extreme).
Results: However, valuable information is lost with regard to
the effectiveness of interventions including medications, sleep
patterns, the identification of specific behaviours (e.g. rest-
lessness versus agitation) and whether there are certain peri-
ods of time when agitation is more likely to occur. In order to
maximize the effectiveness of the Agitated Behavior Scale as a
clinical tool, a version that examines behaviour over a longer
period of time was developed, which utilizes a 24-hour mon-
itoring approach in which all 14 behaviours are rated on an
hourly basis. One-to-one observation is necessary to use this
version. This version has been found to be valuable with
regard to assessing the response to interventions, including
medications, tracking recovery from a behavioural perspective
and determining when an individual can be taken off one-to-
one supervision.
Conclusions: The lecture will provide information on the
algorithm and Agitated Behavior Scale as a clinical tool in
treatment planning for brain-injured individuals.

0008 Report to congress on the management of
traumatic brain injury in children

Juliet Haarbauer-Krupaa, Ann Glangb, Brad Kurowskic, and
Matthew Breidinga

aTBI Team, National Center for Injury Prevention and
Control, CDC, Atlanta, GA, USA, bUniversity of Oregon,
Eugene, OR, USA, cCincinnati Children’s Medical Center,
Cincinnati, OH, USA

ABSTRACT
Background: Children and adolescents have some of the high-
est rates of emergency department visits due to traumatic
brain injury (TBI) and are vulnerable to a range of long-
term consequences following TBI. TBIs in children may be
particularly damaging as they may precede or occur during
critical stages in brain development. Further, neurocognitive
and neurobehavioural impairment can influence academic
and social outcomes in ways that reverberate throughout the
lifespan. Consequently, follow-up care and monitoring
beyond the acute injury phase are critical. Although most
TBIs in children are considered mild, even a mild TBI can
have a long-term impact. The TBI Act of 2014 directed the
CDC in consultation with the National Institute of Health to
conduct a review of scientific evidence related to brain injury
management in children and to submit a Report to Congress
(RTC) that describes the results and makes recommendations
related to improving the management of TBI in children. The
purpose of this presentation is to describe the key findings
and recommendations of the RTC on the Management of
Traumatic Brain Injury in Children.
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Methods: The report was developed through a collaboration
between CDC scientists and researchers who specialize in the
medical and educational management of TBI. A diverse group
of external reviewers provided feedback on the initial outline
and first draft of the report. The goal of the current RTC will
identify the gaps in the research and provide action-oriented
recommendations for researchers, clinicians, consumers,
advocates and policy makers. The report is scheduled for
release in March 2017.
Results: The management of TBI in children is complex and
dependent upon multiple service delivery systems. These sys-
tems are not optimally coordinated to provide care across the
child’s lifespan. In particular, there is large variation in follow-
up care and service delivery at the state level with respect to
paediatric trauma centre utilization, service delivery in the
schools, early intervention services, service access, transition
to adulthood and family support. This variation and lack of
understanding by caregivers, healthcare professionals and
educators, regarding the potential for TBI effects beyond the
initial injury creates challenges for optimal care. Addressing
identified barriers can promote children’s achievement of
long-term milestones as adults, such as high school gradua-
tion, employment and engagement in healthy lifestyle prac-
tices. Improving the developmental trajectory for children
with TBI through consistent, state-of-the-art management
approaches is a critical public health issue.
Conclusion: Improving the management of TBI in children is
critical to reducing the public health burden of TBI. Report
findings and recommendations will support action at the
federal and state levels and will assist individual communities
in ensuring optimal management of TBI in children.

0009 Neuro-net: An innovative continuum of care
pilot for those with catastrophic brain and spinal
cord injury

Debra Braunling-McMorrowa,b,c, Shannon Swick, MA LLPa,d,
and Ann Perkins, MAa,e

aNeruo Net, San Jose, CA, USA; bNorth American Brain
Injury Society, Dallas, TX, USA; cLearning Services, Boston,
MA, USA; dRehab Without Walls, Lansing, MI, USA; eSanta
Clara Valley Medical Center, San Jose, CA, USA

ABSTRACT
Background: The future of healthcare services whether
through bundled payments or accountable care organizations
is challenged to meet the triple aim of healthcare by providing
good outcomes, at a reasonable price and with satisfied con-
sumers. Neuro-Net is an innovative pilot continuum of care
model designed for persons with catastrophic brain and spinal
cord injury. We have long known the creation of a clinically
integrated expert continuum of care for persons suffering
catastrophic neurological injuries was needed. The vast major-
ity of these patients are currently treated in separate and often
fragmented systems that do not provide good clinical integra-
tion. The result can be poor outcomes resulting in higher
costs and compromised health for these patients. Four expert
providers of catastrophic care joined forces through an inno-
vation pilot to begin such a continuum: They are Santa Clara

Valley Medical Center, Level 1 Trauma and Acute Inpatient
Rehabilitation, Care Meridian, subacute care, Learning
Services, a residential and day treatment facility for persons
with brain injury and Rehab Without Walls, rehabilitative
treatment in the home and community.
Methods: Neuro-Net is a private/public partnership, combin-
ing health care providers with different cultures, payment
systems and outcome methodologies. The presentation will
include an overview of the coordination of care model man-
aged by a nurse case manager.
Results: Admission and clinical protocols and procedures, a
shared medical records system and the outcome measurement
system will be presented. Preliminary data from the first 70
participants including treatment gains, re-hospitalization as
well as consumer satisfaction and input will be presented.
Outcomes will be compared to those not participating in a
continuum of care model and compared with national
averages.
Conclusions: We will discuss the challenges in designing and
implementing such a model as well as future directions and
replication of the model.

0012 Hope and engagement following acquired
brain injury: A qualitative study

Rosemary Gravella,b, Shelagh Brumfita, and Richard Bodya

aUniversity of Sheffield, Sheffield, UK; bLivability Icanho,
Stowmarket, UK

ABSTRACT
Background/Aims: It is widely recognized within rehabilita-
tion services for people with acquired brain injury that there is
a wide variation in the degree of engagement with therapy
and that this has the potential to affect outcomes. While it is
recognized that subjective beliefs are an important factor in
engagement, little is known about how clients perceive their
experience, what expectations they have in relation to recov-
ery and rehabilitation and how their perceptions influence
engagement with rehabilitation. While some studies have
considered expectations retrospectively, none have taken a
prospective approach in relation to an ABI population. This
research aimed to explore clients’ perspectives and increase
knowledge of clients’ expectations of recovery and rehabilita-
tion, prior to beginning community-based rehabilitation and
to develop a theoretical explanation, upon which improve-
ments in service delivery and practice can be based.
Method: The research aims were explored through a qualita-
tive methodology, using a symbolic interactionist theoretical
perspective to grounded theory, which was chosen to facilitate
the process of theory generation (Glaser and Strauss 1967,
Charmaz 2006). Twenty-one people, with complex problems
following ABI, were interviewed prior to being seen by a
specialist community rehabilitation service. The context of
qualitative research is critical and taken into account when
interpreting findings. People with communication and cogni-
tive impairments were purposefully included, if they had a
capacity to consent to the research.
Results: The central theme that emerged was hoping-despair-
ing, with five further main categories: Making sense of what
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has happened, moving forward, what can I do?, trusting/
doubting others and accepting. An explanatory framework
was developed and a model was proposed, by which belief
in self/others and belief in recovery/progress interact to gen-
erate hope and readiness to engage. A focus group consisting
of specialist clinicians was conducted, to compare the expec-
tations of clients and clinicians.
Conclusions: The findings suggest that expectations and beliefs
at this stage in the rehabilitation pathway influence the degree
of engagement with rehabilitation services and that this has
implications for clinical intervention. While the context of
qualitative research is critical in interpreting findings, it is
felt that there are wide implications for ABI services and
other areas of health care.

0014 The effect of post-injury erythropoietin
administration on mortality and Glasgow Outcome
Scales of patients with traumatic brain injury: A
meta-analysis

Faye Garciano and Perry Noble

Makati Medical Center, Makati City, Philippines

ABSTRACT
Objectives: To determine whether post-injury treatment with
erythropoietin provides lower mortality rates and improved
Glasgow Outcome Scales in patients with traumatic brain
injury (TBI).
Methods: Randomized controlled trials (RCTs) were searched
through PUBMED, Cochrane Central Register of Controlled
Trials (CENTRAL), MEDLINE and www.googlescholar.com.
The reference list of a systematic review was also searched.
Results: Four RCTs comparing erythropoietin and placebo,
regardless of dose, dosing regimen and route of administration
were reviewed. Data analysis showed that mortality rates for the
erythropoietin group (OR 0.63, CI 0.43–0.93) was significantly
lower compared to the placebo group. However, there was no
significant difference in the Glasgow Outcome Scales of TBI
patients given erythropoietin compared to placebo.
Conclusion: Post-injury treatment with erythropoietin, regard-
less of dose, dosing regimen and route of administration
yielded lower mortality rates in patients with TBI but had
no significant effect on Glasgow Outcome Scales. It is recom-
mended that further large-scale RCTs be performed in order
to fully establish the safety and support the efficacy of ery-
thropoietin administration in patients with TBI.

0016 Long-term adaptive strategies addressing
cognitive and emotional deficits of brain injury for
survivors and primary caregivers

Deana Adams and Patti Foster

Hope After Brain Injury, Fort Worth, TX, USA

ABSTRACT
Background: Creating adaptive strategies for long-term recov-
ery of brain injury survivors is essential for both survivors and
caregivers as they transition from rehabilitation level of care
to home and work. This presentation will highlight adaptive

cognitive and emotional strategies aimed at dealing effectively
with the deficits of brain injury including short-term memory
loss, personality changes and anger. The strategies may be
applied to clinical and private practice settings.
Purpose:The purpose is to identify long-term adaptive strate-
gies identified by brain injury survivors and primary care-
givers and with this knowledge add to the development of
theory related to rehabilitation. The deficits identified include
short-term memory loss, anger and personality changes.
Further, suggestions for healthcare professionals are identified
to more effectively treat survivors of brain injury, spouses and
the family system as they transition to home and work.
Procedure: Phenomenological qualitative research approach
with seventeen respondents participating in a series of semi-
structured interviews. Participants were asked the same initial
questions. From their responses, additional questions arose to
gain a more in-depth understanding of the coping strategies
used to address the needs and deficits associated with brain
injury. Significant to this study was the development of cop-
ing and adaptive strategies by the participants after their
discharge from inpatient and rehabilitation treatment.
Survivors had at least 3 years post-injury.
Results: Both brain injury survivors and primary caregivers iden-
tified a myriad of deficits that required adaptive strategies specific
to the area of brain injury. The findings indicated that problem-
focused coping and emotion-focused coping were utilized to some
degree throughout the rehabilitation process. Problem-focused
coping were behaviours and helps that addressed a specific need
associated with a deficit. Emotion-focused coping addressed the
emotional disturbances that are common to brain injury. In
addition, primary caregivers identified specific adaptive strategies
to address their needs as they live with their loved one affected by
brain injury. Resources and practical suggestions are given to
assist healthcare professionals to work most effectively with
brain injury survivors and primary caregivers. Presentation high-
lights Dr Adams work, ‘Coping and adaptive strategies of trau-
matic brain injury survivors and primary caregivers’ published in
NeuroRehabilitation: An Interdisciplinary Journal August 2016.
Personal Story: Patti Foster, TBI Survivor, Author,
Inspirational Communicator will present her story of survival
and adaptive strategies learned through her recovery of a
severe traumatic brain injury sustained June 18, 2002. As a
former radio personality and now international speaker, Patti
shares her experience of learning to live again, making a
difference now (MAD Now!), and leaning into life as a TBI
survivor. . .triumphantly and with unwavering hope.

0017 Neuropsychological rehabilitation in
adolescent with brain injury: Results of
individualized programme

Solovieva Yulia, Luis Quintanar, and Elsa Paola Quesada
Richart

Faculty of Psychology, Puebla, Mexico

ABSTRACT
Background: Cases of acquired brain injury can take place in
patients of different psychological ages. Specific paths and
strategies for neuropsychological assessment and rehabilitation
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should be applied in order to obtain favourable clinical results.
The methods for neuropsychological rehabilitation should be
developed on the basis of precise clinical assessment and diag-
nosis. The programme should include the tasks considering not
only affected brain mechanisms but also aspects of motivation
and personality of psychological age of adolescence.
Objective: The goals of the study consist of presentation of the
content of items for neuropsychological assessment before
and after the work with the patient with programme of
individualized rehabilitation.
Case report: The masculine patient aged 14 years, right handed,
pupil of the 3rd year of Secondary Private School of the city of
Puebla (Mexico) was included in the study. The patient has
suffered traffic accident, which provoked severe brain injury and
loss of lateral vision. The patient was hospitalized during 2months
showing absence of speech and locomotion. After hospitalization,
the patient assisted traditional speech therapy and rehabilitation
of movements for several months. Brief Neuropsychological
Assessment for Adults in Spanish was applied before and after
the work with programme of rehabilitation. The tasks of assess-
ment included: copy of objects with elements of spatial orienta-
tion, free drawing and production of drawings by categorical
instructions. Results of neuropsychological assessment revealed
strong difficulties with regulation of control of voluntary activity
and spatial integration on material, perceptual and verbal levels.
Verbal level was especially affected, which was a strong obstacle
for all kinds of abstract intellectual activity.
Methods: On the basis of results of this assessment, individua-
lized programme for neuropsychological rehabilitation was
designed. The programme of rehabilitation was carried out
in 55 sessions during 4 months. The goals of rehabilitation
consisted in organization of intellectual activity by training of
mechanisms of control and spatial analysis. Original interac-
tive tasks were created in order to elevate motivation of the
patient. The tasks were provided on concrete, perceptive and
verbal levels as ordered steps of the programme. Tasks for
regulation and control included table games based on external
orientation provided by therapist, reflective analysis of gram-
mar rules and analysis of sense and logic relations in texts.
Conclusions: After rehabilitation programme, positive changes
were observed in the intellectual and emotional sphere of the
patient. The patient started to fulfil school tasks indepen-
dently, obtained high marks at school and became able to
read complex texts and solve mathematic problems; motiva-
tion for intellectual activity became stronger. We discuss the
necessity of individualized approach instead of standard gen-
eral proposals for patients with acquired brain injury. Aspect
of personality and motivation should be included as funda-
mental aspects of creation and application of neuropsycholo-
gical rehabilitation in adolescent patients.

0018 Quality of return-to-work in patients with mild
traumatic brain injury: A prospective investigation of
associations between post-concussion symptoms,
neuropsychological functions, working status and
stability

Shao-Ying Chua, Yi-Hsin Tsaib, Sheng Huang Xiaoc, Sheng
Jean Huangd, and Chi Cheng Yanga,e

aDepartment Of Occupational Therapy, College of Medicine,
Chang-gung University, Taoyuan, Taiwan; bDepartment of
Neurosurgery, Far-Eastern Memorial Hospital, New Taipei
City, Taiwan; cTaipei City Hospital, Ren-Ai Branch, Taipei,
Taiwan; dTaipei City Hospital, Taipei, Taiwan; eDepartment of
RadiationOncology, Chang-GungMemorial Hospital, Taoyuan,
Taiwan

ABSTRACT
Objective: Although ‘return to work’ (RTW) has been identi-
fied as one of the most important outcome measures for
patients with mild traumatic brain injury (MTBI), methodo-
logical drawbacks still weakened its representativeness. This
study thus aims to evaluate the ‘work quality’ (WQ) originat-
ing from ‘work status’ and ‘work stability’ simultaneously, and
further to explore the associations between post-concussion
symptoms (PCS), neuropsychological functions and WQ.
Methods: A total of 179 participants, which included 132
patients with MTBI and 47 healthy participants, were pro-
spectively recruited. The Work Quality Index (WQI) was
developed to evaluate WQ. All patients were evaluated for
their PCS, neuropsychological functions and WQ at 2 weeks
post injury (T1), while PCS and WQ were further recorded by
1 month post injury (T2).
Results: At T1, more than half of patients were unemployed,
while only 15% of patients can retain their pre-injury works
stably. At T2, 26% of patients were still unemployed, while
36% has returned to work stably. In addition, WQ at T1 was
significantly associated with patients’ educational levels, while
WQ at T1 and physical PCS at T2 can be significantly asso-
ciated with WQ at T2.
Conclusions: Simultaneously considering work status and sta-
bility to reveal quality of RTW is merited. Moreover, amelior-
ating physical symptoms is also necessary to get favourable
WQ by 1 month after MTBI.

0019 Evidence-based rehabilitation for cognitive-
communication reading comprehension deficits:
Identifying evidence (I-V) and clinical implications

Kerrin Wattera,b, Anna Copleya, and Emma Fincha,b,c

aUniversity of Queensland, Brisbane, Australia; bSpeech
Pathology Department, PA Hospital, Metro South Health,
Brisbane, Australia; cCentre for Function and Health
Research, Metro South Health, Brisbane, Australia

ABSTRACT
Objectives: Reading deficits after acquired brain injury (ABI)
can influence participation in rehabilitation, independence in
the community and successful return to work or study.
Cognitive-communication reading comprehension (CCRC)
deficits are typically managed by speech-language pathologists
(SLPs) across the rehabilitation continuum. Providing evi-
dence-based services includes using ‘external’ research evi-
dence, ‘internal’ clinical practice evidence and patient
preferences. This study aimed to explore the evidence base
for CCRC interventions during subacute SLP rehabilitation
and investigate and compare internal clinical practice evi-
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dence with current external evidence to provide levels I-V
evidence.
Methods: Internal clinical practice evidence was collected from
Australian SLPs with experience in subacute brain injury
rehabilitation via an online survey, to provide ‘expert opinion’
(Level V evidence). A systematic review (SR) of the literature
for comprehension-based discourse reading interventions fol-
lowing ABI provided Levels I-IV evidence. Data were com-
pared within the World Health Organization’s ICF model, to
allow comparison of interventions from different theoretical
frameworks in a structure that is relevant to practicing
clinicians.
Results: Only results from completed surveys were used in the
study (n = 19); although small, this number is similar to other
studies investigating subacute ABI communication rehabilita-
tion in Australian SLPs. The majority of surveyed SLPs (73%)
were experienced clinicians. They provided impairment-based
(94.7%), activity/functional (94.7%) and reading strategy
interventions (100.0%) in subacute CCRC rehabilitation.
Strong similarities between SLP practice and the SR include
using 1:1 service delivery and strategy-based interventions;
other similarities include treatment hierarchies and aspects
of functional- and impairment-based interventions. SLP strat-
egy use (100%) was higher than identified in the literature.
Several interventions identified in the SR were not reported in
subacute clinical practice. Assessment methods were highly
different.
Conclusions: Clinical SLPs are providing evidence-based
CCRC interventions. Differences between practice and the
literature (e.g. strategy use, assessments) may guide future
CCRC research.

0023 ‘I’m trying to be the safety net’: Family
protection of patients with TBI during the hospital
stay

Tolu Oyesanyaa and Barbara Bowersb

aShepherd Center, Crawford Research Institute, Atlanta, GA,
USA; bUniversity of Wisconsin-Madison, School of Nursing,
Madison, WI, USA

ABSTRACT
Objective: Research has shown that during the hospital stay,
family caregivers of patients with traumatic brain injury (TBI)
perceive that one of their roles is to protect the patient;
however, research on this topic is limited. The purpose of
this study was to investigate family caregivers’ experience of
protecting patients with moderate-to-severe TBI during the
hospital stay.
Methods: Grounded theory was used to conduct twenty-four
interviews with 16 family caregivers of patients with moder-
ate-to-severe TBI.
Results: Findings showed caregivers worked to protect the
patient’s physical and emotional safety throughout the hospi-
tal stay. Strategies to protect the patient’s physical safety
included: 1) influencing the selection of staff; 2) attempting
to prevent overstimulation; 3) breaking the patient’s bad
habits and 4) anticipating how to orchestrate the home envir-
onment. Strategies to protect the patient’s emotional safety

were 1) connecting on an emotional level and 2) managing
visitors.
Conclusions: These findings have practice implications
for educating interdisciplinary health care providers about
the experience of family caregivers during the hospital stay
to improve support provided to caregivers during this
time.

0025 Standardization of policy and increasing
patient matriculation through customized treatment
plans in the treatment of chronic traumatic brain
injury by developing standard operating procedures
and a patient tracking tool

Melani Bell

National Intrepid Center of Excellence, Fort Belvoir, VA, USA

ABSTRACT
Picot: Will the development of a standard operating proce-
dure (SOP) and an internal tracking system aid in standar-
dization of practice and increase patient throughput of the
traumatic brain injury (TBI) treatment plan for adult sol-
diers enrolled in the university at the TBI facility: A nursing
practice change.
P: The team consists of Physicians, Nurse Practitioners,
Registered Nurses, Social Workers, Occupational Therapist,
Physical Therapist, Neuropsychologist, Neuro Optometrist
Chaplain, Ombudsman, Music, Yoga and Art therapist. A
multidisciplinary approach to developing policy and tracking
will allow input from SMEs.
I: Implementation of a SOP guided by evidenced-based prac-
tice (EBP) for standardization of university protocols and
successful tracking of soldier progress through customized
treatment plans. This phase will lend itself to practice as
new policies will improve the quality of healthcare delivery
standardizing practice across the healthcare continuum within
the TBI facility. Having a tracking process will eliminate the
query of where soldiers are in the process providing providers
with the most up-to-date information on soldier status. A
designated provider will be provided transparent instructions
on use of the tracking system and serve as the super user for
the clinic.
C: Currently, the soldiers enrolled in the university are pro-
vided a customized treatment plan by the multidisciplinary
team based on the assessment data gathered during an initial
assessment. Detailed information is provided to the soldier on
the process and those who will be directly involved with the
care to include family and providers. The process is designed
to meet the patient- and family-identified goals that are
centred around the five pillars of the clinic to include sleep,
nutrition, physical movement, pain management and resi-
liency; all of which can be defined with SOP development.
Once implemented, each discipline will know the inclusion
criteria to be enrolled, how many phases of care are offered,
who will gather the data, role of the providers, how soldier
care will be tracked and how the providers can immediately
access information pertaining to progression. Due to the lack
of a tracking system, soldiers’ progress is not being monitored
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until the day of the appointment, which does not allow proper
preparation prior to the visit.
O: Standardization of practice, improved facilitation of care
and throughput of TBI patients enrolled in the university. In
their study, Hinds and Livingston (2016) found that the
identification of the need for TBI diagnosis and treatment
guidelines within the Military Health System and the consid-
eration of military service-specific and Department of Defense
policy are integrated within an evidenced-based, systematic
clinical recommendation development process (Abstract sec-
tion, para. 1).
T: 8 weeks: The first 4 weeks will be spent gathering input
from stakeholders developing and refining the SOP.

0027 A controlled study of the presence of upper
cervical dysfunction in concussion vs. whiplash
patients

Howard Vernon, John Crawford, and Lauren Ercolao

Canadian Memorial Chiropractic College, Toronto, ON,
Canada

ABSTRACT
Objective: Concussions or mild traumatic brain injuries
(mTBI) resulting from sports-related or whiplash injuries
have become a major public health issue. The extent to
which neck soft tissue injuries co-occur in concussion events
is not well known nor is the extent to which the symptoms
associated with these injuries contribute to post-concussion
syndrome.
Methods: 43 subjects were studied: concussion (16), whiplash
(13) or controls (14). Subjects completed a pain scale (VAS),
the Neck Disability Index (NDI) and the Rivermead Post-
Concussion Symptoms Questionnaire (RPCSQ). Three tests
for cervical joint and myofascial dysfunction were conducted:
joint restriction on manual palpation; tenderness to manual
palpation and the Flexion-Rotation test (F-R test). Scores on
all variables were compared by ANOVA or chi-squared test-
ing with significance at p = 0.05.
Results: 73% of concussion subjects had head impact; none
occurred in the whiplash group. In both clinical groups, the
pain VAS, NDI and RPCSQ scores were not statistically
different. Significantly more upper cervical joint restrictions,
tenderness and positive F-R tests were found in the concus-
sion group vs. controls. Joint restriction and F-R test findings
were similar between concussion and whiplash groups.
Conclusion: Our results provide preliminary support for simi-
larity of symptoms in both concussion and whiplash patients
as well as similarly high levels of cervical joint and myofascial
dysfunction in concussion subjects. Soft tissue injuries to the
upper cervical spine should be assessed as early as possible in
post-concussion management.

0028 Te Waka Kuaka, Rasch analysis of a cultural
assessment tool in traumatic brain injury in Māori

Hinemoa Eldera, Karol Czubab, Paula Kerstenc, Alfonso
Caracueld, and Kathryn McPhersone

aTe Whare Wānanga o Awanuiārangi, Auckland, New
Zealand; bAuckland University of Technology, Auckland,
New Zealand; cUniversity of Brighton, Brighton, UK,
dUniversity of Granada, Granada, Spain; eHealth Research
Council of New Zealand, Auckland, New Zealand

ABSTRACT
Aim: To examine the validity of a new measure in assessing
the cultural needs of Māori (indigenous New Zealanders, who
make up 17% of the NZ population) with traumatic brain
injury, using Rasch analysis. Māori TBI is important because
of the high rates of TBI compared to non-Māori and Māori
cultural values about the head and brain that influence reha-
bilitation following TBI. The measure was named Te Waka
Kuaka (meaning a flock of godwits) because it enables
whānau and health workers to organize their priorities in
order to navigate the recovery journey, much as the flock of
godwits organize themselves for their migrations.
Method: This novel measure was advanced from prior con-
ceptual and qualitative work and was explored with Māori in
a range of settings in the North Island of Aotearoa, New
Zealand. The development of the measure has been reported
elsewhere. Three hundred and nineteen participants with a
history of TBI, their whānau (extended family members),
friends, those connected via work or interested community
members (ranging in age from 11 to 76 years of age and 63%
female) completed the 46-item measure. The sample also
included eight non-Māori spouses. Rasch analysis of the
data was undertaken.
Results: All four subscales including Wā (time), Wāhi
(place), Tangata (people) and Wairua practices were uni-
dimensional. Ten items were deleted from the original
measure because of misfitting the model secondary to
statistically significant disordered thresholds, non-uniform
differential item functioning (DIF) and local dependence.
Five items were re-scored in the fourth subscale resulting
in ordered thresholds.
Conclusions: Rasch analysis enabled a robust process includ-
ing theoretical reflections in validating a new version of Te
Waka Kuaka ready for use in TBI rehabilitation. This is the
first time such a robust process has been used to develop and
validate a Māori health measure. This process provides a
blueprint for other researchers.

0029 Phenylephrine protects cerebral
autoregulation and reduces hippocampal necrosis
after traumatic brain injury via block of ET-1 and ERK
MAPK in juvenile pigs

William Armsteada, Victor Curvelloa, Hugh Hekierskia, John
Rileya, and Monica Vavilalab

aUniversity of Pennsylvania, Philadelphia, PA, USA;
bUniversity of Washington, Seattle, WA, USA

ABSTRACT
Traumatic brain injury (TBI) contributes to morbidity in
children, and boys are disproportionately represented.
Cerebral autoregulation is impaired after TBI, contributing
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to poor outcome. Cerebral perfusion pressure (CPP) is often
normalized by use of vasoactive agents to increase mean
arterial pressure (MAP). Maturationally, a 1- to 5-day-old
pig approximates a 1- to 2-year-old human child while a 4-
week-old juvenile pig approximates an 8- to 10-year-old child.
In prior studies of 1- to 5-day old newborn piglets, we
observed that phenylephrine (Phe) preferentially protected
cerebral autoregulation in females but not in males after
fluid percussion injury (FPI). The ERK isoform of mitogen-
activated protein kinase (MAPK) produces hemodynamic
impairment after FPI. The spasmogen endothelin-1 (ET-1) is
upregulated more in males than females and contributes to
elevated ERK after FPI. Phe blocked the upregulation of ET-1
and ERK in females but potentiated upregulation in males
after FPI. In the present studies, we investigated whether Phe
protects autoregulation and limits histopathology after FPI in
older juvenile (4 week old) pigs and the role of ERK and ET-1
in that outcome by sex. Results show that Phe significantly
protects autoregulation and prevents reduction in cerebral
blood flow (CBF) in both male and female juvenile pigs
after FPI. Papaverine-induced dilation was unchanged by
FPI and Phe, indicating lack of an epiphenomenon. Phe
blocked ERK MAPK and ET-1 upregulation in both males
and females after FPI. Phe blocked loss of neurons in CA1
and CA3 hippocampus of males and females after FPI. These
data indicate that Phe protects autoregulation and limits hip-
pocampal neuronal cell necrosis via block of ERK and ET-1
after FPI in both male and female juvenile pigs. In clinical
studies, impairment of autoregulation following TBI appears
linked to Glasgow Coma Scale (GCS), with greater autoregu-
latory impairment associated with worse GCS. The present
data suggest that vasoactive agent support may affect cogni-
tive outcome differently in males and females as a function of
age. These data suggest that use of Phe to improve outcome
after TBI is both sex and age dependent.

0030 Turning on the lights in TBI: Applying smart-
home technology in a residential environment

Dana Larsona and Nathan Zaslerb,c,d,e,f

aTree of Life Services, Richmond, VA, USA; bTree of Life Services,
Midlothian, VA, USA, cConcussion Care Centre of Virginia, Ltd.,
Richmond, VA, USA, dVirginia Commonwealth University
Department of Physical Medicine and Rehabilitation,
Richmond, VA, USA, eUniversity of Virginia Department of
Physical Medicine and Rehabilitation, Charlottesville, VA, USA,
fInternational Brain Injury Association, Alexandria, VA, USA

ABSTRACT
Purpose: After TBI, myriad type of sequelae can have a sig-
nificant impact on a person’s ability to access their environ-
ment to perform simple tasks with any level of independence.
There are many options for Electronic Aids of Daily Living
(EADL) on the market, some targeted towards the rehabilita-
tion market and some designed and marketed for traditional
consumer use. The purpose of this case presentation is to
outline the key differences in cost and capability of some
currently available options, as well as describe the process
and choices that go into implementing a smart-home system

for someone with TBI-related functional challenges. This case
study will describe a patient with severe TBI and resultant
limitations in environmental access due to cognitive, beha-
vioural and physical limitations.
Methodology: The process undertaken for assessing client
needs and suitability of available options will be described as
well as the implementation of use including anticipatory stra-
tegies and gradual skill building to facilitate successful learn-
ing. Additional lessons learned will be shared for improving
the client experience by simplifying the development process
for prescribing and implementing EADL use in such patients.
Findings: A retroactive pre- and post-intervention satisfaction
survey was completed specific to the areas addressed by the
EADL. The client reported high levels of satisfaction with the
functionality of this equipment. Despite significant cognitive
deficits, the patient was able to acquire the skills necessary to
operate a voice-activated device and perform a series of func-
tional tasks related to leisure and home access otherwise
limited by environmental access.
Conclusions and Future Directions: Consumer-level smart-
home technology offers affordable, flexible EADL options
that aid in increased independence with environmental con-
trol for an individual with TBI living in a supported residen-
tial environment. The authors plan to continue
implementation with other residents as appropriate and con-
tinue tracking functional benefits of said interventions.

0031 Resolution of paroxysmal autonomic
instability with dystonia (PAID) syndrome with serial
casting

Ondrea Mckay and Peter Yonclas

Rutgers-New Jersey Medical School, Department of Physical
Medicine and Rehabilitation, Newark, NJ, USA

ABSTRACT
Case Description: The patient is a 3-year-old girl who was
struck by a vehicle while playing. On initial evaluation, GCS
was 3 and left pupil was dilated. CT of the head showed: 2-
mm SDH along the falx cerebri, parenchymal haemorrhages
in the right parietal lobe and left temporal lobe. SAH in the
pineal cistern and bilateral parietal fractures were observed.
Extensive right parietal and right occipital oedema were seen.
An ICP monitor was placed and she was admitted to the ICU.
On hospital day 2, when sedation was held, there was general-
ized movement of her fingers to noxious stimulation, with no
eye opening and her ICPs became elevated from 9 to 19.
On hospital day 6, the patient began having intermittent
storming episodes associated with posturing, tachycardia,
tachypnoea and hypertension with unclear precipitating fac-
tors. There was noted increased tone (MAS 3) in the left
upper and worsening of dysautonomia and posturing with
PROM. Due to concern for contracture, serial casting was
decided by the family and rehab team.
On hospital day 8, patient had a cast placed to left upper
extremity. Following cast placement, there was marked
improvement in dysautonomia and emerging awareness
within one hospital day. Through serial casting, occupational
therapy achieved −10°, from initial −70°. The patient
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continued to progress and was discharged to acute inpatient
rehab on hospital day 26.
Discussion: One proposed pathophysiology of PAID is
thought to be due to dysfunction of the autonomic centres
of diencephalon (thalamus or hypothalamus) or their cortical
connections that mediate autonomic function. Boeve et al.
expanded this concept by speculating that the mechanism
likely involves activation (or disinhibition) of central sym-
patho-excitatory regions such as the paraventricular hypotha-
lamic nucleus, lateral periaqueductal grey substance, lateral
parabrachial nucleus or rostral ventricular medulla. Early
recognition and treatment are aimed at easing care and pre-
venting secondary injury.
There are many proposed treatments for PAID, which include
baclofen, benzodiazepines and propranolol. Many of which
were trialled in our patient with only short-term relief of her
symptoms. In a recent case report, Lee et al. managed intract-
able PAID in brain-injured patient with alcohol neurolysis
and botulinum toxin injection with resolution of dysautono-
mia following injection. With our patient, PROM of the left
upper extremity was associated with worsening symptoms, we
hypothesized that contracture/tone may have been triggering
her dysautonomic episodes. Following serial casting, there was
marked improvement in her tone along with resolution of her
dysautonomia and improvement in her cognitive status.
Conclusions: This case shows that perhaps contracture and
tone can be an initiating event for PAID, and if contracture
is appropriately managed, it may lead to resolution of PAID.

0032 Working in partnership—Health and Social
Care Across the Statutory and Voluntary Sector in
Northern Ireland (NI). Demonstrating impact for ABI
service-users in a holistic model of service delivery
over the last 5 years

Elaine Armstrongaand Robert Rauchb

aCedar Foundation, Ballymena, UK; bNorthern Health
andSocial Care Trust Community Brain Injury Service,
Ballymena, UK

ABSTRACT
Context: In the UK, the Northern Ireland regional context is
unique. Statutory health and social care are fully integrated
and delivered through five health and social care trusts. For
adults with acquired brain injury (ABI), statutory provision is
led by an interdisciplinary team. Aligned to this, the voluntary
sector has established services in partnership with statutory
services delivering a holistic continuum of specialist provi-
sion. For example, Cedar Foundation has developed services
aimed at promoting employability and inclusion for people
with ABI.
ABI Care Pathway: The ABI care pathway was devised follow-
ing the Ministerial review of Brain Injury Services in Northern
Ireland (2009) (1). This facilitates a smooth transition for
service-users from hospital to post-acute and community-
based support. There is clear alignment between the roles of
both statutory and voluntary sector ensuring consistent, coor-
dinated high-quality service delivery (2). This was further

validated as a model of good practice in a subsequent RQIA
review in 2015 (3).
Partnership Impact: The impact of partnership working within
the ABI care pathway was reviewed in terms of status at
discharge for service-users accessing both the statutory
Community Brain Injury Service and Cedar’s Employability
and Inclusion voluntary services in the last 5 years.
Of 512 service-users who were inactive on entry, 83% (358
people) progressed with a positive outcome on discharge as a
result of the holistic intervention from both services:

● Paid work 23%
● Education 16%
● Voluntary work 24%
● Community activity 16%
● Goals completed, but inactive 4%
● Goals completed, early leaver 17%

Success factors: The Northern area statutory and voluntary
staff teams participated in a focus group to identify the key
success factors in working together:

● Sharing skills and resources to achieve service-user goals
● Good communication between services
● Good working relationships
● Regular face-to-face meetings
● Avoidance of duplication

In the last service-user evaluation based on a 73% return rate,
overall satisfaction was reported as 98%. The key soft outcome
impacts described by service-users were:

● Confidence
● Achieving outcomes and goals
● Understanding and managing my brain injury

Conclusion: Integrated health, social and statutory/voluntary
sector delivery of community-based brain injury services pro-
motes a coordinated approach to achieving inclusion out-
comes for people with ABI. Service-user feedback points to
the development of well-being by building resilience to man-
age disability-related challenges. This will be further devel-
oped to drive improvement in service interventions and
measure the impact that is important to our service-users.
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0033 Substance use, criminal behaviour and
psychiatric symptoms following childhood traumatic
brain injury: Findings from the ALSPAC cohort

Eleanor Kennedy, Jon Heron, and Marcus Munafò

University of Bristol, Bristol, UK

ABSTRACT
Background: Traumatic brain injury (TBI) is associated with a
range of physical, cognitive and behavioural problems. Recent
research suggests a link between TBI in youth and later risk
behaviour. We explored the association between mild TBI and
psychiatric symptoms, substance use and criminal behaviour
using data from a longitudinal birth cohort.
Methods: Participants with TBI (n = 800), orthopaedic injuries (n
= 2305) and no injuries (n = 8307) were identified from self and
parent reports up to age 16 years. The orthopaedic injuries group
was included as a negative control exposure group to strengthen
causal inference. Self-report measures of substance use (alcohol,
tobacco and cannabis) and criminal behaviours were gathered at
age 17 years. Parent-reported psychiatric symptoms were
assessed using the Strengths and Difficulties Questionnaire at
age 17 years. Analyses were adjusted for pre-birth and early
childhood confounders. Secondary analyses investigating the
effect of age at injury were conducted by separating the cohort
into those with childhood injuries (from birth to age 11 years)
and those with adolescent injuries (from age 12to 16 years).
Results: Relative to those with no injury, participants with a TBI
were at increased risk of problematic use of alcohol (adjusted
odds ratio (OR) = 1.56, 95% CI 1.21–2.01), tobacco (adjusted OR
= 1.46, 95% CI 1.06–2.01) and cannabis (adjusted OR = 1.39,
95% CI 1.07–1.80), and of committing offences (adjusted OR =
1.67, 95% CI 1.22–2.29), being in trouble with the police
(adjusted OR = 1.44, 95% CI 1.03–2.01) and having more par-
ent-reported conduct problems (adjusted OR = 1.62, 95% CI
1.08–2.41). Participants with an orthopaedic injury were at
increased risk of committing offences (adjusted OR = 1.38,
95%CI 1.10–1.74), but there was no clear evidence of association
with other outcomes. Secondary analyses showed that partici-
pants with a mild TBI in childhood had higher odds of conduct
problems and problematic cannabis use at age 17 years. While
participants who incurred a mild TBI in adolescence had higher
odds of problematic alcohol, tobacco and cannabis use and also
higher odds of committing offences and being in trouble with
the police at age 17 years.
Conclusions: TBI may be a risk factor for increased substance
use, criminal behaviour and disruptive behaviour in late ado-
lescence. Additional analyses suggest that age at injury may be
important for certain outcomes.

0034 The effects of concussion on rapid word
retrieval in children

Melissa D. Stockbridge and Rochelle S. Newman

University of Maryland, College Park, MD, USA

ABSTRACT
Background: Each year, over 150 000 sports- and recreation-
related traumatic brain injuries (TBIs), including concussions,

are treated in children under 19 years old. Children and
adolescents have an increased risk for TBIs, with increased
severity and prolonged recovery. Anomia, difficulty naming
objects or people that are perceived correctly, is the most
commonly reported disturbance. Adults with mild traumatic
brain injuries have difficulty naming objects and people, even
when they are perceived correctly (Ylvisaker, 1986). Not only
is the accuracy of naming objects affected (e.g. saying “dog”
when viewing a picture of a dog), but also there is an increase
in the time that it takes the person to come up with the name
(King, Hough, Walker, Rastatter, and Holbert, 2006).
Methods: Examining differences in the ‘processing time’
required to name an object may be useful in better under-
standing the cognitive changes that occur during the period of
spontaneous recovery directly following a brain injury.
Results: For this study, 58 participants (32 injured), matched
for age and gender, viewed and named 108 illustrations from
the Rossion and Portouis series, an image series standardized
for the most frequent English name and speed for naming
each item. While groups did not differ in rate of accuracy,
differences in reaction time between injured and healthy
participants were significant, and those who were more accu-
rate also tended to be faster. Comparing the trajectory of
recovery for speed of naming to the average reaction time in
healthy children, it was predicted that children would return
to a reaction time indistinguishable from healthy children at
approximately 3.1 weeks or 22 days. An error analysis also
was conducted in order to better understand the differences
between the groups.
Conclusion: This information helps us further understand
how even mild injuries can result in changes to cognitive-
linguistic performance, which in turn result in increased dif-
ficulty in social and academic settings.

0035 Health-related quality of life, social
participation and coping strategies two years after
mild or moderate/severe traumatic brain injury

Kristina Gravela,b, Marie-Andrée Tremblaya, Marie-Ève Gagné a,b,
Andrée-Anne Paradis-Girouxb, Simon Beaulieu-Bonneaua,b, and
Marie-Christine Ouelleta,b

aUniversité Laval, Québec, QC, Canada; bCentre interdiscipli-
naire de recherche en réadaptation et intégration sociale
(CIRRIS), Québec, QC, Canada

ABSTRACT
Objectives: The objectives of this study were (1) to compare
people with mild and moderate/severe traumatic brain injury
(TBI) on health-related quality of life, social participation and
coping strategies, evaluated 2 years after the injury and (2) to
explore relationships between these variables.
Methods: Participants were adults who were hospitalized fol-
lowing a TBI in a Level I trauma centre in Canada. They
completed six assessments in the first 4 years after TBI. The
current study includes 105 individuals who completed ques-
tionnaires at the 2-year follow-up (mean age = 42.1 ± 14.5
years; 73% men; 55.2% mild, 44.8% moderate/severe TBI).
The questionnaires assessed health-related quality of life
(Quality of Life after Brain Injury; QOLIBRI), social
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participation (Participation Assessment with Recombined
Tool–Objective; PART-O) and coping strategies (Brief-
COPE). For the first objective, Mann–Whitney U tests were
performed to compare injury severity subgroups on the
QOLIBRI and the PART-O. The 5 most commonly used
coping strategies among the 14 assessed by the Brief-COPE
were identified for each subgroup. For the second objective,
Spearman correlations were performed between the
QOLIBRI, PART-O and Brief-COPE.
Results: There were no significant differences between the
mild and moderate/severe TBI subgroups on total scores of
the QOLIBRI or the PART-O. However, the groups differed
significantly on one of the three subscales of the PART-O,
with a greater productivity in the mild TBI subgroup. The five
most frequently used coping strategies were the same in both
groups: acceptance, positive reframing, active coping, plan-
ning and distraction. The level of endorsement of coping
strategies was comparable between the severity subgroups
except for acceptance, rated significantly higher by people
with moderate/severe TBI. Regarding relationships between
the constructs in the full sample, quality of life was signifi-
cantly associated with social participation (rs = 0.52). Coping
strategies such as active coping, planning, positive reframing,
acceptance and humour were significantly positively corre-
lated with health-related quality of life (0.38 ≤ rs ≤ 0.57)
and social participation (0.31 ≤ rs ≤ 0.36). Other coping
strategies were significantly negatively correlated with quality
of life (denial, self-blame, behavioural disengagement; −0.53 ≤
rs ≤ −0.30) and social participation (behavioural disengage-
ment; rs = −0.37).
Conclusions: Results from this study showed that injury
severity does not influence health-related quality of life,
social participation or coping strategies 2 years after TBI.
However, people who had suffered a mild TBI reported
higher productivity than those with moderate/severe TBI,
probably because they are more likely to have returned to
work. Our findings also suggest that quality of life and social
participation are strongly related. Finally, the fact that the
four most commonly used coping strategies are positively
correlated with quality of life and social participation suggest
that people instinctively use strategies that promote positive
outcome.

0037 Acute ischaemic stroke following moderate-to-
severe traumatic brain injury: Incidence and impact
on outcome

Robert Kowalskia, Juliet Haarbauer-Krupab, Jeneita Bellb, John
Corriganc, Flora Hammondd, Michel Torbeyc, Melissa
Hofmanna, Kristen Dams-O’Connore, A. Cate Millerf, and
Gale Whitenecka

aCraig Hospital, Englewood, CO, USA; bU.S. Centers for
Disease Control and Prevention, Atlanta, GA, USA; cOhio
State University Wexner Medical Center, Columbus, OH,
USA, dIndiana University School of Medicine, Indianapolis,
IN, USA; eIcahn School of Medicine at Mount Sinai, New

York, NY, USA; fNational Institute on Disability, Independent
Living, and Rehabilitation Research, Washington, DC, USA

ABSTRACT
Background: Traumatic brain injury (TBI) is a major public
health concern, leading to nearly 300 000 hospitalizations
annually in USA. The injury also increases the lifetime risk
of acute ischaemic stroke (AIS). Despite recent advances in
emergent treatment for AIS, its occurrence immediately fol-
lowing TBI may be under-recognized clinically and has not
been well characterized.
Objective: To evaluate the incidence of AIS acutely following
TBI and its impact on short-term outcome.
Methods: The study was a retrospective analysis of prospective
cohort data gathered at 22 TBI Model Systems (TBIMS)
centres and their referring acute care hospitals. Participants
were survivors of moderate-to-severe TBI, admitted to inpa-
tient rehabilitation after acute hospitalization. Outcome mea-
sures were incidence of AIS; emergence from and duration of
post-traumatic amnesia (PTA); Functional Independence
Measure (FIM™) and Disability Rating Scale (DRS), at the
time of inpatient rehabilitation discharge.
Results: Between October 1, 2007, and March 31, 2015, 6488
patients with TBI were enrolled in the TBIMS National
Database. Median age was 42 years (range 16–99), and 73%
were male. One hundred and fifty-nine (2.5%) patients had a
concurrent AIS diagnosed during acute care. In univariate
analyses, no difference was observed in demographics or
initial clinical status (Glasgow Coma Scale Motor score)
between patients with AIS and those without. Individuals
with AIS were more likely to have early radiographic evidence
of intracranial mass effect (50%, AIS patients vs. 38%, no AIS,
OR 1.628, 95% CI 1.181–2.245; p = 0.003), and were more
likely to have a carotid or vertebral artery dissection (9.4%
AIS vs. 1.5% no AIS, OR 7.0, 95%CI 4.0–12.5, p < 0.001).
High-velocity events were more common as the cause of TBI
with cervical dissection (71% of dissections vs. 45% no-dis-
sections, OR 2.986, 95% CI 1.961, 4.547, p < 0.001). In multi-
variable analyses controlling for age, sex, initial clinical status
and neuroanatomic injury characteristics, AIS predicted
poorer outcome by all measures assessed, accounting for a
13.3-point reduction in FIM™ total score (95% CI, −16.8, −9.7;
p < 0.001), a 1.9-point increase in DRS (95% CI, 1.3, 2.5; p <
0.001) and an 18.3-day increase in PTA duration (95% CI,
13.1,23.4; p < 0.001).
Conclusions and Relevance: Ischaemic stroke is observed
acutely in 2.5% of hospitalized moderate-to-severe TBI
patients who received inpatient rehabilitation and predicts
worse functional and cognitive outcomes. Half of the patients
with new-onset AIS following TBI were aged 40 years or
younger, and AIS patients more often had cervical dissection.
These findings may help guide initial assessment and treat-
ment decisions when AIS is suspected after TBI, and direct
subsequent rehabilitation and secondary prevention. Vigilance
for AIS is warranted when associated signs or symptoms are
observed acutely following TBI or polytrauma, particularly
after high-velocity events, given the narrow therapeutic
window.
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0038 International disaster risk management:
Reducing the vulnerability of persons with brain
injuries through emergency preparedness

Cindy Daniel

National Concussion Management Center/brave, Lexington,
KY, USA

ABSTRACT
Keim (2008) reports in his study that, ‘Global climate change
will increase the probability of extreme weather events,
including heatwaves, drought, wildfire, cyclones and heavy
precipitation that could cause floods and landslides. Such
events create significant public health needs that can exceed
local capacity to respond, resulting in excess morbidity or
mortality and in the declaration of disasters. Human vulner-
ability to any disaster is a complex phenomenon with social,
economic, health and cultural dimensions.’ Disaster ‘resili-
ence’ after a brain injury can be complicated by the inability
of the individual to be prepared and react quickly to an event.
This creates a need for very special supports for pre and post
disasters. Keim discusses two areas to focus on which include
the individual’s susceptibility to a traumatic event (resilience)
and the capacity to fully recover from it.
The most lethal part of an emergency is the lack of prepared-
ness in dealing with it: people are caught off guard, becoming
confused, frightened and disoriented; and these challenges are
even more pronounced for those with disabilities—particu-
larly hidden ones such as brain injuries. This became apparent
in 2004 with Hurricane Katrina, when thousands of evacuated
people simply fell through the cracks. After critical analysis of
what went wrong, and under new legislation mandating pre-
cise procedures, we now have more refined means of guiding
people through emergency situations, the efficacy of which
can be seen in more recent disasters.
This poster presentation will demonstrate how to be better
prepared for future emergencies by implementing the lessons
learned over the last decade through specialized universally
designed programmes for worldwide use. It hopes to demon-
strate a clearer understanding of why we should prepare
before an emergency hits and what to do when that happens.
This also dramatically improves aid to all persons with dis-
abilities, especially persons with brain injuries. Further
research into programmes that have been successful in the
area of emergency preparedness for people who have experi-
enced the residual effects of a brain injury will also be
presented.
Keim, M. E. (2008). Building Human Resilience: The Role of
Public Health Preparedness and Response As an Adaptation
to Climate Change, American Journal of Preventive Medicine
35 (5), 508–516.

0039 Constructing a systematic approach to
neurobehavioural care: A mixed methods
investigation

Cara Meixner and Cynthia O’Donoghue

James Madison University, Harrisonburg, VA, USA

ABSTRACT
Background: The challenges involved in caring for individuals
with brain injuries, particularly those with complex neurobe-
havioural challenges, has been a topic of international con-
cern. Survivors of brain injury encounter many barriers in
accessing care, including funding for services, coexisting diag-
noses and limited self-advocacy. Persistent neurobehavioural
issues further compromise individuals’ capacities to engage in
professional, social and educational activities. Further, provi-
ders encounter barriers that necessitate interagency training
and education regarding risk assessment, psychosocial adjust-
ment symptoms and biomechanical causes of psychiatric
symptoms.
Methods: This presentation addresses these concerns by
reporting the findings of a priority, mixed methods research
initiative. In order to examine this complex problem sys-
temically and empirically, the research team conducted a
comprehensive review of the literature to formulate an inte-
grated understanding of neurobehavioural issues, evaluated
best practices within and external to the state and employed
a mixed methods investigation that evaluated influential
factors (e.g. the political landscape), attended to regulatory
guidelines (e.g. funding, legal), inventoried model systems of
care within USA, surveyed care providers to assess statewide
needs and conducted interviews to expand upon survey
findings.
Results: Based on comprehensive findings from this investi-
gation, approaches to improving access are grounded in
change that emphasizes a continuum of care reliant upon
interagency collaboration. To address an unmet need for
community-based and intensive neurobehavioural services,
it is necessary to coordinate an integrative system of care
that addresses three primary areas on the continuum: (1)
prevention, education and screening/identification; (2) crisis
stabilization in a 24-hour, secured unit; and (3) provision of
short- and long-term residential and community-based sup-
ports. As the data suggest, each component of the system
should be considered when developing or expanding ser-
vices. For instance, it is unreasonable to implement a 24-
hour security unit for high-need cases without also consider-
ing the role of education and prevention, transitional and
supportive living and crisis stabilization. Supported by the
Commonwealth Neurotrauma Initiative (CNI) Trust fund
with oversight by the Department for Aging and
Rehabilitative Services (DARS), the findings of this research
will have guided public policy in the Commonwealth of
Virginia to enhance the continuum of community-based
and residential-based services for individuals with neurobe-
havioural issues.
Conclusions: This presentation further discusses and provides
updates on the work group that is currently exploring oppor-
tunities for enhancing and expanding services through a state-
funded pilot programme, a Medicaid waiver or both. This
interagency effort, which culminated in a decision-brief sub-
mitted to governmental decision-makers, combines the
resources of numerous state agencies, to guide our next
steps to address neurobehavioural care. These findings,
though specific to Virginia, provide insights for other states
and nations facing similar challenges.
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0042 Variations in concussion injury mechanism
across the paediatric age range

Juliet Haarbauer-Krupaa, Ronni Kesslerb, Kristi Metzgerb,
Jeneita Bella, Matthew Breidinga, Lara DePadillaa, Kristy
Arbogastb, Allison Curryb, Christina Masterb, and Arlene
Greenspana

aNational Center for Injury Prevention and Control, CDC,
Atlanta, GA, USA; bChildren’s Hospital of Philadelphia,
Philadelphia, PA, USA

ABSTRACT
Introduction: Concussion in youth has received heightened
attention due to emerging evidence that it can negatively
impact academics, behaviour and neurocognitive functioning.
Most studies of youth concussion focus on sports-related
mechanisms; however, concussions can occur in diverse set-
tings. To better understand the diversity of concussion injury
mechanisms across the paediatric age range, this study exam-
ined the distribution of injury mechanisms among children
with concussions in a large paediatric healthcare system.
Methods: All patients, aged 0–17 years, who had at least one
clinical encounter with an ICD-9-CM diagnosis of concussion
in The Children’s Hospital of Philadelphia’s electronic health
record system (EHR) from 7/1/2012 to 6/30/2014 were
selected (N = 8233) and their initial concussion-related visit
was identified. Twenty percent of the patients (N = 1625)
were randomly selected for manual record review to examine
the mechanism of injury (MOI). MOI codes used in this
analyses are derived from similar categories utilized in exter-
nal causes of injury codes (e-codes), agreed upon by study
personnel.
Results: Children in the sample were primarily white (69%), male
(53%) and had private insurance (81%); 30% were seen within a
day of their injury and an additional 30% were seen between 2
and 7 days of injury. The distribution of age at time of injury was
as follows: 4.5% were 0–4 years, 30.9% were 5–11 years, 34.5%
were 12–14 years and 30.1% were 15–17 years. Most children
were seen for their initial diagnosis in a primary care setting
(53.3%) compared to a specialty care practice (27%), emergency
department/urgent care setting (17%) or hospital encounter
(2.8%). Overall, 65% of concussions were due to sports-related
mechanisms, and this proportion varied by age. Only 16% of
concussions sustained by children aged 0–4 were sports-related
compared to those sustained by older children (61% for age
5–11, 72% for age 12–14, and 69% for age 15–17). When the
concussion was non-sports related, the primary mechanisms of
injury were struck object (31%) and falls (30%).
Conclusion: Although sports-related injuries in children older
than 5 years of age contributed to the majority of concussions
in this cohort, it is important to note that approximately one-
third of concussions are from non-sports-related mechanisms.
The frequency of sports-related concussions increased at ages
when children are more likely to join organized sports. Given
the increased participation in community and organized
sports activities among children, a focus on prevention efforts
in youth sports is warranted; however, raising awareness that
concussions occur from other mechanisms, particularly

among the very young, supports efforts to promote safety in
multiple settings across age groups.

0046 Perceived needs, barriers, access to mental
health services and self-management strategies for
psychological health issues in the first year after
traumatic brain injury: Association with injury
severity

Frédéric St-Ongea,b, Simon Beaulieu-Bonneaua,b, and
Marie-Christine Ouelleta,b

aUniversité Laval, Québec, QC, Canada; bCentre interdiscipli-
naire de recherche en réadaptation et intégration sociale
(CIRRIS), Québec, QC, Canada

ABSTRACT
Objectives: The objectives were to compare individuals with
mild vs moderate/severe traumatic brain injury (TBI) regard-
ing perceived needs, use of services, self-management strate-
gies for mental health and practical and attitudinal barriers for
obtaining help for mental health in the first year after TBI.
Methods: The sample included 210 individuals aged 18–65
years admitted to a Level I trauma centre in Québec
(Canada) after a TBI (mean age: 42 ± 15 years; 24% women;
49% mild, 51% moderate/severe). At 4, 8 and 12 months after
the injury, participants were administered questionnaires
assessing perceived needs for mental health services, reported
use of services, self-management strategies and practical and
attitudinal barriers for obtaining services for mental health.
Mild and moderate/severe TBI subgroups were compared
with chi-square analyses.
Results: Among participants with mild TBI, 19–24% (depending
on assessment time) reported perceiving a need for professional
help for their mental health, compared to 23–25% of participants
with moderate/severe TBI (n.s.). The percentage of participants
who actually received mental health consultations from profes-
sionals in the first year was 45% in themild group and 53% in the
moderate/severe group. Use of prescribed psychotropic medica-
tion was significantly more frequent in the moderate/severe
group at 8 and 12 months (38% mild vs. 46% moderate/severe
at 8 months, 38% vs. 48% at 12 months, respectively). Regarding
self-management strategies, participants with mild TBI were
significantly more likely to report using alcohol to cope with
mental health issues (13–15% mild vs 6–9% moderate/severe
depending on assessment time).There were no significant differ-
ences between injury severity levels in terms of practical barriers
for obtaining mental health services: long waitlists and lack of
money were most frequently reported. Concerning attitudes
towards obtaining services, there were generally no differences
between the mild and moderate/severe groups: 47–50% consid-
ered they should be able to deal with MH issues on their own,
8–13% did not want to discuss psychological difficulties with
their physician and 17–24% with their family and 34–48% were
unwilling to take medication. A very large proportion reported
that their situation would have to be critical before they would
consult for mental health, significantly more so in the moderate/
severe group (51–73% moderate/severe vs. 39–61% mild).
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Conclusion: Access and barriers to services seems similar after
mild or moderate/severe TBI in the first year after the injury.
Mild TBI survivors seem to use alcohol more frequently to
alleviate mental health symptoms, a coping strategy which
should be investigated further. Many individuals, especially
those with moderate/severe TBI, are likely to wait until their
situation is critical before consulting. These results point to
needs for psychoeducation regarding mental health after TBI,
including strategies for adaptive coping and appropriate self-
management, especially for persons no longer receiving reha-
bilitation services.

0047 L-alanyl-glutamine preconditioning and
neuroprotection against global brain ischaemia/
reperfusion injury in rats

Paulo Vasconcelos, Márcio Wilker, Leitão Vasconcelos

Universidade Federal Do Ceará, Fortaleza, Brazil

ABSTRACT
Objective: This study aimed to evaluate the effects of the
dipeptide l-alanyl-glutamine (l-ala-gln) as a preconditioning
agent to potentially promote reduction in the intensity of the
lesion in rats subjected to global cerebral ischaemia/reperfu-
sion (I/R) injury.
Methods: Cerebral oedema, neuronal death and intracellular
protein kinase signalling were studied. L-ala-gln was adminis-
tered intravenously (0.75 g/kg), 30 minutes before sham pro-
cedure or induction of global brain I/R injury surgical
procedure. Cerebral tissue was analysed 1 and 24 hours after
reperfusion. Brain oedema, red neuron counting, hippocam-
pus concentrations of protein kinases [ERK/MAP kinase 1/2
(Thr185/Tyr187), Akt (Ser473), STAT3 (Ser727), JNK
(Thr183/Tyr185), p70 S6 kinase (Thr412), STAT5A/B
(Tyr694/699), CREB (Ser133) and P38 (Thr180/Tyr182)]
were determined.
Results: Results are expressed as mean ± SD for normal
results and median ± percentile(25–75) for non-parametric
data, with p < 0.05. Global I/R injury promoted increase in
brain oedema at 24 hours after reperfusion, whereas precon-
ditioning with l-ala-gln induced no change in oedema. On
the other hand, l-ala-gln preconditioning reduced red neu-
rons counting both at 1 and 24 hours post reperfusion.
L-ala-gln promoted significant decreased concentrations of
JNK after reperfusion as compared to I/R controls at 1 and
24 hours post reperfusion. L-ala-gln preconditioning
induced significant elevation of brain concentrations of P70
at 1 and 24 hours post reperfusion, P38 at 1 hour after
reperfusion and CREB at 24 hours post reperfusion. There
was a significant preconditioning effect with l-ala-gln pre-
serving red neurons counting at early (1 hour) and late
reperfusion (24 hours) in the cerebral tissue. Decreased
brain concentrations of JNK and elevated concentrations of
P70, P38 and CREB induced by preconditioning with l-ala-
gln indicate neuroprotective effects by this peptide.
Conclusion: More studies are necessary to explore the present
results and to investigate other intracellular pathways and
other mechanisms involved in this neuroprotective event.

0048 Global meaning in people with stroke: Content
and changes

Elsbeth Littooija, Joost Dekkera,b,c, Judith Vloothuisa, Carlo
Legetd, and Guy Widdershovenc,e

aAmsterdamRehabilitation ResearchCenter Reade, Amsterdam,
The Netherlands; bDepartment of Rehabilitation Medicine and
Department of Psychiatry, VU University Medical Center,
Amsterdam, The Netherlands; cEMGO Institute for Health and
Care Research, Amsterdam, The Netherlands; dDepartment of
Care and Wellfare, University of Humanistic Studies, Utrecht,
The Netherlands; eDepartment of Medical Humanities,
Amsterdam, The Netherlands

ABSTRACT
After a traumatic event like a stroke, people need to find
meaning and control again. This study enhances knowledge
on one of the driving principles behind meaning making
processes: global meaning. Global meaning refers to indivi-
duals’ general orienting systems, comprising fundamental
beliefs and life goals. Little is known about global meaning
in people with stroke and whether global meaning changes
after stroke. In this qualitative study, five aspects of global
meaning were found: core values, relationships, world view,
identity and inner posture. Continuity in all aspects was
reported, but world view, identity and inner posture were
also subject to change.

0049 Global meaning and rehabilitation in people
with stroke– a qualitative study

Elsbeth Littooija, Joost Dekkera,b,c, Judith Vloothuisa, Guy
Widdershovenc,d, and Carlo Legete

aAmsterdam Rehabilitation Research Center Reade,
Amsterdam, The Netherlands; bDepartment of Rehabilitation
Medicine and Department of Psychiatry, VU University
Medical Center, Amsterdam, The Netherlands; cEMGO
Institute for Health and Care Research, Amsterdam, The
Netherlands; dDepartment of Medical Humanities, VU
University Medical Center, Amsterdam, The Netherlands;
eDepartment of Care and Welfare, University of Humanistic
Studies, Utrecht, The Netherlands

ABSTRACT
Objectives: A stroke can have implications for all areas of a
person’s life. In research on adaptation to stroke, finding
meaning is associated with better adaptation. This study
focuses on one of the driving principles behind meaning
making processes: global meaning. The aim of this study
was to explore whether global meaning (i.e. fundamental
beliefs and life goals concerning core values, relationships,
world view, identity and inner posture) is associated with
processes and outcomes of rehabilitation, as experienced by
people with stroke.
Methods: In-depth semi-structured interviews were conducted
and analysed using qualitative research methods.
Conclusion: Aspects of global meaning were associated with
the following elements of process and outcome of rehabilita-
tion: motivation, handling stress and emotions, physical
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functioning and acceptance. The influence was mostly posi-
tive. If rehabilitation professionals took global meaning into
account, respondents tended to associate this with better or
faster recovery.

0050 Building a person-centred approach to
acquired brain injury services

Chris MacDonell

CARF International, Tucson, AZ, USA

ABSTRACT
The buzz word in health care is ‘person-centred’ care. To
actually implement and utilize person-centred approaches on
a daily basis with those that have acquired brain injuries is a
challenge for most organizations. The research in this area is
expanding and will be discussed in this session. Also techni-
ques/philosophy/support must start on the leadership level
and be implemented, managed and improved at the front-
line staff level. Exploration of ethical issues, practical imple-
mentation issues and tips to review whether your organization
has the correct foundations to be person centred will be
explored. How person-centred care happens in different cul-
tural contexts will also be addressed. What does activity and
participation look like in person-centred organizations? Leave
with a tool box of resources and tools to explore your person-
centred practices and join the continuous improvement
movement that is making person-centred care a reality.

0051 Concept: An enhanced case management
approach for neurobehavioural issues following TBI

Cynthia O’Donoghue and Cara Meixner

James Madison University, Harrisonburg, VA, USA

ABSTRACT
Purpose: This grant-funded project investigated using
enhanced case management supports for individuals following
traumatic brain injury who are at risk for maladaptive, neu-
robehavioural symptoms. The approach, titled CONCEPT,
aimed to optimize individuals’ independence and productivity
in the community. In addition, this project endeavoured to
ascertain participants’ perceived quality of life (QOL) through
self-ratings and to determine how these self-ratings correlated
to Mayo Portland Adaptability Inventory-4 (MPAI-4) pre-
post test scores.
Methods: Collaboratively, Brain Injury Services of Northern
Virginia and Crossroads to Brain Injury Recovery piloted the
CONCEPT programme. This case management ‘plus’ model
offered services to avert escalating, maladaptive behaviours,
including:

● Behavioural supports (e.g. positive behavioural supports,
life skills coaching, behavioural analytics)

● Neuropsychological evaluation and consultation
● Community supports (e.g. budgeting, organizing,

cooking)
● Other (e.g. home modifications, assistive devices).

Using MPAI-4, clinicians screened 100 individuals with 53
meeting the ‘at-risk’ criterion. Outcome measurements were
pre-post MPAI-4 and the Visual Analogue Scale for Quality of
Life (VASQOL).
Results MPAI-4 Pre-post Findings: Results are descriptive, con-
forming to the funding agency’s outcomes reporting
requirements.

● 83% maintained or improved on total MPAI score.
Clients maintained or improved their level of adaptabil-
ity, including assessment of abilities, adjustment and
participation.

● 92% maintained or improved on MPAI Query-28
(employment). Clients maintained or improved their
participation in work, school, vocational training or
volunteer activities.

● 92% maintained or improved on MPAI Query-26 (resi-
dence). Clients maintained or improved their living
situation.

Visual Analogue Scale for Quality of Life (VASQOL) Findings:
Using VASQOL in conjunction with subscales of the MPAI-4
yielded no statistically significant correlations between clini-
cian and client scores. Results provide insight for VASQOL
and MPAI-4 as quantitative measures on perceived quality of
life. No subtest of the clinician-scored MPAI-4-informed cli-
ents’ self-reported VASQOL ratings.
Pearson’s correlation coefficient (r) yielded no significant
relationship between VASQOL and the subscales or total
standard score of MPAI-4 (all findings p > .05). Though
research has supported the reliability of MPAI-4 results across
rater groups, this study sought to compare scores from one
rater group (clinician) to the scores from another rater group
(client) obtained from a separate test. Measuring the clini-
cian’s ability to understand their client’s perceived quality of
life through the MPAI-4 has not been reported in the
literature.
Discussions: Pre-post MPAI scores determined that clients
deemed ‘at risk’ did benefit from the CONCEPT approach.
Comparing MPAI-4 findings with VASQOL revealed a level
of discrepancy between clinicians’ perceptions of their clients
quality of life and their clients’ self-reported quality of life.
One explanation for the absence of correlation is that as
clients improve and gain insight to their situation, they self-
score quality of life lower. A limitation is that findings may
reflect differences in scorers or the tests themselves.

0052 Cognitive improvement: An exciting discovery
using TLS technology

Dafna Paltin, Yuri Danilov, and Mitch Tyler

University of Wisconsin, Madison, WI, USA

ABSTRACT
Introduction: Cognitive impairment is a typical consequence
of many neurological disorders. It is generally accepted that
most improvement for an individual affected by stroke occurs
within the first year following the stroke. Trans-Lingual
Stimulation (TLS) Technology, generally used to rehabilitate
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balance, posture and gait, has a surprising impact on the
recovery of cognitive function. TLS technology combines the
use of targeted therapy and non-invasive neurostimulation—
delivered directly to the tongue—to enhance natural recovery
mechanisms that exist in the brain. In a case of chronic stroke,
cognitive improvement was a by-product of a routine proce-
dure designed to rehabilitate balance and gait, without addi-
tional specific training.
Method: The Tactile Communication and Neurorehabilitation
Laboratory (TCNL) completed a 13-month intervention for
an 80-year-old woman, 4 years after her stroke. For the first 6
months of the intervention, this individual used TLS technol-
ogy for 1 hour twice a day to rehabilitate balance and gait.
After 6 months of intervention, there was a 30-day withdrawal
period, followed by an additional 6 months resuming the
exercises and device use. Cognitive improvement was mea-
sured using the Stroke Impact Scale (SIS) and Repeatable
Battery for the Assessment of Neuropsychological Status
(RBANS).
Results: The ‘Memory and Thinking’ domain on the SIS
demonstrated 20.9% improvement during the first 6 months
of the intervention. In the last 6 months, after a brief with-
drawal period, Memory and Thinking continued to improve
an additional 21.8%. In total, TLS intervention improved
Memory and Thinking 47.3% from baseline. All components
of the RBANS improved as a result of the intervention.
Improvement on RBANS demonstrated TLS dependence,
such that all the parameters improved in the first 6 months
of the intervention, and then deteriorated during the with-
drawal period, and eventually improved again when the inter-
vention was reinstated. Percent improvement on the RBANS
during the initial 6 months of the intervention ranged from
10% to 41% from baseline across all categories.
Discussion and Conclusions: TLS balance and gait training can
be used to recover and improve cognitive functioning in an
individual with chronic stroke. These findings present a new
non-invasive brain stimulation technique with applications in
cognitive and rehabilitative neurosciences. Additional
research is necessary to understand the potential mechanisms
of this phenomenon and optimize the efficiency of the
intervention.

0054 Cogniphobia in mild traumatic brain injury

Noah Silverberga, Grant Iversonb,c, and William Panenkaa

aUniversity of British Columbia, Vancouver, BC, Canada;
bHarvard Medical School, Boston, MA, USA; cHome Base, a
Red Sox Foundation and Massachusetts General Hospital
Program, Boston, MA, USA

ABSTRACT
Objectives: Cogniphobia refers to avoidance of mental exer-
tion due to a fear of developing or exacerbating a headache.
Headaches are very common after mild traumatic brain injury
(MTBI) and often become chronic. Cogniphobia is hypothe-
sized to contribute to poor cognitive test performance and
persistent disability in some patients with MTBI.
Methods: Sixty patients with MTBI and post-traumatic head-
aches were recruited from specialty outpatient clinics. They

completed a battery of questionnaires (including the
Cogniphobia Scale, Fear Avoidance Beliefs Questionnaire,
PTSD Checklist-5, British Columbia Postconcussion
Symptom Inventory and a brief pain scale) and neuropsycho-
logical tests (the National Institutes of Health Toolbox
Cognition Battery and the Medical Symptom Validity Test)
at 2–3 months post injury (M = 11.0, SD = 5.9 weeks), in a
cross-sectional design. A prior study involving a chronic
headache sample found that the Cogniphobia Scale items
load on two factors, representing avoidance of mental exer-
tion (Cogniphobia-Avoidance) and beliefs that mental effort
is dangerous (Cogniphobia-Dangerousness).
Results: Cogniphobia-Avoidance (r=.45 to .54) and
Cogniphobia-Dangerousness (r=.25 to .41) were correlated
with measures of headache severity, even after excluding
participants who failed performance validity testing (n = 14).
Cogniphobia-Avoidance was associated with lower perfor-
mance on memory testing (but not other cognitive tests),
independent of headache severity. Participants who avoided
mental exertion also tended to avoid physical activity and
traumatic stress triggers.
Conclusions: The findings provide preliminary support for the
role of cogniphobia in persistent cognitive difficulties after
MTBI and suggest that cogniphobia may reflect a broader
avoidant coping style.

0055 Preliminary validation of the world health
organization disability assessment schedule 2.0 in
mild traumatic brain injury

Noah Silverberga, Grant Iversonb,c, and William Panenkaa

aUniversity of British Columbia, Vancouver, BC, Canada;
bHarvard Medical School, Boston, MA, USA; cHome Base, a
Red Sox Foundation and Massachusetts General Hospital
Program, Boston, MA, USA

ABSTRACT
Objectives: Traditional measures of functional outcome from
traumatic brain injury have limited sensitivity following mild
traumatic brain injury (MTBI). The World Health
Organization Disability Assessment Schedule (WHODAS)
2.0 was developed as a disease-non-specific measure of dis-
ability. It covers the domains of cognition, mobility, self-care,
interpersonal functioning, life activities and community par-
ticipation. The WHODAS 2.0 has become widely used in
psychiatry, neurology and chronic disease research, but has
not yet been evaluated in MTBI.
Methods: Fifty-nine adults were recruited from outpatient
concussion clinics, confirmed to have sustained an MTBI by
the World Health Organization Neurotrauma Task Force
definition and administered an outcome assessment by tele-
phone 6–8 months after their injury. The assessment included
the British Columbia Postconcussion Symptom Inventory
(BC-PSI), WHODAS 2.0 12-item interview version, MINI
Neuropsychiatric Interview and a brief pain questionnaire.
The WHODAS 2.0 ‘simple’ scoring method was analysed in
the present study.
Results: There were minimal floor or ceiling effects, with four
participants (6.8%) obtaining the lowest possible score and
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none obtaining the highest possible score. Cronbach’s alpha
was 0.91, indicating high internal consistency. The WHODAS
2.0 was strongly related to postconcussion symptom severity
(BC-PSI), r (59) =.82, p < .001. Participants who met the
International Classification of Diseases-10 criteria for post-
concussional syndrome based on at least moderate severity
symptom reporting on the BC-PSI had substantially higher
WHODAS 2.0 scores (n = 31; M = 30.52, SD = 8.30) than
those without the syndrome (n = 28; M = 17.24, SD = 4.76; t
(50) =6.62, p < .001, Cohen’s d = 1.96). Compared to patients
without comorbid conditions, participants with (1) a co-
occurring bodily injury and current moderate-to-severe pain
in at least one body region other than head (n = 31; M =
29.19, SD = 8.97), (2) a current Major Depressive Episode
based on the MINI (n = 16; M = 35.19, SD = 8.44) or (3) any
anxiety disorder based on the MINI (n = 21; M = 32.05, SD =
8.93) had relatively high WHODAS 2.0 scores. WHODAS 2.0
scores were higher as a function of having 0, 1 or 2+of these
comorbidities, F (2, 56) =24.35, p < .001.
Conclusions: The WHODAS 2.0 12-item interview may pro-
vide a more granular assessment of functional outcome from
MTBI. This scale appears sensitive to postconcussion symp-
toms as well as comorbid conditions following MTBI. Further
validation work is warranted, including with other versions of
the WHODAS 2.0 (e.g. self-report, long form).

0056 Return to work, absenteeism and presenteeism
after mild traumatic brain injury

Noah Silverberga, William Panenkaa, and Grant Iversonb,c

aUniversity of British Columbia, Vancouver, BC, Canada;
bHarvard Medical School, Boston, MA, USA, cHome Base, a
Red Sox Foundation and Massachusetts General Hospital
Program, Boston, MA, USA

ABSTRACT
Objectives: To examine the completeness of return to work
(RTW) in a mild traumatic brain injury (MTBI) sample
recruited from an outpatient specialty clinic setting.
Methods: Consecutive referrals from four outpatient concus-
sion clinics were screened, and 67 patients met eligibility
criteria (including World Health Organization Neurotrauma
Task Force definition of MTBI, aged 18–65, and employed
immediately prior to the MTBI) and were enrolled at their
first clinic visit. Of these, 59 (89.1%) were reached for a
follow-up assessment by telephone at 6–8 months post injury.
This assessment included a structured interview of RTW
status, the British Columbia Postconcussion Symptom
Inventory (BC-PSI) and the Lam Employment Absence and
Productivity Scale (LEAPS).
Results: Although 36 of 59 (61.0%) patients had returned to
work in some capacity by the follow-up assessment (IQR =
24–35 weeks post-injury), only 28 returned to the same job,
with the same responsibilities and work hours. Of those 28
cases, exactly half (n = 14) met International Classification of
Diseases-10 criteria for postconcussional syndrome based on
at least moderate severity symptom reporting on the BC-PSI.

Regarding absenteeism, 57.1% of patients (n = 16) missed no
work, 10.8% (n = 3) missed less than one full shift, 17.9% (n =
5) missed 1–2 shifts and 14.3% (n = 4) missed more than two
shifts over the prior 2 weeks because of feeling unwell. On the
LEAPS, 60.7% of patients (n = 17) rated themselves as getting
less work done, 46.4% (n = 13) as having interpersonal diffi-
culties at work, 39.3% (n = 11) as making more mistakes and
25% (n = 7) as doing poorer quality work. The severity of
residual postconcussion symptoms (BC-PSI total score) was
strongly related to the severity of work impairment (LEAPS
total score), r(28)=.72, p < .001. Of note, 9 of the 28 patients
who achieved a full RTW had previous unsuccessful attempts
to RTW since their MTBI.
Conclusions: Even in patients who returned to work after
MTBI, detailed assessment of RTW status revealed under-
employment and productivity loss associated with residual
symptoms. RTW should be considered a stage of recovery
rather than an ‘outcome’ from MTBI. More granular func-
tional outcome measures are needed for MTBI research.
Further research is needed on absenteeism and presenteeism,
as well as on the durability of RTW after MTBI.

0061 Formation and evolution of chronic subdural
haematoma in elderly patients with head trauma

Hiroshi Karibea, Toshiaki Hayashia, Ayumi Narisawaa,
Motonobu Kameyamaa, Atsuhiro Nakagawab, and Teiji
Tominagab

aDepartment of Neurosurgery, Sendai City Hospital, Sendai,
Japan; bDepartment of Neurosurgery, Tohoku University
Graduate School of Medicine, Sendai, Japan

ABSTRACT
Background and Purpose: The incidence of chronic subdural
haematoma (CSDH) has been increasing in recent years,
mainly due to ageing of population. CSDHs are considered
to originate from acute subdural haematoma (ASDH) or from
subdural hygroma (SH) arising from traumatic tearing of
arachnoid membrane to CSF passage into the subdural
space. Currently, the frequency of these two mechanisms has
not been well known. The purpose of this study is to investi-
gate the incidence of CSDH in elderly patients with head
trauma, to clarify the significance of acute traumatic intracra-
nial hematoma (t-ICH) in the formation and evolution of
CSDH.
Clinical Materials and Methods: Consecutive 614 elderly (> 70
y.o.) patients with head trauma were examined with CT
within 24 hours after trauma to divide them into three groups
as follows: patients without t-ICH as group A (n = 362), with
ASDH as group B (n = 172) or with t-ICH other than ASDH
as group C (n = 80). Follow-up CT was taken to detect CSDH
formation at 1 month after trauma. All patients with CSDH at
1month after trauma were followed up to 6 months to inves-
tigate whether the CSDH became symptomatic or not. The
incidences of both CSDH formation and its symptomatic
evolution were compared among three groups, using chi-
square test with Bonferroni correction. As subanalysis,
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relationships between 1-month CSDH formation and the sub-
dural space thickness on initial CT or the patient’s age were
also examined in group A, using Spearman rank correlation
coefficient test. Statistical differences were considered signifi-
cant at p < 0.05.
Results: The incidence of 1-month CSDH formation was
11.7% in group A, 29.7% in group B and 25.6% in group C,
being significantly higher in groups both B and C than A (p <
0.001). It was not significantly different between groups B and
C. The incidence of symptomatic CSDH evolution was 3.3%
in group A, 5.1% in group B and 4.1% in group C, being not
significantly different among three groups. CSDH formation
is correlated with both the degree of subdural space thickness
on initial CT (p < 0.0001) and the patient’s age (p < 0.05) in
group A.
Conclusion: This study demonstrated the incidence of both
CSDH formation and its symptomatic evolution in elderly
patients with head trauma, suggesting that the acute t-ICH
is a risk factor for CSDH formation but not for its sympto-
matic evolution. In addition, as the incidence of CSDH is not
different between patients with ASDH and those with t-ICH
other than ASDH, the existence of acute subdural clot itself
may not cause CSDH directly. The mechanism of CSDH
formation and its evolution are discussed, considering the
correlations between CSDH formation and both the degree
of subdural thickness and the patient’s age.

0062 Making a pact: Group treatment to prepare
patients with communication disorders for
interactions with healthcare providers

Jacqueline Daniels and Michael Burns

University of Washington, Seattle, WA, USA

ABSTRACT
Objectives: Patients with communication disorders are at
increased risk for adverse events in healthcare due to poor
communication with their providers. Consequences including
inaccurate symptom reporting, decreased patient understand-
ing of medical information, lack of patient participation in
health care decision making and poorer health outcomes can
result from diminished communication during medical inter-
actions. One way to help mitigate miscommunications is to
prepare patients with communication disorders to interact
with their providers. A communication framework, PACT,
has been proposed as one way for speech-language patholo-
gists (SLPs) to provide this preparation. This project focuses
on piloting this specific framework with patients with com-
munication disorders in a group setting.
Methods: Four individuals with acquired neurologic commu-
nication disorders participated in four group sessions led by
graduate SLP students at the University of Washington Clinic.
Sessions focused on education and application of patient-
focused strategies using the PACT framework. Session one
addressed challenges with and the potential impact of poor
communication. Session two included direct instruction of
communication-enhancing strategies, including prewritten
questions, gesturing, keyword writing, using a communication

notebook and advocating for slowed rate of conversation
along with preparation of information to use during appoint-
ments. Session three integrated metacognitive strategies by
having participants watch recorded interactions of poor com-
munication and identifying communication breakdowns.
Strategies to avoid or repair communication breakdowns
were discussed, and role play was introduced to allow parti-
cipants to practice implementing strategies. The final session
included reviewing all prior material and a group discussion
on advocacy of communication skills. Survey data were col-
lected (pre and post group intervention and post physician
visit) from participants to determine any changes in the
number or type of strategies used, confidence in communica-
tion and application of concepts during future medical visits.
Results: All four group participants completed pre- and post-
intervention surveys with two of four also completing post-
physician visit surveys. During the post-intervention survey,
all four participants indicated more diversity in the strategies
they would use during a medical visit. The two participants
completing the post-physician visit survey also indicated
implementation of reported strategies, including increased
use of prewritten questions, keyword writing during the
appointment and a memory notebook. Increased confidence
in communication post-intervention was reported in three of
four participants using a Visual Analogue Scale. Pre/post
measurements (in millimetres) as indicated per participant:
P1 79/96, P2 29/56, P3 77/100 and P4 82/76. Additionally,
after intervention, participants could independently suggest
strategies they and their healthcare provider could implement
for improved communication.
Conclusions: The PACT framework can be successfully adapted
and implemented during group therapy to help improve com-
munication between patients with communication disorders
and their healthcare providers. All four participants reported
they found the intervention helpful, indicating that watching
recorded interactions and discussing potential strategies along
with making a preparedness checklist were particularly useful.

0063 Post-traumatic intracranial hypertension
(pseudotumour cerebri) in mild traumatic brain
injury: A specific post-traumatic headache subtype.
The importance of recognition, evaluation and
management

Tonia Saboa, Charlene Supneta, and Sushmita Purkayasthab

aUniversity of Texas Southwestern, Dallas, TX, USA;
bSouthern Methodist University, Dallas, TX, USA

ABSTRACT
Background: Dysregulation of the osmotic gradient between the
interstitial fluid, blood vessels and the brain parenchyma results
in increased fluid accumulation in the brain causing increases in
intracranial pressure (ICP). Cerebral oedema can be a clinical
manifestation of traumatic brain injury (TBI) that peaks at 36–72
hours post injury, and patients are carefully monitored for this
complication. Intracranial hypertension (IH) is characterized by
increased ICP in the absence of a tumour or other diseases and
can result from cerebral oedema, which is common after MTBI
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but is not considered as a consequence of mild TBI (mTBI). IH
secondary to a specific condition is called pseudotumour cerebri
(PTC), typically associated with normal imaging findings,
although subtle abnormal findings may exist in some patients.
Pseudotumour cerebri is diagnosed by a lumbar puncture (LP)
with a cerebral spinal fluid (CSF) opening pressure of >25 cm/
H2O in children or >20 cm/H2Oin adults. Post-traumatic head-
ache (PTH) commonly presents immediately after injury but in a
subset of patients, it can occur 2–3 days after injury. This ‘sec-
ondary peak’ may reflect post-traumatic cerebral oedema in a
select group of patients. Here, we discuss a specific IH, or post-
traumatic pseudotumour cerebri headache (PTPTC) phenotype,
found in five cases of mTBI and review the clinical implications.
Case Series: We conducted a retrospective case series report of
five patients diagnosed with PTPTC in a paediatric population
(5–16 years old). Patients were assessed at 2–5 days post
primary injury. Symptoms that prompted hospital or clinic
visits included new or changes in headache pattern (posi-
tional, intensity, ‘early morning’), new or change in vision
(blurry, positional, diplopia), new or change in auditory func-
tion (pulsatile tinnitus, ‘popping’) and worsening of balance
and cognition. Significant clinical findings included increases
in body temperature, neck/head pain, papilledema or cranial
nerve deficit (6th) and lack of coordination. We found that
neuroimaging could be normal but in one case, magnetic
resonance (MR) imaging showed decreased intracranial
space ratio, ‘empty Sella’, optic nerve sheath/head enlarge-
ment, displaced cerebellar tonsils and reduced basilar cistern
space. MR venography showed diminished size of transverse
or sigmoid sinus in certain patients. In every case, elevated
CSF pressure was documented by LP, documented normal
CSF laboratory testing and all cases improved with treatment
specific to PTPTC such as acetazolamide.
Conclusions: The importance of recognizing this specific
post-traumatic headache type, PTPTC, in mTBI includes
being able to tailor specific treatment with use of LP for
diagnosis and relief of symptoms and treatment with carbo-
nic anhydrase inhibitors that lower ICP, such as topiramate
or acetazolamide. It is postulated that the condition of
PTPTC may predispose certain athletes to a condition called
second impact syndrome.

0064 Closing the loop in movement rehabilitation:
Results from stroke therapy that includes EEG-based
measures of movement imagery

Rupert Ortnera, Woosang Choa, Christoph Gugera,b, Danut
Irimiab,c, Kyousuke Kamadad, Fan Caoa, and Brendan Allisonb

ag.tec medical engineering GmbH, Schiedlberg, Austria;
bGuger Technologies OG, Graz, Austria; c“Gheorghe Asachi”
Technical University of Iasi, Iasi, Romania; dAsahikawa
Medical University, Asahikawa, Japan

ABSTRACT
Background: Each year, millions of patients with movement
disorders resulting from damage to the CNS, such as stroke,
undergo therapy that aims to restore movement. This therapy
often involves feedback training, in which the patient

imagines or (if possible) performs specific movements while
receiving rewarding feedback such as tones, images, move-
ment of an on-screen avatar, activation of a functional elec-
trical stimulator (FES) or a therapist saying ‘Good job!’
Methods: Several groups have explored therapy that ‘closes
the loop’ in stroke therapy by linking rewarding feedback to
real-time EEG measures of motor imagery. Thus, the activity
of an avatar, FES and other components only provide
rewarding feedback when the patient is actively imagining
the intended movement. This approach could increase
patient compliance and motivation, as well as increase func-
tional recovery by maximizing the coincident activation of
damaged CNS areas and downstream peripheral neurons
that are supposed to work together to produce the desired
movement. This coincident activation is a critical compo-
nent of Hebbian learning. If patients are simply ignoring
instructions, imagining the wrong movement, or devoting
little mental effort to the task, then providing rewarding
feedback is not only unhelpful but could be detrimental to
the therapy process.
Results: We will present results from several different groups
that have conducted research in clinical settings with stroke
patients. Results will include functional improvement (assessed
through conventional means such as the 9-hole PEG test),
changes in cortical activity associated with movement (such as
event-related de-synchronization or ERD/S), changes in system
performance (such as accuracy of EEG-based movement classi-
fication) and subjective report (such as user feedback). These
results validate this approach in real-world settings, with many
patients attaining both high classification accuracy and impress-
ive functional improvement. Notably, many patients exhibit
functional improvement even though classification accuracy is
only modest, which implies that improved adaptive classifica-
tion tools are needed. We will address several other questions
for future study. For example, EEG-based activity could be used
to guide additional components of therapy, and this approach
has mostly been limited to work with upper-limb rehabilitation.
Patients with traumatic brain injury or other types of CNS
damage, or even spinal cord injury, could benefit as well.
Related neurotechnologies involving brain stimulation could
also further improve functional recovery.
Conclusion: However, the broader question, as with most emer-
ging clinical research fields, is whether this new approach pro-
vides a significant improvement over conventional approaches in
large clinical trials with appropriate controls. This has not yet
been demonstrated, and we will address work towards that goal.
This talk/poster will include a complete system for EEG-based
stroke therapy—attendees can don an electrode cap and see their
EEG in real-time and try out different components.

0065 EEG-based systems for assessment and
communication in persons with a disorder of
consciousness (DOC)

Brendan Allisona, Rupert Ortnera, Ren Xua, Alexander
Heilingera, Rossella Spatarob, Jitka Annenc, Stephen Laureysc,
Vincenzo LaBellad, Timothy von Oertzene, Frederic Pellasf,and
Christoph Gugera,b
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ABSTRACT
Background: Patients diagnosed with a disorder of conscious-
ness (DOC) are presumed to have little or no remaining
cognitive activity, as well as little or no voluntary motor
control, and thus, clinical practitioners typically do not try
to communicate with them. However, research using different
noninvasive neuroimaging methods (mostly EEG) has shown
that a minority of DOC patients are able to produce voluntary
changes in neural activity in response to task instructions,
indicating that they do have some cognitive function. Many
of these paradigms are essentially real-time brain–computer
interfaces (BCIs), in which the goal is to discriminate two
different types of mental activities based on adaptive classifi-
cation tools. Furthermore, since BCIs based on the EEG can
provide bedside communication based on voluntary changes
in neural activity, patients who exhibit sufficient cognitive
function during an assessment phase might be able to
communicate.
Methods: Because most patients with DOC cannot use visual
stimuli, BCIs used for DOC assessment and communication
usually rely on auditory and tactile modalities to deliver
instructions, cues and feedback.
Results: We will present results from assessments conducted
with over 100 DOC patients across several hospital collabora-
tors. Consistent with prior work, a minority of patients do
exhibit reliable EEG patterns consistent with left vs. right
hand motor imagery and/or counting specific target (and
not non-target) tones or vibrotactile stimuli. These patients
are usually, but not always, patients diagnosed in the mini-
mally conscious state or MCS. Thus, they can understand,
remember, and choose to follow task instructions, detect and
discriminate stimuli and maintain attention well enough to
potentially use BCIs for communication. We will show results
with basic YES/NO BCI communication. Results with many
patients suggest fluctuations in consciousness across multiple
sessions. This result requires further study and indicates that
multiple assessment sessions are needed for each patient—
although the precise numbers is not yet clear. We are con-
ducting follow-up work to develop additional paradigms to
assess cognitive function in more detail, provide more
advanced BCI communication and develop BCI-based reha-
bilitation paradigms specialized for these patients. Our talk/
poster will include a complete EEG-based BCI system for
DOC assessment and communication that attendees can use.
Their EEG should indicate conscious awareness.
Conclusion: This approach could also benefit patients whose
assessments reveal that they do not exhibit reliable cognitive
function, as well as their families. This outcome could support
the patient’s existing clinical diagnosis and thus provide some
confirmation for families, and (with future research) could
lead to new methods that can help physicians provide treat-
ment or provide more detailed assessment of even very basic
cognitive function. Further in the future, with additional

research and clinical validation, EEG-based assessment scales
could become a useful supplement to conventional scales
based on behavioural responses.

0067 A mixed methods approach to study the
effectiveness of a primary care progressive return to
activity protocol after acute mild traumatic brain
injury/concussion in the military

Emma Gregorya,b, Wesley Colea,b,c, Karen McCullochd,e, Jason
Bailiea,b,f, Mark Ettenhofera,g,h, Amy Cecchinia,c,e, Therese
Westi, Felicia Qashuj, and Lynita Mullinsa,g

aDefense and Veterans Brain Injury Center, Silver Spring,
MD, USA; bGeneral Dynamics Health Solutions, Silver
Spring, MD, USA; cWomack Army Medical Center, Fort
Bragg, CA, USA; dUniversity of North Carolina Chapel Hill,
Chapel Hill, NC, USA; eVenesco LLC, Chantilly, VA, USA;
fNaval Hospital Camp Pendleton, Camp Pendleton, CA, USA;
gNaval Medical Center San Diego, Department of Physical
Medicine and Rehabilitation, San Diego, CA, USA;
hAmerican Hospital Services Group LLC, Exton, PA, USA;
iUS Army Medical Research and Materiel Command, Combat
Casualty Care Research Program, Fort Detrick, USA,
jNational Institutes of Health, Office of Strategic
Coordination, Division of Program Coordination, Planning,
and Strategic Initiatives, Office of the Director, Rockville,
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ABSTRACT
Background: The thousands of U.S. service members sustain-
ing a concussion/mild traumatic brain injury each year
emphasizes the need for effective clinical guidance for mana-
ging concussion. While emerging research supports a gradual
return to pre-activity levels without exacerbating symptoms,
available guidance lacks specifics for this return to activity
process.
Methods: To fill this gap, the Defense and Veterans Brain
Injury Center, in collaboration with clinical, military and
academic subject matter experts, created a clinical recommen-
dation (CR) for primary care providers detailing a step-wise
return to unrestricted activity following acute concussion.
Although developed using an evidence-based approach, the
CR should be evaluated to ensure positive patient outcomes,
to identify barriers to implementation by providers and to
identify ways to improve the recommendation. In this pre-
sentation, we describe a multi-level, mixed methods approach
to evaluate the effectiveness of the CR in improving acute
patient outcomes and to assess adherence to recommenda-
tions by providers and their patients. Outcome and adherence
to guidance was compared for patients receiving treatment as
usual to those receiving care according to the CR and out-
comes from acute injury to 6 months post-injury were col-
lected to illustrate recovery trajectories by group. Information
from providers was collected via semi-structured interview
pre and post educational intervention about the CR, to eval-
uate their knowledge of the CR and its use in practice, and
their perception of patient change and compliance over time.
The study was implemented within complex but ecologically
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valid settings at multiple military treatment facilities and
operational medical units. Special consideration was given to
expected challenges such as the frequent movement of mili-
tary personnel, selection of appropriate design and measures,
study implementation at multiple sites and involvement of
multiple military service branches. To date, all providers (N =
35) and 75 of the targeted 200 patients have been enrolled.
Results: We briefly report findings from provider baseline data
revealing recommendations consistent with best practices (e.g.
physical rest) albeit with some variation (e.g. duration of rest,
use of specialty clinics and referrals) and highlighting barriers
(e.g. patient compliance) and facilitators (e.g. leadership’ atti-
tudes about injury) for acute concussion care in the military.
Preliminary data from the treatment as usual concussed group
are examined to explore the extent to which patient outcomes
align with practices and variability observed in provider
participants.
Conclusion: Taken together, these initial findings are consis-
tent with previous research demonstrating that published
educational material does not translate into compliance by
medical providers and needs to be supplemented by face-to-
face educational interventions to benefit patient outcomes.
Complete study data have the potential to guide improve-
ments to the CR and support service members’ safe return
to activity and duty.

0068 Graded exercise testing for risk stratification of
paediatric concussion

Gary Brownea,b, Lawrence Lama,c, and Tina Bogga

aSydney Children’s Hospital Network, Sydney, Australia;
bUniversity of Sydney, Sydney, Australia; cUniversity of
Technology, Sydney, Australia

ABSTRACT
Hypothesis: Concussion in children is a physiologic brain
injury, the concussed patient in a hypermetabolic state char-
acterized by altered cerebral blood flow (CBF). Normalization
of altered CBF has been shown to be a useful neurophysiolo-
gic marker for recovery. With graded exercise testing (GXT),
CBF increases progressively with exercise intensity. GXT may
therefore be a convenient clinical measure for assessing con-
cussion-related physiological dysfunction due to altered CBF
and predict patient outcome.
Purpose: To determine if a GXT, performed during the sub-
acute phase following an acute concussion, can determine
readiness to commence a return-to-activity protocol and pre-
dict patient outcome.
Methods: Prospective study conducted at Children’s Hospital
at Westmead, Children’s Hospital Institute of Sports Medicine
(CHISM) in Sydney Australia over a 3-year period.
Participants were aged 12–16 years, referred to CHISM within
5–7 days following an acute concussion-subacute phase, pre-
ceded by a short period of rest, ensuring safety to exercise.
Concussion was confirmed in all cases by a concussion spe-
cialist using a standard concussion test battery to determine
key clinical indicators for injury, these tracked at successive
visits. In addition, all patients underwent a graded exercise

test to determine readiness to commence a return-to-activity
protocol. Time to symptom onset and symptom severity was
reported.
Results: There were 140 study patients, with a mean age of 12.4
years, with the majority, being males involved on organized
sport. Most referrals were from Emergency Departments, with
40% reporting loss of consciousness and 35% retrograde amne-
sia. Subacute assessment clearly demarcated two patient groups,
exercise tolerant (54%) and exercise intolerant (46%). The main
clinical drivers in both groups were headache, balance/vestibular
dysfunction, with M-BESS and VOMS key clinical indicators.
No adverse effects from exercise were reported in either group.
Exercise-tolerant patients, had mild clinical indicators, no
symptom exacerbation during 10 minutes of exercise and
were determined ready to commended a RTA protocol, with
recovery occurring within 14 days of injury.
Exercise-intolerant patients, had high clinical indicators, sig-
nificant symptom exacerbation, during 4.2 minutes of exer-
cise, were not ready to commence a RTA protocol, needed
some medical interventions with eventual recovery by 6
weeks. In the exercise-intolerant group, 12% of patients,
mostly females (62%), had very high clinical indicators, sig-
nificant symptom surging during 2.8 minutes of exercise,
needed significant medical interventions with eventual recov-
ery by 12 weeks.
The combination of clinical indicators and exercise testing at
the subacute assessment was 93% predictive of outcome in
this study population.
Conclusion: GXT during subacute assessment can risk stratify
patients to being ready to safely commence a RTA protocol.
Further, when GXT combined with key clinical indicators, it
makes an effective condensed model of care for predicting
outcome in paediatric concussion.

0071 The importance of the minimal clinically
important difference (MCID)

James Malec

Indiana University School of Medicine/Rehabilitation
Hospital of Indiana, Indianapolis, IN, USA

ABSTRACT
Background/Aims: The minimal clinically important differ-
ence (MCID) of a measure is critical to identify responders to
intervention. Because each holds advantages, both distribu-
tion- and anchor-based methods are commonly used together
to triangulate on the MCID. Distribution-based approaches
include computation of the standard error of measurement
(SEM), standard deviation (SD) and various derivatives of
these, e.g. ½SD and the Reliable Change Index (RCI =
2.77SEM). Anchored methods estimate the MCID with a
reference to an external indicator, such as, change on a related
measure, global ratings of clinical improvement or response to
intervention. To illustrate these principles, a multimodal
method approach to identify the MCID for the MPAI-4 as
well as a moderate, more robust level of change (RCID) will
be described. This study combined distribution- and anchor-
based procedures.
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Method: Data were for individuals with acquired brain injury
in rehabilitation programmes throughout USA in the
Outcome Info Database (n = 3087) with two MPAI-4 ratings.
Anchored estimates were referenced to a subsample with the
Supervision Rating Scale (SRS; n = 2726) and response to
intervention. Finally, hypothesized MCID and RCID values
were evaluated through clinical provider ratings of case
protocols.
Results: Rasch derived T-scores (SD = 10) were used in all
analyses; ½SD = 5 on the T-score metric (5 T). Other dis-
tribution-based analyses found the SEM = 4.07 (generally
considered to indicate a small difference); 1.96SEM = 7.98
(moderate difference); and 2.77SEM = 11.27 (large difference;
also equals RCI). Receiver-operating characteristic (ROC)
analyses anchored to the SRS suggested significant change
on the MPAI-4 occurred between 7.5 and 8.5 T. At this
point in the analyses, we hypothesized that the MCID might
be 5 T and a more robust change, the RCID might be 9 T.
Among those who received intensive rehabilitation, 72%
changed ≥5 T compared to 12% in supported living pro-
grammes (χ 2=169.74, p < .001); 54% in intensive rehabilita-
tion changed ≥9 T compared to 4% in supported living
(χ 2=97.60, p < .001). Virtually all clinical raters (99%) con-
sidered a 9 T change to indicate improvement; depending on
time since injury, a change of 5 T was considered improve-
ment by 81–87% of raters.
Conclusions: 5 T represents the MCID for the MPAI-4 and 9
T, the RCID. Notably both values are less than the RCI. While
the RCI may be an appropriate reference value in some
research applications, it essentially replicates a test of clinical
significance. The difference between RCI and MCID occurs
because the RCI is based on the entire distribution of scores
whereas the MCID restricts the focus to those who have
achieved a minimal but clinically significant change compared
to those who have not. With this in mind, the MCID may be
more appropriate for evaluating clinical services. The RCID
adds an indicator of those who have received robust benefits
from the clinical intervention.

0072 Incidence and trajectory of obesity in veterans
and service members with TBI: A VA TBI Model
Systems study

Racine Marcus Browna,b, Risa Nakase-Richardsona,b,c,d, Xinyu
Tange, Laura Dreerf, Simon Driverg, Doug Johnson-Greeneh,
Aaron M. Martina, Tamara McKenzie-Hartmani,j, Mary Jo
Pughk, Steven Scotta,j, Timothy Sheal, Tong Shengm, and Marc
A. Silvaa,i
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ABSTRACT
Objective: To describe the trajectory of body mass index
(BMI) and weight classification 2 years post injury in a
Veteran and Service Member cohort with TBI who are
enrolled in the VA TBI Model Systems. Obesity is associated
with many negative health outcomes in the general popula-
tion; yet, few studies have examined incidence of obesity and
post-TBI outcomes. To date, two studies reported an associa-
tion with pre-injury obesity and greater mortality and pro-
longed ventilation in the ICU setting, while a third study
showed no association with obesity and motor recovery.
Noted limitations with the current evidence include small
samples sizes with cross-sectional analyses. Further, no study
has examined BMI in Veterans or Service Members with TBI,
although military samples may have different incidence and
risk factors for obesity given occupational standards.
Methods: This study features a convenience cross-sectional
sample and prospective design. Height and weight informa-
tion were collected via self-report using standard VA TBI
Model System procedures implemented in 2013 from the
participant or proxy. Data collected are converted to BMI
and then recoded using the World Health Organization
Classification for Underweight, Normal, Overweight, and
Obese (Class 1–3). Data are collected at the time of injury, 1
year and 2 years post injury.
Results: The overall sample was primarily male (N = 229;
95%), white (N = 175; 74%) with a median age of 31 years.
Mechanism of injury included motor vehicle (49%), falls
(15%), violence (20%) and other (16%) modalities with med-
ian initial GCS of 8 consistent with primarily severe injury.
Cross-sectional analyses reveal low incidence of obesity at the
time of injury (N = 237; 15%) with higher proportions meet-
ing obesity criteria at 1 year (N = 148; 25%) and 2 years post
injury (N = 190; N = 26%). To understand the trajectory of
individual participants, the prospective sample (N = 84) evi-
denced slightly higher obesity at the time of injury (20%) with
a slight increase at 1 year post injury (24%). Cross-tab ana-
lyses reveal n = 2 of 27 normal-weight participants and n = 9
of 37 overweight participants were designated obese class 1 at
1 year post injury. Of N = 17 obese participants at the time of
injury, 2 worsened by 1 class in obesity status, 7 remained the
same and 8 improved with 5 subsequently rated as normal
BMI. Only one participant was rated underweight in fol-
low-up.
Conclusion: Incidence of obesity in this military and veteran
TBI cohort reveals lower incidence of obesity compared to the
primarily civilian, general population samples. However, obe-
sity was noticeable in sizeable proportions of participants
across study time points highlighting a potential comorbidity
with untoward health consequences. Trajectory data suggest
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participants change weight classes in both directions over
time post TBI. Future studies are needed to develop risk
criteria for the development of obesity (and underweight)
classification that may inform preventive measures in the
chronic management of TBI.

0073 INESSS-ONF clinical practice guidelines for the
rehabilitation of adults having sustained a moderate-
to-severe TBI
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ABSTRACT
Introduction: At the request of rehabilitation programmes
seeking to improve the efficacy and efficiency of their services,
the Quebec Institut national d’excellence en santé et services
sociaux (INESSS) and the Ontario Neurotrauma Foundation
(ONF) strategically partnered with two research teams to
develop a clinical practice guideline (CPG) aimed at support-
ing the rehabilitation of adults with moderate-to-severe TBI.
Methodology: The Guidelines Adaptation Cycle process by
Graham and Harrison (2005) was used to develop the
INESSS-ONF guideline. A scoping review was first performed
to search for existing CPGs published in English or French
within the previous 14 years (2000–2014) that addressed mul-
tidisciplinary rehabilitation for moderate-to-severe TBI. Eight
CPGs that met the inclusion criteria and were of sufficient
quality were retained for the adaptation process. Second,
clinicians, coordinators and managers of 48 TBI rehab pro-
grammes were consulted in order to identify the priority
topics to be addressed in the CPG, the format and desired
supporting tools as well as the preferred implementation
strategies. A 2-day consensus conference was held in
Montreal, Canada in November 2014 with 60 TBI experts
and stakeholders to assess over 450 potential recommenda-
tions and other evidence statements classified into over 14
different topics relevant to TBI. The recommendations in the
synoptic matrix were kept as is, revised or reformulated on
the basis of evidence or expert opinion. New recommenda-
tions based on recent research and clinical expertise were also
developed by consensus. Post conference, the material was
refined and completed with the help of additional work-
groups. A voting process allowed for the finalization of the

main corpus of the guideline and classification of the recom-
mendations. Indicators and tools were developed to support
their utilization.
Results: Available in an interactive web format, the INESSS-
ONF CPG contains 266 recommendations spanning 20 dif-
ferent topics grouped into two main sections: ‘Components of
the Optimal TBI Rehabilitation System’ and ‘Assessment and
Rehabilitation of TBI Sequelae’. Eleven of the 266 recommen-
dations are identified as ‘fundamental’ for optimal rehabilita-
tion service delivery for this patient population, while 104
recommendations are categorized as ‘priority’ practices to be
put in place to improve service quality and effectiveness. In
all, 126 new recommendations were formulated by the expert
panel.
Discussion: The CPG draws its strength from the use of a
rigorous methodological approach that included several con-
sensual decision-making and consultative steps. A detailed
implementation strategy is being developed based on the
results of a gap analysis conducted with 44 clinical settings
across the two provinces to assess the differences between
current practices and the recommendations put forth by the
CPG and to determine which recommendations are priorities
for implementation, the degree of feasibility and the main
issues to consider.

0074 Correlation between flow state and the effects
of attention training: Randomized controlled trial of
patients with traumatic brain injury

Kazuki Yoshidaa, Keita Ogawaa, Takuroh Mototania, Yuji
Inagakia, Daisuke Sawamurab, Katsunori Ikomac, and Shinya
Sakaid

aDepartment of Rehabilitation Hokkaido University Hospital,
Sapporo, Japan; bDepartment of Occupational Therapy, School
of Rehabilitation Sciences, Health Sciences University of
Hokkaido, Ishikari-gun, Japan; cDepartment of Rehabilitation
Medicine, Hokkaido University Hospital, Sapporo, Japan;
dDepartment of Functioning and Disability, Faculty of Health
Sciences, Hokkaido University, Sapporo, Japan

ABSTRACT
Background/Objective: Flow is the holistic experience felt
when an individual acts with total involvement. When in
flow, the individual operates at full capacity, and training in
induction of the flow experience is thought to enhance train-
ing effect. However, additional training effects related to flow
have yet to be investigated. The objective of this study was to
examine the possibility of correlation between effects of atten-
tion training and flow experience for patients with attention
deficit after traumatic brain injury (TBI) by randomized con-
trolled trial.
Methods: We approached patients with chronic attention def-
icits after TBI who had a history of hospitalization or visited
Hokkaido University Hospital. Twenty patients agreed to
participate in this study, and they were randomly assigned
to a flow group (2 women; mean age, 44.5 ± 11.2) or control
group (2 women; mean age, 38.9 ± 7.2). We created two types
of video game tasks for attention training: one inducing flow
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(flow task) and the other not (control task). These tasks had
identical content, except that the flow task was designed to
induce flow, such as balancing levels of skill and challenge,
and giving quick feedback about the score. Flow group
patients engaged in the flow task and control group patients
engaged in the control task for 4 weeks, and they were
assessed with the flow state scale for occupational tasks reg-
ularly. Three well-trained occupational therapists evaluated
the training effect using neuropsychological tests at baseline,
after intervention and at 4 weeks after intervention (follow-
up). In addition, therapists and patients were blinded to the
treatment allocation.
Results: There were no significant differences in age, sex,
severity of injury, education, duration since injury or neurop-
sychological test results between groups at baseline. Flow state
scale scores were significantly higher in the flow group than
those in the control group (p < 0.05). We employed two-way
factorial analysis of variance (ANOVA) on neuropsychologi-
cal tests with time (baseline, after intervention and 4-week
follow-up) and group (flow group and control group) as
factors. This analysis revealed significant main effect (p <
0.05) of time on neuropsychological measures of attention.
In addition, we observed a trend towards the group main
effect on the Paced Auditory Serial Addition Test (PASAT)
and Trail Making Test (TMT) (p < 0.1). Furthermore, there
was a significant positive correlation between the increase in
the composite score of attention and the flow state scale score
(r = 0.545, p < 0.05).
Conclusion: We found that participants in the flow group
improved significantly more than those in the control group
on neuropsychological tests of attention, and there is a sig-
nificant positive correlation between attention training effects
and flow state score. These results suggest that attention
training for the induction of flow experience may facilitate
improvement of attention.

0075 Near-infrared spectroscopy (nirs)—
determining cerebral oxygen carrying capacity and
vasospasm after subarachnoid haemorrhage

Amanda Tomlinsona, Laxmi Dhakala, and William Freemanb

aDepartment of Critical Care, Neurocritical Care Division,
Mayo Clinic Florida, Jacksonville, FL, USA; bDepartments of
Neurology, Neurosurgery, and Critical Care, Mayo Clinic
Florida, Jacksonville, FL, USA

ABSTRACT
Introduction: Near-infrared spectroscopy (NIRS) is a non-
invasive method of measuring mixed arteriovenous (AV) cer-
ebral oxygen content in the frontal head regions (regional
cerebral O2 saturation, RSO2). The majority of work in this
field has been to monitor cerebral ischaemia during carotid
endarterectomy and cardiopulmonary bypass. However, NIRS
utility in the Neuro ICU has lacked clinical evidence support-
ing its use. We report a case where the NIRS device demon-
strated important real-time physiological quantitative
measurements when the patient was having vasospasm as
well as sickle cell crisis.

Methods/Results: Case Report. A 44-year-old African
American male with sickle cell disease who suffered a severe
aneurysmal subarachnoid haemorrhage from a ruptured right
PCOM aneurysm, modified Fisher four, Hunt Hess four. The
patient suffered vasospasm of the middle cerebral arteries as
detected on TCD by day 5 of hospitalization. Bedside frontal
NIRS monitoring was applied. The data showed significantly
low bilateral numbers with asymmetry (Right side 9–20% and
left side 20–55% RSO2 values). RSO2 values were worse on
the right side due to the combination of poor oxygen delivery
(DO2 equation) and vasospasm. However, both sides were
lower than normal due to patient’s low DO2 from sickle cell
disease and poor CaO2 (arterial oxygen carrying capacity).
The patient received packed red blood cell transfusion
(PRBC) with normal donor haemoglobin, and his bilateral
RSO2 values improved to 80% bilaterally along with treatment
of his vasospasm via injection of intraventricular injection of 4
mg nicardipine via external ventricular drain. Right MCA
mean flow velocities decreased from 221 to<150 cm/second
after injection. A Swan Gans catheter noted no major differ-
ences in cardiac output among the variables. PaO2 values on
ABG remained relatively similar vs FiO2. The patient contin-
ued to improve on neurological examination, and on hospital
day 18, was transferred to an outside rehabilitation centre.
Conclusion: NIRS provides a non-invasive method of moni-
toring cerebral oxygenation that allows bedside physiologic
inferences about blood O2 carrying capacity as well as
reduced blood supply during vasospasm. Future trials should
target specific intervention thresholds (e.g. haemoglobin level
below 10 g/dL, RSO2 values < 40%) to help prevent cerebral
hypoxic-ischaemic injury and clinical outcomes.

0076 Monitoring facial changes in the course of
inter-professional, individually targeted
rehabilitation at the Department of Rehabilitation
Medicine 1ST Medical Faculty of Charles University
and General University Hospital in Prague

Olga Svestkovaa, Marie Brizovaa, Simona Dankovab, Vaclav
Krajicekc, and Jana Veleminskab

aDepartment of Rehabilitation Medicine, General University
Hospital in Prague and 1st Medical Faculty of Charles
University, Praha, Czech Republic; bDepartment of Antropology
and Human Genetics, Faculty of Science, Charles University,
Praha, Czech Republic; cDepartment of Software and Computer
Science Education, Faculty of Mathematics and Physics, Charles
University, Praha, Czech Republic

ABSTRACT
Background: Assessment of the effects of therapy and rehabi-
litation for facial palsy is not always clear. In our pilot study,
we used the modern approach of photogrammetry for the
assessment of facial motor function during mimicking of
facial expression before and after rehabilitation. The study
includes day care patients—day care being for patients who
have suffered an acquired brain injury.
Methods: There is an ongoing comprehensive rehabilitation
programme, compiled for the individual patient. The rehabi-
litation programme includes doctors, physiotherapists,
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occupational therapists, a clinical psychologist, a speech thera-
pist and an education specialist. Part of the therapy is also
made up of non-verbal psychotherapeutic methods: music
therapy, dance therapy and art therapy. We also use music
therapy as speech therapy. Rehabilitation takes place over 4–6
weeks. Our study includes patients who have suffered a trau-
matic brain injury and patients who have suffered a stroke,
with precise indication and contraindication criteria.
Results: The research is based on 3D surface scanning of the
patient’s face (during the second and last week of treatment)
and a control group of individuals performing five facial
expressions (neutral expression, raised eyebrows and fore-
head, eyes closed, lips pursed, inflated cheeks and smile).
The process and the interpretation of the patients’ results
after scanning is time-consuming, but we believe that the
beginning of any scientific research project and searching
for standard objective interpretational methodology is always
so. Further, we believe that in the case of future patients,
where we will already have a tested methodology and more
experience in the interpretation of the results, the time factor
will be reduced.
In this communication, we present two case reports of
patients. The study was based on co-operation between the
Department of Rehabilitation Medicine, General University
Hospital in Prague and the 1st. Medical Faculty of Charles
University in Prague and the Department of Anthropology
and Human Genetics, Faculty of Science, Charles University
in Prague.

0077 An ethical framework to design and test novel
technologies for people with acquired brain injury

Suzanne Martinaand Jean Dalyb

aUlster University, Belfast, UK; bCedar Foundation, Belfast, UK

ABSTRACT
Background: Acquired brain injury (ABI) may result in life-
long disabilities, including cognitive and physical impairment.
Commercially available assistive technology often does not
match the needs of individuals living with complex disabil-
ities. Emerging technologies offer previously untapped solu-
tions, enabling communication, independence and
rehabilitation for individuals with little or no muscle control.
In designing and delivering such solutions, optimal design
and efficacy of service is more likely to be achieved when
those individuals who will benefit from the technologies are
core to the research process, centred within the design, vali-
dation and implementation. This approach is called user-
centred design or participatory design.
Methods: Blending the exploration of new technologies within
the live experience of people living with ABI can bring a range
of ethical challenges. Vigilance, awareness and sensitivity to
the unknown emergent nature of the technologies are para-
mount to support safeguarding and good ethical and research
governance. This present paper will illustrate the journey of
creating an ethical framework and building it into the
research design, obtaining ethical approval and governance
and maintaining an ethical approach while designing a

multimodal brain computer interface system with associated
services (exoskeletons and robotic arms) for people with ABI.
Results: An overarching ethical framework and associated
protocol were developed based on reflections of national and
international best practice, legislation and policy. Obtaining
ethical approval and research governance was undertaken in a
phased approach over time, to ensure each stage of the design
cycle and the engagement of stakeholders was reflected upon,
with learning informing the next stage. Experience affirmed
local ethics committees to be naïve to the types of technology,
leading to a more paternalistic outlook and protectionist
approach. The approach to obtaining consent from indivi-
duals with a cognitive impairment or those who cannot phy-
sically speak was of particular concern to the external
committees. Reassurances, including alternative methods of
engagement such as voice recording consent, proxy consent
from a legal guardian and process consent were required.
Conclusion: Robust ethical and research governance is vital to
safeguard both the participant and researcher. The reality of
successfully delivering this generates a distinct stream of
reflection and activity. The emergent challenges fell within
three categories: the technology; the end user and obtaining
ethical approval. New technology solutions can be developed
through strong collaborative approaches with health care pro-
fessionals, people living with ABI and developers. This paper
presents a framework to support the ethical engagement of
people living with ABI in user-centred design studies to
develop technology solution that they could benefit from in
the future.

0078 Sex differences in affective and cognitive
empathy following severe TBI

Barbra Zupan, Dawn Neumann, Duncan Babbage, and Barry
Willer

Brock University, St. Catharines, ON, Canada

ABSTRACT
Objectives: The ability to affectively respond to someone else’s
feelings (i.e. affective empathy) and understand another per-
son’s perspective (i.e. cognitive empathy) is fundamental to
successful social interactions. Research has shown that people
with TBI show a marked impairment in both affective and
cognitive empathy when compared to controls. Wood and
Williams (2008) additionally reported that a significantly
greater proportion of men with TBI show impaired affective
empathy than women. To our knowledge, sex differences in
cognitive empathy following TBI have not been explored.
Method: 192 (145 males) adults with severe TBI completed the
Interpersonal Reactivity Index (IRI), a self-report question-
naire with subscales for cognitive empathy (Perspective-
Taking; PT) and affective empathy (Empathic Concern; EC).
Each participant also identified an informant (e.g. spouse,
friend) who completed the IRI by indicating how well each
statement described the participant.
Results: Males and females did not significantly differ on
demographic variables. Self-reported EC did not significantly
differ between males and females, F (1190) =.768, p = .38.
However, when their self-report scores were compared to IRI
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normative scores for men and women, significantly more
women (47%) were found to be impaired for EC than men
(15%), X2(1) =20.11, p < .001. Informant ratings for men and
women did not differ for EC, F (1, 154) =.284, p = .59.
Informant ratings of empathic concern for male participants
were significantly lower than when men rated themselves, t
(114) =3.47, p = .001. Informant ratings for EC did not
significantly differ from women’s own ratings, t (39) =3.78,
p = .39.
Self-reported PT also did not differ between males and
females F (1190) =3.23, p = .07. Twenty-nine percent of
men were found to be impaired for PT, compared to 58% of
women. This difference was not significant, X2(1) =2.67, p =
.10. No sex differences were found for informant ratings of PT
for men and women, F (1, 153) = .704, p = .403. Informant
ratings for PT were significantly lower than when men rated
themselves, t (116) =6.23, p < .001 and also when women
rated themselves, t (37)=3.63, p = .001.
Conclusions: It was an unexpected outcome to find that men
did not have significantly lower empathy scores than women.
In fact, self-reported EC for women suggested greater impair-
ment than the men. However, the fact that the informants of
the males perceived their affective empathy to be significantly
lower than the participant’s self-report, suggests a possible
self-awareness problem for the men. Men may perceive them-
selves to be more empathic than they are, and this discrepancy
could create interpersonal strife. Similar ratings for EC by
women and their informants may reflect that they had better
self-awareness regarding their empathic concern. Theories
and directions for future studies will be discussed.

0079 The role of maladaptive emotion regulation
strategies in UK military veterans with co-occurring
TBI and PTSD

Mark Rosea,b, Anke Karla, Huw Williamsa, Dominic Murphyc,
and Walter Busuttilc

aUniversity of Exeter, Exeter, UK; bTaunton and Somerset
NHS Foundation Trust, Taunton, UK; cCombat Stress,
Leatherhead, UK

ABSTRACT
Objective: Deployment to the armed conflicts in Afghanistan
(Operation HERRICK/Enduring Freedom) and Iraq
(Operation TELIC/Iraqi Freedom) can adversely affect the
physical and mental health of those deployed. This study
explored the association between traumatic brain injury
(TBI), post-traumatic stress disorder (PTSD) and the mediat-
ing effect of maladaptive emotional regulation strategies
(MERS: anger and alcohol use) in UK military veterans.
Methods: This study used a cross-sectional survey design.
Participants (n = 116) were ex-service UK military veterans
seeking support for mental health difficulties from the UK-
based charity Combat Stress. Mean age was 46.91 years (SD =
12.66), the majority were male (ratio 114 males to 2 females)
and had served in the British Army (n = 90, 77.6%). Analyses
used multiple regression with 10 000 bootstrap samples pro-
cedure and bias-corrected 95% confidence intervals to

determine whether MERS mediated the effect that TBI sever-
ity had on PTSD severity.
Results: Seventy seven participants (66.4%) reported a history
of TBI, the majority occurring during military service (n = 52,
69.3%). The median duration of loss of consciousness was 2
minute 30 seconds (25th to 75th percentile: 1 minute 15
secondsto27 minute 30 seconds). Veterans scoring above the
questionnaire cut-offs were as follows: n = 88 (74.5%) for
PTSD (Impact Events Scale-Revised total >33); n = 62
(56.4%) for hazardous drinking (Alcohol Use Disorders
Identification Test total >8); and n = 90 (69.9%) for anger
problems (Dimensions of Anger Reactions-5 total > 12).
PTSD severity was significantly positively associated with the
predictor variables of TBI severity (r= .209) and anger (r=
.400). However, PTSD severity was not significantly associated
with alcohol use (r= .074). Mediation analyses revealed sup-
port for the role of anger in mediating the effect that TBI
severity had on PTSD severity; the partial standardized effect
size was 0.051 (small). There was no support that alcohol use
mediated the effect of TBI severity on PTSD severity, the
partial standardized effect size was 0.002 (small).
Conclusion: Findings contribute to the understanding of how
anger may underlie the relationship between TBI severity and
PTSD severity, i.e. TBI severity was positively associated with
PTSD scores, and this effect operated due to increased TBI
severity leading to higher rates of expressed anger which in
turn increased PTSD symptoms. Understanding of how anger
emerges and influences PTSD has treatment implications,
such as pharmacological intervention for anger driven by
organic factors or psychotherapy to recognize cognitive sche-
mas and internal experiences and their impact on behaviour.
Future research using larger samples is required to further
understand how the complicating factors of MERS affect out-
come in veterans with co-occurring TBI and PTSD.

0080 The profile of thyroid hormones in Nigerian
patients with traumatic brain injury

Toluyemi Malomoa, Michael Temitayo Shokunbia, Taofeek
Rabiub, David Udohc, and Michael Komolafed

aDepartment of Surgery, University of Ibadan, Ibadan,
Nigeria; bDepartment of Surgery, Ladoke Akintola
University Teaching Hospital, Osogbo, Nigeria; cDepartment
of Surgery, University of Benin, Benin, Nigeria; dDepartment
of Surgery, Obafemi Awolowo University, Ile-Ife, Nigeria

ABSTRACT
Purpose: Traumatic brain injury (TBI) has an annual inci-
dence of 200/100 000 in Africa. There is little or no informa-
tion on neuroendocrine sequelae following TBI in the
Nigerian population. In this study, we evaluated the effect of
TBI on the thyroid axis and related it to outcome in Nigerian
patients with TBI.
Patients and Methods: The patients with head injury present-
ing to the emergency department during the study period
were recruited. Data on Glasgow coma score, serum T3, T4
and TSH and Glasgow outcome score were obtained prospec-
tively in the acute phase of the injury. The data acquired were
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analysed using IBM’s Statistical Package for Social Sciences,
version 22.
Results: 115 patients were recruited. There were 98 males and
17 females (male/female ratio 5.8:1). 81 patients (71.7%) pre-
sented within 24 hours of injury. 61 patients had mild head
injury, while 18 and 36 patients had moderate and severe head
injury, respectively. The serum levels of T3 were high, normal
and low in 52.2%, 40% and 7.8% of patients respectively; T4
levels, the figures were 4.3%, 27% and 68.7% of patients
respectively, while for TSH, they were 16.5%, 77.4% and
6.1% respectively. The T3 level was high or normal in 92.2%
of patients (p = 0.945) T4 levels were low or normal in 95.7%
(p = 0.664) of patients and TSH was normal in 77.4% (p =
0.214). There was no statistical correlation between the sever-
ity of head injury and thyroid hormone levels. Comparing
thyroid hormone levels with the Glasgow outcome showed a
consistent decline in the T3 levels from normal outcome to
death (p = 0.427). T4 levels showed a similar decline. 77% and
23% of those with worst outcome had low or normal T4,
respectively (p = 0.523). Patients with persistent vegetative
state and death had low T4 that was statistically significant
p = 0.012.
Conclusion: TBI in Nigerian patients was associated, in the
acute phase, with high serum levels of T3, low serum levels of
T4 and normal serum levels of TSH. The low serum levels of
T4 were associated with poor outcome.

0081 Corpus callosum damage in traumatic brain
injury: Incidence and role in short-term outcome

Xiaomeng Lia, David Dunganb, Andrew J. Olsenb, and Robert
Kowalskia

aCraig Hospital, Englewood, CO, USA; bRadiology Imaging
Associates, Englewood, CO, USA

ABSTRACT
Background: Traumatic brain injury (TBI) is a major public
health issue, leading to 2.2 million U.S. emergency depart-
ment visits annually. The corpus callosum is a known fre-
quent site of injury. Less understood are effects of corpus
callosal damage on outcomes.
Objective: To evaluate magnetic resonance imaging (MRI)
evidence of injury to the corpus callosum following TBI and
its impact on short-term outcome.
Methods: The study was an analysis of MRI findings for a
prospective cohort of patients with moderate-to-severe TBI
enrolled in the Traumatic Brain Injury Model Systems
(TBIMS) Database at an inpatient rehabilitation hospital.
Outcome measures were incidence of corpus callosum (CC)
injury; duration of post-traumatic amnesia (PTA); Functional
Independence Measure (FIM™) and Disability Rating Scale
(DRS), at times of inpatient rehabilitation admission and
discharge.
Results: Between April 2005 and March 2013, 392 patients
with TBI and available MRI imaging were enrolled in the
TBIMS database. Median age was 33 years (range 16–71),
76% were male and 85% white. One hundred and thirty
(33%) had corpus callosal injury. In univariate analysis,
patients with CC damage more often had higher velocity

TBI causes (72% higher velocity vs. 27% lower velocity, OR
2.3, 95%CI 1.475–3.665, p < 0.001), were less likely to follow
commands on initial presentation (15% CC damage vs. 85%
no CC damage; OR 4.367, 95%CI: 2.262–8.430, p < 0.001),
were younger (median age 25 years, CC injury vs. 36 years, no
CC injury, p < 0.001) and were more likely to have intraven-
tricular haemorrhage (44%, CC injury vs. 22%, no CC injury,
OR 2.854, 95%CI: 1.801–4.522, p < 0.001). All factors asso-
ciated with CC damage in univariate tests independently pre-
dicted this damage when compared in a multivariable
analysis. In multivariable analyses controlling for age, sex,
injury severity (GCS Motor score < 6) and injury cause
velocity, corpus callosum injury independently predicted
poorer outcome by most measures assessed. In these models,
at the time of rehabilitation admission, CC injury accounted
for 14-point reduction in FIM™ Total score (95%CI: −20 to
−9, p < 0.001) and a 3-point increase in DRS score (95%CI: +2
to +4, p < 0.001). At the time of rehabilitation discharge, CC
injury accounted for a 10-point reduction in FIM™ Total score
(95%CI: −17 to −3, p = 0.007), but did not predict DRS score.
Presence of CC injury also predicted a 19-day increase in PTA
(95%CI: +5to +33 days, p = 0.008).
Conclusions and Relevance: Corpus callosum injury is
observed acutely in 33% of moderate-to-severe TBI patients
who received inpatient rehabilitation. Risk for CC damage is
associated with higher velocity TBI causes, younger patient
age, lower initial GCS Motor score and concurrent intraven-
tricular haemorrhage. Presence of CC injury independently
predicts worse functional and cognitive outcomes. Further
study of CC injury in TBI and its possible treatment are
warranted.

0082 Which clinician competencies are important for
running groups in neurorehabilitation?

Dana Wong

Monash University, Monash University Clayton, Australia

ABSTRACT
Background and Aims: Group-based programmes, such as
those focusing on memory, fatigue or coping skills, can be
effective and cost-efficient components of neurorehabilitation.
However, little is known about the effectiveness with which
programmes that have been developed in research contexts
are implemented in clinical practice. A crucial aspect of clin-
ical translation is training clinicians who can deliver evidence-
based interventions competently, especially given that
research suggests a strong therapeutic relationship is neces-
sary to ensure full realization of the potential efficacy of
multiple intervention types. To date, there are no published
studies identifying the competencies necessary for group facil-
itators to run effective groups. The aim of this study was to
develop a checklist of group facilitation competencies for use
in research, training and clinical settings.
Method: As no existing similar measures were available, the
Delphi method for obtaining expert consensus was adopted to
identify relevant competencies. Experts were identified as
clinicians or clinical researchers with a high degree of clinical
experience or research expertise (i.e. had multiple relevant
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publications) in running groups. The importance and clarity
of 17 checklist items were rated on a 5-point Likert scale by 15
experts. Items were grouped into four categories: Facilitating
focused group discussion, communication skills, interpersonal
style and session structure. The Delphi criterion of a mini-
mum of 80% of experts endorsing the two highest ratings was
adopted to determine the appropriateness of each item. The
checklist was sent for further review until expert consensus
was reached for all items. Qualitative feedback was also sought
for each item, and experts were encouraged to suggest addi-
tional items they deemed important.
Results: After the first round of expert review, two items were
removed due to not meeting the 80% consensus criterion. The
wording of five further items was revised based on qualitative
feedback. Two new items were also added in response to
suggestions from multiple experts. In the second round of
review focusing on the new and revised items, all items met
the criterion for expert consensus. Further adjustments to
wording of two items were made. Agreement tended to be
higher for items in the facilitating focused group discussion
and communication skills categories, whereas there was a
slightly wider range of opinion on the importance and clarity
of items grouped under interpersonal style and session
structure.
Conclusions: After two rounds of review, a high level of
expert consensus was reached on a new 17-item group
facilitation competency checklist. The next step in the
checklist’s development will be to establish its inter-rater
reliability. The checklist can then be used to evaluate clin-
ician competencies in group facilitation and explore the
relationship between clinician competence and group parti-
cipant outcomes.

0083 Development of a neurorehabilitation-specific
falls risk screening tool

Duncan McKechniea,b, Murray Fishera,b, Julie Pryora,b, Jhoven
De Jesusc, and Melissa Bonserd

aThe University of Sydney, Sydney, Australia; bRoyal Rehab,
Sydney, Australia; cWestmead Hospital, Sydney, Australia;
dLiverpool Hospital, Sydney, Australia

ABSTRACT
Objective: To develop a falls risk screening tool (FRST) sensi-
tive to the neurorehabilitation population.
Methods: This 18-month multisite prospective cohort study
was undertaken in three metropolitan brain injury rehabilita-
tion units in Australia. A convenience sample of 140 patients
with traumatic brain injury was recruited. Patient data were
collected at two discrete times: on a patient’s admission to
rehabilitation and after their first fall. Univariate and multi-
variate (backward elimination, elastic net and hierarchical)
logistic regression modelling techniques were used to examine
each variable’s association with patients who fell. Each vari-
able’s utility on admission to rehabilitation was also tested.
The resulting FRST’s clinical validity was examined.
Results: Of the 140 patients in the study, 41 fell (29%). All 21
independent variables were significantly associated with fall-
ers; however, a high proportion of two variables (visual

impairment = 54%; dizziness = 46%) were unknown on
admission to rehabilitation. Through multivariate regression
modelling, 11 variables were identified as significant predic-
tors for falls. Using hierarchical regression, 5 of these were
identified for inclusion in the resulting FRST: prescribed
mobility aid (such as, wheelchair or frame) (OR = 9.13), a
fall since admission to hospital (OR = 4.41), impulsive beha-
viour (OR = 3.32), impaired orientation (OR = 3.83) and
bladder and/or bowel incontinence (OR = 1.93). The resulting
FRST has good clinical validity (sensitivity = 90%; specificity
= 64%; area under the curve = 0.87; Youden index = 0.54) and
predictive power (McFadden’s R2 = 0.34). The tool’s clinical
validity was significantly better (p = .037 on DeLong test) than
the Ontario Modified STRATIFY FRST.
Conclusions: The developed tool, the Sydney Falls Risk
Screening Tool, should be considered for use in neurorehabil-
itation populations and, due to the generic nature of its items,
the generalizability to other patient populations could be
considered.

0084 BrainSTEPS child and adolescent brain injury
school consulting programme – providing
interdisciplinary support to students, schools and
families following acquired brain injury

Brenda Eagan Browna, Janet Tylerb, and Heather Hotchkissc

aBrainSTEPS Brain Injury School Consulting Program, Brain
Injury Association of Pennsylvania, Pittsburgh, PA, USA;
bHealth andWellness Unit, Colorado Department of
Education, Denver, CO, USA; cExceptional Student Services,
Colorado Department of Education, Denver, CO, USA

ABSTRACT
Background: Ten years ago, the Pennsylvania Department of
Health began the statewide BrainSTEPS Brain Injury School
Re-Entry Consulting Program. BrainSTEPS is now uniquely,
jointly funded by the PA Department of Health and the PA
Department of Education, Bureau of Special Education.
BrainSTEPS is implemented by the Brain Injury Association
of Pennsylvania. Since 2007, BrainSTEPS has provided train-
ing and consultation to thousands of students in
Pennsylvania. Lessons learned will be explored as well as
exploration of the state programme descriptive data were
collected.
Methods: There are 30 BrainSTEPS teams with 300 consulting
team members who cover all students in the Commonwealth
who have sustained any severity of acquired brain injury. The
teams are based out of the PA Department of Education’s
Intermediate Units. BrainSTEPS consultants who serve on the
teams represent a variety of backgrounds, but each team
includes educational professionals, medical and rehabilitation
professionals as well as at least one parent. Medical rehabilita-
tion professionals from over 15 facilities across PA serve on
the BrainSTEPS teams. Together, the unique interdisciplinary
BrainSTEPS Teams work to ensure students who are re-enter-
ing school following a new injury or those who have sustained
a prior ABI and begin to experience learning issues in school,
receive appropriate ongoing educational supports until
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graduation. The importance of annual monitoring to track all
cognitive and/or behavioural issues over time as the brain
develops is an integral, key facet of BrainSTEPS. Teams con-
sult on student IEPs, 504 Plans, conduct medical, rehabilita-
tion and educational record reviews.
Results: The PA Department of Education created a vast in-
depth database for the BrainSTEPS Program consultants to
track student educational supports, consultation activities and
changes over time until graduation. This is currently the only
educational database following students of its kind. Teams
also track their adherence to BrainSTEPS Best Practices as
well as to set annual team goals that are tracked over time.
Conclusion: During the Fall of 2016, the Colorado Department
of Education joined BrainSTEPS and is replicating the pro-
cesses and best practices statewide, as well as the vast database
for use in Colorado. Both states represented will discuss
successes and barriers encountered to date, as well as future
combined efforts.
Please advise where the text ‘(For reviewers . . . in this ses-
sion.)’ should be placed. (For reviewers: The BrainSTEPS
Program has a secondary model within it that grew from an
internal need for a screening measure at the school building
level for students with concussions. It enables schools to
manage students for the initial 4–6 weeks prior to making
an official BrainSTEPS referral for higher level consultation/
training purposes, for those students who have not recovered
from their concussion. It is called the ‘BrainSTEPS: Return to
Learn Concussion Management Team’ model. It is being
submitted by Brenda Eagan Brown in a different session
focused on concussion. This model will not be discussed in
this session.)

0085 Concussion return to learn: Two national
models utilizing an interdisciplinary trifecta for
concussion student and classroom management

Brenda Eagan Brownaand Karen McAvoyb

aBrainSTEPS Brain Injury School Consulting Program, Brain
Injury Association of Pennsylvania, Inc., Pittsburgh, PA, USA;
bRocky Mountain Hospital for Children, Center for
Concussion, Denver, CO, USA

ABSTRACT
Objective: This presentation is intended to highlight the
importance of an interdisciplinary team approach to student
concussion focused on return to school/return to learn, utiliz-
ing consistent communication between the medical, school,
student and family to facilitate recovery. It will focus on two
phases of recovery: acute and persistent, and current research
guiding practice will be discussed throughout. The presenters’
current programmes respectively include Pennsylvania’s
BrainSTEPS Return to Learn Concussion Management Team
(CMT) model, which is the only statewide programme to have
trained over 1300 concussion school-based teams in 4 years,
and the REAP Model in Colorado will be reviewed. Both
models are considered leading national concussion return to
learn models.
Methods: This training is guided by research and promising
practices in the field. The first portion of the workshop will

concentrate on the return to school progression following
diagnosis. It will also highlight important academic manage-
ment that must occur at school early in recovery. The impor-
tance of implementing universal systemic collaboration
among interdisciplinary teams to maximize recovery within
the first 4 weeks of a concussion will be emphasized. The
second half of the training will focus on keeping students as
actively engaged at school as possible throughout recovery by
utilizing academic adjustments/accommodations that are
monitored over time, maintaining the delicate balance
between the need for cognitive rest while focusing on new
learning and addressing the issue of what the interdisciplinary
team should consider when a student does not recover in the
typical trajectory.
Results: CMTs support students returning to the demands of
school while promoting recovery. Descriptions of the roles
that both Academic and Symptom Monitors perform as lea-
ders of their CMT will be discussed. Both Academic and
Symptom Monitors, evaluate data from the concussion mon-
itoring tools weekly to make decisions regarding the need to
increase or decrease academic adjustments to continue to
appropriately support students over time. The Academic and
Symptom monitors collect data to drive all educational deci-
sion making. Concussion management tools will be discussed
as well as common issues that are encountered by schools,
medical professionals and families when students do not
recover typically. Conclusion: Attendees will be provided
with strategies to manage student concussion symptoms that
impact academics, while promoting recovery, attendance,
symptom resolution and new learning. The presenters of
this session are co-leading the first National Concussion
Return to Learn Consensus for the National Collaborative
on Children’s Brain Injuries to guide professionals working
with students following a concussion. The results of the con-
sensus will help inform the presentation content.

0086 Cognitive-communication and psychosocial
functioning 12 months after severe traumatic brain
injury

Sarah Trana, Belinda Kennya, Emma Powera, Robyn Tateb,
Skye McDonaldb, Rob Hearda, and Leanne Toghera

aThe University of Sydney, Lidcombe, Australia; bUniversity
of NSW, Kensington, Australia

ABSTRACT
Background: Cognitive-communication deficits after severe
traumatic brain injury (TBI) may contribute to chronically
poor psychosocial functioning and problems reintegrating
into the community. There has been a recent shift among
the speech pathology profession to consider all aspects of the
individual during assessment. One such facet is the influence
of the impairment on an individual’s activity and participa-
tion in their everyday contexts. The possible relationship
between impaired cognitive communication skills and poor
employment stability, difficulty maintaining relationships and
reduced quality of life remains unclear and warrants investi-
gation to enable clinicians and researchers to make evidence-
based assessment and intervention decisions.
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Objective: This study aims to explore the predictive variance
and correlations of a measure of cognitive-communication
skills with a measure of psychosocial outcome in persons 1
year post injury.
Participants: 36 adults (83.3% male, mean age 36.6) with
severe TBI were evaluated at 12 months post injury.
Design: An observational study employing a cross-sectional
design.
Main Measures: Participants’ cognitive communication skills
were evaluated with the Functional Assessment of Verbal
Reasoning and Executive Strategies (FAVRES), Sydney
Psychosocial Reintegration Scale-2 (SPRS-2) Form A—
Informant version assessed psychosocial functioning.
Results: Two measures of the cognitive-communication
assessment (accuracy and rationale scores of the FAVRES)
contributed significantly to the total psychosocial functioning
outcome measure (SPRS-2). Linear multiple regression ana-
lyses revealed these variables accounted for 29.1% of the
variance. The same two cognitive-communication variables
accounted for 24.0% and 28.6% of the work/leisure and rela-
tionship-specific domains of the SPRS-2, respectively.
Conclusion: Cognitive-communication ability was significantly
related to overall psychosocial functioning, work and leisure and
relationship outcomes at 12 months post TBI. Findings revealed
a majority of individuals were no longer receiving speech
pathology intervention despite performing below normal limits
on the cognitive-communication measure. Therefore, findings
suggest continued speech pathology involvement in the latter
post-acute stages of recovery may potentially improve social,
vocational and overall psychosocial functioning. This provides
argument for the role of speech pathologists in community
rehabilitation teams and return to work programmes for indi-
viduals following TBI. The FAVRES shows promise as a cogni-
tive-communication assessment for the identification of
treatable factors contributing to psychosocial outcomes for this
population. Findings demonstrate the FAVRES is able to cap-
ture the same critical communicative demands that underlie
social and vocational situations in the community. In clinical
practice, speech pathologists should consider use of the
FAVRES as a benchmark assessment measure and to assist in
the development of rehabilitation goals.

0088 Effectiveness of specific post-inpatient brain
injury rehabilitation programmes

April Groffa, Debra Braunling-McMorrowa, and James Malecb

aLearning Services, Raleigh, NC, USA; bRehabilitation
Hospital of Indiana, Indianapolis, IN, USA

ABSTRACT
Objective: To examine the effectiveness and participant char-
acteristics of three intensive post-inpatient brain rehabilitation
(IR) programme types compared to supported living ser-
vices (SL).
Design: Retrospective before/after observational study.

Setting: Network of residential and outpatient that includes
eight facilities in six states.
Participants: Data from 253 individuals with acquired brain
injury in IR programmes and 169 individuals in SL
programmes.
Interventions: IR programmes, with the goal of achieving
significant functional gains for participants, included neuror-
ehabilitation (n = 161), neurobehavioural rehabilitation (n =
57) and day treatment (n = 38). SL programmes aimed to
assist participants to maintain current status in the long term.
Main Outcome Measure: Mayo-Portland Adaptability
Inventory (MPAI-4).
Results: Analysis of covariance (ANCOVA) controlling for
admission score, age at injury and chronicity revealed signifi-
cant differences between IR and SL programmes on dis-
charge/second assessment MPAI-4 Total T-score (F = 56.97,
p < .001), Ability Index (F = 49.43, p < .001), Adjustment
Index (F = 25.20, p < .001) and Participation Index (F = 53.76,
p < .001). IR programme participants improved about 1
standard deviation on MPAI-4 metrics. Change in MPAI-4
Total T-score represented a minimal clinically important dif-
ference for 74.6% in IR programmes compared to 17.8% in SL
programmes (X2 = 131.85; p < .001). Additional ANCOVAS
revealed no differences on the MPAI-4 among the three
specific IR programme types. Comparisons of participant
characteristics among the three IR programmes showed no
differences in length of stay, age at injury, age on admission,
chronicity, gender, injury type or funding source. However,
there was a larger proportion of Caucasians in the
Neurobehavioral programme (84.2%) than in the
Neurorehabilitation (64.0%) or Day Treatment (68.8%) pro-
grammes (X2 = 8.21, p = .017). IR programme types also
differed on admission MPAI-4 Ability Index (F = 8.28, p <
.001), Adjustment Index (F = 20.10, p < .001), Participation
Index (F = 7.23, p = .001) and Total T-score (F = 15.08, p <
.001). Post hoc least significant difference (LSD) comparisons
indicated greater disability for the Neurobehavioral group on
the Ability Index, Participation Index and Total T-score than
for the Neurorehabilitation group which, in turn, showed
greater disability on these measures than the Day Treatment
Group. The Neurobehavioral group showed greater disability
on the Adjustment Index on admission than the other two
programme types. In an additional analysis to control for
chronicity more rigorously than as a covariate, 29 participants
in each of the IR and SL programme categories were matched
on chronicity, age and gender. Covarying initial T-score, age
at injury, and log chronicity, ANCOVAs revealed significant
differences between IR and SL participants at discharge for
MPAI-4 Ability Index (F = 29.75, p < .001), Adjustment Index
(F = 16.97, p < .001), Participation Index (F = 25.45, p < .001)
and Total T-score (F = 27.70, p < .001).
Conclusions: Participants appear to be selected for specific IR
programmes based on type and severity of functional disabil-
ity. With appropriate programme selection, functional gains
in the three IR programme types are substantial and differ
significantly from SL programmes.
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0089 Folic acid ameliorates
hyperhomocysteinaemia-exacerbated short-term
memory reduction after traumatic brain injury

Nino Muradashvili, Suresh C. Tyagi, and David Lominadze

University of Louisville, Louisville, KY, USA

ABSTRACT
Background: Traumatic brain injury (TBI) is the devastating
public health problem worldwide. It is accompanied with
inflammation, which is a complex of different biological
responses of vascular tissue to harmful stimuli. One of the
important problems after TBI is a memory impairment, par-
ticularly loss of short-term memory. A greater role of cellular
prion protein (PrPC) in cognition than that of amyloid beta is
well known. We found that PrPC expression is increased after
TBI along with enhanced deposition of an inflammatory
marker fibrinogen (Fg). We also found that Fg forms a com-
plex with Fg-PrPC in extravascular space after TBI.
Elevated blood level of homocysteine (Hcy), called hyperho-
mocysteinaemia (HHcy) is considered to be an independent
inflammatory and high-risk factor for many cerebrovascular
diseases. HHcy itself is associated with increased levels of Fg.
Enhanced levels of Hcy were found in TBI patients. Folic acid
(FA) is known to lower blood level of Hcy. Thus, we hypothe-
size that HHcy exacerbates the TBI-induced macromolecular
protein leakage resulting in enhanced Fg-PrPC complex for-
mation leading to the short-term memory reduction, which
can be ameliorated by treatment with FA.
Methods: Permeability of pial venules in pericontusional area
formed after cortical contusion injury (CCI) was studied in
wild-type (WT, C57BL/6J) and genetic mouse model of
HHcy, cystathionine-β-synthase heterozygote knockout (CBS
+/−) mice. Venular permeability was assessed by measuring
the extravascular leakage of Alexa-Flour 647-labelled bovine
serum albumin (647-BSA) in sham-operated mice or in mice
with CCI using an intravital fluorescence microscopy.
Deposition of Fg and formation of Fg-PrPC complex in
brain cryosections from experimental mice was assessed
using immunohistochemistry and confocal microscopy.
Short-term memory changes were evaluated by novel object
recognition and Y maze (spontaneous alternation and two
trial recognition) tests.
Results: Pial venular permeability to 647-BSA was greater in
all experimental animals with CCI compared to that in respec-
tive sham-operated mice. However, in injured CBS+/− mice,
the protein leakage was greater (201 ± 6, % of baseline) than
that (166 ± 9, %) in WT animals with CCI. Treatment with
FA ameliorated BSA leakage (132 ± 5, %) in injured CBS+/−
mice. Enhanced Fg-PrPC complex formation was found in
WT animals after CCI compared to that in sham-operated
WT mice. Increased depositions of Fg and PrPC was detected
in CBS+/− mice compared to those in control WT group. The
cognitive deficiency was noted in all mice groups after CCI.
The greatest memory reduction, defined by Y maze two trial
recognition test, was detected in CBS+/− mice with CCI
(discrimination index, DI = 22±2%). Treatment with FA
improved memory (DI = 41±3%) in CBS+/− mice with CCI
compared to that in non-treated animals.

Conclusion: Thus, our study reveals a novel, additive effect of
HHcy in TBI-induced memory impairment, which can be
therapeutically targeted in future.
Supported by NIH-NS084823

0090 Vasculo-neuronal uncoupling and cognition
impairment after traumatic brain injury in mice

Nino Muradashvili, Suresh C. Tyagi, and David Lominadze

University of Louisville, Louisville, KY, USA

ABSTRACT
Background: Many inflammatory and cognitive disorders are
accompanied by elevated blood level of fibrinogen (Fg), called
hyperfibrinogenaemia (HFg). It has been shown that Fg-contain-
ing plaques are associated with memory impairment in vascular
dementia and Alzheimer’s disease. However, the precise mechan-
ism of Fg effects in cognition changes are not clear. We showed
that at high levels, Fg crosses vascular wall mainly via caveolar
protein transcytosis leading to a complex formation with cellular
prion protein (PrPC). The latter is well known to be involved in
loss of memory. We tested the hypothesis whether the deposition
of Fg in extravascular space affects vasculo-astrocyte coupling in
pericontusional area after cortical contusion injury (CCI).
Methods: CCI was induced in C57BL/6J mice. Fourteen days after
CCI, deposition of Fg and activation of astrocytes were detected
by immunohistochemistry and confocal microscopy. Astrocytes
were labelled with glial fibril acidic protein (GFAP). Neuronal
degeneration was detected with Fluoro-Jade and NeuN staining.
Short-term memory of mice was assessed with a new object
recognition test (NORT) and two Y-maze tests.
Results: More astrocytes were activated/swollen in brain samples
from mice with CCI. Deposition of Fg in vasculo-astrocyte inter-
face defined by number of spots with co-localized Fg and GFAP
after deconvolution of images was greater (20 ± 3) in mice after
CCI than after sham operation (6 ± 2). Neuronal degeneration
was also found to be higher in brain samples frommice with CCI
than that in samples from control mice. Discrimination ratio,
assessed by NORT was lower (0.6 ± 0.03) for mice with CCI than
that (0.8 ± 0.06) for sham-operated mice. Both Y-maze tastes also
showed a reduction in memory indicators for mice with CCI
compared to those for control mice.
Conclusion: CCI-induced HFg increases deposition of Fg in
vasculo-astrocyte interface leading to detachment of astrocyte
endfeet from vessels. This causes neuronal degeneration and
results in reduction in short-term memory. Our data point to
the mechanism of cognition charges as a result of impaired
vascular properties, and therefore, address problems related to
the vasculo-neuronal dysfunction after CCI.
Supported, in part, by NIH grant number NS084823.

0091 Knowledge translation: Training everyday
people to identify and support individuals with
executive dysfunction following brain injury

Deidre Sperry and Leslie Birkett

Centre for Community Based Executive Functioning, Dundas,
ON, Canada
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ABSTRACT
It is well known that many individuals after having sustained a
brain injury experience difficulties managing the complexities of
daily life. In fact, in a recent Ontario Brain Injury Association
Impact Study 91% of nearly 600 respondents indicated that they
have trouble making decisions some or most of the time.
Decision making and other high-level cognitive skills make up
the components associated with executive functioning. Over the
past decade, researchers have made significant advancements in
the way executive functions are understood. No longer are they
viewed as individual skills, but rather as an integrated entity.
Unfortunately, despite the increases in understanding, there
have not been the same advancements in the assessment and
treatment of executive functioning. Typically, in the province of
Ontario, Canada, executive functioning continues to be predo-
minantly assessed through pencil and paper tasks by isolating
each component. Moreover, testing occurs in the confines of a
quiet office environment, with the assessor providing structure
and feedback. The literature identifies this approach alone is not
adequate.
Methods: Likewise, when treatment is offered, it tends to
mirror the assessment approach. Clinicians across rehabilita-
tion disciplines attempt to ameliorate executive functioning
deficits using worksheets and programmes that are neither
individualized, contextualized nor meaningful.
The challenges of knowledge translation in health care have
been well documented. In brain injury rehabilitation, it is well
known that a supportive environment is critical to a positive
outcome for the individual. Therefore, identifying methods to
educate the health care providers and more importantly the
individual’s naturalistic support system is critical. When treat-
ment programmes incorporate the ‘Participate to Learn’
approach this follows best practice guidelines and knowledge
translation naturally occurs because the individual’s supports
are able to observe functioning and strategies that facilitate
participation in valued life roles.
Results: In recent years, the authors of the I CAN Community-
Based Assessment of Executive Functioning have developed
training methods to educate people regarding these important
cognitive skills and how to observe them under real-life condi-
tions. Once these unique observational skills are developed, train-
ing proceeds to address ways of providing the appropriate levels
of support within a person’s natural environment. Within this
context, metacognitive strategy training is incorporated as a
means of generalizing to activities of everyday living.
Conclusion: This presentation will review the unique I CAN train-
ing approach used to incorporate current knowledge of the com-
plexity of executive functions into real-world living. Participants
will gain an understanding of the advantages of sharing relevant
informationwith everyday people regardingmethods of effectively
supporting those living with executive dysfunction.

0092 Service delivery in the health care and
educational systems for children following traumatic
brain injury

Juliet Haarbauer-Krupaa, Angela Cicciab, Jonathan Doddc,
Deborah Etteld, Brad Kurowskie, Angela Lumba-Brownc, and
Stacy Suskauerf

aNational Center for Injury Prevention and Control, CDC,
Atlanta, GA, USA; bCase Western Reserve University,
Cleveland, OH, USA; cWashington University School of
Medicine, St. Louis, MO, USA; dEugene School District,
Eugene, OR, USA; eCincinnati Children’s Hospital, University
of Cincinnati School of Medicine, Cincinnati, OH, USA;
fKennedy Krieger Institute, Johns Hopkins University School
of Medicine, Baltimore, MD, USA

ABSTRACT
Objective: To provide a review of evidence and consensus-
based description of health care and educational service deliv-
ery and related recommendations for children with traumatic
brain injury.
Methods: Literature review and group discussion of best prac-
tices in management of children with TBI was performed to
facilitate consensus-based recommendations from the
American Congress on Rehabilitation Medicine’s Pediatric
and Adolescent Task Force on Brain Injury. This group
represented paediatric researchers in public health, medicine,
psychology, rehabilitation and education.
Results: Care for children with TBI in health care and educa-
tional systems is not well coordinated or integrated, resulting
in increased risk for poor outcomes. Potential solutions
include identifying at-risk children following TBI, evaluating
their need for rehabilitation and transitional services and
improving utilization of educational services that support
children across the lifespan.
Conclusion: Children with TBI are at risk for long-term con-
sequences requiring management as well as monitoring fol-
lowing the injury. Current systems of care have challenges and
inconsistencies leading to gaps in service delivery. Further
efforts to improve knowledge of the long-term TBI effects in
children, child and family needs and identify best practices in
pathways of care are essential for optimal care of children
following TBI.

0093 Medical comorbidities and functional decline
10 years after traumatic brain injury

John Corrigana, Jessica Ketchumb, James Malecc, Flora
Hammondc, Jennifer Bognera, Marie N. Dahdahd, Kristen
Dams-O’Connore, Tessa Hartf, Thomas Novackg, and Gale
Whiteneckb

aOhio State University, Columbus, OH, USA; bCraig Hospital,
Englewood, CO, USA; cIndiana University School of
Medicine, Indianapolis, IN, USA; dUT Southwestern Medical
Center, Dallas, TX, USA; eIcahn School of Medicine at Mount
Sinai, New York, NY, USA; fMoss Rehabilitation Research
Institute, Philadelphia, PA, USA; gUniversity of Alabama at
Birmingham, Birmingham, AL, USA

ABSTRACT
Background: There is accumulating evidence that a subset of
individuals with TBI experience progressive functional decline
over the years subsequent to TBI, while others show improve-
ment or remain static (Corrigan et al., 2012; Hammond,
Grattan et al., 2004; Hammond, Hart et al., 2004; Ishibe
et al., 2009; Masel and DeWitt, 2010). This evidence raises
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the question whether TBI should be considered a chronic
health condition for those at risk of decline. A recent meeting
of professionals in brain injury rehabilitation (May 2012
Galveston Brain Injury Conference) termed the persistent
and deteriorating phenotypes of TBI as ‘chronic brain injury’
(CBI). Because CBI impairs the brain as well as other organ
systems, it must be proactively managed as a lifelong condi-
tion in order to optimize a person’s health, independence and
life satisfaction.
Methods: The notion that the natural course of TBI may
include delayed onset or progressive deterioration is not
reflected in the typical care, services and resources currently
available for individuals living with TBI. To adequately care
for those with TBI, there is a need to delineate the medical,
including psychiatric, problems occurring years following
injury and their role in functional decline. The TBI Model
Systems National Database (TBIMS NDB) provides a unique
opportunity to study the prevalence of such conditions and to
determine their association with functional decline.
Results: A consecutive series was compiled of 422 individuals
completing 10-year follow-ups in 6 TBIMS NDB centres. To
be included in analyses, participants had to have at least two
functional independence measure (FIM) or Satisfaction With
Life Scale (SWLS) scores administered at years 1, 2 or 5 post
injury. The supplemental interview at 10 years post injury
included the Medical and Mental Health Comorbidities
Interview (MMHCI), which yielded the extent and chronicity
of physical health and mental health comorbidities present for
each individual’s lifetime, and whether diagnosis occurred
before or after the index TBI that resulted in TBIMS NDB
enrollment.
Conclusion: Random-effects models were used to determine
the effects of each comorbidity on three outcomes (FIM
Motor, FIM Cognitive and SWLS) as a function of time.
Overall, regardless of covariates or comorbidities, significant
negative quadratic relationships were found for FIM scores
but not SWLS, which showed no change. Demographic,
injury severity and rehabilitation discharge characteristics
were used as covariates in modelling to determine the effect
of individual comorbidities occurring over one’s lifetime.
Additional models were computed that only included
comorbidities that developed after the initial inpatient reha-
bilitation. Highest prevalence concomitant with or following
TBI and strongest relationship with functional outcomes was
apparent for back pain (22%), depression (21%), anxiety
(20%), sleep disorders (12%) and panic attacks (11%).
Results will be presented in greater detail and implications
for an evidence-based approach to disease management will
be discussed.

0095 Incidence of associated medical conditions and
treatment complications, and impact on outcome
following moderate-to-severe traumatic brain injury

Robert Kowalskia, Juliet Haarbauer-Krupab, Jessica Ketchuma,
CB Eagyea, Jeneita Bellb, John Corriganc, Flora Hammondd,
Kristen Dams-O’Connore, A. Cate Millerf, Melissa Hofmanna,
and Gale Whitenecka

aCraig Hospital, Englewood, CO, USA; bU.S. Centers for
Disease Control and Prevention, Atlanta, GA, USA; cOhio
State University Wexner Medical Center, Columbus, OH,
USA; dIndiana University School of Medicine, Indianapolis,
IN, USA; eIcahn School of Medicine at Mount Sinai, New
York, NT, USA; fNational Institute on Disability, Independent
Living, and Rehabilitation Research, Washington, DC, USA

ABSTRACT
Background: Traumatic brain injury (TBI) leads to nearly 300
000 hospitalizations in USA each year. Short-term outcomes
have been studied extensively for associations with patient
and injury characteristics. How medical conditions are asso-
ciated is less understood; present concurrently or as compli-
cations of treatment, may influence recovery.
Objective: To assess the incidence of acutely occurring asso-
ciated medical conditions and treatment complications on
outcome for survivors of TBI.
Methods: Patients with moderate-to-severe TBI enrolled in the
TBI Model Systems (TBIMS) National Database (NDB) were
evaluated. Medical conditions, identified by ICD-9 code
recorded during the acute hospital phase of treatment, were
selected and grouped in a total of 75 Healthcare Cost and
Utilization Project (HCUP) categories, or groupings of cate-
gories. Outcome measures include FIMTM and Disability
Rating Scale (DRS) at the time of inpatient rehabilitation
discharge and rehabilitation length of stay (LOS). The pre-
dictive effect of categorized conditions on outcome was
assessed using general linear regression, controlling for: age,
sex, injury cause (high vs. lower velocity), injury severity
(Glasgow Coma Scale motor score < 6), presence of intracra-
nial mass effect and presence of subcortical injury. A
Bonferroni correction of 0.0007 was used to determine statis-
tical significance.
Results: Between May 2007 and December 2013, 3686 patients
in the NDB with complete data were included in the analysis.
Mean age was 46.1 ± 20.6 years, 72% were male and 66%
white. Forty-four percent of injuries were caused by high-
velocity events, 46% of patients followed commands at initial
presentation, 20% had subcortical damage and 40% intracra-
nial mass effect. The most frequently co-occurring medical
conditions were adult respiratory failure (42%), other nervous
system disorder (42%), crush injury (35%), fluid and electro-
lyte disturbance (32%), pneumonia (19%), dysrhythmia
(16%), other bacterial infection (8%) and septicaemia (6%).
Predictors of worse functional outcome in multivariable mod-
els, with degree of effect on FIM™ total score, include spinal
cord injury (−10.5); paralysis (−9.5), coma (−8.9), device
complications (−8.9); pneumonia (−7.5), septicaemia (−7.5),
other bacterial infection (−6.5) and gastrointestinal (GI) dis-
orders (−5.0). Among these conditions, respiratory failure and
pneumonia were associated with worse outcome by all mea-
sures. Conditions predicting improved outcome and effect on
FIM™ total score included: headache or migraine (+9.9), atten-
tion deficit disorder (+7.2), alcohol-related disorders (+5.7)
and substance-related disorders (+3.9).
Conclusions: Co-occurring medical conditions and treatment
complications are common in TBI and can significantly
impact outcome, independent of patient characteristics, injury
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severity and neuroanatomic features. These conditions
include spinal cord injury, paralysis and GI dysfunction.
Treatment complications including pneumonia, respiratory
failure, device-related factors and septicaemia, predict poorer
outcomes. The findings suggest co-occurring conditions, and
hospital complications warrant incorporation in prognostic
models for TBI and attention during acute treatment for
improvement of outcome in these severely injured patients.

0100 Decomposition of leg motions during over
ground walking in individuals with traumatic brain
injury

Hilary Austin, Nilanthy Balendra, Joseph Langenderfer, and
Ksenia Ustinova

Central Michigan University, Mount Pleasant, SC, USA

ABSTRACT
Walking is an essential activity of daily living in humans.
Successful performance of this task requires precise temporal
coordination of lower extremities, composed of several joints
and segments. Motions at the ipsilateral and contralateral leg
joints must be initiated, continued and terminated simulta-
neously with switching activity at certain phases of the gait
cycle to allow smooth body progression in the desired direc-
tion without loss of balance. The ability to coordinate move-
ments can be affected after a traumatic brain injury (TBI).
The purpose of the present study was to investigate the effects
of brain injury on inter-joint coordination of the legs during
over ground walking. Ten individuals with TBI (7 males;
mean age ± SD standard deviation, SD, 45.2 ± 12.78 years,
ranging from 26 to 66 years of age), and 10 healthy sex- and
age-matched participants (mean age ± SD,44.0 ± 14.43 years,
ranging from 25 to 66 years of age) without known neurolo-
gical, orthopaedic or cognitive deficits participated in the
study. Participants with TBI presented with some degree of
ataxia, as well as postural and gait abnormalities, with their
clinical test score ranged: (1) 2–18 points (mean ± SD: 7.9 ±
6.1 points) on the Ataxia Test by Klockgether; (2) 45–54
points (mean ± SD: 51.0 ± 3.6 points) on the Berg Balance
Scale and (3) 14–27 points (mean ± SD: 22.8 ± 4.3 points) on
the Functional Gait Assessment Test. All participants walked a
12-m distance at self-selected speed in three experimental
conditions: normal walking without any additional task; walk-
ing with the narrow base of support and walking while hold-
ing a cup full of water. Participants’ movements during
walking were recorded with a 12-camera Vicon T160
Motion Capture system at 100 Hz with 39 markers, placed
according to the Plug-in-Gait Full Body Model. Inter-joint leg
coordination was analysed as the percentage of gait cycle
during which the leg motion was decomposed, with 0% indi-
cating simultaneous motions at the two joints (i.e. hip-knee,
knee-ankle and hip-ankle) or 100% indicating motion of only
one joint at the time. Decomposition was calculated for each
pair of joints and for the left and right leg separately.
Participants with TBI showed greater decomposition indices
than control individuals for all joint pairs (p < 0.01). The
inter-joint coordination was even more affected in partici-
pants with TBI, when walking was challenged by narrowing

a base of support or holding a cup. Results may indicate
impaired mechanisms of inter-joint coordination following
TBI or the presence of compensatory strategies to improve
walking. These abnormalities should be taken into considera-
tion while planning physical therapy programmes for indivi-
duals after brain injury.

0103 Management and outcome of TBI patients in
the State University Hospital of Haiti during a 2-year
period

Gérald Jonacé

State University of Haiti/Sate University Hospital of Haiti,
Pétion Ville, Haiti

ABSTRACT
Objectives: Traumatic brain injury is one of the leading causes
of death and disability worldwide. In developing countries,
the mortality rate is even higher due to non-availability of
material and human resources. In this study, we investigated
the effects of lack of appropriate resources for the manage-
ment of TBI patients on their outcome.
Methods: A cross-sectional and retrospective study was rea-
lized in a single institution: State University Hospital of Haiti.
We reviewed the charts of TBI patients from the department
of surgery between January 2013 and December 2014. The
relationship between death rate and availability of resources
for standard care was assessed.
Results: The patients were divided into two groups according
to availability of appropriate resources for standard manage-
ment. Group I comprises the patients who received standard
care; Group II was made of patients who did not. Eight
patients out of a total of 43 constituted the group I. 75% of
them were discharged from the hospital, 25% died. From the
35 patients of the group II, 91% of them died; only 9% were
discharged from the hospital. The difference was highly sig-
nificant according to chi-square statistic (17.365 superior to
the critical value of chib = 3.8 for α=0.05). The most common
cause of injury was motor vehicle accident (70%). 81% were
male and the majority of the patients were between ages 20
and 40 years.
Conclusion: The availability of resources significantly reduced
the risk of mortality in TBI patients at the State University
Hospital in Haiti. A politic to reinforce the hospitals by
supplying them with appropriate materials and trained perso-
nals will have a positive impact on the outcome of the patients
with TBI.

0104 The neurotrophic hypothesis of depression
revisited

Boudewijn Busa,b

aGgz Oost-Brabant, Uden, The Netherlands; bNijmegen
University Medical Centre, Nijmegen, The Netherlands

ABSTRACT
Background: Brain-derived neurotrophic factor (bdnf) is an
important factor in brain plasticity as it has been shown to
induce axonal sprouting and long-term potentiation of
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synapses. Therefore, it plays an important role in brain injury
recovery. However, bdbf is also implicated in many psychia-
tric disorders such a depression. Since patients with brain
injury often develop depression, it is important to better
understand the role of bdnf in the aetiology of depression.
The neurotrophic hypothesis of depression was postulated as
a working model for this. It states that stress reduces bdnf
availability, which consequentially causes depression due to a
lack of neuronal plasticity. Serum bdnf levels are indeed con-
sistently found to be lower in depressed patients compared to
healthy controls and in short open-label antidepressant treat-
ment trials, the bdnf levels were found to be higher post
treatment than before treatment. However, many previous
studies were relatively small, precluding the possibility to
correct for potential confounding.
Methods: We performed several studies to identify potential
determinants of peripheral bdnf measurements (1,2) and used
these variables to correct for potential confounding. In a large
naturalistic cohort of patients (n = 2981) with depression and/
or anxiety as well as healthy controls, we analysed the cross-
sectional associations between depression and bdnf (3). Next,
we used longitudinal data in the same sample to test the
temporal assumptions of the neurotrophic hypothesis of
depression (4). Results: Although we did find a statistically
significant association between depression and lower bdnf in
our cross-sectional data, our longitudinal analysis reveals that
it is more likely that bdnf serum levels are lower as a result of
depression than that they represent an etiological factor for
the illness. Furthermore, we found a decrease in bdnf after
exposure to stress, but the decrease was most profound in
patients with chronic depression.
Conclusion: These findings show that the neurotrophic
hypothesis of depression is more complex than previously
assumed, as it is in sharp contrast to the original assump-
tions of the neurotrophic hypothesis. Nevertheless, they
also implicate that brain recovery can be seriously impeded
by a comorbid depressive disorder due to diminished neu-
roplasticity because of a decrease in the availability of
bdnf.

1. Bus et al. Psychoneuroendocrinology 2011; 36(2):228–239.
2. Bus et al. World Journal of Biological Psychiatry 2012;13

(1):39–47.
3. Molendijk et al. Molecular Psychiatry 2011;16:1088–1095.
4. Bus et al. Molecular Psychiatry 2015;20(5):602–8.

0106 Repeated transcranial direct current
stimulation of the posterior parietal cortex in
patients in minimally conscious state: A sham-
controlled randomized clinical trial

Géraldine Martensa, Aurore Thibauta,b, Wangshan Huangc,
and Steven Laureysa

aUniversity of Liege, and University Hospital of Liege, GIGA
Research Center and Neurology Department, Coma Science
Group, Liège, Belgium; bSpaulding Rehabilitation Hospital/
Harvard Medical School, Spaulding Neuromodulation
Center, Boston, MA, USA; cHangzhou Normal University,

International Vegetative State and Consciousness Science
Institute, Hangzhou, China

ABSTRACT
Background: We assessed the effect of transcranial direct
current stimulation (tDCS) targeted to posterior parietal cor-
tex in patients in minimally conscious state (MCS).
Methods: In a randomized double-blind sham-controlled
crossover study, MCS patients at least 1 month after acute
traumatic or nontraumatic insult received one sham and one
real tDCS session (2mA during 20 minutes once a day for 5
days) in a randomized order separated by 5 days of washout
over the posterior parietal cortex. Coma Recovery Scale-
Revised (CRS-R) assessments were performed directly on
enrollment, before the first session and after each real and
sham tDCS as well as 5 days later. Follow-up outcome data
were acquired 1, 3, 6 and 12 months after inclusion using the
CRS-R.
Results: 33 patients were included (interval 6 ± 5 months; 20
traumatic). We found a treatment effect after 5 days of sti-
mulation (p = 0.012; effect size: 0.31). The effect did not last
for 5 days after the end of the stimulation (p = 0.135). We
identified 9 (27%) tDCS responders (i.e. showing new sign(s)
of consciousness that was never observed before, lasting at
least 5 days after the end of the stimulation).
Conclusion: 5 days of tDCS over the posterior parietal cortex
has a small and short-lasted beneficial effect on consciousness
in MCS.
Classification of Evidence: This study provides Class I evidence
that 5 days of tDCS of the posterior parietal cortex has a small
and short-lasted beneficial effect on consciousness in MCS.
Clinical Trial register: ClinicalTrials.gov NCT02702362

0107 Controlled clinical trial of 4 weeks of home-
based tDCS in patients with chronic minimally
conscious state

Géraldine Martensa, Aurore Thibauta,b, and Steven Laureysa

aUniversity of Liege, and University Hospital of Liege, GIGA
Research Center and Neurology Department, Coma Science
Group, Liège, Belgium, bSpaulding Rehabilitation Hospital/
Harvard Medical School, Spaulding Neuromodulation
Center, Boston, MA, USA

ABSTRACT
Objectives: A recent study showed that anodal transcranial
direct current stimulation (tDCS) applied to the left dorsolat-
eral prefrontal cortex (LDLPF) transiently improves the level
of consciousness in 43% of severely brain-injured patients in
minimally conscious state (1). Even if those first results were
promising, after a few hours, patients came back to their
initial states. Previous studies on pain showed that repeated
stimulation increase the lasting of the effects (2). Therefore,
we decided to test the potential long-term effects of repeated
tDCS in MCS patients. Our second aim was to evaluate the
feasibility of home-based stimulations.
Methods: In this double-blind crossover sham-controlled
experimental design, patients received two sessions of repeated
(5 days per week during 4 weeks) tDCS, either anodal or sham
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in a randomized order, with a washout period of 8 weeks in
between (Figure 2). Patients’ relatives or caregivers were taught
how to use the tDCS device. Note that the device was made for
an easy use with fixed parameters and registered the number
and time of stimulations delivered in order to controlled the
compliance. The LDLPF cortex was stimulated during 20 min-
utes in 24 MCS patients (age: 40,5 ± 15 years old; time since
injury: 7 ± 7,2 years; 13 TBI). Consciousness was assessed by
JFK Coma Recovery Scale Revised (CRS-R) at baseline, after
the first session, as well as 8 weeks later to assess the long-term
effects. Mann–Whitney U test was performed to assess treat-
ment effects at 4 weeks and at follow-up.
Results: A treatment effect was observed for the comparison
between CRS-R at baseline and after the 4 weeks of tDCS (p =
0.026). A trend was identified 8 weeks after the end of the
stimulations (p = 0.065). When comparing pre versus post sti-
mulation, a significant improvement was observed after 4 weeks
of stimulation (p = 0.022) as well as at follow-up (p = 0.011). The
compliance was good (90 ± 15.5%). We did not observe any side-
effect (i.e. sign of pain, sign of seizure, complication).
Conclusion: 4 weeks of home-based tDCS significantly improve
responsiveness of patients in MCS. The absence of adverse
events and the good compliance of the tDCS device showed
that this technique is safe and can be used in rehabilitation
programmes or by patients’ relatives at home as a daily care.

0108 Characterization of high-speed and biaxial
stretch as in vitro models of traumatic brain injury on
the blood-brain barrier

Hector Rosas-Hernandeza, Claudia Escudero-Lourdesb, Elvis
Cuevasa, Susan Lantza, Syed Z Imama, Nasya Sturdivantc, Kartik
Balachandranc, William Slikker Jra, Merle Paulea, and Syed Alia

aNational Center for Toxicological Research, Jefferson, CO,
USA; bUniversidad Autonoma de San Luis Potosi, San Luis
Potosi, Mexico; cUniversity of Arkansas, Fayettevile, AR, USA

ABSTRACT
Traumatic brain injury (TBI) is one of the major causes of
disability in USA. It occurs when external mechanical forces
induce brain damage as a result of impact, penetration and/or
rapid acceleration/deceleration that cause deformation of
brain tissue. TBI is also associated with alterations of the
blood-brain barrier (BBB), a structure that consists mainly
of brain endothelial cells (BECs) and protects brain tissue
from substances circulating in the blood. Due to the high
incidence and drastic consequences of TBI, it is important
to understand the critical events that accompany damage in
order to develop effective treatment approaches. Using pri-
mary rat BECs as an in vitro BBB model, the effects of two
different types of stretch that mimic aspects of TBI were
characterized. Deformation due to biaxial stretch (BS) was
achieved at 5%, 10%, 15%, 25% and 50% by infusing pressur-
ized gas into flexible bottom culture plates using a commer-
cially available system. Deformation due to uniaxial high-
speed stretch (HSS) at 5%, 10% and 15% was achieved by
moving a linear actuator, coupled to a polydimethylsiloxane
chip on top of a silicone membrane at a strain rate of 100 s−1.
Live/dead cells, LDH release, caspase 3/7 staining and tight

junctions (TJ) protein expression were evaluated 24 hours
after a single stretch episode. BS induced a deformation-
dependent increase in LDH release, cell death and activation
of caspase 3/7, suggesting the induction of apoptosis.
Interestingly, a low percentage of stretch increased the expres-
sion of TJ proteins, whereas high percentage decreased the
expression. Meanwhile, HSS increased LDH release only at
15% stretch and increased cell death at 10% and 15% stretch.
Once again, a low percentage of stretch increased the expres-
sion of TJ proteins. In summary, some of the events that
occur in the BBB after TBI were successfully replicated in
vitro using BS and HSS and the severity of the TBI produced
in vitro depends on the degree and orientation of cellular
deformation. These data support the use of BS and HSS as
valuable tools in the study of TBI in vitro, by defining stretch
intensities. These methods may also be useful in evaluating
potential drug treatments for this condition.

0109 Moderate traumatic brain injury produces
blood-brain barrier damage modulated by tight
junction proteins

Syed Alia, Hector Rosas-Hernandeza, Elvis Cuevasa, Susan
Lantza, Claudia Escudero-Lourdesb, Nancy Gomez-
Crisostomoc, Syed Imama, Nasya Sturdivantd, Prashanth
Ravishankard, Kartik Balachandrand, William Slikker Jra, and
Merle Paulea

aNational Center for Toxicological Research, Jefferson, CO,
USA; bUniversidad Autonoma de San Luis Potosi, San Luis
Potosi, Mexico; cUniversidad Autonoma Juarez Tabasco,
Tabasco, Mexico; dUniversity of Arkansas, Fayetteville,
AR, USA

ABSTRACT
Background: Traumatic brain injury (TBI) remains one of the
major causes of death and disability. Due to the heterogeneity
of its causes, the events that occur after TBI can be quite
varied and are not well understood. Regardless of the cause,
deformation of the brain tissue leads to neuronal, glial and
endothelial cell death as well as other cellular and molecular
responses, including changes in blood-brain barrier (BBB)
permeability. Understanding the events that occur after TBI
is important in the development of therapeutic approaches.
The aim of this study is to evaluate the effects of mild and
moderate TBI on the BBB in mice using the weight drop
method. Mice were anaesthetised using isoflurane and placed
on a soft foam pad.
Methods: An acrylic tube was placed directly above the head
of the mouse and a 50 g weight was dropped onto the mouse
head from either 30 cm (mild) or 120 cm (moderate) height
within the tube. 24 hours after a single TBI episode, BBB
permeability was evaluated using the Evans blue method and
by quantifying the plasma concentrations of the glial-specific
protein S100β. The expression of the tight junction proteins
zonula occludens-1 (ZO-1) and occludin was evaluated by
Western blot.
Results: Mild TBI did not affect the Evans blue extravasation,
S100β concentration and did not change the expression of the
tight junction proteins; however, moderate TBI significantly
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increased the Evans blue extravasation and the plasma con-
centrations of S100β, indicating an increase in BBB perme-
ability. This effect was related to a decrease in the expression
of ZO-1 and occludin.
Conclusion: In summary, we demonstrated that moderate TBI
increases BBB permeability due to a decrease in the expression
of tight junction proteins using the weight drop model of TBI.
Further studies are necessaries in order to understand the
implication of the BBB damage to the neuronal and glial
cells. This model can be used as a tool to test potential
treatments that can protect the BBB after TBI.

0110 Fatigue after traumatic brain injury is linked to
altered striato-thalamic-cortical functioning

Nils Berginströma, Peter Nordströma, Urban Ekmanb,c,d,
Johan Erikssonb,c, Micael Anderssonb,c, Lars Nybergb,c, and
Anna Nordströme

aCommunity Medicine and Rehabilitation, Geriatric Medicine,
Umeå University, Umeå, Sweden; bUmeå Center for Functional
Brain Imaging, Umeå University, Umeå, Sweden; cPhysiology
Section, Department of Integrative Medical Biology, Umeå
University, Umeå, Sweden; dDepartment of Neurobiology,
Care Sciences and Society, Karolinska Institutet, Stockholm,
Sweden; eDepartment of Public Health and Clinical Medicine,
Occupational and Environmental Medicine, Umeå University,
Umeå, Sweden

ABSTRACT
Mental fatigue is a common symptom in the chronic phase of
traumatic brain injury. Despite its high prevalence, no treat-
ment is available for this disabling symptom, and the mechan-
isms underlying fatigue are poorly understood. Some studies
have suggested that fatigue in traumatic brain injury and
other neurological disorders might reflect dysfunction within
striato-thalamic-cortical loops. In the present study, we inves-
tigated whether functional magnetic resonance imaging
(fMRI) can be used to detect chronic fatigue after traumatic
brain injury (TBI), with emphasis on the striato-thalamic-
cortical loops. We included patients who had suffered trau-
matic brain injury (n = 57, age range 20–64 years) and
experienced mental fatigue > 1 year post injury (mean =
8.79 years, SD = 7.35), and age- and sex-matched healthy
controls (n = 27, age range 25–65 years). All participants
completed self-assessment scales of fatigue and other symp-
toms, underwent an extensive neuropsychological test battery
and performed a fatiguing 27-minute attention task (the
modified Symbol Digit Modalities Test) during fMRI.
Accuracy did not differ between groups, but reaction times
were slower in the traumatic brain injury group (p < 0.001).
Patients showed a greater increase in fatigue than controls
from before to after task completion (p < 0.001). Patients
showed less fMRI blood oxygen level–dependent activity in
several a priori hypothesized regions (family-wise error cor-
rected, p < 0.05), including the bilateral caudate, thalamus and
anterior insula. Using the left caudate as a region of interest
and testing for sensitivity and specificity, we identified 91% of
patients and 81% of controls. As expected, controls showed

decreased activation over time in regions of interest—the
bilateral caudate and anterior thalamus (p < 0.002, uncor-
rected)—whereas patients showed no corresponding activity
decrease. These results suggest that chronic fatigue after TBI is
linked to altered striato-thalamic-cortical functioning. The
high precision of fMRI for the detection of fatigue is of
great clinical interest, given the lack of objective measures
for the diagnosis of fatigue.

0111 Efficacy and safety of amantadine for
behavioural problems due to acquired brain injury: A
systematic review

Annemiek Backxa, Bert ter Morsb, Peggy Spauwenb, Rudolf
Pondsa,c, Peter van Hartenc,d, and Caroline van Heugtenc,e

aAdelante Rehabilitation Centre, Hoensbroek, The Netherlands;
bGGZ Oost-Brabant, Brain Injury Department Huize Padua,
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Centre, School for Mental Health and Neuroscience,
Maastricht, The Netherlands; dGGz Centraal, Amersfoort,
The Netherlands; eMaastricht University, Department of
Neuropsychology and Psychopharmacolog, Maastricht, The
Netherlands

ABSTRACT
Introduction: Acquired brain injury, especially frontal lesions,
often lead to behavioural consequences with severe impact.
Amantadine is used to reduce behavioural problems in
acquired brain injury, with clinical experience suggesting a
positive effect. However, the use of amantadine to reduce
behavioural problems has not been established as evidence-
based medicine.
Objective: To systematically review the literature on the effec-
tiveness and safety of amantadine on reduction of behavioural
problems (aggression/agitation, apathy, dysexecutive syn-
drome), increased participation and increased quality of life,
in patients suffering from acquired brain injury.
Search: Systematic search in PubMed/EMBASE/CINAHL (last
search 8-4-2016), keywords: brain injury, prefrontal cortex,
neurobehavioural manifestations, amantadine, participation,
behavioural disorders, quality of life.
Selection: Data selection and extraction were done by two
independent reviewers.
Inclusion: Adults with acquired brain injury, use of quantitative
outcome measurements on behaviour/participation/quality of
life. Exclusion: neurodegenerative diseases and disorders of con-
sciousness. Quality of included randomized studies was assessed
using CONSORT criteria or Single Case Experimental Design
Scale by Tate.
Evaluation and Results: Of 571 records identified, 19 were
assessed full-text. Two articles, found by hand search of the
references of excluded reviews, were additionally assessed full-
text. Nine articles were selected (three case reports/series, one
prospective cohort study, one retrospective study, one single
case experimental design and three randomized controlled
trials). The two high-quality randomized controlled trials are
conflicting about the effect of amantadine on irritability, one
showing positive and one showing no effect. One randomized
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controlled trial measuring executive functioning and agitation
without effect of amantadine was of low quality. A Single Case
Experimental design of low quality showed positive results on
agitation and apathy. A prospective cohort study of moderate
quality showed a positive effect on executive functioning.
Four non-randomized studies measuring effect of amantadine
on behaviour were of poor quality (positive effect in one study
measuring aggression/agitation, positive effect in one study
measuring apathy, positive effect in two studies measuring
executive functioning, no effect in one study on apathy and
no effect in one study on dysexecutive syndrome). QoL and
societal participation were not measured in the included stu-
dies. Amantadine was well tolerated.
Conclusion: Results of good-quality studies are inconclusive.
In low-quality studies, weak evidence is found for a possible
effect of amantadine on several behavioural domains. QoL
and participation were not addressed. No unknown side
effects emerged in the included studies. High-quality experi-
mental studies are needed to learn more about the effect of
amantadine on behavioural problems, but RCTs are difficult
to perform in this heterogeneous patient group. Currently,
we are conducting a series of single case experimental
designs.

0113 Chronic cerebrovascular abnormalities in a
mouse model of repetitive mild traumatic brain
injury

Cillian Lyncha,b, Gogce Crynena,b, Scott Fergusona,b, Benoit
Mouzona,b, Daniel Parisa,b, Joseph Ojoa,b, Paige Learya, Fiona
Crawforda,b, and Corbin Bachmeiera,b

aThe Roskamp Institute, Sarasota, FL, USA; bThe Open
University, Milton Keynes, UK

ABSTRACT
Background: Repetitive mild traumatic brain injury (r-mTBI)
is a risk factor for development of chronic traumatic ence-
phalopathy (CTE), a disease characterized by Tau pathology
throughout the cortices, and often co-presenting with condi-
tions such as Alzheimer disease (AD).
Methods: It has been well documented that mild-to-severe TBI
can result in transient reductions in cerebral blood flow (CBF),
with severe injuries often accompanied by the presence of varying
degrees of vascular pathology post-mortem. Aberrant CBF read-
ings precede gross amyloid pathology in AD patients, suggesting
that hypo-perfusion is key in the pathogenesis of conditions such
as CTE and AD, for which r-mTBI is a pre-disposing factor.
Results: We have herein expanded on our previous animal
model of r-mTBI, showing robust neuroinflammation and
pronounced spatial memory deficit in wild-type mice as late
as 18 months post injury. We now show this pathology and
concomitant behavioural phenotype to be emulated in a sepa-
rate animal model of r-mTBI, described herein, and accom-
panied by chronic impairment of global CBF, and altered
expression of cerebrovascular markers.
Conclusion: These results are the first to demonstrate chronic
cerebrovascular dysfunction in the pathogenesis and evolution
of r-mTBI-induced illness, and validate this model for inves-
tigation of CTE.

0114 Curious about concussions: An evaluation of
an education session about concussion and mild
traumatic brain injuries management

Tina Samuela,b, Lisette Lockyerb, Brenda Turleya, Lisa Bodellb,
Keith Yeatesa,c,d, andKaren Barlowa,b,c,d

aUniversity of Calgary, Calgary, AB, Canada; bAlberta Health
Services, Calgary, AB, Canada; cAlberta Children’s Hospital
Research Institute, Calgary, AB, Canada; dHotchkiss Brain
Institute, Calgary, AB, Canada

ABSTRACT
Introduction: Education can be a powerful influence on health
outcomes. Without the proper translation from knowledge
sources, children and adolescents recovering from a concussion
or mild traumatic brain injury (mTBI) and their caregivers
frequently misunderstand its management and outcomes.
This results in increased apprehension about the potential
persistent somatic, sleep-related, cognitive and affective symp-
toms associated with these injuries. Previous literature has
shown that the provision of proper education and reassurance
soon after an injury reduces post-concussive symptoms in
adults. There is little evidence available about the effectiveness
of educational strategies using a developmental approach in
improving outcomes for children and adolescents. We devel-
oped a one-time education session for children who had
recently sustained a concussion with their parents. Our goal
was to determine if the session increased knowledge about
concussion and reduced parental concerns to act as a prepara-
tory step to a larger trial to evaluate the impact of the education
programme on child and parent outcomes.
Method: The study involved a non-randomized, prospective
cohort study of recently injured youth and their families in
order to determine the feasibility and effectiveness of a 20-
minute education session for concussion and its management.
Sessions were conducted in small groups at the Alberta
Children’s Hospital, Calgary, Alberta. The educational resources
and primary outcome measure (self-assessment questionnaires)
were designed by the study team, health care providers, patients
and their families. The self-assessment Likert questionnaires
were administered before and after each education session and
consisted of five questions assessing knowledge and concerns
about concussions. Statistical analysis was done using IBM SPSS
Statistics (version 24) with Kolmogorov–Smirnov, Wilcoxon
signed-rank and paired t-tests.
Results: Eighty-five participants (58 adults, 27 teens) completed
pre- and post-session questionnaires. The children and adoles-
cents (12.66 ± 2.90 years, 30.5% males) were between 11.39 and
19.76 days post injury at the time of the session. Participants
expressed having difficulties coping with post-concussion symp-
toms (34.9%) and with daily activities (44.2%). Knowledge
increased significantly from pre- to post-session about return to
learn guidelines (adults: z = 6.219, p < 0.001; teens: z = 4.149, p <
0.001) and return to play guidelines (adults: z = 6.207, p < 0.001;
teens: z = 3.781, p < 0.001). Overall, parents reported decreased
concerns about the impact of concussion on their children (z =
3.898, p < 0.001).
Conclusion: The results show the potential of education ses-
sions to increase knowledge about concussions and to reduce
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parental concern. With these observed outcomes, the next
step of this project is to evaluate the designed programme’s
influence on child and parent outcomes via a randomized trial
of the intervention.

0117 History of abuse and traumatic brain injury
(TBI) in female offenders

Conall O’Rourke and Mark Linden

School of Nursing and Midwifery, Queens University Belfast,
Belfast, UK

ABSTRACT
Purpose: To examine and explore the link between abuse and
TBI in an adult female offender sample.
Background: Traumatic brain injury (TBI) is now recognized as a
significant issue among offender populations. Significant gender
differences have been observed between male and female offen-
ders, with females more likely to have experienced a TBI prior to
incarceration (Colantonio et al., 2014). Despite female offenders
reporting a higher mean age for their first TBI than males
(Colantonio et al., 2014; Fishbein et al., 2014), past research has
focused primarily on childhood abuse (Brewer-Smyth and
Burgess, 2008) with limited examination of domestic abuse.
Method: A cross-sectional study was conducted with 65% (n =
29) of adult female offenders in Northern Ireland. TBI pre-
valence and severity were assessed using the Brain Injury
Screening Index (BISI) while childhood abuse and domestic
abuse were examined using the Childhood Trauma
Questionnaire and the Abusive Behaviour Index. A demo-
graphic questionnaire gathered information on past mental
health diagnoses, alcohol abuse and substance abuse, as well
as asking participants to judge if they believed they had a
brain injury. Pearson’s correlation explored the relationships
between TBI scores and measures of abuse.
Results: The prevalence of TBI within the sample was 72%. Of
those with a past TBI (n = 21), 38% reported having five or more
injuries; yet, only 29% believed they had sustained a brain injury.
Forty five percent of participants reported experiencing childhood
physical abuse and 65% reported being assaulted by their partner,
suggesting high rates of past abuse within the sample. TBI pre-
sence was correlated with domestic abuse (p = .01), mental illness
(p = .023) and alcohol abuse (p = .031).
Conclusions: Despite the high prevalence rate, many women failed
to acknowledge the presence of their brain injuries, suggesting that
such injuresmay go unidentified and untreated. Improved screen-
ing and early identification are needed to ensure that women with
TBI can access appropriate care pathways. Additionally, this study
highlights the prevalence of abuse within this sample.
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0119 Post-traumatic brain injury (TBI) cannabinoid
receptor expression downregulation in basolateral
amygdala of alcohol-drinking rats
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ABSTRACT
Background: Brain injury triggers the release of the principal
endogenous cannabinoids, 2-arachidonylglycerol (2-AG) and
anandamide (AEA). The endocannabinoid system (ECS)
modulates synaptic plasticity, particularly through retrograde
signalling mediated by the cannabinoid 1 receptor (CB1R).
CB1R-mediated retrograde signalling dampens pre-synaptic
neurotransmitter release, suggesting its potential role in sup-
pression of excitotoxic amino acid (i.e. glutamate) release. In
addition, CB2R agonists have been shown to be effective
suppressors of inflammation. Thus, the ECS represents a
novel therapeutic target to decrease excitotoxicity and ame-
liorate neuroinflammation resulting from TBI. Previous work
from our laboratory has shown that post-TBI inhibition of
monoacylglycerol (MAG) lipase, a major enzyme involved in
2-AG degradation, with JZL184 reduces neurobehavioural
deficits (including anxiety-like behaviour), suppresses neu-
roinflammation and attenuates neuronal hyperexcitability in
the region of injury. In addition, our studies show that the
post-TBI period is associated with increased alcohol self-
administration and progressive ratio responding (an index of
the motivation to drink). These findings suggested that ECS
dysregulation may be an underlying mechanism for neuroin-
flammation, neuronal hyperexcitability and neurobehavioural
dysfunction. Whether the ECS receptor expression is modu-
lated following TBI had not been previously examined.
Objective: The aim of this study was to determine the impact of
TBI on CB1R and CB2R expression in the basolateral amygdala
(BLA) of alcohol-drinking animals. Briefly, adult maleWistar rats
were trained via operant conditioning to self-administer alcohol so
that post-TBI alcohol intake could be assessed. Following the
establishment of stable alcohol preference, the rats (n = 6) under-
went a 5-mm left, lateral craniotomy. Mild-to-moderate TBI (25
ms, 30 PSI) (n = 3) or sham injury (n= 3)was delivered 3 days later
via lateral fluid percussion over the sensorimotor cortex. Brains
were collected 10 days post TBI, and specific brain regions, includ-
ing the site of injury, cingulate cortex and central (CeA) and
basolateral amygdala (BLA), were dissected and frozen until ana-
lysed. CB1R and CB2R protein expression was determined by
Western blot.
Results and Conclusion: Our data show reduced CB1R and CB2R
expression in BLA, an area enriched in CB1R and important for
anxiety, fear processing and stress reactivity in TBI animals. No
changes inCB1RorCB2R expression at the site of injury, cingulate
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cortex orCeAwere noted. That these changes are observed 10days
post TBI suggests that TBI produces sustained alterations in endo-
cannabinoid signalling that may mediate post-TBI behavioural
changes.

0121 Posterior cingulate cross-hemispheric
functional connectivity predicts the level of
consciousness in traumatic brain injury

Xuehai Wu

Huashan Hospital, Fudan University, Shanghai, China

ABSTRACT
Background: Previous studies have demonstrated that altered
states of consciousness are related to changes in resting state
activity in the default mode network (DMN). Anatomically, the
DMN can be divided into anterior and posterior regions. The
anterior DMN includes the perigenual anterior cingulate cortex
and othermedial prefrontal cortical regions, whereas the posterior
DMN includes regions such as the posterior cingulate cortex
(PCC) and the temporal parietal junction (TPJ). Although differ-
ential roles have been attributed to the anterior and posterior
DMN regions, their exact contributions to consciousness levels
remain unclear.
Methods: To investigate the specific role of the posterior DMN in
consciousness levels, we investigated 20 healthy controls (7
females, mean age = 33.6 years old) and 20 traumatic brain
injury (TBI) patients (5 females, mean age = 43 years old)
whose brain lesions weremainly restricted to the bilateral frontal
cortex but retained a well-preserved posterior DMN (e.g. the
PCC and the TPJ) andwho exhibited varying levels of conscious-
ness. A Siemens Magnetom Verio 3.0 T MRI was used to scan
the patients. All subjects’MRI scans were acquired under resting
states. For each patient, consciousness assessment was per-
formed according to the standardized Glasgow Coma Scale
(GCS) and CRS-R. All MR imaging data were analysed using
Analysis of Functional Neuroimage (AFNI) software. We inves-
tigated the intra- and cross-functional connectivity strengths
(FCSs) between the right/left PCC and the right/left TPJ and
their correlation with consciousness levels.
Results: Significant reductions in both the intra- and cross-
hemispheric FCSs were observed in patients compared with
controls. However, only cross-hemispheric (rPCC-lTPJ and
lPCC-rTPJ) resting state FCSs (but not intra-hemispheric
resting state FCSs) predicted the level of consciousness in
the TBI patient group.
Conclusion: Taken together, our results show that the cross-hemi-
spheric posterior DMN is related to consciousness levels in a
specific group of patients without posterior structural lesions.
We therefore propose that the PCCmay be central inmaintaining
consciousness through its cross-hemispheric FC with the TPJ.

0123 Limbic encephalitis associated with relapsing
polychondritis: A case report

Jessica Triera,b

aQueen’s University, Kingston, ON, Canada; bProvidence
Care, Kingston, ON, Canada

ABSTRACT
Rationale: Relapsing polychondritis (RP) is a rare autoim-
mune disease involving systemic inflammation of cartilagi-
nous structures. The clinical spectrum of RP varies from
intermittent pain and swelling of cartilaginous structures
such as the ears and nose, to multi-organ dysfunction.
Central nervous system (CNS) manifestations of RP are rare
(estimated at 3%) but serious, including seizures, aseptic
meningitis, limbic encephalitis (LE) and ischaemic stroke.
Fewer than 20 cases of LE associated with RP have been
reported in the literature, most reporting initial symptoms
of confusion or disorientation, headache and memory
impairment.
Clinical Findings: A 66-year-old male presented to hospital
with syncope. He was confused with altered mental status.
He was admitted to neurology. CT head demonstrated
normal intracranial structures and pagetoid features of the
skull. Initial MRI brain was unremarkable, but repeat MRI
6 weeks later showed symmetrically increased T2 signal in
the bilateral medial temporal lobes, right corona radiata,
periventricular white matter, left insula, frontal operculum
and hypothalamus. Infectious workup and paraneoplastic/
neuronal antibodies were negative. Neurological findings
included severe anterograde memory impairment,
decreased alertness, disorientation and behavioural
dysregulation.
Interventions: Treatment with IVIG led to mild improve-
ment and was followed by tapering oral prednisone, starting
at 80 mg daily. Five sessions of plasmapheresis led to
improvement in his memory, attention and alertness. He
was admitted for intensive cognitive rehabilitation. During
6 weeks of rehabilitation, he was diagnosed with SIADH,
which resolved with fluid restriction. He was irritable, emo-
tionally labile and reported depressed mood. He was started
on Escitalopram. He scored 0/12 on the Rivermead
Behavioural Memory Test, 15/30 on the Montreal
Cognitive Assessment (MoCA) and was apraxic. His proces-
sing speed was slowed, he was noted to confabulate and was
easily disoriented. He had impaired insight into his cognitive
deficits.
Outcomes: One year post discharge, this patient continued to
report memory impairment, fatigue and significant irritability
with frequent verbal and physical outbursts leading to prop-
erty damage. He scored 19/30 on the MoCA. Eighteen months
post discharge, he continued to struggle with depressed mood
and irritability. He declined pharmacological management of
his agitation and aggression and declined involvement of a
community rehabilitation counsellor. He experienced suicidal
ideation, and briefly participated in group therapy for mana-
ging powerful emotions, but left the group as he did not find
it beneficial. He has been unable to return to work or driving.
Main Lessons: LE is a rare but serious potential complication
of RP. Common neuropsychiatric signs and symptoms
include memory impairment, disorientation, affective symp-
toms and behavioural dysregulation. Case reports support
evidence of improvement with pulse steroid therapy. This
condition and constellation of clinical findings have the
potential to lead to significant long-term functional limita-
tions, despite treatment.
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0126 To study the serum biomarkers in patients
with mild traumatic brain injury (mTBI) and correlate
with cognitive deficits

Subir Dey and Dhaval Shukla

Defence, Lucknow, India

ABSTRACT
Objective: To study the serum biomarkers in patients with
mild traumatic brain injury (mTBI) and correlate with cogni-
tive deficits.
Setting: Tertiary care centre for Neurotrauma.
Participants: Patients with mTBI (n = 20) and age-, gender-
and education status-matched healthy controls (n = 20)
Design: Prospective longitudinal observational study.
Main Measures: Ubiquitin C terminal hydrolase (UCH-L1),
S100Β and neuropsychological tests.
Materials and Methods: This is a prospective case–control
study of patients with mTBI. The operational definition of
mTBI used was ‘an acute alteration in brain function or loss of
consciousness for 30 minutes or less caused by a blunt exter-
nal force and Glasgow Coma Scale (GCS) score of 14–15 at
the time of presentation’. The inclusion criteria were age
between 19 and 40 years, presentation to casualty within 6
hours of trauma and classified as mTBI. The following
patients were excluded: patients with multiple trauma, dete-
rioration in GCS after inclusion, and patients with pre-exist-
ing neurological disease, medications or with history of
alcohol consumption, that can interfere with neuropsycholo-
gical functioning. The controls comprised age-, gender- and
educational status-matched healthy volunteers without neu-
rological or psychiatric disorders.
Biochemical Analysis: Blood samples were collected at two
time points (first within 6 hours of injury and second 6–12
hours of injury) for UCH-L1 and S100B measurement.
Samples were allowed to clot in an upright position for at
least 30 minutes but not longer than 1 hour and centrifuged at
2800–3000 rpm for 10–12 minutes. Serum was separated and
stored at −80⁰C until the time of analysis. The assays were
carried out in duplicates. The mean values were taken in the
study.
Neuropsychological Assessment: Neuropsychological assess-
ment was done at 3 months after injury using NIMHANS
neuropsychological battery. These tests are standardized to
Indian population with normative data.
The data were analysed using the statistical software SPSS ver
22. Mann–Whitney U test was used for the groups that did
not follow normal distribution. The correlation coefficients
were calculated using the Spearman’s rho.
Results: There was marginally increase in the serum S100B
and UCH-L1 levels in patients with mTBI. Patients with
mTBI had significant cognitive deficits at 3 months after
injury, suggestive of involvement of diffuse areas of brain,
particularly premotor, prefrontal and medial inferior frontal
lobes and basitemporal region. The correlation of biomarkers
with cognitive deficits in mild head injury was found in
following domains: working memory, verbal learning, verbal
fluency and visual memory in short term.

Conclusion: The serum biomarkers may differentiate patients
with mTBI from normals and have correlation with neurop-
sychological outcome.

0130 Developing immersive dual-tasks in the
Computer-Assisted Rehabilitation Environment
(CAREN) for the assessment of service members with
comorbid mild traumatic brain injury and
posttraumatic stress disorder

Marie M. Onakomaiyaa,b, Marcy M. Papea, Krista B.
Highlandc,d,e, Denece Claybornea, and Sarah Krugera

aNational Intrepid Center of Excellence, Walter Reed National
MilitaryMedical Center, Bethesda, MD, USA; bCherokee Nation
Technology Solutions, Columbia, SC, USA; cUniformed Services
University of the Health Sciences, Bethesda, MD, USA; dDefense
and Veterans Center for Integrative Pain Management,
Rockville, MD, USA; eHenry M. Jackson Foundation,
Bethesda, MD, USA

ABSTRACT
Background: For service members (SMs), mission-essential
tasks often require dual-tasking skills, which may be impaired
by mild traumatic brain injury (mTBI) and posttraumatic
stress disorder (PTSD). Conventional dual-task assessments
cannot incorporate visual cognitive tasks during gait, are often
time-consuming and are not military-relevant. The
Computer-Assisted Rehabilitation Environment (CAREN)
enables the incorporation of visual cognitive tasks by integrat-
ing multi-planar motion and locomotion with interactive
virtual environments (VEs). Thus, our objective was to deter-
mine the efficacy of military-relevant dual-task assessment for
SMs with comorbid mTBI-PTSD using the CAREN.
Methods: Male SMs (N = 37: mTBI-PTSD = 25; uninjured =
12) completed the PTSD Checklist—Military Version (PCL-M)
and three CAREN VEs: 1) Balance balls (BB), requiring weight-
shifting; 2) Balance cubes (BC), requiring step-shifting; and 3)
Dual-Tasking Rank Insignia (DTRI), requiring three single-
tasks (walking, rank insignia recognition and rank insignia
discrimination) and two dual-tasks combining walking and
the rank insignia tasks (i.e. DTRI-Disc and DTRI-Rec). The
main outcomes were time for the BB and BC tasks, and dual-
task cost (% change in gait speed) and cognitive error (CE; %
change in accuracy) for the DTRI tasks.
Results: BB time was significantly correlated with BC time (r =
0.777; p < 0.001), DTRI-Rec cost (r = 0.374; p = 0.025) and
both DTRI-Disc cost (r = 0.494; p = 0.002) and CE (r = 0.574;
p < 0.001). DTRI-Disc and DTRI-Rec cost, but not CE, were
significantly correlated (r = 0.903; p < 0.001), and DTRI-Disc
cost and CE were significantly correlated (r = 0.480; p = 0.003)
such that gait speed increased as accuracy decreased. When
controlling for mTBI history, BC time was significantly asso-
ciated with PCL-M score (β = 1.053, p = 0.028), such that SMs
endorsing higher PCL-M scores spent more time on the BC
task. BB and DTRI outcomes did not vary with PCL-M score.
Conclusions: Developing immersive, military-relevant dual-task
assessments is essential for improving treatment planning and
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clinical outcomes. Similar to published reports, we found that
accuracy was inversely correlated with gait speed when SMs
completed a visual discrimination task during ambulation,
supporting dual-task assessment in the CAREN. Moreover,
consistent with our previous retrospective study in SMs with
TBI of any severity, those endorsing greater PTSD symptoms
spent more time step-shifting, providing further evidence for
utilizing the BC task in identifying comorbid mTBI-PTSD.
Future research will determine whether multi-tasking assess-
ments that integrate step-shifting with the visual cognitive tasks
are more sensitive to group differences.
Disclaimer: The views expressed in this work are those of the
authors and do not reflect the official policy of the
Department of Army/Navy/Air Force, Department of
Defense, or U.S. Government.

0132 BBB damage, fibrinogen extravasation and
inflammation: A novel treatment target in traumatic
brain injury

Damian Jenkins

British Army/University of Oxford, Oxford, UK

ABSTRACT
Background: Despite being a devastating disease, traumatic
brain injury (TBI) has no evidence-based treatment. Recent
interest has focused on two potential therapeutic targets: the
blood-brain barrier (BBB) and inflammation. It is not known
if damage to the BBB initiates pro-inflammatory processes or
if such processes are protective or injurious to axons and
neurons. We hypothesized that BBB damage, and the ensuing
extravasation of fibrinogen, would lead to microglial activa-
tion and neuronal loss.
Methods: Five brain regions from 15 cases of acute TBI
(survival <2 months) and 6 cases of chronic TBI (survival
>1 year) were compared with 15 age- and sex-matched
controls. Immunohistochemistry (IHC) was used to mea-
sure the extent of fibrinogen and immunoglobulin G (IgG)
extravasation, neuronal density and axonal injury.
Microglial lysosomal activation (CD68) and microglial den-
sity (Iba1) were also measured. The presence of haemor-
rhage was assessed by haematoxylin and eosin (H&E)
staining. Aperio ImageScope™ was used to quantify IHC
staining in an unbiased fashion. Results from >1500 tissue
sections were compared by ANOVA, Spearman’s rank cor-
relation coefficients and linear regression.
Results: 1. BBB damage in acute TBI results in significant
extravasation of fibrinogen and IgG in all brain regions except
the brainstem. Here, IgG but not fibrinogen is significantly
raised suggesting the response to TBI differs in the anterior
and posterior circulations.
2. Fibrinogen extravasation is observed even when no macro-
or microvascular haemorrhage is identified by H&E staining.
3. The extent of fibrinogen extravasation—but not IgG extra-
vasation—correlates significantly with microglial activation
(CD68/Iba1) (rs = 0.60, p = 0.03) and neuronal density (rs =
−0.68, p = 0.04).
4. Microglial activation correlates negatively with neuronal
density (rs= −0.77, p = 0.006).

5. Areas high in fibrinogen overlap those areas showing great-
est microglial activation and greatest neuronal loss.
6. Linear regression analysis demonstrates a significant
interaction between fibrinogen, microglial activation and
subsequent neuronal loss (examples: R2 = 0.45, p = 0.006 to
R2 = 0.79,p = 0.001, frontal and cingulate cortices).
7. No significant extravasation of fibrinogen is seen in
chronic TBI.
8. No relationship is seen between fibrinogen extravasation
and axonal injury.
Discussion: Acute TBI results in global BBB injury. The result-
ing fibrinogen extravasation promotes microglial activation
and neuronal loss. Secondary neuronal injury might be
decreased by preventing the binding of fibrinogen with its
microglial receptor.

0133 Brain tissue strain and balance impairments in
adolescents following a concussion

Coralie Rocheforta, Janie Cournoyera, Andrew Posta, Thomas
Blaine Hoshizakia, Roger Zemeka,b, and Heidi Sveistrupa

aUniversity of Ottawa, Ottawa, ON, Canada; bChildren’s
Hospital of Eastern Ontario, Ottawa, ON, Canada

ABSTRACT
Background: Balance impairments present in at least 30% of
cases of concussion, and longitudinal balance testing provides
important information regarding recovery. Biomechanical
reconstructions model the degree and location of brain tissue
strain associated with injury. The objective was to examine the
relationship between the magnitude and location of brain
tissue strain and resulting balance impairment following a
concussion.
Methods: Adolescents 1-month post concussion (n = 33) and
non-injured adolescents (n = 33) completed two balance con-
ditions while standing on a Wii balance board (WBB) that
recorded the movement of the centre of pressure under their
feet during: (1) double-leg stance with eyes closed (EC), (2)
dual-task (DT) combining double-leg stance while simulta-
neously completing a Stroop colour-word test. Participants
with concussion were identified as having impaired balance
for the EC condition if they showed a value of at least two
standard deviations above the control group mean for the 95%
ellipse and were identified as having impaired balance on the
DT condition if they showed a value of at least two standard
deviations above the control group mean for the medio-lateral
velocity. Injury reconstructions were performed for ten of the
participants with concussion according to the description of the
events obtained through patient and parent interviews. A 5th
percentile Hybrid III headform was used in the reconstructions
to obtain linear and rotational acceleration time-curves of the
head impact. These data were input in the University College
Dublin Brain Trauma Model (UCDBTM) to calculate maxi-
mum principal strains (MPS) and cumulative strain damage
values at 10% (CSDM-10) and 20% (CSDM-20) for different
brain regions. Correlations between balance and reconstruction
variables were calculated for the ten cases on which reconstruc-
tions were performed.

760 ABSTRACTS



Results: Out of the ten reconstructed cases, six participants
had impaired balance on the EC condition and seven had
impaired balance on the DT condition. For MPS values,
correlations with balance variables ranged from 0.00187 to
0.192 for the DT condition and from −0.181 to 0.152 for the
EC condition. For CSDM-10 values, correlations with balance
variables ranged from 0.0871 to 0.487 for the DT condition
and from −0.103 to 0.252 for the EC condition. For CSDM-20
values, correlations with balance variables ranged from −0.108
to 0.190 for the DT condition and from −0.353 to −0.155 for
the EC condition.
Conclusion: In this limited sample of adolescents, no associa-
tion was established between the presence of balance impair-
ment and magnitude and/or location of brain tissue strain.
Maintaining balance is a complex process integrated into
multiple subcortical regions, white matter tracts, cranial
nerves and other neural tissue, which may not be represented
with adequate resolution in brain models to permit determi-
nation of cause-effect.

0134 Cognitive behavioural intervention compared
to telephone counselling early after mild traumatic
brain injury: A randomized trial

Myrthe Scheenena,b, Annemarie Visser-Keizera, Harm van der
Horna,b, Myrthe de Koninga,b, Peter van de Sandec, Marlies
van Kesseld, Joukje van der Naalta, and Jacoba Spikmana,b

aUniversity Medical Center Groningen, Groningen, The
Netherlands; bUniversity of Groningen, Groningen, The
Netherlands; cTweesteden Hospital, Tilburg, The Netherlands;
dMedical Spectrum Twente, Enschede, The Netherlands

ABSTRACT
Background and Aims: Many patients do not return to work
(RTW) following mild traumatic brain injury (mTBI) due to
persistent posttraumatic complaints that are often resistant to
therapy in the chronic phase. Earlier studies found that
patients who report a high number of complaints in the
acute phase, are most at risk for developing persistent post-
traumatic complaints. Recent studies suggest that psychologi-
cal interventions should be implemented early after injury to
prevent patients from developing chronic complaints instead
of treating them in the chronic phase. The primary goal of
this study was to examine the additional effectiveness of a
newly developed cognitive behavioural intervention early after
injury on RTW in comparison to telephone counselling,
which was already found to be effective in lowering posttrau-
matic complaints. Part of these patients also took part in an
fMRI study that investigated functional network connectivity
over time, of which the results are presented in another
abstract submitted by our research group. Both studies are
part of a larger prospective cohort study on outcome follow-
ing mTBI (UPFRONT-study).
Method: The study is a randomized controlled trial as part of a
larger prospective cohort study on outcome following mTBI
(UPFRONT-study). In this intervention study, the effective-
ness of an investigational CBT intervention (CBTi) targeting
unrealistic illness perceptions was compared to telephonic
counselling (TC) that provided information and reassurance

in at-risk mTBI patients. Patients underwent either five ses-
sions of CBT treatment or five conversations by phone start-
ing 4–6 weeks after trauma. The main outcome measure was
the level of RTW 6 months and 1 year after trauma.
Secondary measures comprised functional outcome (GOSE-
E) 1 year after trauma and depression, anxiety and reported
posttraumatic complaints at 3, 6 and 12 months after injury.
Results: Of the 1150 patients of the cohort, 91 at-risk patients
were randomized into one of the treatment conditions. After
excluding drop outs, CBTi consisted of 39 patients and TC of
45 patients. No significant differences were found with regard
to RTW, with 65% of CBTi patients and 67% of TC patients
reporting a RTW at previous level. However, TC patients
reported less posttraumatic complaints at 3 months (8 vs. 6,
p = .010) and 12 months post injury (9 vs. 5, p = .006), and
significantly more patients in the TC group showed a full
recovery 12 months post injury compared to the CBTi
group (62% vs. 39%).
Conclusions: The UPFRONT intervention study is an innova-
tive study examining the potential beneficial effects of an early
and brief cognitive behavioural intervention following mTBI.
The results of this study suggest that early follow-up of at-risk
patients can have a positive influence on the patients well-
being, and that this follow-up could potentially consist out of
a low-intensive, low-cost telephonic intervention.

0135 A longitudinal resting-state fMRI study on
posttraumatic complaints and the effects of an early
psychological intervention in patients with mild
traumatic brain injury

Harm van der Horna,b, Myrthe Scheenena,b, Myrthe de
Koninga,b, Jacoba Spikmana,b, and Joukje van der Naalta

aUniversity Medical Center Groningen, Groningen, The
Netherlands; bUniversity of Groningen, Groningen, The
Netherlands

ABSTRACT
Background and Aims: It seems likely that (pre-injury) psy-
chological factors, such as coping style and illness beliefs, have
a stronger influence whether complaints after mild traumatic
brain injury (mTBI) convert into chronic complaints than the
injury itself. In fact, studies have shown that psychological
interventions are effective in preventing persistent posttrau-
matic complaints. Functional MRI (fMRI) has been used to
study longitudinal changes in brain network connectivity in
patients with mTBI, but fMRI studies on the effect of psycho-
logical interventions after mTBI are scarce.
In the current resting-state fMRI study, functional network
connectivity was investigated over time in patients with and
without posttraumatic complaints in the subacute phase post
injury. Patients with complaints took part in a randomized
controlled trial on the effectiveness of early cognitive beha-
vioural therapy (CBT) compared with telephone counselling
(TC), of which the results are presented in another abstract
submitted by our research group. Both studies are part of a
larger prospective cohort study on outcome following mTBI
(UPFRONT-study).
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Method: Questionnaires were used to measure posttraumatic
complaints, anxiety and depression at 2 weeks and 3 months
post injury. Outcome was determined at 12 months post
injury using the Glasgow Outcome Scale Extended. Patients
with complaints at 2 weeks post injury were randomized for
either CBT or TC and underwent fMRI before (1 month post
injury) and after (3 months) treatment. Patients without
complaints (PTC-absent) underwent scanning at similar
time intervals. Independent component analysis was used to
identify components of the default mode network (DMN),
executive networks (EN) and salience network (SN).
Subsequently, within- and between-component functional
connectivity (FC) were analysed. In addition, it was examined
whether FC before treatment was correlated with complaints,
anxiety and depression scores after treatment, and with out-
come at 12 months post injury.
Results: Thirty patients with complaints (13 CBT and 17 TC)
and 19 PTC-absent patients were included in this fMRI study.
Aside from changes in small frontotemporal clusters (<5
voxels) of the DMN in patients with and without complaints,
no longitudinal changes in FC were found for any of the
groups. Furthermore, no significant group differences in
within- or between-component FC were found between the
CBT-, TC- and PTC-absent groups. Pre-treatment FC in small
clusters (1 voxel) of the DMN was related to complaints and
anxiety at 3 months, and outcome at 12 months post injury.
More importantly, pre-treatment FC between the anterior and
posterior DMN components was significantly correlated with
the number of complaints after treatment (ρ=0.56, p = 0.003).
Conclusions: This study showed limited effects of time or
treatment on network FC after mTBI. Nevertheless, our
results suggest that the DMN may serve as a biomarker for
identifying patients with mTBI who are prone to develop
persistent complaints and whether or not patients will
respond to psychological therapy.

0136 Increased risk of psychiatric diseases in
patients with mild traumatic brain injury: A
population-based cohort study

Po-Liang Cheng and Yung Cheng Su

Emergency Department, Dalin Tzu Chi Hospital, Buddhist
Tzu Chi Medical Foundation, Dalin Township, Chiayi
County, Taiwan

ABSTRACT
Background: It is known that psychiatric disorders after trau-
matic brain injury are frequent. However, the relationship
between mild traumatic brain injury and psychiatric diseases
has never been established. We conducted a study of patients
with mild traumatic brain injury to evaluate if they had a
higher risk of psychiatric diseases compared with the general
population.
Methods: We utilized a sampled National Health Insurance
claims database containing one million beneficiaries. We fol-
lowed all beneficiaries from January 1, 2005, to December 31,
2013, to determine if they were diagnosed with psychiatric
diseases. The definitions of psychiatric diseases in our study

are schizophrenia, bipolar disorders and major depression.
We further identified patients with mild traumatic brain
injury and compared their risk of psychiatric diseases with
the general population.
Results: We identified 76 991 patients with mild traumatic
brain injury and 881 511 patients without mild traumatic
brain injury. After controlling for age, gender, urbanization
level, socioeconomic status, liver cirrhosis, chronic obstructive
pulmonary disease, diabetes, hypertension, coronary artery
disease, hyperlipidaemia, history of alcohol intoxication,
malignancies, smoking, obesity, chronic renal insufficiency
and Charlson Comorbidity Index score, the adjusted hazard
ratio for psychiatric diseases was 1.46 (95% confidence inter-
val, 1.29—1.64).
Conclusion: Mild traumatic brain injury may be associated
with diagnoses of psychiatric diseases.

0137 Increased risk of ischaemic stroke in patients
with venous thromboembolism: A nationwide cohort
study

Yung Cheng Su

Emergency Department, Dalin Tzu Chi Hospital, Buddhist
Tzu Chi Medical Foundation, Dalin Township, Chiayi
County, Taiwan

ABSTRACT
Background: Conflicting results have been obtained by studies
attempting to assess the risks of ischaemic stroke in patients
with venous thromboembolism, while the long-term risk of
stroke in survivors of venous thromboembolism remains
unexplored.
Objective: We evaluated whether the risk of ischaemic stroke
in patients hospitalized with venous thromboembolism is
higher when compared to the general population.
Methods: One million patients from National Health
Insurance beneficiaries in Taiwan were sampled. There were
2145 patients who had been hospitalized with diagnosis of
venous thromboembolism and 727 607 unexposed subjects.
All adult patients were followed from 1 January 2005 to 31
December 2013 to evaluate if ischaemic stroke was diagnosed.
Cox regression models were applied to compare the hazards
adjusted for potential confounders.
Results: After controlling for age, gender, urbanization level,
socioeconomic status, diabetes, hypertension, coronary artery
disease, hyperlipidaemia, history of alcohol intoxication, malig-
nancies, congestive heart failure, atrial fibrillation, smoking,
peripheral artery disease and Charlson Comorbidity Index, the
adjusted hazard ratio of ischaemic stroke was significantly
increased in patients with venous thromboembolism (2.47;
95% CI, 2.16–2.83). A subgroup analysis based on patients who
survived longer than 12 months in the cohort also revealed
higher hazard ratio in the patients with venous thromboembo-
lism (1.32; 95% CI, 1.05–1.66).
Conclusion: The possible risk of ischaemic stroke is signifi-
cantly higher in patients hospitalized with venous throm-
boembolism than that in the general population.
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0138 The role of ferroptosis in defining outcome
after traumatic brain injury

Qin Yanga, Emin Fidana, Tamil Anthonymuthua, Henry
Alexandera, Lee Ann Newa, Valerian E. Kaganb, and Hulya
Bayira,b,c

aSafar Center for Resuscitation Research, Departments of
Critical Care Medicine, University of Pittsburgh, Pittsburgh,
PA, USA; bCenter for Free Radical and Antioxidant Health,
Departments of Environmental and Occupational Health,
University of Pittsburgh, Pittsburgh, PA, USA; cChildren’s
Hospital of Pittsburgh, Pittsburgh, PA, USA

ABSTRACT
Introduction: Traumatic brain injury (TBI) triggers multiple
pathways of neuronal death, possibly including ferroptosis—a
form of non-apoptotic glutathione peroxidase 4 (GPX4)-depen-
dent death. We showed that insufficiency of GPX4 or glu-
tathione (GSH) results in ferroptosis executed via 15
lipoxygenase 2 (LOX2)-driven oxidation of arachidonic (AA)
and adrenic (AdA) acid-containing phosphatidylethanolamines
(PE). The role of ferroptosis in acute CNS injury has not been
evaluated. We hypothesized that ferroptosis is activated after
TBI, and suppression of PE oxidation (via LOX inhibition) or
AA/AdA esterification into PE, via (long-chain acyl-CoA
synthetase type 4) (ACSL4) inhibition confers neuroprotection.
Methods: Hippocampal neurons (HT22 cells) were exposed to
pro-ferroptotic insults, including RAS-selective lethal com-
pound3 (RSL3), BSO, erastin or in vitro TBI (mechanical
stretch). Adult C57/B6 mice underwent controlled cortical
impact (CCI). GSH levels (ThioGlo assay) and GPX4,
15LOX2 and ACSL4 expression (Western blot) were mea-
sured in CCI vs naïve (4/grp). Effects of ferroptosis inhibitors
on histological (fluorojade B [FJ] staining) and cognitive
(Morris water maze) outcomes were evaluated in CCI +
inhibitor, CCI + vehicle and sham groups (9–10/grp).
Results: Pro-ferroptotic insults and in vitro TBI caused neuronal
death (LDH release) rescued by ferrostatin-1, liproxstatin-1
(lipid radical-trapping antioxidants), triacsin C (ACSL4 inhibi-
tor) and baicalein (LOX inhibitor). At 4 and 24 hours post CCI,
15LOX2 expression and PE-OOH levels increased, GSH levels
decreased and GPX4 expression was unchanged in ipisilateral
hippocampus vs naïve. Local administration of triacsin C
decreased FJ (+) cells in hippocampus vs vehicle at 24 hours.
Administration of baicalein i.v. after CCI improved swim speed
and acquisition of spatial learning vs vehicle on d10–15.
Conclusions: TBI results in thiol and lipid disruptions consis-
tent with ferroptosis activation. Inhibition of regulatory path-
ways of ferroptosis such as 15LOX and ACSL4 confers
neuroprotection against TBI.
Support: NS061817, NS076511, AI068021.

0139 Reducing cellular damage in traumatic brain
injury using ubiquinol

Janet Pierce, Janna Harris, Raeesa Gupte, Qiuhua Shen,
Amanda Thimmesch, and John Hiebert

University of Kansas Medical Center, Kansas City, MO, USA

ABSTRACT
Background: With traumatic brain injury (TBI), there is
increased oxidative stress, impaired cellular bioenergetics
and insufficient antioxidants to scavenge reactive oxygen spe-
cies leading to alterations in brain function and structure.
Thus, a more potent antioxidant such as ubiquinol (active/
reduced form of coenzyme Q10) could be used before and
after a TBI to reduce oxidative stress and maintain cellular
bioenergetics.
Objective: To determine if administering ubiquinol (100 mg/
kg) before and after TBI will reduce brain cellular damage.
Methods: Adult male F344 rats (250–300 g) were randomly
assigned to one of three groups (TBI untreated, ubiquinol 30
minutes before TBI or ubiquinol 30 minutes after TBI, n = 10
each group). A craniotomy (6 mm diameter) was completed
over the right sensorimotor cortex directly lateral to the
bregma and centred midway between bregma and the tem-
poral ridge. The TBI was delivered to the dural surface (3.5 m/
second; 2 mm depth) using an electromagnetically controlled
impact device mounted on a stereotaxic manipulator.
Immediately after TBI, the animal was transferred under
continuous anaesthesia to a Varian 9.4 Tesla scanner for
1H-MRS in vivo. To assess brain oxidative stress, we mea-
sured glutathione and ascorbate; for brain bioenergetics, we
measured N-acetylaspartate, lactate, serine, alanine, creatine,
phosphocreatine and glucose. After scanning was completed,
the brain was removed and samples of cortex under the
impact site were dissected for analysis of apoptosis using
fluorescent microscopy and mitochondrial damage using
transmission electron microscopy (TEM).
Results: There was 22.3 ± 0.71% brain cortex apoptosis in the TBI
group. The rats that received ubiquinol before TBI or after TBI
had a significantly lower percentage of brain cortex apoptosis,
respectively (1.8% ± 0.11%; 9.84% ± 0.44%). TEM images of
injured cortex from the rats that received ubiquinol demon-
strated substantial reduction of mitochondrial swelling, disarray
of cristae structure and fragmented outer membranes compared
to untreated TBI. 1H-MRS revealed significant effects of TBI on
all neurochemical markers of oxidative stress and bioenergetic
impairment. Treatment with ubiquinol attenuated the injury-
induced changes in ascorbate, lactate, alanine and glucose.
Discussion/Conclusion: We have observed increased brain oxi-
dative stress and reduced bioenergetics within 1 hour after
TBI using 1H-MRS. In addition, when we administered intra-
arterial ubiquinol, rats had a significant reduction in brain
apoptosis and mitochondrial damage. Our in vivo 1H-MRS
results support antioxidative and bioenergetic mechanisms of
ubiquinol cellular protection in TBI. Ubiquinol may be a
promising adjunct therapy for TBI that could be used to
reduce cellular damage and preserve mitochondrial function.
Funded: DOD, TSNRP, USUHS (HU0001-14-1-TS03,
N14-P01).

0140 A new tool to assess responsiveness in
disorders of consciousness (DoC): A preliminary
study on the post-coma scale (PCS)

Rita Formisanoa, Marco Iosab, Federica Rizzaa, Davide Sattinc,
Matilde Leonardic, and Mariagrazia D’Ippolitoa,d
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ABSTRACT
Introduction: The most successful scales to assess coma and
outcome are respectively the Glasgow Coma Scale (GCS)
(Teasdale and Jennett, 1974) and Glasgow Outcome Scale
(GOS) (Jennett and Bond, 1975) for their easiness and rapid-
ity of administration.
Aim: The Post-Coma Scale (PCS) is a brief and easy diagnostic
tool for individuals with disorders of consciousness (DoC), that
could distinguish patients in the minimally conscious state
(MCS) from those in unresponsive wakefulness syndrome
(UWS) (Laureys et al, 2010), formerly defined as vegetative
state (VS). The PCS consists of seven items assessing eye track-
ing, command-following, spontaneous motility, decerebrated
and decorticated posturing, psychomotor agitation, the ability
of safe oral feeding and the presence of recurrent infections and/
or hyperthermia (yes; sometimes/partially; no). Aim of the study
was to assess the diagnostic validity of the PCS in comparison
with the Coma Recovery Scale-Revised (CRS-R) (Lombardi
et al., 2007), the Disability Rating Scale (DRS) (Rappaport et al,
1982), the Level of Cognitive Functioning (LCF) (Hagen et al.,
1979) and the GOS.
Methods: In an Italian Multicenter Study on patients with DoC,
210 post-acute rehabilitation wards, 384 long-term care centres
and 8 family associations participated to data collection. The
sample consisted of 545 patients (mean age ± SD = 56.06 ± 17.26,
years, 59% males, 70% diagnosed as UWS) and the median
interval from injury to assessment time was 27 months [inter-
quartile range (IQR): 42 months]. Spearman correlation coeffi-
cient was used to assess correlations between variables. Odds
ratio (OR) was computed for analysing the relationship between
PSC score and diagnosis together with 95% confidence interval
(IC95%). ROC curve allowed to analyse the sensitivity and
specificity of PSC. Alpha-level was set for all the analysis at 0.05.
Results: Statistically significant correlations were found
between PCS and the other clinical scales: R = 0.586 (p <
0.001) with LCF, R =−0.566 (p < 0.001) with DRS, R = 0.622
(p < 0.001) with CRS-R. The PCS scores resulted significantly
correlated with the time from acute event (R = 0.117, p =
0.006). For patients with a GOS score = 2 the mean PCS was
1.84 ± 1.19, and for GOS score = 3, it was significantly higher
3.88 ± 1.71 (p < 0.001). Similarly, for patients in vegetative
state/UWS, the mean PSC score was 1.71 ± 1.09, significantly
(p < 0.001) lower than that for patients with minimally con-
scious state (PSC = 3.83 ± 1.29).
Finally, the agreement of PCS and clinical diagnosis was of
84.4% (variance explained), with an odds ratio OR = 3.781
(95% C I=3.026–4.725, p < 0.001). A threshold of PSC = 2.5
resulted to have a sensitivity of 87.7% and specificity of 79.4%
with respect to diagnosis.
Conclusion: Since the importance of long-term follow-up out-
come studies on large populations of persons with DoC, the

PCS could be proposed as an easy and brief tool to be
administered, also by telephone interviews, to monitor the
possible long-term responsivity changes.

0141 Financial management after acquired brain
injury: A conceptual framework based on qualitative
inquiry

Lisa Engela,b, Dorcas Beatona,c,d, Robin Greena,e, and Deirdre
Dawsona,b,e

aRehabilitation Sciences Institute, University of Toronto,
Toronto, ON, Canada; bRotman Research Institute, Baycrest
Health Sciences, Toronto, ON, Canada; cInstitute for Work
andHealth, Toronto, ON, Canada; dLi Ka Shing Knowledge
Institute, St. Michael’s Hospital, Toronto, ON, Canada;
eToronto Rehabilitation Institute, University Health
Network, Toronto, ON, Canada

ABSTRACT
Background: Financial management is a vital everyday living
activity for most adults and influences participation in life
areas including self-care, home, work, leisure and transporta-
tion. Decreased independence in financial management activ-
ities can negatively impact social relationships and autonomy
in other daily life areas and financial mismanagement can
have calamitous consequences for the person living with
brain injury and her or his dependents. Unfortunately, over
30% of people living with acquired brain injury report diffi-
culties with financial management activities. While many
rehabilitation practitioners often address limitations in this
area for clients living with brain injury, there is little evidence
guiding practice, resulting in variability in how it is assessed
and addressed.
Objectives: To develop a conceptual framework for financial
management after acquired brain injury that can guide reha-
bilitation practices in this area.
Methods: This grounded theory qualitative study is based on
semi-structured interviews, and aims to gain perspectives of
15–35 adults living with brain injury and close-others who
help the person with brain injury with financial management
activities. Participants living with brain injury are being
recruited from brain injury and stroke organizations and are
included if they sustained a brain injury at age 18 or older, are
at least 1 year post injury, and are able to participate in a face-
to-face verbal interview. Close-others are recruited via discus-
sions with participants who have had a brain injury about
people that help them with their financial management activ-
ities. Interview audio recordings are transcribed and coded,
and a conceptual framework is being developed iteratively
with analysis of past interviews refining the interview process
for subsequent interviews and the framework until no new
information is found.
Results: Preliminary results show that everyday financial man-
agement performance after brain injury is a complex interac-
tion of financial management activity task factors (e.g.
budgeting, monitoring spending), person factors (e.g. cognitive
abilities; financial resources), and environmental factors (e.g.
social relationships, technology available). These factors change
over time, and pre-injury factors can influence post-injury
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performance. However, the use of financial management stra-
tegies and supports (e.g. automatic payments, simple budgeting
systems, learning from knowledgeable others) can help bridge
performance issues when person and environmental factors do
not align with financial management task demands.
Conclusions: Understanding the experiences of people living
with brain injury will help identify the key financial manage-
ment issues relevant to this population, thereby guiding reha-
bilitation practice in this area to maximize the future financial
management independence and success of people living with
acquired brain injury.

0142 The impact of concomitant mTBI on pain
perception and return to work in patients suffering
from an isolated limb fracture

Marianne Jodoina,b, Dominique Rouleaua,b, Nadia Gosselina,b,
Camille Larson-Dupuisa,b, and Louis De Beaumonta,b

aUniversity of Montreal, Montreal, QC, Canada; bMontreal
Sacred Heart Hospital, Montreal, QC, Canada

ABSTRACT
Introduction: Orthopaedic trauma (OT), such as fractures, is
the most common type of injury treated in a hospital setting
each year. Return to work (RTW) is often used as an outcome
measure of functional recovery after such injury. Although
naturally observed after an ILF, pain is known as the main
factor delaying RTW. Interestingly, mild traumatic brain
injury (mTBI) is frequent among individuals who have suf-
fered from an ILF, an incidence rate estimated at 23%.
Furthermore, mTBI is known to induce pain and can also
interfere with RTW, especially when occurring in concomi-
tance with other injuries. Considering the common sympto-
matology shared by both injuries, it appears important to
study the impact of mTBI on the recovery of ILF when
occurring concomitantly to better adapt treatment.
Methods: Subjects were selected from a sample of 252 partici-
pants with an ILF recruited at an orthopaedic clinic of a Level
1 Trauma Hospital. Among them, 58 had suffered from a
concomitant mTBI (ILF + mTBI). To compare the difference
in the level of pain between the groups (ILF and ILF + mTBI),
42 subjects with ILF + mTBI were matched with 42 ILF
patients according to age, sex, type of injury and time elapsed
since accident. As for the data on RTW, 170 subjects (41 ILF
+ mTBI and 129 ILF) were contacted through phone-inter-
view to obtain information about the number of days taken
before RTW, among which 52 patients were under workers’
compensation (17 ILF + mTBI and 35 ILF).
Results: Relative to ILF patients, the ILF + mTBI group
reported significantly higher levels of persistent pain (F =
28.57; p < 0.0001) at the time of assessment (mean = 86
days post-accident; SD = 102.57). This difference was not
explained by age (r = 0.097; p = 0.54), sex (r = 0.069; p =
0.66) or secondary gains (F = 0.25; p = 0.62). Furthermore, the
ILF + mTBI group took significantly more days (329.7 days)
before RTW after the injury when compared to the ILF group
(150.3 days) (F (1169) =11.29; p = 0.001), even after control-
ling for workers’ compensation (ILF + mTBI group = 299.4
days versus ILF group = 105.2 days; (F(1117=. 12.89; p <

0.0001). Sex (F = 7.5; p = 0.007), but not age (F = 0.1; p =
0.79), significantly affected RTW delay.
Conclusion: Mild TBI significantly interferes with recovery
after an ILF injury by increasing both the perception of pain
and the delay taken to RTW. These results are particularly
alarming considering the staggering individual and societal
burden associated with work absenteeism and the high inci-
dence of polytrauma. These findings expand our understand-
ing of the impact of mTBI on recovery following a trauma and
highlight the need to further explore the underlying
mechanisms.

0143 Circulating myeloid-derived suppressor cells in
acute ischaemic stroke

Sergey Morozova, Anastasiya Shtobbeb, Nataliya Starostinaa,
Olga Leplinaa, Marina Tikhonovaa, Ekaterina Shevelaa, and
Elena Chernykha

aInstitute of Fundamental and Clinical Immunology,
Novosibirsk, Russian Federation; bCity Clinical Hospital №1,
Novosibirsk, Russian Federation

ABSTRACT
Background: Stroke is a major cause of disability and death in
adults worldwide. Resent investigations showed that cerebral
ischaemia not only leads to brain damage and subsequent
local inflammation but also to profound immunosuppression
capable of restricting inflammatory response as well as indu-
cing infections. The mechanisms of immune alterations are
largely related to activation of sympathoadrenal system and
inflammatory cytokines. Much more unclear are the contribu-
tions of the immature myeloid progenitor cells that can be
mobilized from bone marrow under inflammatory conditions.
Objectives: To investigate whether myeloid-derived suppres-
sor cells (MDSCs) would be increased in acute stroke
patients and would correlate with inflammatory response
and immunodeficiency.
Patients and Methods: Eighteen patients with moderate and
severe ischaemic stroke (NIHSS >7) were enrolled in this
study. Lesion volume was measured using magnetic resonance
imaging and outcome was based on the discharge Rankin
scores and improvement of NIHSS. Ten age-matched healthy
subjects were studied as a control. MDSCs were identified as
HLA-DR-, Lin-, CD33+ cells using flow cytometry. The level
of С-reactive protein (CRP) was measured as a marker of
systemic inflammatory response.
Results: The percentage of MDSCs was significantly higher
in acute ischaemic stroke patients [median 14.5% (LQ-UQ:
9–21)] relative to the controls [5% (2.7–6.0), PU =0.0007)].
Patients with moderate stroke had significantly higher
levels of MDSCs than those with severe stroke (Me 15.5
versus 7.3%; PU = 0.04). The levels of HLA-DR−, Lin−,
CD33+ cells in patients with CRP level of 10–70 mg/L
[20% (16–25)] significantly exceeded amounts of these
cells in patients with low (<10 mg/L) and high (>70 mg/
L) levels of CRP evidencing that low and exacerbated
inflammatory response fails to induce effective mobiliza-
tion of MDSCs. We did not find any correlation between
MDSCs number and lymphocyte count or infection rate.
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Nevertheless, in non-severe stroke group favourable
outcome (improvement of NIHSS to 3 and more points)
was associated with a trend to lower level of MDSCs
(PU = 0.07).
Conclusion: The data obtained indicate that acute ischaemic
stroke is accompanied by mobilization of MDSCs that is most
pronounced in non-severe stroke patients with ‘controlled’
systemic inflammatory response. The increase of MDSCs
apparently is not related to immunodeficiency and subsequent
infection, but may negatively influence early neurological
recovery.

0144 Blueprint for recovery from traumatic brain
injury—ICU to community: A decade’s journey

Karen Gonzalez and Federico Gonzalez

Olathe Medical Center, Olathe, KS, USA

ABSTRACT
The continuum of care ICU – Home: The need for a con-
tinuum of care and its importance will be discussed as often
the patient is unable to be followed from one segment of their
recovery to the next.
At the Scene of the accident: Cooling helmets and cranial
cooling—Super oxide dismutase and ICP.
ICU:
Pressure Monitoring Crainotomy and bone flaps.
The use of the bispectral monitor while in a coma.
Restoring circadium rhythmn the endogenous circadian clock
and synaptic plasticity in the hippocampus.
Cognition: What is its importance while in a coma.
Use of pharmacology in a coma including the use of botox,
anti-seizure medication and brain stimulants.
Contracture prevention.
Waking the brain
INPATIENT REHABILITATION:
Removal of tubes ASAP.
How aggressive is too aggressive when it comes to therapy?
Pharmacology Mood modulators, sleep promoters, attention-
deficit medications.
Restraint therapy and cortical reorganization.
Patterned Electrical Neuromuscular stimulation its advantages
—synaptic drive to motor neurons.
Vision and how to assess it.
Impulsivity and hyperactivity.
Restoring lost memory.
Canine therapy.
OUTPATIENT REHABILITATION:
Consistency in the home—schedules that make sense-inter-
active computer programs.
Continued OT PT CT Speech.
Aquatic therapy and proprioception.
Empowering the consumer.
Hippotherapy and improved functional outcomes.
Preparing for the Transition to home.
COMMUNITY:
HCBS waivers how to apply for them and utilization of
services that are available—27 states have HCBS waivers.
Transitional living specialists what do they do?

Appetite and brain injury.
Flooding after brain injury strategies to cope.
Medicaid and Medicare.
Exercise.
Neurobiofeedback and documented results for sleep, memory
and reorganization of brain waves.
Summarization: TBI is a long-term process with small win-
dows allowing opportunities for recovery. Often these win-
dows are missed and then shut. Full recovery may take 10
years or more. Health care providers and family must believe
in the plasticity of the brain and the potential for recovery.
There must be protocols for each level of recovery, and a
continuum of care must be maintained.
Thinking outside of the box is beneficial as each brain injury
differs, and there is a much-to-gain little-to-lose philosophy.
Let us share with you the ability of the brain to rewire and
remodel as we have seen with our daughter. Memory can be
regained (short and long term), critical thinking, muscle
memory, vision, behavioural issues and executive function
can be once again where it was no more. Let us tell you how.

0145 Individual and population-level impacts of
traumatic brain injury, age at injury and maternal
characteristics on subsequent offending behaviour

Handan Wand

University of New South Wales, Sydney, Australia

ABSTRACT
Background: Traumatic brain injury (TBI) disproportionately
affects subgroups of the population, particularly prisoners,
with TBI occurrence being highest among adolescent men.
In addition, although the significant, and often sustained,
adverse outcomes of TBI including neuropsychiatric and
behavioural problems such as depression, anxiety, criminal
offending and substance use, have been widely reported, the
effect of age at TBI on short- and long-term outcomes
remains unclear. The primary objective of this study is to
evaluate the individual and population-level impacts of com-
bination of factors including TBI and certain maternal char-
acteristics as well as age at TBI on subsequent criminal
conviction.
Research Design: A retrospective record linkage study. A total
of 30 599 individuals were included in the study.
Methods: Along with Cox proportional hazard regression
models, a novel statistical method, population attributable
risk percentage (PAR%) was used to assess individual and
population-level impacts of the risk factors.
Results: In the gender-specific analyses, evidence of TBI was
significantly associated with an increased risk of subsequent
criminal conviction [adjusted hazard ratio (aHR): 1.48, 95%
confidence interval (CI): 1.36, 1.60, p < 0.001 for men; aHR:
1.45, 95%CI: 1.22, 1.73, p < 0.001 for women]. At the popula-
tion level, minimum of 15% (males) and 25% (females) of the
criminal convictions were attributed to TBI. Combined
impacts of TBI and certain maternal factors, namely, being
young, single and multi-parity, on incident of offending were
estimated to be 57% and 67% for men and women, respec-
tively, with non-overlapping 95%CIs. In a subgroup analysis,
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compared to those who had a TBI before the age of five, those
who had a TBI at: 5–9, 10–15 and 16+ years of age were more
likely to have a subsequent criminal records (aHRs: 1.47–4.69
for men and aHRs: 1.84–10.51 for women). Along with a TBI,
low socio-economic status, mental illness and maternal char-
acteristics were also identified as predictors of a criminal
conviction.
Conclusions: This study provides evidence that majority of the
criminal behaviours were associated with traumatic brain
injury, poor mental health and low socio-economic status as
well as certain maternal characteristics. Age at brain injury
may also play a significant role in predicting criminal beha-
viour among. Those who had TBI during adolescence may be
at higher risk for criminality. This is the first and the largest
study to assess impact of brain injury on offending behaviours
not just at individual level, but at a population level using a
robust sample size. The identification of priorities from a
public health intervention perspective requires an understand-
ing of the impact of age at brain injury along with several risk
factors of subsequent criminal behaviour.

0147 Behavioural disturbances are related to
deficits in social cognition after aneurysmal
subarachnoid haemorrhage

Anne M. Buunka,b, Jacoba Spikmana,b, Wencke S. Veenstraa,
and Rob J.M. Groena

aUniversity Medical Center Groningen, Groningen, The
Netherlands; bUniversity of Groningen, Groningen, The
Netherlands

ABSTRACT
Objective: Disturbances in social behaviour, such as apathy
and impaired self-awareness, are often found after aneurysmal
subarachnoid haemorrhage (aSAH). Impaired social cognition
(SC) is a possible underlying cause of these social behavioural
changes. However, the presence of SC deficits and more
importantly, the relationship between SC and behavioural
disturbances have not been investigated after aSAH.
Therefore, we aimed to investigate different aspects of SC
[emotion recognition, Theory of Mind (ToM) and empathy]
and associations with behavioural disturbances, specifically
apathy, daily life psychosocial problems and impaired self-
awareness.
Participants and Methods: 88 aSAH patients (mean age 53.3
years) were assessed with neuropsychological tests for SC
(emotion recognition, Theory of Mind and affective empathy)
in the subacute phase (mean = 4.7 months) post-SAH. Results
were compared to age-, sex-, and education-matched healthy
controls (HC). Three different categories of behavioural dis-
turbances were investigated. Apathy and daily life psychoso-
cial problems were examined with the Apathy Evaluation
Scale (AES) and Patient Competency Rating Scale (PCRS)
respectively, in a self-evaluation version and a proxy version.
Self-awareness was investigated using the difference scores
(AES-dif and PCRS-dif = self minus proxy) and inter-rater
agreement scores (Kappa, κ). Pearson correlations were used
to investigate relationships between SC and behavioural
problems.

Results: All measured aspects of social cognition, i.e. emotion
recognition, ToM and empathy, were impaired in aSAH
patients compared to HC. Deficits in ToM and emotion
recognition were significantly correlated to proxy ratings,
indicating daily life psychosocial problems and apathy, how-
ever, not to patient ratings. Although mean scores on the
questionnaires did not differ significantly between patients
and proxies (p > 0.05), agreement between patient and
proxy ratings according to Kappa was low (κ < 0.60), which
is indicative for impaired self-awareness. Moreover, signifi-
cant correlations between measures of SC and indications of
impaired self-awareness were found.
Conclusions: In the subacute phase after aSAH, deficits in
several aspects of social cognition, i.e. emotion recognition
and ToM, were related to apathy and daily life psychosocial
problems as reported by proxies and to impaired self-aware-
ness. Consequently, a combination of SC tests, self- and proxy
ratings should be used in clinical practice, to improve detec-
tion and treatment of behavioural disturbances after aSAH.

0148 Clinical subcategorization of minimally
conscious state according to resting functional
connectivity

Charlène Aubineta, Lizette Heinea, Charlotte Martiala, Steve
Majerusb, Steven Laureysa, and Carol Di Perria

aComa Science Group, GIGA Research Center, University
Hospital of Liège, University of Liège, Liège, Belgium;
bPsychology and Neuroscience of Cognition Research Unit,
University of Liege, Liège, Belgium

ABSTRACT
Introduction: Patients in a minimally conscious state (MCS)
have been recently subcategorized in MCS plus and MCS
minus, that is, with and without command following capacity,
respectively. We here aim to characterize this residual capacity
in MCS plus as compared to MCS minus by means of resting
functional magnetic resonance imaging (fMRI).
Method: Resting-state fMRI was acquired in 292 MCS patients. A
resting-state-seed-based fMRI analysis was conducted on a con-
venience sample of 19 MCS patients (10 MCS plus and 9 MCS
minus) and 38 healthy controls. We investigated the left and right
frontoparietal networks (FPN), the auditory network and the
default mode network (DMN). We employed an ROI-to-ROI
analysis to investigate the inter-hemispheric connectivity, and
we investigated inter-group differences in grey and white matter
volume by means of voxel-based morphometry (VBM) method.
Results: We found a higher connectivity in MCS plus as
compared to MCS minus in the left FPN, specifically in the
left temporo-occipital fusiform cortex. Functional connectiv-
ity of auditory network, right FPN and DMN, ROI-to-ROI
analysis and VBM of grey and white matter did not show
differences between patient groups.
Discussion: Our results suggest that the clinical subcategorization
of MCS is sustained by connectivity differences in left FPN,
known to be a language-related network. Command following
ability is seemingly influenced neither by auditory capacity, per-
ception of surroundings and internal thoughts, nor by differences
in inter-hemispheric connection and morphological differences.
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0150 Effect of phosphodiesterase-5 inhibition on
cerebrovascular reactivity in chronic traumatic brain
injury (TBI)

Kimbra Kenneya, Franck Amyota, Carol Moorea, Margalit
Habera, L. Christine Turtzob, Christian Shenoudac, Eric
Wassermannb, and Ramon Diaz-Arrastiaa

aNeurology/CNRM, Uniformed Services University of the
Health Sciences (USUHS), Bethesda, MD, USA; bNational
Institute of Neurological Disorders and Stroke, National
Institutes of Health (NIH), Bethesda, MD, USA; cClinical
Center, NIH, Bethesda, MD, USA

ABSTRACT
Background/Objectives: Traumatic vascular injury (TVI) is an
understudied endophenotype of traumatic brain injury (TBI)
and can be assessed noninvasively by measuring cerebrovas-
cular reactivity (CVR). CVR in response to hypercapnia can
reliably be measured by functional magnetic resonance ima-
ging (MRI) with excellent spatial resolution. Potentiation of
CVR in response to phosphodiesterase 5 (PDE5) inhibition is
a potential prognostic and pharmacodynamic biomarker for
therapies that may improve vascular function. Our objectives
are to: 1) investigate CVR using MRI-blood oxygen level
dependent (BOLD) with hypercapnia challenge in TBI and
healthy control subjects; 2) assess the correlation between
CVR and neurocognitive symptoms and neuropsychological
testing in chronic TBI; and 3) assess the effect of a single dose
of sildenafil (a potent PDE5 inhibitor) on CVR and TVI in
chronic TBI.
Methods: 55 adults were enrolled: moderate/severe TBI (n =
35) and healthy controls (HC) (n = 20). Subjects were 79%
male, mean age 39 ± 9 years, and mean 32 months after
injury. Subjects underwent MRI-BOLD with hypercapnia
challenge before and after administration of sildenafil 50
mg. A focused neuropsychological battery was adapted
from the TBI Common Data Elements, and neurobeha-
vioral symptom questionnaires were administered. The
individual TBI neurobehavioral data (mean symptom scores
and neuropsychological test Z-scores) were correlated with
the individual TBI CVR data [global, grey matter (GM) and
white matter].
Results: Mean CVR measures were calculated for whole brain
(WB), GM and white matter (WM) and were lower in TBI
patients than in HC. All CVR measures distinguished TBI
from healthy controls (Cohen’s d = 0.988, 1.001 and 0.705
for WB, GM and WM CVR, respectively; p = 0.006, 0.006 and
0.048, respectively). Receiver Operator Characteristic analysis
yielded Area Under Curve (AUC), as follows: WB CVR 0.744,
p = 0.007; GM 0.748, p = 0.007; WM 0.682, p = 0.043. CVR
maps in chronic TBI subjects show patchy, multifocal CVR
deficits. Sildenafil increased CVR in TBI subjects (mean +
10.9%) compared to HC (p = 0.0005). Of the neuropsycholo-
gical battery administered, only the Rivermead 13 and
Neurobehavioral Symptom Inventory (NSI) scores showed a
trend for a correlation [NSI correlation with the global CVR is
0.385 (p = 0.052)]. Mean global CVR correlated best with
somatic neurobehavioral symptoms in chronic TBI subjects.

Conclusion: In chronic TBI, MRI-BOLD with hypercapnia
challenge reliably distinguishes TBI from HC, with GM
CVR showing the largest effect size. Single-dose sildenafil
improves CVR in TBI compared to HC. CVR correlates best
with post-concussive symptoms. PDE5 inhibitors are a candi-
date therapy for TVI.

0151 Neuropsychological potential of Uznadze
fixed-set method

Guzel Aziatskaya, Maria Kovyazina, Ksenia Fomina, Anna
Zemlyanaya, and Natalia Varako

Lomonosov Moscow State University, Moscow, Russian
Federation

ABSTRACT
Introduction: In recent years, increase of interest to integrative
brain activity research was detected. It is not only about
hemispheric interaction, related to the commissural system
work, but also about intra-hemispheric bounds, providing in
particular the consistency in the different analyser system
work. Determination of inter-analyser interaction (IAI) dis-
order should be important for solving diagnostic and expert
tasks especially in the case when the symptomatic related to
the central nervous pathology is not expressed. It is possible to
judge about the process of diseased psychological functions
recovery by the condition of IAI, as well as about the effec-
tiveness of rehabilitation measures with him.
Aims: The intermodal tracts of white matter pathology in
vascular disease are characterized with the expressed lateral
variations that arise few questions in front of neuropsychology
regarding the methods of development for corresponding
experiments conduction. The fixed-set method can be used
for similar aims, since the fact of the set irradiation presents
from one modality to another is impossible without inter-
analyser intra- and inter-hemispheric bounds.
Methods: The process of the fixed set formation can be deter-
mined by two components: mnestical and regulatory. These set
components can be considered from the neuropsychological
factors (Luria) point of view and correlated with specific
brain structures. It is possible to modify the fixed-set method
to the integrative brain activity research, because it corresponds
to double stimulation principle, according to which the differ-
ent information is given into two ears, eyes, hands what creates
a special situation of conflict affecting the final result.
Results: The modified experimental procedure of the fixed-set
method is created for IAI research by considering lateral
differences. The procedure includes two experimental series:
the setting and the critical. The materials consist of pair of
different or equal sized objects (volume, diameter). The set-
ting experiments can be performed in any modality (for
example, in visual). The critical experiments are correspond-
ingly carried out in that modality that had not experienced the
action in the setting series (for example, in haptic). So, there
are two variants of the experiment: in the setting series, the
differences in diameters spheres are given in the different
semi-fields of respondent vision, whereas the image of the
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bigger sphere is given on the right/left semi-field. In the
critical series, the same in mass and diameter spheres are
inset into the respondent palms. The amount of illusions in
haptic modality detected in the critical series is an index of
IAI features.
Conclusions: The procedures for fixed set formation in different
modalities can be combined in a single complex for intra- and
inter-hemispheric interactions research and can be used in
further neuropsychological diagnostics of brain white matter.

0152 Inter-analyser interaction (IAI) disorder at
agenesis of the corpus callosum (CC) (the analysis of
a single case)

Guzel Aziatskayaa, Maria Kovyazinaa, Ksenia Fominaa, Anna
Zemlyanayab, and Natalia Varakoa

aLomonosov Moscow State University, Moscow, Russian
Federation; bMoscow Scientific Research Institute of Psychiatry,
Moscow, Russian Federation

ABSTRACT
Introduction: White matter is an anatomical base of brain
integration realization; it provides the connection between
different cortex zones inside one hemisphere as well as differ-
ent hemispheres. Inter-system adjustments in sensor pro-
cesses are important aspects of this problem. Many
experimental works in neuropsychology are devoted to the
research of hemispheric interaction that cannot be said about
the research of inter-analyser Interaction (IAI). The paucity of
such psychological studies can be partially explained by the
lack of tools.
Aims: Analyse IAI disorder of the patient with white matter
pathology with the help of fixed set (Uznadze) and compare
the results with the results of another healthy respondent of
the same gender, age and education level. Patient G. is a man
aged 27 years. Complete agenesis of the CC was detected of
magnetic resonance imaging data.
Methods: The method of the fixed set by Uznadze was used. It
was proven by his followers that the set has a none local
character, but represents complete psychological condition,
which possess generalization and irradiation properties. The
latter reveals in the possibility of the illusion set transposition
from one correspondent organ to another, as well as from one
modality to another. The setting and critical material was
shown to the respondents. The materials consisting of the
pair of different or equal sized objects (volume, diameter)
together with the instruction to express your estimation of
the size ratio in each pair. The setting experiments were
performed in a visual sphere. As a stimulating material, the
pictures of red spheres were used; in this case, the diameters
of spheres were different. The pictures were shown at the
laptop screen to the different semi-fields of vision of the
participants. Critical experiments were done in haptic sphere.
The objects given to the respondents for the comparison were
wooden spheres of the same colour, mass and volumes.
Participants embracing with their fingers the spheres surfaces
with closed eyes were comparing their sizes. The amount of
haptic illusions was estimated, which was acting as an index of
the IAI preservation extend.

Results: The set formed in visual sphere transposed in the
haptic sphere. Fourteen haptic illusions were the signatures
of the fixed-set inter model irradiation of the healthy partici-
pant. The patient showed fast reduction of the set, which
manifested in one haptic illusion.
Conclusions: The research in the field of IAI can complement
neuropsychological syndromology, and the suggested
method acts as an instrument for inter-analyser bounds
preservation extend estimation at the diagnosis of white
matter pathology.

0154 Paroxysmal sympathetic hyperactivity in
severe traumatic brain injury

Manish Joseph Mathewa, Dhaval Shuklaa, Akhil Deepikab,
Bhagavatula Indira Devia, and Venkatapura J. Rameshc

aDepartment of Neurosurgery, NIMHANS, Bangalore, India;
bDepartment of Clinical Neurosciences, NIMHANS,
Bangalore, India; cDepartment of Neuroanesthesiology and
Critical care, NIMHANS, Bangalore, India

ABSTRACT
Objective: To study the clinical features and outcome of a
subset of patients who develop paroxysmal sympathetic
hyperactivity (PSH) following severe traumatic brain
injury (TBI).
Methods: This is a prospective observational study of patients
admitted in the neurosurgery intensive care unit (ICU)
between September 2013 and November 2015 for treatment
of severe TBI. PSH was defined as the presence of four out of
six symptoms (temperature of >38.5º C; hypertension with
systolic blood pressure >130 mmHg; tachycardia with pulse
rate of >100 beats per minute; tachypnoea with respiratory
rate of >30 breaths per minute; increased muscle tone, rigid-
ity, dystonia, or decorticate/decerebrate posturing; and pro-
fuse sweating) simultaneously for a duration of at least one
cycle per day for at least 3 days. The clinical characteristics
and outcome of patients with PSH were compared with data
from another study that included patients without PSH dur-
ing the same period from the same ICU. At the time of
discharge, patients were assessed with Disability Rating Scale
(DRS), and at 6-month follow-up with Glasgow Outcome
Score Extended (GOSE). The correlation coefficients were
calculated using the Spearman’s rho.
Results: The incidence of PSH was 8% (29/343). Tachycardia,
hypertension and sweating were seen in all the patients.
Tachypnoea was seen in 24 (82.8%) patients and hyperther-
mia was seen in 28 (96.6%) patients. Posturing and dystonia
were seen in only 13 (44.8%) patients. Thirteen (44.8%)
patients had all six symptoms of PSH. There was a significant
difference between minimum and maximum heart rates, sys-
tolic blood pressure, respiratory rate, and temperature of each
patient due to episodes of PSH. The mean number of days
during episodes of PSH was 10.72 ± 8 per patient. The mean
number of episodes per patient per day was 2.27 ± 0.88.
Follow-up data were available for 23 (79.3%) patients. At the
end of 6 months, 14 (60.9%) patients died, seven (30.4%) were
severely disabled and two (8.7%) were moderately disabled.
None of the patients with PSH had good recovery. There was
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a significant correlation of GOSE with number of symptoms
of PSH (Spearman’s rho = 0.502, p = 0.015). The patients with
PSH had significantly higher DRS scores at discharge [25.3
(3.6) vs 19.9 (4.7), p < 0.001]; higher mortality at 6 months
(60.9% vs 30.4%, p < 0.001); and higher proportions with
unfavourable outcome.
Conclusion: The presence of PSH in patients with severe TBI
was associated with prolonged duration of hospital stay,
poorer DRS at discharge, more deaths and unfavourable out-
come. The number of symptoms of PSH had a significant
effect on outcome at 6 months.

0155 Neurobehavioral rehabilitation outcomes in a
mixed brain injury sample with comorbid serious
mental illness

Lindsey Jasinski, Jessica Pettigrew, and Tiffany White

Eastern State Hospital, Lexington, KY, USA

ABSTRACT
Background: Comorbid mental health symptoms pose a sig-
nificant barrier to effective brain injury rehabilitation. Rates of
psychiatric symptoms occur in up to 50% of individuals with
brain injury, and premorbid mental health concerns further
complicate rehabilitation and treatment (Masel & DeWitt,
2014). There is a lack of understanding and resources specific
for treating this complex population, resulting in extended
institutionalization, poorer outcomes, and higher utilization
of financial and community resources (Wei et al., 2005).
Introduction: This specialized, highly structured rehabilitation
programme utilizing a transdisciplinary approach to treat-
ment of brain injury and mental illness has been highly
successful in reducing mental health symptom burden, and
improving cognitive functioning, and overall functionality
and quality of life. The programme includes daily skills groups
for goal setting, coping, emotion regulation, social skills, yoga/
mindfulness-based interventions, as well as intensive indivi-
dual psychotherapy and traditional rehabilitation. The average
length of stay is nearly 6 months, and each resident receives
an average of 2100 minutes of therapy per month, including
physical, occupational, speech, recreational and psychological
therapies.
Results: Over 2 years, the programme has successfully dis-
charged 14 patients to a lower level of care, 12 of whom
were able to engage in pre- and post-treatment evaluation.
Brain injury aetiologies were variable, and included stroke,
anoxic brain injury secondary to overdose or traumatic brain
injury secondary to a motor vehicle accident, fall, assault or
self-inflicted gunshot wound. Psychiatric diagnoses included
Schizoaffective Disorder, Bipolar Disorder, Major Depressive
Disorder with and without Psychosis or Catatonia,
Generalized Anxiety Disorder, and Psychosis NOS. Patients
demonstrated significant functional improvement on the
Mayo-Portland Adaptability Inventory-4th Edition, with
change scores ranging from 5 to 14 points. Further, patients
demonstrated clinically significant reduction in depression
and anxiety on the Beck Depression Inventory-II (13-point
decrease) and Beck Anxiety Inventory (7-point decrease),

respectively. Significant improvements were also observed on
the Satisfaction with Life Scale, Patient Competency Rating
Scale, and Awareness Questionnaire, suggesting improve-
ments in overall life satisfaction, well-being, awareness and
ability to competently complete tasks required for everyday
living. Cognitive scores also demonstrated a significant
increase, on average 10-scaled score points on the
Repeatable Battery for the Assessment of Neuropsychological
Status (RBANS) from admission to discharge. Individual
domains showed variable but overall significant increases in
scaled scores (Immediate Memory = 13; Delayed Memory =
10; Visuospatial/Constructional = 10; Attention = 8; Language
= 6). Such changes across all domains further translate into
improved daily functioning and reduced burden on caregivers
and community resources.
Conclusion: Recommendations for continued programme
development that incorporates recognition and treatment of
mental health symptoms into the traditional brain injury
rehabilitation model will be offered, including utilization of
mental health professionals to improve overall functional out-
comes in patients who have suffered a brain injury.

0156 Ten-year follow-up of patients in a double-
blinded randomized study on prostacyclin treatment
in severe traumatic brain injury

Lars-owe Koskinena, Silvana Naredib, and Magnus
Olivecronac

aDepartment of Clinical Neuroscience, Inst of Neurosurgery,
Umeå University, Umeå, Sweden; bDepartment of
Anaesthesiology and Intensive Care, Institute of Clinical
Sciences, Sahlgrenska Academy at the University of Gothenburg,
Gothenburg, Sweden; cDepartment of Anaesthesiology, Örebro
University, Örebro, Sweden

ABSTRACT
Introduction: No prospective study has described the 10-year
outcome in patients with severe traumatic brain injury (sTBI)
treated according to an ICP-oriented therapy based on the
Lund concept. During January 2002 to December 2005, we
conducted a randomized, double-blinded prospective study
on the effect of prostacyclin as ad-on treatment in the Lund
concept. The 10-year results are now reported.
Objective: To study if prostacyclin affected the clinical out-
come 10 years after sTBI and to relate the clinical outcome to
other monitored variables.
Methods and Materials: 48 sTBI patients, mean age 35.5 yrs,
GCS ≤8 were included in the initial study. Two of the out-
come parameters, GOSE and Barthel index, were adminis-
tered by independent research staff. Data were prospectively
collected.
Results: Initial median GCS was 6 (3–8), ISS 29 (9–50) and
APACHE II 20.5 (12–32). At 6 months, the mortality rate was
17% and 10 years after trauma 27%. Only two patients died
during the initial intensive care unit period. Median time to
death was 8 months (0.1–137). The mean ± SD time to follow-
up in the alive group was 10.3 ± 1.0 years. There was a weak
correlation between the initial GCS and GOSE at 10 years (r =
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0.3422, p = 0.023 Spearman´s rho). Median GOSE in those
still alive and responding to the follow-up at 10 years was 7
(3–8) (n = 31) compared to 6 (3–8) at 6 months (p < 0.001,
Wilcoxon Signed Rank). In 24 (77.4%) of these patients, the
median Barthel index was 100 (20–100) and corresponding
GOSE 7 (4–8). There was a significant correlation between
Barthel index and GOSE (ρ=0.596, p = 0.0021, Spearman´s
rho). In one case, there was an un-proportional difference
between GOSE (7) and Barthel index (20). This patient had
a high suspicion of depression (MADRS score of 29). When
excluding this patient from the correlation analysis between
Barthel index and GOSE, the figures were ρ=0.677, p = 0.0004.
Prostacyclin did not affect the mortality, GOSE or Barthel
index at 10-year follow-up.
Conclusion: Our results show that even 10 years after sTBI, the
clinical outcome is favourable in patients treated according to
the Lund concept. In some instances, there is a discrepancy
between outcome variables probably due to the mental con-
dition of the patient. We were unable to demonstrate a sta-
tistically significant effect of prostacyclin on the clinical
outcome.

0157 Traumatic brain injury (TBI) during
deployment to a combat zone results in long-term
chronic headache

James Coucha, Kenneth Stewartb

aDepartment of Neurology, University of Oklahoma Health
Sciences Center, Oklahoma City, OK, USA; bCollege of Public
Health, University of Oklahoma Health Sciences Center,
Oklahoma City, OK, USA

ABSTRACT
Introduction: Headache (HA) following traumatic brain injury
(TBI) may produce significant morbidity. The current report
deals with a controlled cohort study of headache in veterans
of the Afghanistan and Iraq wars at 2–11 years after a
Deployment-Related TBI (DTBI).
Methods: All subjects were recruited from Operation New
Dawn (OND), a VA programme for veterans deployed to
Afghanistan or Iraq. For OND, the Veteran is screened for
occurrence of a DTBI, and, if positive, is referred to the TBI
Clinic. To develop an unbiased recruitment pool, the first 500
Veterans found to have a DTBI (TBIS) were matched to
controls without DTBI (CS) by age, sex, race and time of
deployment. From this pool of 500 pairs, 85 were randomly
recruited. All subjects were contacted by telephone, and all
170 subjects were administered 4 questionnaires (QS) includ-
ing: TBI QS, Headache QS, PTSD civ and Beck Depression
Inventory 2. Data on HA included frequency, duration and
intensity. HA frequency was expressed as: (a) Chronic Daily
Headache (CDH—HA occurring ≥15 days/month); (b)
Frequent Headache (FH—HA occurring 10–14 days/month);
(c) Infrequent Headache (IFH—HA occurring 2–9 days/
month); and (d) Very Infrequent Headache (VIFH—HA
occurring ≤1 day/month). Comparisons of TBIS and CS
were carried out with Fisher’s exact test.
Results: The 85 pairs of TBIS-CS recruited were 2–11 years
post-TBI for TBIS, or post-deployment for CS. The TBIS and

CS were pooled into two separate groups for comparison. For
all TBIS, the data on headache frequency are as follows: CDH
—40 (45.5%), FH—25 (28.4%), IFH—20 (22.7%), VIFH—3
(3.4%). For all CS, the data shows: CDH—6 (7.0%), FH—8
(9.3%), IFH—26 (30.2%), VIFH—46 (53.5%), (p <.0001 for
comparison of TBIS vs CS). At 2–7 years after TBI, HA
frequency data on 45 pairs show the following—for TBIS:
CDH—20 (44.4%), FH—14 (31.1%), IFH—11 (24.4%), and
VIFH—none; while for CS: CDH—4 (8.9%), FH—5 (11.1%),
IFH—12 (26.7%), and VIFH—24 (53.3%) (p <.0001). At 8–11
years after TBI, HA frequencies for 40 pairs were calculated
and for TBIS: CDH—19 (47.5%), FH—11 (27.5%), IFH—7
(17.5%), VIFH—3 (7.5%); while for CS: CDH—2 (5.0%), FH
—3 (7.5%), IFH 14 (35.0%), and VIFH −21 (52.5%)
(p >.0001). Comparing TBIS data at 2–7 vs 8–11 years after
TBI found no difference.
Conclusion: DTBI results in HA occurring ≥10 days/month in
74% of TBIS compared to 16% of CS. HA frequency does not
improve over time up to 11 years after TBI.

0158 Proposal of a systemic description of the
clinical phases in neurocritical illness

Karsten Bulow

Odense University Hospital, Odense C, Denmark

ABSTRACT
Introduction: While numerous treatment strategies for acute
brain injury have been presented during the last decades, only
few authors have addressed the huge variability in clinical
course within the different categories of brain injury.
Whether the patient suffers from traumatic brain injury,
intracranial bleeding or an ischaemic insult, there is a typical
clinical course beginning with the insult and continuing until
rehabilitation. The clinical course is influenced by several
factors—patient comorbidity, timing and quality of the treat-
ment applied, and obviously the severity of the insult.
Research Design: To improve the understanding of the patho-
physiological dynamics and time course of the neurocritical
illness, a description of four typical clinical phases is pro-
posed. These phases are representative of acute brain injury
and related to an arbitrary timeline. The acute phase is char-
acterized by the immediate consequences of the insult. In the
acute phase, therapeutic measures are added in order to con-
trol the consequences of the insult. When the patient is
stabilized, no further treatment modalities need to be added.
Then the patient enters the stabilization phase. The duration
of the stabilization phase is typically longer than that of the
acute phase. Depending on the severity of the insult, treat-
ment is kept at the same or slightly lower level for several
hours or few days. When the patient’s intracranial conditions
are considered stable with no need for further escalation in
basic or optional therapy, the patient enters the awakening
phase. In the awakening phase, treatment modalities are with-
drawn starting with optional therapy. If weaning of optional
therapy is uncomplicated, weaning of sedation can be com-
menced. The patient is then gradually weaned from sedation
until awake or unsedated. Then the patient enters the rehabi-
litation phase. While unsedated and still vulnerable to new
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insults and possibly in need of some kind of neurocritical
care, the patient in the rehabilitation phase is gradually awa-
kening and able to participate in rehabilitation therapy. The
rehabilitation phase indicates that the patient is in the last
stage of his illness. As mentioned above, the timeline for the
course is arbitrary, and the different phases can last for a
shorter or longer period of time.
Conclusion: Recognition of the different clinical phases of
neuropathology allows the clinician to offer the right treat-
ment at the right time, assessment in the right context, and
identification of normal or pathologic reaction to different
treatment strategies. Applying the same treatment modalities
on patients in different phases might potentially lead to dif-
ferent results or conclusions. Likewise, lack of understanding
of the clinical phases might potentially lead to false conclu-
sions and mistimed interventions. Finally, the four-phase con-
cept helps the clinician to communicate the status of the
patient correctly in a broader context.

0159 Aspects of striatal engagement in TBI
depression

Ekaterina Dobryakova and Angela Spirou

Kessler Foundation, West Orange, NJ, USA

ABSTRACT
Introduction: Compared to rates of depression reported in the
general population (6.7%), the occurrence of depression after
traumatic brain injury (TBI) is substantially higher, with
studies reporting between 50% and 77% of individuals with
TBI being diagnosed with clinical depression. Feedback pro-
cessing deficits have been shown to be associated with depres-
sion in non-TBI individuals. Since both feedback and
depressive constructs rely on the fronto-striatal network, we
first examined overall depressive symptomology and striatal
activation during positive (monetary wins) and negative
(monetary losses) feedback in individuals with TBI who had
higher levels of depression compared to healthy controls
(HCs). We further went on to examine the influence of
depression on neural mechanisms of individuals with TBI
who reported high and low depression. Specifically, we exam-
ined how the level of depression modulates brain activity
during a task that presents TBI participants with positive
and negative feedback, since the fronto-striatal activation
associated with feedback processing has been shown to be
impaired in depressed individuals without TBI. Based on
prior findings in individuals with depression, we expected
hypoactivation in the ventromedial prefrontal cortex
(VMPFC) and the striatum in individuals with TBI showing
higher rates of depressive symptomology.
Method: Participants (TBI and HCs) underwent magnetic
resonance imaging of the head while performing a gambling
task where they could either win $1 for correctly guessing a
value on the card or lose $0.50 for incorrectly guessing a value
on the card. Using a volumetric analysis after segmentation of
subcortical structures, a significant difference was found
between groups in the ventral striatum (VS) volume, bilater-
ally (right: p = 0.003; left: p = 0.009). Using a whole brain
analysis, a significant difference during positive feedback

presentation was found in the VS (p = 0.05), but after
accounting for the VS volumetric differences, there was no
longer a difference in activation between groups. Depressive
symptomology was assessed with the Chicago Multiscale
Depression Inventory (CMDI), where significant between-
group differences were observed on each subscale of the
CMDI (Mood: p = 0.039; Evaluative: p = 0.038; Vegetative: p
= 0.005). The TBI group was then split between high and low
scores on the CMDI-Mood subscale, using a score of 23 as a
cut-off. TBI CMDI-Mood scores ranged from 9 to 40 and
when divided into two groups. Contrary to our expectations,
individuals with TBI who scored higher on the CMDI exhib-
ited increased fronto-striatal network activation. Previous
investigations showed similar findings in association with
anxiety.
Conclusion: The current study provides evidence on the
importance of controlling for volumetric differences in func-
tional neuroimaging studies, specifically when there are dif-
ferences in activation between HCs and TBI. The findings
further describe how the neural mechanisms associated with
feedback presentation are modulated by depressive sympto-
mology in individuals with TBI and highlight the importance
of examining depressive symptomology and associated
comorbidities such as anxiety.

0160 Stuck in a state of inattention? Alterations of
the dynamic network connectivity in adolescents
with concussion

Angela Martina Mueller and Naznin Virji-Babul

Faculty of Medicine, Department of Physical Therapy, Djavad
Mowafaghian Centre for Brain Health, University of British
Columbia, Vancouver, BC, Canada

ABSTRACT
Introduction: Sports-related concussions are a growing con-
cern particularly in youth. Traumatic injury to the brain is
often associated with physical symptoms (i.e. headaches, fati-
gue and visuomotor problems) and changes in cognition
affecting attention, memory and executive function. How
these symptoms and cognitive changes are related to changes
in brain function is not well understood. Over the past dec-
ade, evaluation of resting-state functional connectivity (rsFC)
in the brain has emerged as a powerful tool to map the
functional organization of the brain in both healthy and dis-
ease/injury states. We have previously reported significant
differences in functional networks in the frontal regions of
the brain in adolescents with sports-related concussion
(Borich et al., 2015). This and other studies of rsFC assume
that the brain’s intrinsic activity is stationary. Recently, this
notion of stationary connectivity has been challenged. New
approaches show that the intrinsic network architecture of the
resting state is much more flexible and dynamic than pre-
viously thought. This new approach may be of great value in
understanding alterations in brain function following
concussion.
Aim: To evaluate the temporal dynamics of FC from our
previous functional magnetic resonance imaging data of con-
cussed (n = 12) and healthy (n = 8) adolescent athletes.
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Methods: We were able to analyse the dynamics of the intrin-
sic connectivity networks (ICN) of seven concussed and six
healthy athletes. We computed the static spatial ICA and
extracted 42 components of which 25 were identified as bio-
logical meaningful ICNs. A sliding window approach was
used to compute the underlying dynamic network constella-
tions of 25 ICNs identified by the previous ICA.
Results: The sliding window analysis revealed two brain states,
common to both groups. Brain state 1 was characterized by a
high within-constellation correlation of four different atten-
tion networks, a high within-constellation correlation of five
visual networks and a high between-constellation correlation
of the attention networks with the visual networks. Brain state
2 was characterized by a high correlation between the DMN
and other networks representing higher cognitive functions,
again by a high within-constellation correlation of the atten-
tion networks and a high within-constellation correlation of
the visual networks. The attention-network constellation and
the visual-network constellation formed two separate and
uncorrelated entities. The concussed group spent almost 2
times longer in brain state 2 with a clear segregation of the
attention and visual networks compared with the controls.
Conclusions: Our preliminary results suggest that concussed
adolescents show alterations in dynamic network connectivity
that is characterized by an internally directed focus of atten-
tion as well as a lack of flexibility in shifting from different
sub-network brain states related to the attention and visual
networks. This lack of dynamic flexibility in the concussed
group may be reflected in the observed symptoms of cognitive
fatigue and impairments in visual-motor function.

0161 Detecting effects of subconcussive impact on
brain functioning using advanced perfusion MRI

Yang Wang, Lindsay Nelson, Andrew Nencka, Timothy
Meier, and Michael McCrea

Medical College of Wisconsin, Milwaukee, WI, USA

ABSTRACT
Objective: While impacts to the head in contact sports are
unavoidable and can cause serious consequence such as con-
cussion, subconcussive impacts happen much more often and
are implicated as a source for the deterioration of cerebral
structure and function later in life. Emerging evidence sug-
gests that effects of repetitive blows to the head are cumulative
and that repeated exposure to subconcussive blows is con-
nected to pathologically altered neurophysiology. Despite
their high incidence, the pathophysiology of brain injury
due to repetitive subconcussive impacts remains elusive.
This study was aimed to characterize dynamic change of
brain function using the advanced arterial spin labelling
(ASL) magnetic resonance imaging (MRI) in non-concussed
football players during the course of a single football season.
Methods: Eleven high school and collegiate football players
underwent comprehensive clinical evaluations and MRI scans.
The same clinical and imaging examination was repeated four
times: three times during a game season (separated by 1 week
each) and another after the season. In addition, baseline
clinical evaluation was also performed before the season.

The ASL MRI was conducted using an advanced 3D
pseudo-continuous ASL (pCASL) sequence with multiple
post-labelling delay.
Results: Paired t-tests on clinical data showed no decrements
in cognitive performance and no increases in concussive
symptoms from baseline to later evaluations. In contrast,
ASL MRI showed significantly decreased cerebral blood flow
(CBF) at the third (relative to the first) within-season time
point. At the fourth time point (1–3 weeks) after the season,
CBF showed only partial recovery.
Conclusions: These preliminary results indicate that brain
function and CBF change in football players without concus-
sion during a single season. Our findings also suggest that
advanced MRI including ASL has the potential to enhance the
capacity to detect sports-related subconcussive injury, moni-
tor recovery of subconcussive neurologic effects and track
response to treatment interventions in the future.

0162 Development of silicon nanowire technology
for biomarker testing

Sergey A. Dryga, David Bastable, Frances Gonzales-Doyle,
Crystal A. Baca, Alexander S. Hunt, and Brian P. McGlynn

BioDirection Inc, Santa Fe, NM, USA

ABSTRACT
Introduction: Technologies for the detection and measure-
ment of biomarkers are being developed that allow for sig-
nificant miniaturization, detection without labels and
measurement directly in a specimen matrix. Silicon nanowires
offer significant advantages compared to more traditional
approaches, offering femtomolar sensitivity (in the range of
1000 of molecules), small sample volume (mcL range), fast
measurement time (seconds) and tolerance to matrix effects.
Background: Silicon nanowires are being developed for the
detection of biomarkers of mild traumatic brain injury
(mTBI). The measurement is based on a well-established
antigen-antibody interaction. The binding of antigen to anti-
bodies located on the surface of the nanowire results in the
change of electric field in a narrow layer surrounding the
nanowire, which affects conductivity of the nanowire and
can be reliably measured using electronic means. This inte-
gration of biological reaction and electronics into the Tbit™
immuno-resistive™ sensor allows for the sensitive measure-
ment in complex biological matrices, such as blood or plasma,
without extensive sample preparation. Application of this
technology to mTBI diagnosis promises fast delivery of
actionable information about a patient’s state.
Objective: This report describes the development, analytical
characterization and clinical performance of the Tbit™
immuno-resistive sensor. The purpose of this study is to
evaluate the ability of the Tbit™ system to predict results of
computed tomography (CT) tests, thus reducing effects of
radiation exposure and cost.
Results: The Tbit™ sensor was developed using semiconductor
manufacturing processes, resulting in a multiplex sensor that
allows for measurement of concentration of S100β and glial
fibrillary acidic protein (GFAP). Single-crystal silicon nano-
wires were synthesized using metal nanoparticle-catalysed
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chemical vapour deposition. Automated nanowire deposition
onto the silicon wafer, followed by conventional photolitho-
graphy, resulted in a multiplex, individually addressable
immuno-resistive sensor device. Antibodies were attached to
the activated surface through conventional aldehyde-primary
amine chemistry, and the sensors were treated with blocking
reagents and dried. Analytical characterization of the devices
demonstrates that the response is proportional to the number
of molecules bound to the nanowires and the response has
good correlation with predicted nanowire behaviour. Clinical
samples were analysed using plasma samples collected 3–24
hours post-traumatic brain injury event. We evaluated the
ability of the Tbit™ immuno-resistive sensor to predict posi-
tive findings on CT. 31 clinical samples were collected at
multiple clinical sites. The classification of samples was
based on positive findings in CT (CT+ and CT−), and classi-
fication using Tbit™ sensor responses that combine responses
in S100β and GFAP channels. Twelve samples were CT− and
Tbit- (True Negative), 9 samples CT+ and Tbit+ (True
Positive), 10 samples CT—and Tbit+ (False Positive), and 0
samples CT+ and Tbit- (False Negative), resulting in sensitiv-
ity of 100% (95% CI 70–100%) and specificity of 55%
(35–73%).

0163 Validation of a score to determine time to
post-concussive recovery

Michael Takagia,b,c, Stephen Hearpsa, Franz Babla,c,d, Silvia
Bressanb, Katherine Trussa, Gavin Davisa, Celia Godfreya,c,
Cathriona Clarkea, Melissa Doylea, Vanessa Rausaa, Kevin
Dunnea,c, and Vicki Andersona,c,d,e

aMurdoch Childrens Research Institute, Parkville, Australia;
bDepartment of Women’s and Children’s Health, University
of Padova, Padova, Italy; cRoyal Children’s Hospital, Parkville,
Australia; dDepartment of Paediatrics, University of
Melbourne, Parkville, Australia; eMelbourne School of
Psychological Sciences, University of Melbourne, Parkville,
Australia

ABSTRACT
Background: A reliable, developmentally appropriate and stan-
dardized method for assessing post-concussion symptoms
(PCS) is essential to accurately determine recovery post-con-
cussion and to effectively manage return to normal activities.
The aim of this study was to develop an evidence-based,
psychometrically validated approach to determining clinically
useful cut-off scores using a commonly administered PCS
measure.
Method: The present study was a prospective, longitudinal
observational study conducted between July 2013 and
November 2015 at a state-wide tertiary paediatric hospital.
Participants were 120 children (5–18 years of age) presenting
to the Emergency Department with a concussion within 48
hours of injury. PCS were assessed using the Post-
Concussion Symptom Inventory (PCSI), acutely, 1–4 days
post injury and 2 weeks post injury. Using comprehensive
clinical assessment as the gold standard, we assessed the
clinical cut-off discrimination ability of PCSI at 2 weeks
post injury using published approaches, and by then varying

each approach in an attempt to optimize their discrimination
ability.
Results: Existing and potential clinical cut-off scores were
explored in predicting delayed recovery. ROC curve results
returned acceptable discrimination and sensitivity when PCSI
items increased by severity from pre-injury by 1 or more.
Compared to a published cut-off score being 3 or more
items with increased severity, the present study suggests that
a more stringent cut-off requirement of 2 or more is better
able to accurately classify symptomatic children.
Conclusion: This study provides the first validated index (2+
items, 1+ severity) of concussion recovery for children and
youth. Further studies in more varied samples are needed to
establish the effectiveness of this method.

0164 Managing challenging behaviour following
early childhood traumatic brain injury: The feasibility
and consumer satisfaction of delivering a parenting
programme with clinician support via
videoconferencing

Kaitlyn Taylora,b, Cathy Catroppaa,c, Celia Godfreya, Audrey
McKinlayc, Jennie Ponsfordb, and Vicki Andersona,c,d

aChild Neuropsychology, Murdoch Childrens Research
Institute, Melbourne, Australia; bSchool of Psychological
Sciences, Monash University, Melbourne, Australia;
cMelbourne School of Psychological Sciences, University of
Melbourne, Melbourne, Australia; dPsychology Service, Royal
Children’s Hospital, Melbourne, Australia

ABSTRACT
Objectives: Traumatic Brain Injury (TBI) in early childhood
conveys an increased risk for a range of poor long-term out-
comes, including behavioural difficulties. Early intervention
has the benefit of reducing difficult behaviours as rapidly as
possible post-injury. The ‘Signposts Programme for Building
Better Behaviour’ (‘Signposts’) is a manualized face-to-face
parenting programme that was originally developed to assist
parents of children with an intellectual disability in managing
their child’s behaviour. A recent adaptation includes a TBI
module, to assist parents’ understanding and management of
post-injury behaviour. However, geographical and financial
barriers remain, preventing parents from accessing the pro-
gramme. Clinician support via videoconferencing may elim-
inate many of these barriers, thus offering many benefits over
traditional delivery. Videoconferencing also facilitates use of
nonverbal communication, and the possibility to share pro-
gramme materials in real time. This study reports preliminary
programme feasibility and parent satisfaction when delivered
with clinician support via videoconferencing.
Methods: The sample for this feasibility study was recruited
from The Royal Children’s Hospital, Melbourne. Parents were
approached to participate if their child sustained a TBI
between the ages of 2.0 and 6.11, within the previous 2
years. Once consent was obtained, parents met with the
‘Signposts’ clinician, the programme structure was explained
and programme materials were provided. Parents read the
modules and completed homework exercises in their own
time, and participated in videoconference meetings
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approximately once a fortnight with a clinician (5 sessions in
total), using the programme ‘GoToMeeting’ on iPads. The
aim of these sessions was to discuss homework responses,
troubleshoot any difficulties the parent was experiencing,
and to provide positive reinforcement for the parent’s efforts.
Results: Preliminary feasibility and consumer satisfaction data
from three mothers who successfully completed the pro-
gramme were analysed. Overall, there was a good level of
adherence with the programme and its requirements. On
average, the programme took 17 weeks to complete.
Videoconference sessions lasted 25 minutes. Parents reported
that the videoconference technology was easy to use, and that
this mode of delivery made the programme easier to access
than the traditional format. They reported feeling more con-
fident in their parenting skills, and found the materials help-
ful. All parents reported that they received adequate clinical
assistance.
Conclusions: This is the first study to investigate the feasibility
of delivering a post-child TBI behavioural intervention with
iPad videoconferencing as the medium of clinician support,
and contributes to the burgeoning area of research utilizing
technology to improve post-injury outcomes. Overall, results
suggest that parents are satisfied with the programme when
delivered with clinician support via videoconferencing.

0166 Caregiver outcome: Impact of caregiver
personality and patient personality change

Anne Norupa, Michael Trujillob, Erik L. Mortensenc, Karoline
Doserd, and Paul B. Perrinb

aNational Study on Young Brain Injury Survivors,
Rigshospitalet, Glostrup, Denmark; bDepartment of
Psychology, Virginia Commonwealth University, Richmond,
VA, USA; cInstitute of Public Health and Center for Healthy
Aging, University of Copenhagen, Copenhagen, Denmark;
dSurvivorship Unit, Danish Cancer Society Research Center,
Copenhagen, Denmark

ABSTRACT
Objective: This abstract describes two different studies inves-
tigating caregiver outcomes after severe brain injury. Study 1
assessed whether personality traits of caregivers of individuals
with severe brain injury predicted trajectories of caregivers’
own health-related quality of life (HRQoL) and symptoms of
anxiety and depression.
Study 2 investigated whether patient personality change was
associated with caregiver outcomes: HRQoL and symptoms of
anxiety and depression.
Methods: In both studies, caregiver outcomes were measured
by the anxiety and depression subscales of the Symptom
Checklist-90-Revised and the 4 mental subscales of the Short
Form 36 assessing HRQOL. Study 1 collected data from 52
caregivers (78.8% females, mean age = 49.4 (SD12.8) years) of
patients (71.2% males, mean age = 41.0 (SD19.4) years) with
severe brain injury at five time points during the first year
after injury using linear growth models. Caregiver outcome
was assessed at Neuro Intensive Care Unit, rehab admission
and discharge, 3 months after discharge, 1 year after injury.

Caregivers completed the full version of the NEO-PI-R 3
months after patient discharge.
Study 2 investigated a sample of 22 pairs of patients (63.6%
males, mean age = 43.6 (SD22.4) years) with severe brain
injury and their caregivers (68.2% females, mean age = 49.7
(SD12.8) years). The caregiver rated the patient’s premorbid
personality at rehab discharge and post-morbid personality 1
year after injury using the observer version of the NEO-FFI.
Measures of caregiver outcome were completed 1 year after
injury.
Results: Study 1 found that all mental HRQoL, anxiety and
depression variables improved significantly over time.
Caregivers who were less neurotic and less conscientious
had higher vitality, social functioning and mental health
over time, while caregivers who were more agreeable had
higher social functioning over time. Caregivers with lower
neuroticism had lower anxiety, and depression over time, as
well as a more accelerated decrease in anxiety and depression.
Study 2 found that 59.1% of patients were rated as having a
personality change after their brain injury by caregivers.
Generally, personality changes in patients were not associated
with more distress and lower HRQOL in caregivers; however,
changes in patient agreeableness were associated with lower
HRQOL on the role limitations-emotional scale.
Conclusions: Caregivers’ personality traits were strongly asso-
ciated over time with mental HRQoL, anxiety and depression,
with neuroticism being especially important for trajectories of
anxiety and depression. Patient personality changes were gen-
erally not associated with caregiver outcomes. This suggests
that caregiver outcomes are highly associated with personality
traits, and to a lesser extent associated with personality change
in the patient. Over the course of rehabilitation, personality
assessments of caregivers could help identify those most at
risk for poor mental health and enable the tailoring of specific
family interventions.

0168 Chronic bilateral subdural hematoma in a
young male, a rare complication of ventriculo-
peritonial shunt—reporting a case

Ishwar Dayal Chaurasiaa, Sudhanshu Agrawala, Mahim
Koshariyaa, Mool Chand Songraa, and Anil Guptab

aDepartment of Surgery, Gandhi Medical College and
Associated Hamidia Hospital, Bhopal, India; bTownsville
Hospital, Townsville, Australia

ABSTRACT
Introduction: Hydrocephalus is a common clinical problem
seen in neurosurgical practice, and Ventriculo-Peritoneal
shunt is a commonest surgical procedure done for its treat-
ment. This procedure has various acute and delayed compli-
cations like intra-cerebral hematoma, infection, shunt
malfunction, intra-abdominal complications, etc.
Case report: Here, we report a case of bilateral chronic sub-
dural hematoma secondary to postoperative VP shunt done
on the right side for non-traumatic hydrocephalus in a 21-
year old male. The shunt was removed, the right-sided hema-
toma was evacuated and reinsertion of the shunt was done on
the opposite side with no complications. Although rare, this
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complication must be kept in mind in cases of VP shunt who
presents with deteriorating conscious level.

0169 Employment outcome ten years after
moderate-to-severe traumatic brain injury: A
prospective cohort study

Erik Grauwmeijera,b, Majanka Heijenbrok-Kala,b, Ian
Haitsmac, Gerard Ribbersa,b

aRijndam Rehabilitation Centre, Rotterdam, Netherlands;
bDepartment of Rehabilitation Medicine Erasmus University
Medical Center, Rotterdam, Netherlands; cDepartment of
Neurosurgery, Erasmus University Medical Center,
Rotterdam, Netherlands

ABSTRACT
Objectives: The objective of this prospective cohort study was
to evaluate the probability of employment and predictors of
employment in patients with moderate-to-severe Traumatic
Brain Injury (TBI) over 10-year follow-up. 113 patients (18–
67 years) were included with follow-up measurements 3, 6, 12,
18, 24, 36 months and 10 years after TBI. Main Outcome
Measures: Main outcome measure was employment probabil-
ity over 10 years, and its predictors. Potential predictors of
employment probability included patient characteristics,
injury severity factors, functional outcome measured at dis-
charge from the hospital with the Glasgow Outcome Scale
(GOS), Barthel Index (BI), Functional Independence Measure
(FIM) and the Functional Assessment Measure (FAM).
Results: Forty-eight patients (42%) completed the 10-year
follow-up. Three months after TBI, 12% was employed,
which gradually, but significantly increased to 57% after 2-
year follow-up (p <.001), followed by a significant decrease to
43% (p = .041) after 10 years. Ten years after TBI, we found
that employed persons had less severe TBI, shorter length of
hospital stay (LOS), and higher scores on the GOS, BI, FIM,
and FAM at hospital discharge than unemployed persons. No
significant differences in age, sex, educational level, living with
partner/family or not, pre-injury employment, professional
category, psychiatric symptoms or discharge destination
were found. Longitudinal multivariable analysis showed that
time, pre-injury employment, FAM and LOS were indepen-
dent predictors of employment probability.
Conclusions: We concluded that employment probability 10
years post moderate or severe TBI is related to injury severity
and pre-injury employment. Future studies on vocational
rehabilitation should focus on modifiable factors and take
into consideration the effects of national legislation and
national labour market forces.

0170 Disorders of consciousness: Rehabilitation
programming

Jordana Lockwich

UPMC Centers for Rehab Services, Pittsburgh, PA, USA

ABSTRACT
Introduction: This presentation will focus on the challenges
surrounding the care of persons with disorders of

consciousness. Discussion will include challenges with diag-
nosis and management of secondary complications. Emphasis
will be given to the need for shared decision-making with
families during recovery as well as early mobility to prevent
secondary complications. Education will be provided to intro-
duce the Coma Recovery Scale as an outcome to track emer-
gence in DOC patients. A case study will be presented to
demonstrate the use of outcome as well as treatment strategies
to promote recovery.
Objectives:
* Describe the state of disordered consciousness.
* Identify management strategies for the prevention of sec-
ondary complications of DOC

* Identify strategies for creating an environment of shared
decision-making and maintaining effective communica-
tion with family members of persons with DOC

* Introduce the Coma Recovery Scale as an outcome measure
used to track progress with DOC patients.

* Provide a case example of a DOC patient. Identifying the use
of treatment strategies to promote emergence as well as
demonstrate the effective use of the Coma Recovery Scale
to track improvement in Inpatient Rehab.

0171 Upper extremity serial casting: Applications in
chronic brain injury—a case study

Bridget Gutzmer, Laura Shreffler Howle, and Nathan Zasler

Tree of Life, Richmond, VA, USA

ABSTRACT
Rationale: To highlight serial casting as a treatment option for
improving range of motion, decreasing spasticity and dystonia
in a patient with chronic traumatic brain injury (TBI).
Background: Serial inhibitory casting is a treatment used to
manage contractures and/or reduce abnormal tone after TBI.
Serial casting involves applying and removing corrective casts
in succession to increase extensibility of the soft tissues
around and across joints along with neurovascular structures.
Inhibitory casting is utilized to reduce abnormal tone by
inhibitory cast components. Multiple studies have supported
the efficacy of serial casting for improving range of motion
when combined with botulinum toxin injections. Studies have
demonstrated that unless the extremity function or weight
bearing has improved that short-term casting range of motion
(ROM) gains are not sustained.
Methods: The client was a middle-aged male, 14 years after
TBI with hypertonicity and dystonia in his left extremities, as
well as significant left inattention. Over the course of 1 year,
he demonstrated decreased active and passive range of motion
in his left hand due to a maladaptive resting position of a
composite fisted hand and spastic wrist flexion with elbow
hyperextension. Skin integrity and hand hygiene became a
primary concern. He did not tolerate the use of a hand splint
due to agitation and the ability to doff the splint indepen-
dently. Consent was obtained from the patient for forearm
botulinium toxin injections and serial casting. One week post-
injection, we applied one long arm cast with elbow included
to break up his synergy pattern. Three serial casts were
applied. Standardized testing of 9-hole peg test, ROM, grip
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and pinch strength, and MAS were performed annually over 2
years.
Results: Observations of immediate changes in functional and
biomechanical status after completion of the casting protocol
will be presented. Left upper extremity MAS, grip and pinch
strength measurements, ROM and nine-hole peg test data for
the year prior to casting and the 2 years since the casting
completion will be presented. Our data show that the use of a
multimodal serial casting approach with appropriately admi-
nistered neurotoxin can have beneficial functional impact
even years post-insult.
Conclusion: Serial inhibitory casting in conjunction with botu-
linum toxin was effective in treating decreased ROM in the
hand and wrist of the patient 14 years after TBI. Immediate
changes were observed in tone patterns, which have been
sustained over 2 years. These changes have been reinforced
through the use of NMES, Neuromuscular re-education,
Modified CIMT, and therapeutic exercise modalities as a
part of the clients existing neuromuscular treatment plan.

0172 Two-year outcome of patients in unresponsive
wakefulness syndrome/vegetative state and
minimally conscious state

Helena Cassola, Didier Ledouxa, Marie-Aurélie Brunoa,
Aurore Thibauta, Caroline Schnakersb, Audrey
Vanhaudenhuysea, Athena Demertzia, Sarah Wanneza,
Steven Laureysa, and Olivia Gosseriesa

aComa Science Group, GIGA-Research Center, University
Hospital of Liège, Liège, Belgium; bDepartment of
Neurosurgery, University of California, Los Angeles, CA, USA

ABSTRACT
Background: Following severe acute brain damage, patients
typically evolve from coma to an unresponsive wakefulness
syndrome/vegetative state (UWS/VS; wakefulness without
awareness) to a minimally conscious state (MCS; inconsistent
but reproducible non-reflex behaviours). Reliable and consis-
tent interactive communication and/or functional use of
objects indicate the next boundary in the course of recovery
—emergence from MCS (EMCS). There is to date no reliable
predictive model of recovery from the UWS/VS and the MCS.
A better understanding of patients’ outcome would help in
decisions regarding patients’ care and rehabilitation, as well as
end-of-life choices.
Methods: We collected demographic information, injury acute
care history and longitudinal follow-up of 849 patients in
UWS/VS and MCS admitted to 15 expert centres in Belgium
(via the Belgian Federal Public Service Health). These patients
were evaluated at 1, 3, 6, 12 and 24 months post injury with
the Coma Recovery Scale-Revised. The diagnosis was based
on internationally accepted criteria of UWS/VS, MCS or
EMCS. 24-month follow-up data were available for 476
patients including 261 UWS/VS (88 traumatic, 173 non-trau-
matic) and 215 MCS (80 traumatic, 135 non-traumatic).
Results were considered significant at p < 0.001.
Results: Patients who were in MCS 1 month after the insult
were more likely to recover functional communication or

object use after 24 months than patients in UWS/VS.
Moreover, functional recovery occurred more often in MCS
+ (79%) as compared to MCS- (29%) as well as mortality rate
was more important in MCS- patients (68%) as compared to
MCS+ (21%). Comparisons conducted within the UWS/VS
and MCS groups based on aetiology showed that traumatic
patients had a better outcome at 24 months than non-trau-
matic patients. Among the traumatic brain injured patients,
49% of the MCS patients recovered communication or object
use versus 23% of the UWS/VS patients. For patients who
suffered from non-traumatic brain damage, 33% of the MCS
recovered functional functions versus 3% of the UWS/VS
patients. Among the non-traumatic patients, no difference
was found between anoxic patients and patients with other
aetiologies regarding functional recovery.
Conclusion: These results confirm that patients with traumatic
aetiology have better prognosis than patients with non-trau-
matic causes. Our study also highlights that the outcome is
significantly better for patients who are in MCS 1 month post
injury as compared to patients who remain in UWS/VS at that
time. Concerning MCS patients, the outcome is significantly
better for patients who are MCS+ 1 month post injury as
compared to patients who are MCS- at that time.

0173 Fatigue following mild traumatic brain injury:
A six-month prospective cohort study

Sandra Rakersa, Myrthe Scheenena, Myrthe de Koningb, Harm
van der Hornb, Joukje van der Naaltb, and Jacoba Spikmana,b

aUniversity of Groningen, Groningen, Netherlands; bUniversity
Medical Center Groningen, Groningen, Netherlands

ABSTRACT
Objective: Fatigue is a frequent and profoundly disabling
symptom following mild traumatic brain injury (mTBI), that
may even persist for years. Approximately 85–90% of the
patients with TBI sustain a mild TBI, and among these
patients, about 68% experience complaints of fatigue in the
acute phase following injury. To date, there are little published
data on the specific course of fatigue following mTBI. The
main objective of the current study was to examine prevalence
and severity of fatigue following mTBI over 6 months. In
addition, we examined correlates of fatigue, including anxiety,
depression and coping styles, and we investigated early pre-
dictors of fatigue at 6 months.
Method: We included 433 mTBI patients, who all completed
questionnaires at 2 weeks, 3 months and 6 months. Fatigue
was assessed with the Checklist Individual Strength, compris-
ing four subscales: Fatigue severity, Concentration problems,
Reduced motivation and Reduced activity. Furthermore, we
examined anxiety and depression (Hospital Anxiety and
Depression Scale) and coping styles (Utrecht Coping List).
Results: The preliminary results show that severe fatigue was
experienced by 37%, 22% and 20% of the mTBI patients at 2
weeks, 3 months and 6 months post injury, respectively. There
was a statistically significant effect of time on all fatigue
subscales. Post-hoc comparisons indicated a significant
decrease in fatigue scores between 2 weeks and 3 months,
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but not between 3 and 6 months, except for the Reduced
activity scale. Fatigue at 2 weeks contributed to 42% of the
variance in fatigue at 3 months (r=.64, p < .001) and 37% of
the variance in fatigue at 6 months (r=.60, p < .001), and
fatigue at 3 months contributed to 67% of the variance in
fatigue at 6 months (r=.83, p < .001). Furthermore, fatigue was
significantly correlated with anxiety, depression, active coping
and passive coping at all time intervals. Significant predictors
of post-mTBI fatigue at 6 months were depression, anxiety
and the presence of severe fatigue at 2 weeks.
Conclusions: Fatigue is a frequent and persistent complaint
after mTBI that decreases over the first 3 months after injury
but then remains relatively the same. Experienced fatigue in
the early phase post-injury and levels of anxiety and depres-
sion appear to be significant predictors for fatigue at 6
months. These findings, together with strong relations found
between fatigue and coping styles, may contribute to the
development of new treatments for early intervention follow-
ing mTBI.

0174 Paediatric concussion evaluation in Europe:
Military medical providers leading the way

George Smolinski, Kendra Jorgensen-Wagers, Stephanie
Maxfield Panker, and Lorrie Cappellino

Landstuhl Regional Medical Center, Landstuhl, Germany

ABSTRACT
Background: This presentation outlines a performance
improvement project highlighting the results of a paediatric
working group to educate medical providers, coaches, parents
and teachers regarding sports concussion and return to
school/return to play activities for children who sustain a
concussion.
Mild traumatic brain injury (mTBI) or concussion remains
significantly underreported and underdiagnosed. This is of
particular concern in the paediatric population as evidence
is beginning to highlight how children playing impact sports
may not only be at increased risk of concussion and how
cumulative concussive events may degrade executive function
and prolong recovery in this population. The military treat-
ment facilities and Department of Defense Education Agency
schools have collaborated in training education efforts to
target paediatric concussion evaluation management using
established Return to School/Return to Plan guidelines.
Methods: A retrospective case analysis of emergency room and
primary care encounters on 40 paediatric patients demon-
strated how paediatric concussion evaluation and screening
was impacted by a substantive training effort to educate
medical staff on return to play and return to school graded
concussion evaluation recommendations for paediatric
patients. Preliminary process results indicate that the training
can be effective in engendering a cultural change towards
accurate identification of concussion and identifying potential
barriers that impact compliance. The retrospective case ana-
lysis consisted of (n = 41) paediatric patients diagnosed with
concussion over a 12-month timeframe. Case records were
paired with provider training records to correlate paediatric
outcomes to provider training. Questions asked were: a)

whether the providers received training and how many expo-
sures to education and training they had in the past year, b)
whether they found it beneficial to their identification and
assessment of paediatric concussion and, c) whether the pae-
diatric concussion training was beneficial to them in helping
to manage return to school and return to play.
Results: Record reviews indicate a slightly higher than national
average incidence of concussion and a mean age of 15.3 years.
Males were twice as likely as females to experience concus-
sion. Mechanisms of injury were varied. Results were matched
in a chi-square analysis to correlate training effectiveness to
paediatric patient outcome. The statistical significance level
was set at p < 0.05. The record review revealed that most
children (and their parents) seen in the emergency depart-
ment had been exposed to paediatric concussion education at
least twice over the past 12 months.
Conclusion: Paediatric concussion is a significant health con-
cern that is often underreported and underdiagnosed.
Paediatric-concussion-specific training can help not only to
improve standardized medical management, but also to
increase awareness and early care-seeking behaviours among
school staff, sports personnel, families and student athletes.
Through early recognition, prompt identification and stan-
dardized medical evaluation, children who are concussed will
likely have a faster course of recovery.

0175 Pathological fatigue in young survivors of
acquired brain injury

Anne Norupa, Karoline Doserb, and Hysse Forchhammera

aNational Study on Young Brain Injury Survivors,
Rigshospitalet, Denmark; bSurvivorship Unit, Danish Cancer
Society Research Center, Copenhagen, Denmark

ABSTRACT
Objectives: Fatigue is commonly described as one of the per-
sisting sequelae after acquired brain injury (ABI), and it is
reported after both traumatic (TBI) and non-traumatic brain
injury. Only scant research has specifically addressed fatigue
in young brain injury survivors, and no investigations have
addressed to what extent young ABI individuals experience
fatigue. Consequently, this study aimed at investigating pre-
valence and severity of fatigue in young survivors of ABI
compared to a healthy control (HC) group.
Methods: Young individuals with ABI between the ages 15 and
30 were seen for an interdisciplinary assessment at a regional
outpatient clinic. As a part of the assessment, they completed
the Multidimensional Fatigue Inventory (MFI-20) consisting
of five subscales: General Fatigue (GF), Physical Fatigue (PF),
Mental Fatigue (MF), Reduced Activity (RA), and Reduced
Motivation (RM). Pathological fatigue was defined as a score
≥ 12 on the GF scale. Additionally, a group of HCs completed
the MFI-20 via an online-survey. Adjusted mean differences
between the two groups were calculated using a multivariate
analysis of covariance. Lastly, logistic regression analysis was
used to investigate the prevalence of pathological fatigue
adjusted also adjusting for gender, age and level of education.
Results: The majority of the patient group (n=83) were
females (51.8%) with a mean age of 23.8 (SD3.8) years. Most
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had acquired a TBI (43.4%), a tumour cerebri (18.1%) or a
stroke (16.9%), and 69.1% had acquired their ABI during the
last year. The majority of the HC group (n = 167) was female
(59.3%) and had a mean age of 26.2 (SD2.8) years.
The patient group had significantly higher scores on each of
the subscales of the MFI-20, and adjusted mean differences on
the subscales were as follows: GF: M = 5.2, 95% CI [4.1, 6.3];
PF: M = 4.3, 95% confidence interval (CI) [3.0, 5.9]; MF: M =
5.4, 95% CI [4.2, 6.8]; RA: M = 1.6, 95% CI [0.7, 2.5]; RM:
M = 2.5, 95% CI [1.6, 3.5].
In the patient group, 79.7% scored above the defined cut-off
for pathological fatigue, whereas the response in the HC
group was 28.7%, and this difference was significant
(χ b=54.0, df = 1, p < 0.001). A logistic regression model
including gender, age and level of education found that
young patients with ABI had 11.5 times (odds ratio (OR)
=11.5; 95% CI [5.1, 25.6]) higher probability of experiencing
pathological fatigue than the HC group.
Conclusion: Young survivors of ABI experience significant
higher levels of fatigue compared to HCs and had a much
higher probability of pathological fatigue. Fatigue can poten-
tially become a prolonged and distressing problem after ABI
with considerable effect on the social life and well-being.

0177 Echocardiographic patterns of the
neurogenically stunned myocardium following
traumatic brain injury in adults

Ahmad F. Madya, Peter Brindleyb, Fahad AlFaqhia, Dimitrios
Karakitsosa,c, Abdulrahman Alharthya, Shahzad Ahmada, and
Saima Akhtara

aICU Department, King Saud Medical City, Riyadh, Saudi
Arabia; bICU Department, University of Alberta, Edmonton,
Canada; cICU Department, Keck Medical School, USC, Los
Angeles, CA, USA

ABSTRACT
Aim: To outline the echocardiographic patterns of neurogeni-
cally stunned myocardium (NSM) following traumatic brain
injury (TBI). Only trauma patients with isolated severe
[Glasgow Coma Scale (GCS) < 8)] TBI were included.
Methods: Fourteen patients were admitted to our intensive
care unit (ICU) with severe isolated TBI as their primary
diagnosis. All were sedated, mechanically ventilated, and fol-
lowed up by the neurosurgery team. Patients received a daily
echocardiography that focused on possible left ventricular
(LV) abnormalities. The study was approved by our
Institutional Ethics and Research Committee.
Results: Fourteen patients (38.1 ± 9 years old, 4 females) with
an APACHE II score of 20.5 ± 0.6 participated in the study.
Fourteen per cent of patients presented with pulmonary
oedema and 85.5% exhibited ECG abnormalities. All patients
were admitted to the ICU due to severe TBI (GCS < 8, while
Marshall scale on brain computed tomography scan ranged
from 3 to 4). Twenty-four to forty-eight hours following
admission, all patients exhibited clinical and radiological fea-
tures of acute pulmonary oedema as well as hemodynamic
instability. Laboratory data showed elevation of lactate (lactate
2–4 mmol/L) and a slight elevation of troponin-I (1.2–2.1

µg/L). Transthoracic (TTE) and transoesophageal echocardio-
graphy (TEE) revealed severe systolic dysfunction (left ven-
tricular ejection fraction 25–35%), while the following
echocardiographic patterns were observed: a) global LV hypo-
kinesia (14.2%), b) features of takotsubo cardiomyopathy
(14.2%) and c) features of reverse takotsubo cardiomyopathy
(71.4%). Follow-up echocardiographic examinations revealed
that four patients who progressed to brain death all presented
with features of reverse takotsubo cardiomyopathy which did
not resolve. Cardiac function was normalized in 8 out of 10
patients who survived during a 60-day follow-up period.
Discussion: In this small cohort, we observed an echocardio-
graphic pattern resembling reverse takotsubo cardiomyopathy
in 71.4% of cases. Four patients out of fourteen progressed
towards brain death; thus, this might be associated with poor
prognosis. Larger prospective studies are required to explore
this more thoroughly.
Conclusion: Following TBI, the presence of a reverse takot-
subo cardiomyopathy might be associated with poor
prognosis.

0178 Response to neurostimulant trials in a clinical
sample of children with acquired brain injury and
disorder of consciousness

Nancy Yeha,b, Beth Slominea,b, and Stacy Suskauera,b

aKennedy Krieger Institute, Baltimore, MD, USA; bJohns
Hopkins Hospital, Baltimore, MD, USA

ABSTRACT
Objective: Neuropharmacologic intervention for responsive-
ness in paediatric brain injury patients with disorders of
consciousness (DOC) is largely extrapolated from the adult
literature. In several small studies (each with less than or equal
to 10 participants), some paediatric brain injury patients
appear to show response to dopaminergic agents (primarily
amantadine and pramipexole). Our aim was to assess
response to neurostimulants in a paediatric brain injury popu-
lation on an inpatient rehabilitation unit with a dedicated
responsiveness team.
Methods: A retrospective chart review was performed on
paediatric inpatients from November 2009 to June 2016 with
DOC after acquired brain injury (ABI), whose care included a
trial of at least one medication to improve arousal and respon-
siveness. As part of clinical care, children were serially
assessed using standardized measures of responsiveness
(Coma Recovery Scale-Revised and/or Rappaport Coma/
Near-Coma Scale). During weekly responsiveness team meet-
ings, data from these measures were combined with input
from the treating therapists to yield a consensus determina-
tion of whether or not any clear response was observed during
a medication trial.
Results: Data from 29 patients were reviewed (mean age 11
years, range 1–20 years). Fifteen patients sustained a trau-
matic injury and 14 patients had other forms of ABI (anoxic,
infectious, and oncologic were most common). Seven patients
were trialled on amantadine; one (14%) had increased alert-
ness, and 1 (14%) had adverse effects leading to medication
discontinuation. Five patients were trialled on bromocriptine;
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one (20%) had increased alertness and none had adverse
reactions. Carbidopa-levodopa was trialled in 18 patients; six
(33%) had increased alertness, and the medication was
stopped in 6 (33%) due to adverse effects. Methylphenidate
was started in eight patients; four (50%) were observed to
have increased responsiveness, and the medication was
stopped in 2 (25%) due to side effects. Zolpidem was briefly
trialled in four patients, none of whom were observed to have
increased arousal. In total, 12 children (41%) were felt to have
a positive response to at least one medication, and 10 (34%)
had adverse reactions, which led to discontinuing medica-
tions. Another five children showed improvements but due
to timing and other medical changes (weaning of sedating
medications), it was not clear that gains were directly tied to
the addition of neurostimulants.
Conclusion: In this small clinical sample, carbidopa-levodopa
and methylphenidate, which have been less studied for
responsiveness in DOC, showed promise for improving arou-
sal but were also associated with side effects in some patients.
Given the low rate of response to zolpidem identified in the
adult literature, its potential for beneficial effect for a subset of
children is not yet clear. Overall, future work is needed to
identify a strategy for identifying which children may respond
to which medications at which times post-injury.

0180 Factor analysis of the everyday memory
questionnaire in persons with traumatic brain injury

Angelle M Sandera,b,c, Allison N. Clarka,b,c, Laura M. van
Veldhovena,b, Robin Hanksd,e, Tessa Hartf, Luis Leon-
Novelog, Esther Ngang, and David B. Arciniegasa,b

aBaylor College of Medicine, Houston, TX, USA; bTIRR
Memorial Hermann, Houston, TX, USA; cHarris Health
System, Houston, TX, USA; dRehabilitation Institute of
Michigan, Detroit, MI, USA; eWayne State University School
of Medicine, Houston, TX, USA; fMoss Rehabilitation
Research Institute, Elkins Park, PA, USA; gSchool of Public
Health, University of Texas Health Sciences Center at
Houston, Houston, TX, USA

ABSTRACT
Objectives: To investigate the factor structure of the Everyday
Memory Questionnaire (EMQ) in persons with traumatic
brain injury (TBI).
Method: This was a secondary analysis based on baseline data
from two clinical trials targeting memory impairment after
TBI. Participants were 169 persons with complicated mild,
moderate or severe TBI who were an average of 41 months
post injury. They completed the EMQ via clinical interview.
Factor analysis was conducted using a three-factor maximum
likelihood model with a polychoric matrix and oblique
rotation.
Results: The three factors accounted for 49.2% of the variance,
with moderate correlations observed between the factors. The
three factors appeared to represent general everyday memory
(prospective and episodic), conversational memory, and spa-
tial or action memory.
Conclusions: The three factors of the EMQ are consistent with
the heterogeneity of memory impairment observed after TBI.

The factor scores may be used to target treatments for
impaired memory and to evaluate their effectiveness.

0181 Concurrent validity of the rey tangled line test
in traumatic brain injury

Hope Petersona, Shannon McNallyb, John Dsurneyb, and
Leighton Chana,b

aNational Institutes of Health-Clinical Center, Bethesda, MD,
USA; bNIH-Center for Neuroscience and Regenerative
Medicine, Bethesda, MD, USA

ABSTRACT
Introduction: Batteries of neuropsychological assessment
have been compiled to assess cognitive impairments across
a range of cognitive domains. With many measures, it is well
established which domains are assessed, while with other
tests, there is still debate as to which domains are being
tested. The Rey Tangled Line Test (RTLT) is a neuropsycho-
logical test that is less frequently used and less well
understood.
The primary goal of the current study is to determine con-
current validity of RTLT latency time compared to scores on
other standardized neuropsychological tests representing
measures of a variety of cognitive domains. A further goal
of this study is to determine if RTLT performance is robust
enough to be effected by impairments in different cognitive
domains or is a test of a specific domain. If the RTLT test is a
more robust measure, it may show utility as a rapid screening
measure of cognitive impairment.
Methods: Participants—100 participants—were selected
from a NIH IRB approved natural history study of non-
penetrating traumatic brain injury (TBI). The first assess-
ment point of the subjects was used, which, due to the
nature of recruitment, was anywhere from 30 days to 5
years post injury. All subjects were able to accurately com-
plete a reading screening; all patients with impaired vision
were excluded.
Analysis: Pearson’s correlations (r) were calculated between
RTLT latency (time to complete) and other standardized
neuropsychological measures. Subjects were divided by injury
severity for further examination of correlations. Correlations
were also calculated for all subjects at 180 days since injury, to
ensure correlations were not driven by time point. A multi-
variate analysis of variance was run to examine the effects of
injury severity, time since injury and the interaction of the
two on psychometric test scores.
Results: There were significant correlations between comple-
tion time on the RTLT and at least one test in each cognitive
domain with the exception of construction for mild and
moderate TBI subjects. There were no significant correlations
between RTLT and any other neuropsychological measure for
those with severe TBI. The following tests were significantly
correlated with the RTLT for both mild and moderate TBI:
Trails A and B, symbol search and digit span.
Discussion: These results demonstrate high concurrent validity
with multiple neuropsychological measures. This finding is
important in that the RTLT does not appear to assess a single
cognitive function but rather is a more general measure of the
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intactness of cognitive functioning. This finding may indicate
that the RTLT might serve as a useful screening measure for
the presence of mild-to-moderate TBI.

0182 The effect of post-traumatic stress disorder-
related symptoms on longitudinal
neuropsychological performance and brain volume

Shannon McNallya, Katelyn Garciab, Yi-Yu Choub, Dzung
Phama,b, John Dsurneya, and Leighton Chana,b

aNIH-Center for Neuroscience and Regenerative Medicine,
Bethesda, MD, USA; bNational Institutes of Health Clinical
Center, Bethesda, MD, USA

ABSTRACT
Introduction: Post-traumatic stress disorder (PTSD) is a com-
mon comorbidity of mild traumatic brain injury (mTBI).
While symptoms associated with mTBI are expected to sub-
side, 15–20% of cases report persistent complaints, and it has
been shown that brain volume and neuropsychological per-
formance differ in patients with mTBI and PTSD versus mTBI
(Lopez et al., 2016). The purpose of the present study is to
longitudinally examine brain volume and neuropsychological
performance differences between those with mTBI and those
with mTBI who endorse PTSD-related symptoms. A second-
ary goal is to assess whether the aforementioned findings were
attributable to PTSD uniquely; thus, a lower PTSD Checklist
(PCL) cut-off is utilized to include those who exhibit symp-
toms of disorders related to PTSD, including those with
elevated levels of anxiety and depression.
Methods: T1-weighted images were collected on a Siemens
Biograph MR 3T scanner. Image segmentation was conducted
using the FreeSurfer software package (version 5.3) longitu-
dinal pipeline. Bilateral amygdala, hippocampus, entorhinal
cortex, middle temporal cortex and parahippocampal cortex
were selected for analysis.
Neuropsychological tests selected to measure learning, mem-
ory and processing speed were the California Verbal Learning
Test-II (CVLT-II) Total score and Long Delay Free Recall,
Wechsler Adult Intelligence Scale-IV (WAIS-IV) Processing
Speed Index (PSI) and Working Memory Index (WMI), and
Trail Making Test A and B.
Subjects were divided into two groups based on their highest
PCL score. A score of 36 and above was used to identify
individuals who exhibited PTSD-related symptoms. Those
below 36 were classified as mTBI-only.
A repeated measure multivariate analysis of covariance using
PCL classification as a between-group factor, controlling for
intracranial volume and age, was conducted to analyse volu-
metric differences between 180-day and 1-year time points for
PTSD and mTBI groups. A repeated measure multivariate
analysis of variance with PCL as a between-group factor was
conducted to assess neuropsychological differences.
Results: 26 patients (mean age: 47.7) with mild and compli-
cated mild TBI (8 PTSD + TBI and 18 mTBI) were evaluated
at 180-day and 1-year post injury. Analyses did not yield any
significant difference between patients with PTSD-related
symptoms and mTBI-only groups in brain volume or neu-
ropsychological performance.

Discussion: This study did not find differences in any of the
selected ROIs or neuropsychological tests. It is important to
note that in selecting a PCL cut-off of 36 instead of 44,
subjects with psychopathology other than PTSD were cap-
tured. Subsequently, the absence of differences suggests that
simply exhibiting symptoms related to PTSD is not enough to
manifest alterations in brain volume and cognition; rather, the
amalgam of symptoms that constitute PTSD may be under-
lying such changes. Our findings support the conclusions of
Lopez, et. al. (2016), that change in brain volume and cogni-
tion associated specifically with PTSD as a disorder is distinct
from other forms of psychopathology.

0183 Screening for hormonal deficiencies in serum
from us marines with blast-related mild traumatic
brain injury: Preliminary findings

Mary Clousera, Kaeley Shannona, Andrew MacGregora, Susan
Eskridgea, Jane Shoferb, Michael Galarneaua, and Charles
Wilkinsonb

aNaval Health Research Center, San Diego, CA, USA;
bDepartment of Veterans Affairs Puget Sound Health Care
System, Geriatric Research Education and Clinical Center,
Seattle, WA, USA

ABSTRACT
Background: The estimated prevalence of traumatic brain
injury (TBI) within the 2.3 million US troops deployed to
Iraq and Afghanistan between 2001 and 2011 is 20%. A
positive relationship between hypopituitarism and mild TBI
(mTBI) has been found in the veteran and active duty military
populations. It is not currently standard procedure to screen
blast-related mTBI patients for pituitary hormone deficien-
cies. We sought to identify if serum hormone deficiencies
characteristic of hypogonadism (HG) and growth hormone
deficiency (GHD) occurred significantly more often among
US Marines who sustained a blast-related mTBI while
deployed during Operation Enduring Freedom or Operation
Iraqi Freedom than among similarly deployed Marines not
blast exposed.
Methods: The Expeditionary Medical Encounter Database,
which contains unique point-of-injury medical data, was used
to identify male Marines meeting the study criteria: 75 with
blast-related mTBI and 50 who were not blast exposed (NBE).
The Department of Defense Serum Repository provided prede-
ployment and postdeployment samples that were thenmeasured
for luteinizing hormone (LH), testosterone and insulin-like
growth factor-1 (IGF-1). Hormone deficiencies were identified
based on generally accepted percentile cut-offs of a reference
sample’s normal distribution. HG was defined as a deficiency in
testosterone levels and low or moderate LH levels (testosterone
levels below the predeployment 5th percentile and LH levels
above the predeployment 95th percentile, respectively). GHD
was defined as IGF-1 levels below the predeployment 10th
percentile. Preliminary analysis focused on individuals who
were determined to be hormone-deficient postdeployment and
who were not hormone-deficient predeployment. Fisher’s exact
test was used to measure significance because of the extremely
small sample size.
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Results: Based on the postdeployment serum sample, 7% (9/
125) were classified as hormone-deficient (6.7% [5/75] mTBI,
8% [4/50] NBE). Of those, 44% (4/9) were classified as HG (2
mTBI, 2 NBE) and 56% (5/9) were GHD (3 mTBI, 2 NBE).
Fisher’s exact tests for the relationship between each condi-
tion and mTBI were not statistically significant (p = 0.64 and
p = 0.64, respectively).
Conclusions: No statistically significant relationship was found
between the two hormone deficiencies and mTBI status in this
sample of male enlisted Marines. This contrasts with the
significant effects of mTBI on hormone abnormalities found
in recent studies of veterans. Two factors may contribute to
this discrepancy. First, the veteran population was signifi-
cantly older, had a lower fitness level and was receiving out-
patient medical treatment. Second, hormone deficiencies in
the Marines may be underestimated. Hormonal screening
generally involves measuring a larger number of hormones
and using provocative testing to identify deficiencies more
accurately; however, the serum volume available for the cur-
rent study was limited. Further investigation is warranted to
determine the prevalence of post-traumatic hypopituitarism
in active duty service members.

0184 White matter integrity and visual-spatial
cognitive performance in TBI using the Rey Complex
Figure Test

Katelyn Garciab, Shannon McNallya, Dzung Phama,b, Yi-Yu
Choua, John Dsurneya, and Leighton Chana,b

aNIH-Center for Neuroscience and Regenerative Medicine,
Bethesda, MD, USA; bNIH-Clinical Center, Bethesda,
MD, USA

ABSTRACT
Introduction: The association between visual perception and
construction in traumatic brain injury (TBI) and the early
onset of Parkinson’s (PD) has been studied using the Rey
Complex Figure Test (RCFT).
Investigators have successfully utilized Diffusor Tensor
Imaging (DTI) in PD to explore tracts involved in perfor-
mance on the RCFT. The present study aims to examine the
relationship between DTI measures and RCFT in TBI
patients.
Methods: Participants were selected from a larger longitudinal
study. Those who were seen 1 year post injury were included.
Measures: Twenty tracts (including left/right counterparts)
were preselected based on their implication in visual-spatial
construction. DTI measures of fractional anisotropy (FA),
radial diffusivity (RD) and axial diffusivity (AD) were com-
puted from diffusion-weighted images using the SINAPS [1]
software package that includes motion and distortion correc-
tion, as well as white matter tract segmentation (Bennett et al.,
2013).
Construction was measured using the RCFT copy trial using
RCFT Total Raw Score and RCFT Time in seconds.
Analysis: An independent sample t-test was used to determine
DTI tract mean differences. Pearson’s r partial correlations
were calculated between DTI tracts, RCFT Score and RCFT
Time controlling for age.

Results: A total of 36 TBI patients (Mage: 50.54 ± 18.33) were
grouped based on magnetic resonance imaging (MRI) find-
ings: MRI positive (N = 23) and MRI negative (N = 13). There
were significant DTI differences between groups on 3 FA, 16
RD and 18 AD measures.
Significant correlations between DTI measures and RCFT
included tracts such as the corpus callosum and inferior
fronto-occipital fasciculus (right). Correlation ranges for FA
included r= .410 to .518 (Score) and r= −.481 to −.482 (Time).
The MRI-positive group had significant correlations between
RCFT Score and 3 FA measures including the corpus callo-
sum. The MRI-positive group’s RCFT Time significantly cor-
related with the FA measure of corpus callosum (front) and
RD measure of inferior fronto-occipital fasciculus (left). The
MRI-negative group’s RCFT Score significantly correlated
with the RD measure of cingulum (left). There were no sig-
nificant correlations for the MRI-negative group’s RCFT Time
and DTI measures.
Discussion: Our hypotheses that DTI measures are signifi-
cantly correlated with the performance on the RCFT were
supported. Specifically, our finding that there were significant
differences in MRI-positive and MRI-negative groups indi-
cates that there is less likely to be axonal damage in those
without other MRI findings. Thus, the MRI-positive group is
of interest. DTI measures that correlate with both RCFT Score
and Time (regardless of group) may be showing areas that are
generally used in construction tasks, such as the corpus cal-
losum (front and posterior), cingulum (left and right), and
inferior fronto-occipital fasciculus (left). This finding lends
additional support to the literature regarding the neural path-
ways associated with construction and spatial orientation.

0185 Executive function in relation to subjective and
objective outcomes after TBI

Tracy Mburua, John Dsurneya, and Leighton Chana,b

aNIH-Center for Neuroscience and Regenerative Medicine,
Bethesda, MD, USA; bNational Institutes of Health-Clinical
Center, Bethesda, MD, USA

ABSTRACT
Introduction: Strength in Executive Function (EF) can serve as
a protective and adaptive factor for outcomes in Traumatic
Brain Injury (TBI). Outcomes are measured in various ways,
including subjective experience and objective health-related
functional outcomes and symptoms. The goal of this study
is to investigate if specific aspects of Executive Functioning
are most closely related to different types of outcome mea-
sures. We hypothesize that more problem-solving and cogni-
tive flexibility (applied) measures of executive functioning will
correlate more strongly with objective outcome measures,
while more abstract reasoning (abstract) measures of execu-
tive functioning will correlate more strongly with measures of
subjective experience.
Participants: Participants included 61 adults selected from a
larger natural history study of TBI 1 year post injury.
Participants had sustained mild, moderate and severe TBI.
Measures: Abstract EF included Wechsler Adult Intelligence
Scale-IV (WAIS-IV) Similarities (SI) and Matrix Reasoning
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(MR) subtests. Applied EF included Booklet Category Test
(BCT) and Trail Making Test-B (TMT-B). Health-related out-
come measures were: subjective, Satisfaction with Life Scale
(SWLS) and the 36-Item Short Form Health Survey (SF-36)-
Mental and Physical Component Summary, while objective
measures included the Extended Glasgow Outcome Scale
(GOS-E), Headache Frequency and Neurobehavioral
Symptom Inventory (NSI).
Analysis: Spearman-Brown Correlation was used to explore
the relationships between EF measures and outcome
measures.
Results: Mean age of the subjects was 47.99 (SD = 17.68) and
mean education was 15.62 years (SD = 2.67). As hypothesized,
one applied EF measure was highly correlated with objective
outcome measures. However, abstract EF measures were also
correlated with one objective outcome and were not corre-
lated with subjective outcomes. Correlations were: BCT—
GOS-E (.321), BCT—NSI (-.290); WAIS-IV-SI—GOS-E
(.305), WAIS-IV-MR-GOS (.390).
Discussion: The results support a strong correlation between
objective outcomes and applied EF. Results also reveal a
strong relationship between one objective outcome and
abstract EF. Notably, while no subjective outcome measures
were correlated with any EF measure, both were significantly
correlated with two objective outcome measures. GOS-E was
the only outcome measure (whether objective or subjective) to
reflect both abstract and applied EF.
Self-assessment of subjective experience after TBI does not
appear to be influenced by either problem-solving/cognitive
flexibility or abstract reasoning. Additionally, objective assess-
ments based solely on symptom reporting are limited in their
ability to reflect Applied EF. GOS-E, which allows health
professionals to assign an objective outcome categorization
based on a patient interview targeting a variety of functional
domains, and was the outcome measure most correlated with
both abstract and applied Executive Function. Individuals’
ability to meaningfully contribute to the GOS-E process
alone, however, does not appear to translate into their ability
to independently measure and report functional outcomes,
regardless of their strength in executive function.

0186 Trajectory of anxiety, depression and
neurobehavioral symptoms in the first three years
following traumatic brain injury

Catherine Bradleya, Grace Kima, Brian Mooreb, John
Dsurneyb, and Leighton Chana,b

aNational Institutes of Health-Clinical Center, Bethesda, MD,
USA; bNIH-Center for Neuroscience and Regenerative
Medicine, Bethesda, MD, USA

ABSTRACT
Introduction: Anxiety and depression are common psychiatric
comorbidities after traumatic brain injury (TBI), with preva-
lence rates ranging between 13–70% and 18.5–61%, respec-
tively. Increased depression and anxiety have been linked to a
prolonged recovery including longer lasting neurobehavioral
symptoms. However, there is disagreement as to how these
symptoms evolve over time. The present study aims to

examine how anxiety and depression symptomatology change
over the first 3 years post injury as well as how they correlate
with scores on the Neurobehavioral Symptom Inventory
(NSI) at each measured time point. We hypothesized that
anxiety and depression symptoms would decrease signifi-
cantly over the 3-year period and that they would correlate
positively with changes in NSI scores at each time point.
Methods: Participants were involved in a natural history study
of TBI. Individuals who completed initial visits within 30–180
days after a TBI and follow-up visits at the 1- and 3-year time
points were included.
Measures: Participants completed the Brief Symptom
Inventory 18 (BSI-18) and the NSI at all time points.
Analysis: Repeated-measures analyses of variance (ANOVAs)
were used to determine longitudinal changes in NSI scores
and the anxiety and depression portions of the BSI-18.
Pearson correlations were used to correlate the total NSI
scores and the anxiety and depression portions of the BSI-
18. The affective portion of the NSI was not included in the
total NSI score to prevent artificial inflation of the
correlations.
Results: Twenty-four individuals (14 males), aged 44.8 ± 17.7
years with 16.0 ± 2.4 years of education, participated.
Repeated-measures ANOVAs revealed a significant decrease
in anxiety from the initial visit to the 3-year time point (p =
.038), as well as a significant decrease in the total NSI score
over the same time frame (p = .009). There were no signifi-
cant changes in depression scores over time. Pearson corre-
lations revealed significant positive correlations between the
NSI and the BSI-18 anxiety score at all three time points
(initial: p = .0003; year 1: p < .0001; year 3: p = .0009).
However, only the year 1 and year 3 depression scores
were significantly correlated with total NSI scores (year 1:
p = .001; year 3: p < .0001).
Discussion: In agreement with our hypotheses, anxiety and
neurobehavioral symptoms appear to correlate positively
with each other as well as decline over time. Depressive
symptoms, however, appear to remain unchanged over time
and correlate with neurobehavioral symptoms to a lesser
extent than anxiety. These findings corroborate previous
research findings, indicating that TBI patients with higher
levels of anxiety have more enduring neurobehavioral symp-
toms. Additionally, these findings suggest that anxiety symp-
toms may be more likely to emerge in soon after injury which
is important when evaluating and providing care for TBI
patients in the first month after their injury.

0187 Cognitive complaints two years after traumatic
brain injury in adults: Preliminary data from a
longitudinal cohort study

Simon Beaulieu-Bonneau and Marie-Christine Ouellet

Centre interdisciplinaire de recherche en réadaptation et
intégration sociale, Québec, QC, Canada; École de psycholo-
gie, Université Laval, Québec, QC, Canada

ABSTRACT
Objectives: The objectives of this study were to describe the
severity and nature of self-reported cognitive problems 2 years
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after traumatic brain injury (TBI), according to injury severity,
and to explore correlates of significant cognitive complaints.
Methods: This project is derived from a larger longitudinal cohort
study on mental health after TBI. Participants were aged 18–65
years, had sustained a TBI, and were admitted to a Level I trauma
centre in Québec or Montréal, QC, Canada. The sample included
132 participants who completed the 2-year post-TBI assessment
(mean age = 42.3 ± 14.3 years; 31.1% women; 58.5% mild, 20.8%
moderate, 20.8% severe TBI). Themain outcomemeasure was the
Medical Outcomes Study Cognitive Functioning Scale (MOS-
COG), a self-reported questionnaire including six items docu-
menting the frequency of difficulties with reasoning, concentra-
tion, confusion, forgetfulness, sustained attention, and reacting
slowly. Individual items and the total score are transformed into a
0–100 scale, higher scores suggesting better cognitive functioning.
Significant cognitive complaints were defined as reporting cogni-
tive difficulties most or all of the time (MOS-COG total score <
40). Potential correlates of significant cognitive complaints were
injury severity, age, sex, education, work status, and a diagnosis of
major depression, anxiety disorder, and substance use disorder
(assessed with the Structured Clinical Interview for DSM-IV
disorders).
Results: There was no significant difference between injury sever-
ity subgroups on theMOS-COG total score, although participants
with severe TBI reported poorer cognitive functioning (M = 54.0)
compared to those with mild (64.3) or moderate (68.2) TBI (p =
.094). These mean scores are 0.9–1.7 standard deviation below
normative data from the MOS sample (Stewart et al., 1992; M =
82.4 ± 16.5). Forgetfulness was the most frequent cognitive pro-
blem in all three subgroups, while the least frequent problem was
reasoning for participants withmild and severe TBI, and sustained
attention for those with moderate TBI (conversely, this was the
second most frequent problem in the severe TBI subgroup).
Individuals with severe TBI weremore likely to present significant
cognitive difficulties (MOS-COG < 40) compared to other injury
severity subgroups (mild, 10.5%; moderate, 11.1%; severe, 29.6%;
p = .046). Results of a logistic regression revealed that the model
accounted for 37% of the variance, and two variables were sig-
nificantly associated with the presence of significant cognitive
complaints: the presence of an anxiety disorder (p = .003) and
work status (i.e., not working).
Conclusions: These data suggest that 2 years after their injury,
adults with TBI report poorer cognitive functioning compared
to the general population, even for those who sustained a mild
TBI. Research efforts should be directed towards long-term,
post-rehabilitation initiatives, such as objective measurement
of cognition, documentation of functional limitations asso-
ciated with cognitive problems, and development of accessible
and adapted cognitive rehabilitation strategies.

0188 Training workplace social skills after traumatic
brain injury using work-related communication
training for employment readiness (WoRCTER),
a computerized role-play programme

Peter Meulenbroeka and Cherney L Rb

aUniversity of Kentucky, Lexington, KY, USA; bNorthwestern
University, Chicago, IL, USA

ABSTRACT
Objectives: People with traumatic brain injury (TBI) have
difficulty modifying spoken word choices across social con-
texts. Politeness Markers (PMs) are word choices (e.g. would/
could, possibly, and maybe) that soften the force of speech
and are important to professional communication by indicat-
ing a cooperative tone [1]. People with TBI under-use PMs in
discourse, and this may affect work outcomes [2,3]. We
examined the efficacy of a new web-based social/professional
communication training programme (WoRCTER) that targets
PM use in individuals with severe TBI.
Participants: Eight participants with severe TBI completed
training. Mean time post-onset (years)= 16.6(10.0). Mean
age (years)= 37.5(10.6). Mean education (years)= 14.1(1.2); 4
males; 3 Caucasians, 3 African Americans, 2 Hispanics.
Procedure: WoRCTER is based on sociolinguistic theory of
workplace talk [1,4]. It has four computerized training mod-
ules, each lasting 1.5–2 hours, administered on 4 consecutive
days. Each module trains PM use for professional commu-
nication in one of four communication conditions (inform-
ing, requesting, advising and clarifying). WoRCTER software
training includes verbal behaviour modelling, audio/visual
feedback, and new skill rehearsal in work-related role-play
scenarios. Participant performance during novel role-plays
was recorded three times at baseline and three times post
treatment. WoRCTER software automatically transcribed the
role-play audio. The number of trained and untrained PMs
served as the dependent variables.
Analysis: We visually analysed graphic displays and assessed
the magnitude of change between pre-treatment and post-
treatment by calculating a modified d statistic individually
and averaged across participants for group statistics. [5]
Results: Six/eight participants increased total PM use (average
modified d = 4.45). Five/eight participants increased trained
PM use (average modified d = 5.38). Six/eight participants
increased untrained PM use (average modified d = 1.13).
Conclusion: Computerized role-play training increased PM
use in workplace role-plays in participants with severe TBI.
Generalization to untrained PM use was observed in six
participants.
Discussion: Role-play audio recordings together with graphic
displays of the data will be presented for each participant with
discussion of responders versus non-responders. Feasibility
and importance of targeting PM training in individuals with
TBI to improve workplace communication skills will be dis-
cussed, and future research and clinical directions will be
addressed.
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cEpworth HealthCare, Richmond, Australia

ABSTRACT
Background: Post-traumatic amnesia (PTA) is a phase of
recovery from traumatic brain injury characterized by confu-
sion, agitation and anterograde amnesia. The extent to which
patients can benefit from active non-physical therapy during
PTA has not been established. In a randomized controlled
trial, we evaluated the efficacy of activities of daily living
(ADL) retraining during PTA.
Objective: This paper will examine attainment of specific
activities of daily living (ADL) goals using Goal Attainment
Scaling (GAS) by patients receiving ADL retraining dur-
ing PTA.
Method: The treatment group included 39 patients with PTA
> 7 days. ADL retraining during PTA was guided by a therapy
manual following errorless learning principles and targeted
personal care (bathing, grooming, dressing and self-feeding)
and basic meal preparation. After completing functional
assessments, Occupational Therapists developed individua-
lized goals using the GAS framework with a 5-point outcome
scale (from −2 to +2). Goals were scored at PTA emergence as
below expectation (−2, −1), at expectation (0) or above expec-
tation (+1, +2).
Results: Thirty-four participants had GAS completed, with 5
participants (12.82%) deemed independent in all functional
domains within the retraining programme following assessment.
Eighty-nine goals were set for the 34 participants with an average
of 2.62 goals per participant. Of the 89 goals, GAS outcomes
scored at PTA emergence were 6 below expectation (6.74%), 14
at expectation (15.73%), and 69 above expectation (77.53%).
GAS outcomes were relatively consistent across the various
domains of intervention. Sixty-eight personal care goals were
developed with outcomes of 6 below (8.82%), 8 at (11.76%) and
54 above (79.41%) expectation. Within personal care, 23 parti-
cipants had bathing goals; 3 performed below (13.04%), 1 at
(4.35%) and 19 above (82.61%) expectation. Eight participants
had grooming goals; 2 performed at (25.00%) and 6 above
(75.00%) expectation. Twenty-eight dressing goals were set in
total, with outcomes of 2 below (7.14%), 3 at (10.71%) and 23
above (82.14%) expectation. Within dressing, ten participants
had upper body dressing goals; 1 performed below (10.00%), 1 at
(10.00%) and 8 above (80.00%) expectation. Twelve participants

had lower body dressing goals; 1 performed below (8.33%), 1 at
(8.33%) and 10 above (83.33%) expectation. Six participants had
full-dressing goals (combined upper and lower body); 1 per-
formed at (16.67%) and 5 above (83.33%) expectation. Six parti-
cipants had self-feeding goals; 1 performed below (11.11%), 2 at
(22.22%) and 6 above (66.67%) expectation. Beyond personal
care, 17 participants had basic meal preparation goals; 4 per-
formed at (23.53%), and 13 above (76.47%) expectation. Finally,
4 participants had goals extending beyond an achieved goal
where further independence could be reached. Of these, 2 per-
formed at expectation and 2 above.
Conclusion: Results demonstrate that individuals in PTA have
potential to make substantial gains in response to ADL
retraining across domains of personal care and basic meal
preparation.

0192 Efficacy of activities of daily living retraining
during post-traumatic amnesia

Jessica Trevena-Petersa,b, Adam McKaya,b,c, Gershon Spitza,b,
Rachel Sudac, and Jennie Ponsforda,b,c

aMonash University, Clayton, Australia; bMonash Epworth
Rehabilitation Research Centre, Richmond, Australia;
cEpworth HealthCare, Richmond, Australia

ABSTRACT
Background: Post-traumatic amnesia (PTA) is a transient state
after traumatic brain injury (TBI) characterized by disorienta-
tion and anterograde amnesia. In many settings, patients in
PTA do not receive active non-physical therapy due to risk of
agitation and uncertain effectiveness due to amnesia. This
approach, however, lacks evidence and ignores that amnesic
patients may still benefit from some therapies (e.g., via impli-
cit learning). To date, there has been limited evaluation of the
effectiveness of therapies, such as retraining of activities of
daily living (ADLs), during PTA.
Objective: To assess the efficacy of ADL retraining during
PTA, as compared with ADL retraining commencing after
emergence from PTA.
Method: A randomized controlled design was used.
Participants with severe TBI, admitted to rehabilitation and
remaining in PTA for > 7 days, able to follow commands,
medically stable, and independent in personal ADL premor-
bidly, were randomized to receive either ADL retraining with
treatment as usual (TAU) or TAU alone (daily physiotherapy,
speech therapy for swallowing and communication) during
PTA. An independent assessor completed Functional
Independence Measure (FIM) assessments at admission to
inpatient rehabilitation, PTA emergence, discharge, and 2-
month follow-up. Secondary outcome measures included
PTA duration, length of rehabilitation inpatient stay,
Agitated Behaviour Scale scores and Community Integration
Questionnaire (CIQ) scores at 2-month follow-up. The 92
participants recruited to TAU or treatment (Tr) groups did
not differ significantly in age (TAU M = 39.82, Tr M = 45.63),
years of education (TAU M = 11.20, Tr M = 11.64), GCS
(TAU M = 8.17, Tr M = 8.12), days post injury to admission
(TAU M = 16.73, Tr M = 16.84), sex (TAU 77.55% male, Tr
76.74% male) or injury cause.
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The therapy manual was developed to guide treatment based
on errorless and procedural learning principles. Occupational
Therapists completed initial functional assessments to develop
individualized therapy goals. Treatment patients received up
to 1-hour daily of ADL retraining. TAU participants did not
receive ADL retraining while in PTA. Both groups received
Occupational Therapy as usual following PTA emergence.
Results: On the primary outcome measure, FIM total, random
effects regressions revealed a significant interaction of group
and time (p < 0.01). The treatment group had greater
improvement than TAU in FIM total change scores from
baseline to PTA emergence, which was maintained at hospital
discharge, although not at 2-month follow-up. Agitation did
not differ between the groups during PTA. PTA duration and
length of inpatient stay were not significantly different
between groups although the TAU group showed a trend
towards longer length of stay (M = 78.59, SD = 93.39) than
treatment condition (M = 63.12, SD = 42.20), and longer PTA
(M = 53.14, SD = 77.18) than the treatment group (M = 44.23,
SD = 32.52). Groups did not differ on CIQ scores at fol-
low-up.
Conclusion: Results suggest that individuals in PTA can ben-
efit from skill retraining during PTA despite significant cog-
nitive and behavioural difficulties.

0193 Self-reported anger and depression in middle-
aged men: Implications for diagnosing chronic
traumatic encephalopathy

Matthew Luza,b, Douglas Terrya,b,c, Andrew Gardnerd, Ross
Zafontea,b,c,e,f, and Grant Iversonb,c,f,g

aDepartment of Physical Medicine and Rehabilitation,
Massachusetts General Hospital, Boston, MA, USA;
bDepartment of Physical Medicine and Rehabilitation,
Spaulding Rehabilitation Hospital, Boston, MA, USA; cHome
Base, A Red Sox Foundation and Massachusetts General
Hospital Program, Boston, MA, USA; dHunter New England
Local Health District Sports Concussion Program and Centre
for Stroke and Brain Injury, School of Medicine and Public
Health, University of Newcastle, Newcastle, Australia;
eDepartment of Physical Medicine and Rehabilitation,
Brigham and Women’s Hospital, Boston, MA, USA;
fDepartment of Physical Medicine and Rehabilitation,
Harvard Medical School, Boston, MA, USA; gMassGeneral
Hospital for Children Sports Concussion Program, Boston,
MA, USA

ABSTRACT
Introduction: Some former athletes and veterans with past
exposure to repetitive neurotrauma are believed to be at risk
for chronic traumatic encephalopathy (CTE). Recently, it has
been proposed that problems with anger control and depres-
sion are defining clinical features of CTE. The purpose of this
study was to examine self-reported anger problems and
depression in middle-aged men from the general population
and to relate those findings to the proposed criteria for CTE.
Methods: Participants were extracted from the normative
sample database for the National Institutes of Health
Toolbox, a battery of tests measuring cognitive, emotional,

motor and sensory functioning. A sample of 166 community-
dwelling men between the ages of 40 and 60 were included in
this study. All participants denied a history of head injury or
traumatic brain injury. Participants completed scales assessing
anger (Anger–Affect Short Form, SF), hostility (Anger–
Hostility SF, Perceived Hostility SF), aggression (Anger–
Physical Aggression Short Form), anxiety (Fear–Affect SF)
and depression (PROMIS Depression 8b SF).
Results: For the item ‘I felt angry’, 21.1% of men reported
sometimes and 4.8% reported often. When asked ‘If I am
provoked enough I may hit another person’, 11.5% endorsed
that item as true. There was a strong correlation between then
Depression and Anxiety scales (r = 0.76). There were moder-
ate correlations between Depression and Affective Anger (r =
0.55), Hostility (r = 0.52), and Perceived Hostility (r = 0.34).
Furthermore, there was a strong correlation between Anger
and Anxiety (r = 0.61). In response to the question ‘I feel
depressed’ in the last 7 days, participants were dichotomized
into a ‘depression group’ (responses: Sometimes, Often, or
Always; n = 49) and a ‘control group’ (responses: Never or
Rarely; n = 117). There was a significant difference between
the control group and the depression group in Anxiety (t =
9.05, p < .001, d = 1.51), Anger (t = 5.40, p < .001, d = 0.97)
and Hostility (t = 5.41, p < .001, d = 0.97).
Discussion: Some degree of anger and aggression are reported
by a sizeable minority of middle-aged men in the general
population. Anger and hostility are correlated with depression
and anxiety, meaning that all tend to co-occur. The comor-
bidity of affective dysregulation in men in the general popula-
tion is important to consider when conceptualizing CTE.

0194 Acquired brain injury and the bonny method
of guided imagery and music: A case study

Deborah Dee

Vancouver Coastal Health Authority, Powell River, BC,
Canada

ABSTRACT
Objective: To test the Bonny Method of Guided Imagery and
Music (GIM) with the spouse of a person living with pro-
found acquired brain injury. Recognizing that it can be diffi-
cult for a spouse to process issues, it is hypothesized that GIM
will allow the management of emotion and life changes,
specifically anxiety and grief.
Methods: Helen Bonny created a therapeutic method of pro-
cessing issues through imagery and music. Working in LSD
experiments of the 1960s, she surmised that images could be
created using relaxation and music without the drug. GIM
employs a dyad approach, with the Guide and client using
specially programmed music. There are several components of
a session, beginning with a relaxation, moving to the music
and imagery, and then processing with colour and form using
a Jungian Mandala. The client is urged to keep a journal of
insights between sessions. This case study concentrates on a
59-year-old woman whose husband suffered a stroke during
hip replacement surgery. She was then the primary caregiver.
The husbands’ symptoms were extensive with his mental state
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being psychotic and paranoid, his short-term memory non-
existent and some of his long-term memory gone.
Results: Before using this method to address her issues, she
was swimming in uncharted waters with few navigational
tools. Her imagery had many Jungian archetypes including a
warrior woman who presented her with a sword and shield,
tools to help her stay strong in the battle. She imaged a tree
growing on a rocky bluff, with her process of this image as
being able to weather a storm; that it took strong roots to keep
the tree from toppling, that their marriage had been built on
strong roots. Over the course of 10 sessions, she had many
images of being stuck in a dark place with no visible means of
escape, only to find that by thinking outside the box in the
world of the imagery, she could indeed find her way, whether
it be to squeeze through a keyhole or create an escape route in
the images. In one of her final sessions, the warrior woman
reappeared and the client gave her back the sword and shield,
realizing that she had found her inner strength and no longer
required these items. This method allowed the client to pro-
cess her grief in real time without changing her husbands’
perception of his life. He had become very intuitive to her
mood and related it to his own life, causing increased anxiety
and paranoia. She needed tools to remain neutral while caring
for him.
Conclusion: The Bonny Method of Guided Imagery and Music
can be a successful tool for a trained therapist. This method
provides alternatives to traditional talk therapy and
medication.

0195 Cerebrospinal fluid (CSF) and vibration of skull
in acoustical analysis of the human head to monitor
brain ICP

Ashkan Eslaminejada, Mohammad Hosseini Farida, Mariusz
Ziejewskia, Ghodrat Karamia, and Hesam Sarvghad
Moghaddamb

aNorth Dakota State University, Fargo, ND, USA; bHarvey
Mudd College, Claremont, CA, USA

ABSTRACT
Introduction: Non-invasive measurement of the Intracranial
Pressure (ICP) is still a challenging issue in health monitoring
and TBI. An accurate device to monitor the ICP non-inva-
sively is a necessity particularly for patients in any clinical and
transient situations.
Method: One novel non-invasive method can be based on
transcranial acoustics signal processing in which the signals
from intracranial and extracranial signals of different frequen-
cies can be captured to be correlated to the ICP. For this
reason, acoustics and vibration characteristics of intracranial
contents such as CSF, skull, etc. should be obtained and
calibrated. Additionally, the fluid structure interaction impe-
dance is a necessity in acoustics analysis.
Analysis: In this study, the effects of CSF pressure variation on
the vibration of the skull at low- and high-frequency modes
have been examined. The human skull is approximately mod-
elled as a hemispherical shell with mechanical characteristics
of skull bone. CSF is considered as an inviscid and incom-
pressible fluid since the range of in vivo CSF pressure

variation is less than 80 mm Hg (brain death). We study the
influence of CSF by pressure wave acoustic equation, which is
based on the fluid parameters such as density and sound
speed. This unsymmetrical eigenvalue problem is solved by a
finite element scheme to obtain the first 100 natural frequen-
cies. In addition, the symmetrical and unsymmetrical mode
shapes are obtained to show the skull vibration sensitivity due
to CSF static pressure.
Results: The primary results show that the increase in CSF
pressure causes small decrease in the unsymmetrical and
symmetrical vibration frequency modes. Moreover, the
modes of skull vibration sensitivity with respect to the CSF
pressure variation are calculated. The sensitivity diagram
demonstrates that the skull vibration in higher frequency
modes is more sensitive to CSF pressure variation than
lower vibration modes.

0196 Modifying the acute hospital environment to
reduce length of post-traumatic amnesia after brain
injury: A pilot randomized controlled trial

Natasha Lannina,b, Carolyn Unswortha,c, Megan Coulterb,
Russell Gruend, Julia Schmidte, and Tamara Ownsworthf

aLa Trobe University, Melbourne, Australia; bAlfred Health,
Melbourne, Australia; cCentral Queensland University,
Bundaberg, Australia; dLee Kong Chian School of Medicine,
Nanyang Technological University, Singapore; eUniversity of
British Colombia, Vancouver, BC, Canada; fMenzies Health
Institute Queensland, Griffiths University, Brisbane, Australia

ABSTRACT
Introduction: Post-traumatic amnesia (PTA) is a common
sequela after traumatic brain injury (TBI). PTA disrupts
engagement in occupation and relationship. Reorientation
programmes that aim to encourage appropriate interactions,
improve environmental orientation and increase awareness of
time are an important component of neurotrauma treatment.
Length of PTA has been strongly linked to eventual outcome
following brain injury, and therefore understanding whether a
comprehensive orientation programme increases the likeli-
hood of emergence remains an area of great interest.
However, to date, few studies have investigated the effective-
ness of reorientation.
Objective: The objective of this randomized controlled trial
was to determine the effectiveness of an environmental reor-
ientation programme on time to emergence from PTA after
TBI in an acute care hospital setting.
Method: This study used a pilot, randomized controlled trial
design with concealed allocation and intention-to-treat analy-
sis with n = 40 adults with TBI in PTA. Participants were
recruited on admission to a large, metropolitan trauma hos-
pital in Melbourne (Australia), and use of a waiver of consent
ensuring timely commencement on the study. The control
group received usual care (inconsistent verbal orientation),
and the intervention group received a standardized environ-
mental reorientation programme aimed at improving orienta-
tion to person (signage, photographs and familiar items),
place (signage and cueing) and time (calendar clock and
cueing to environment). The intervention was designed to
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include the elements of previously published orientation pro-
grammes, such as North Star project. Outcome of time to
emergence from PTA was measured on the Westmead PTA
scale, which was administered daily by an occupational thera-
pist who covered all environmental cues prior to testing.
Results: Groups were equivalent at baseline (mean age of
sample was 36 years, 80% of the sample were male), and
there were no adverse responses to the environmental orien-
tation programme recorded during the study. While differ-
ences between groups in time to emerge from PTA were not
statistically significant, the average time to emergence was
shorter for those who received the standardized environmen-
tal reorientation programme. This positive trend in favour
of the experimental group suggests that our study was
underpowered.
Conclusion: While this pilot study was underpowered, it pro-
vides promising feasibility data for a future, larger rando-
mized controlled trial. In addition, both staff and family
members indicated that the programme was clinically valu-
able. Findings, however, must be interpreted with caution.
While it seems common sense that environmental orientation
aides, such as calendars and clocks, would hasten emergence
from PTA, rigorous testing has not yet occurred.

0199 Transcranial direct current stimulation and
neural reorganization after aphasia treatment

Marieke Blom-Sminka,b, Kerstin Spielmanna,b, Carolina
Mendez Orellanac,d, Gerard Ribbersa,b, Marion Smitsc, Jenny
Crinione, and Mieke van de Sandt-Koendermana,b

aRijndam Rehabilitation, Rotterdam, Netherlands;
bDepartment of Rehabilitation Medicine, Erasmus MC,
University Medical Center, Rotterdam, Netherlands; cCarrera
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Medicina, Pontificia Universidad Católica de Chile, Santiago,
Chile; dPontificia Universidad Católica de Chile, Santiago,
Chile; eInstitute of Cognitive Neuroscience, University
College London, London, UK

ABSTRACT
Introduction: Recent studies have shown that transcranial
Direct Current Stimulation (tDCS) may enhance the effect
of aphasia treatment in people with post-stroke aphasia.
tDCS is a non-invasive brain stimulation technique that mod-
ulates cortical excitability through a weak electric current
delivered via electrodes on the scalp. It is assumed that anodal
tDCS over language-related brain regions in the left hemi-
sphere (LH) enhances aphasia recovery by facilitating recruit-
ment of perilesional LH structures. This study aims to
investigate the effect of LH anodal tDCS on the neural reor-
ganization of language in the context of aphasia treatment.
Methods: We performed a neuroimaging study nested within
a randomized controlled trial investigating the effect of tDCS
on language functioning in aphasic patients in the subacute
stage of stroke. Participants in the main study (n = 58)
received 2 separate weeks of daily sessions of word-finding
therapy, combined with either anodal tDCS (1 mA for 20
minutes) or sham tDCS over Broca’s area, a LH area crucially
related to language recovery. All participants’ language

abilities were assessed before and after the intervention.
Those who were eligible and consented to magnetic resonance
imaging (MRI) examinations were also scanned directly
before and after the intervention period.
• Structural MRI data were obtained during the pre-treatment
scanning session.

These data will be used to determine lesion location and
volume, and to check whether the tDCS target Broca’s area
was anatomically intact.
• Functional MRI (fMRI) data were obtained pre- and post-
treatment sessions using an auditory comprehension task
and a naming task (post-treatment only).

These task-related activation data will be used to identify the
contribution of the left perilesional and right contralesional
cortices during auditory comprehension, pre- and post-inter-
vention, and naming function, post-treatment. Lateralization
indices (LIs) will be calculated and used to relate functional
MRI changes to functional language outcome measures
(word-finding/Boston Naming Test; functional verbal com-
munication/Amsterdam-Nijmegen Everyday Language Test;
spontaneous speech/Aphasia Severity Rating Scale). LIs will
be compared for patients receiving anodal tDCS versus
patients receiving sham, both pre- and post-treatment, to
establish whether anodal tDCS enhances recruitment of peri-
lesional LH structures.
Results: Thirteen participants took part in our neuroimaging
study, with 6 and 7 participants per tDCS treatment group.
The analysis is ongoing and is still blinded. Results will be
available in March 2017.
Discussion: The results of this study will improve our under-
standing of the roles of the left and right hemisphere language
reorganization in the early stage post stroke and will contri-
bute to the ongoing investigation of tDCS as adjunct to
rehabilitation facilitating brain plasticity.

0200 Glycomic and neuroproteomic alterations in
experimental TBI: Comparative analysis of aspirin
and clopidogrel treatment

Hadi Abou El Hassana, Hussein Abou Abbassa,b, Hisham
Bahmada,b, Rui Zhuc, Shiyue Zhouc, Xue Dongc, Eva
Hamaded, Samir Atweha, Hala Darwisha, Kazem Zibarad,
Yehia Mechrefc, and Firas Kobeissya

aAmerican University of Beirut, Beirut, Lebanon; bBeirut Arab
University, Beirut, Lebanon; cTexas Tech University,
Lubbock, TX, USA; dLebanese University, Beirut, Lebanon

ABSTRACT
Introduction: The number of patients sustaining traumatic
brain injury (TBI) and concomitantly receiving pre-injury
antiplatelet therapy such as Aspirin (ASA) and Clopidogrel
(CLOP) is on the rise as the population ages. These drugs
have been linked with unfavourable clinical outcomes follow-
ing TBI, where the exact mechanisms involved are still
unknown.
Aim: In this novel work, we aim to identify and compare the
altered proteome profile imposed by ASA and CLOP when
administered alone or in combination, prior to experimental
TBI. Furthermore, we assessed differential glycosylation post-
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translational modification (PTM) patterns following experi-
mental controlled cortical impact (CCI) model of TBI, ASA,
CLOP and ASA + CLOP. Ipsilateral cortical brain tissues were
harvested 48 hours post injury and were analysed using an
advanced neuroproteomics Liquid Chromatography-Tandem
Mass Spectrometry (LC-MS/MS) platform to assess proteomic
and glycoproteins alterations. Of interest, differential proteins
pertaining to each group (22 in TBI, 41 in TBI + ASA, 44 in
TBI + CLOP and 34 in TBI + ASA + CLOP) were revealed.
Advanced bioinformatics, systems biology and clustering ana-
lyses were performed to evaluate biological networks and
protein interaction maps illustrating molecular pathways
involved in the experimental conditions.
Results: Results have indicated that proteins involved in neu-
roprotective cellular pathways were upregulated in the ASA
and CLOP groups when given separately. However, ASA
+CLOP administration revealed enrichment in biological
pathways relevant to inflammation and pro-injury mechan-
isms. Moreover, results showed differential upregulation of
glycoproteins levels in the sialylated N-glycans PTMs, which
can be implicated in pathological changes. Omics data
obtained have provided molecular insights of the underlying
mechanisms that can be translated into the clinical bedside
setting.

0201 Evaluation of vestibular dysfunction using the
virtual reality and eye tracking technologies

Guzel Aziatskaya, Maria Kovyazina, Artem Kovalev, Oxana
Klimova, and Galina Menshikova

Lomonosov Moscow State University, Moscow, Russian
Federation

ABSTRACT
Objective: The objective of this study was to develop the
method of assessing the vestibular dysfunctions using the
virtual reality and eye tracking technologies. The method
would be very useful to identify and assess evidence on
rehabilitation in patients with traumatic brain injury.
Study Design: To achieve this goal, the vestibular dysfunctions
were initiated in healthy participants during the perception of
visually induced self-motion illusion (called ‘vection’). The
vection illusion was evoked by the virtual environment rota-
tion in the CAVE virtual reality system. To evaluate the
vestibular dysfunctions, eye movements were recorded during
the self-motion perception.
Patients and Methods: To test the method, forty-four healthy
participants took part in the experiment. Two groups were
formed: the control group (23 participants) that had signifi-
cant experience in resisting the vection illusion, and the
experimental group (21 participants) with reduced ability to
resist the illusion. A circular vection illusion was formed
arising under the global rotation of optic flow in virtual
environment. The quantitative evaluation of vestibular dys-
function was based on eye movement characteristics, which
were registered during the vection illusion perception.
Simulator Sickness Questionnaire (SSQ) was used as a stan-
dard subjective measure of vection strength and negative
symptoms (nausea, vomiting) level.

Results: Results showed that there were significant differences
in eye movement characteristics and SSQ scores for partici-
pants of control and experimental groups. Participants of the
control group showed the most active eye movements—
higher blink and fixation frequencies and lower fixation dura-
tions and saccade amplitudes. They also showed the lowest
SSQ scores. Other participants showed significantly lower
blink and fixation frequencies and higher fixation durations
and saccade amplitudes. However, their SSQ scores were
higher compared to the control group’s results. The positive
correlation between SSQ scores and eye movement character-
istics was revealed. Thus, eye movement data were consistent
with subjective measure of the vection illusion strength.
Conclusions: Testing vestibular function can be effectively
performed using virtual reality systems, which enable to initi-
ate different types of vestibular disturbances and to evaluate
their strength in real-time mode. Our method based on eye
movement characteristics revealed the ability to motion sick-
ness resistance during vection illusion perception. So, it may
be successfully applied in diagnostics of vestibular distur-
bances during rehabilitation for patients with traumatic
brain injury.
Funding: This study is supported by the Program of
Development of Lomonosov MSU and the Russian
Foundation for Basic Research, project nos. 16-06-00312

0202 Characterization of concussion in youth aged
5–18 from 2014 national electronic injury
surveillance system data

Ann Guernona,b

aNorthern Illinois University, DeKalb, IL, USA; bMarianjoy
Rehabilitation Hospital, Wheaton, IL, USA

ABSTRACT
Background: Sport-related concussion in school-aged youth is
a growing public health concern. 400 000 concussions
occurred in High School athletics during the 2008–2009
school year and between 2006 and 2012 emergency depart-
ment visits for sport-related traumatic brain injury increased
by 140% in males aged 10–14 (Bakhos, Lockhart, & Meyers,
2010; Coronado et al., 2015). Legislation and educational
initiatives are increasingly targeting youth sports.
Objective: Characterize the nature of concussion occurring in
youth aged 5–18 according to age, gender, nature, location
and season of injury.
Method: Retrospective analysis of 2014 National Electronic
Injury Surveillance System (NEISS) data. Categorical ages
related to grade levels were utilized (ages 5–8 = early elemen-
tary, 9–11 = late elementary, 12–14 = middle school and
15–18 = high school).
Results: The sample of 5235 children aged 5–18 was predomi-
nantly male (65.8%) with a mean age of 12.5. Pearson chi-square
results were significant for differences between categorical age
groups and gender, nature, location, and season of injury (p =
.000 for all four comparisons). Distribution of concussion
between age group and nature of injury showed sport-related
injuries to be most common in late elementary (ages 9–11),
middle school (ages 12–14) and high school (15–18). Most
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common season of injury related to concussion was fall for all
age groups except early elementary (ages 5–8). Distribution of
age and gender revealed a higher number of male concussion in
the late elementary age group (72.5%) with the highest number
of female concussion occurring in the high-school age
group (39.1%).
Conclusion: Results indicate a considerable occurrence of
sport-related concussion in late elementary, middle-school-
and high-school-aged youth. Results warrant increased
attention to the study of concussion in younger age groups,
specifically late elementary and middle school. Fall may be a
key season to target educational interventions around preven-
tion and management of sport-related concussion.

0203 Employment stability in veterans with TBI: A
VA TBIMS study

Christina Dillahunt-Aspillagaa,b, Bridget Cotnerb,c, Marc A.
Silvab,d,e,f, Adam Hasking, Mary Jo Pughh, Xinyu Tangi,
Marie Saylorsi, and Risa Nakase-Richardsonb,d,e,j
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ABSTRACT
Objectives: Traumatic brain injury (TBI) is linked with
chronic health conditions and disability in civilian and mili-
tary populations. Individuals who sustain a TBI may face a
multitude of challenges such as physical, cognitive, and psy-
chosocial limitations and functional deficits. These limitations
typically result in dynamic consequences that negatively affect
one’s ability to reintegrate into their communities. [1–3]
Vocational return is a viable means to enhancing cognitive,
behavioural and physical recovery after TBI. Employment
instability after return to work (RTW) is common across
TBI populations and occurs at higher rates among Veterans
and Service members (V/SM). The objective of this study is to
examine incidence and predictors of employment stability
following RTW in V/SM with TBI.
Design: Prospective observational cohort study.
Setting: Four Department of Veterans Affairs (VA)
Polytrauma Rehabilitation Centers (PRCs).
Participants: Enrolled in the VA PRC Traumatic Brain Injury
Model Systems database within 2 years of injury who were

discharged between January 2009 and June 2015. Individuals
were > 18 and < 61 years of age. Eligible individuals com-
pleted post-injury follow-up data collected at 1 and/or 2 years
post injury with known injury severity and reported compe-
titive employment at time of injury.
Main Outcome Measures: Employment stability (competitive
employment at follow-up).
Results: The final sample included (n = 110) male (94%) V/SM
with mild (26%), moderate (22%) and severe (52%) TBI. Over
half (n = 61, 55%) were stably employed at the time the first
competitive employment data were recorded. Stably employed
individuals were single (49%), Caucasian (79%) and had
slightly better scores on the FIM (cognitive and motor) at
discharge. Based on univariate analysis, more severe injuries
and higher FIM motor scores at discharge were found to be
significantly associated with employment stability.
Comparison of follow-up data between the groups (stably
and not stably employed) indicate V/SM who are stably
employed have better scores on FIM motor, FIM cognitive,
PCL-C severity, NSI, GAD-7 and PHQ-9.
Conclusions: Members of the Armed Forces serving in
Operation Iraqi and Operation Enduring Freedom sustain
TBIs and report symptoms within the initial years following
injury. A number of unique factors affect employment stabi-
lity in V/SM with TBI. Study findings identify V/SM who are
stably employed and predictors of employment stability.

0204 Neurological outcomes in Australian-rules
footballers with a history of sports-related
concussion

Dr Sandy Shultza, Steven Mutimera, David Wrighta, Meeghan
Clougha, Daniel Costelloa, Adrian Tsangb, Stuart McDonaldc,
Joanne Fieldsa, Patricia Desmonda, Richard Frayneb, and
Terence O’Briena

aThe University of Melbourne, Parkville, Australia; bThe
University of Calgary, Calgary, AB, Canada; cLa Trobe
University, Bundoora, Australia

ABSTRACT
Introduction: Sports-related concussion is a common form of
mild traumatic brain injury, and often occurs in collision
sports. There is some evidence that persisting, cumulative
and/or long-term neurological consequences can result from
sports-related concussion. However, few studies have investi-
gated these potential effects in Australian-rules football (AFL)
—one of Australia’s most popular collision sports.
Aim: The aim of this study was to examine cognitive, psycho-
logical, ocular motor and magnetic resonance imaging (MRI)
outcomes in AFL players with a history of self-reported
sports-related concussion. Participants were 15 active male
amateur AFL players (average age = 24.3; average years of
education = 15.07) with a history of sports-related concussion
(average previous concussions = 2.2), and 14 sex-, age- and
education-matched athlete controls (average age = 23.36;
average years of education = 15.21) who had no history of
neurotrauma or participation in collision sports.
Methods: All participants completed a clinical interview, as
well as psychological, cognitive and ocular motor testing. MRI
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investigation involving structural, functional and diffusion
sequences was also completed. A significant group difference
was found on the ocular motor switch task, a measure of
cognitive flexibility, with AFL players scoring significantly
worse than the athlete control group. However, the AFL
players’ ability on this task was still within a clinically normal
range, and there was no correlation between the number of
previous concussions and performance. In the Hayling test, a
measure of executive function, the AFL players performed
significantly better than the controls, with both groups per-
forming within a clinically normal range. There were no other
significant group differences or clinically significant abnorm-
alities on any of the other measures.
Results: The results from this preliminary study suggest that
young-adult AFL players with a history of sports-related con-
cussion had no clinically significant deficits on MRI, neurop-
sychological and ocular motor measures, and did not differ
from sex-, age- and education-matched athlete controls with
no history of neurotrauma or participation in collision sports
on all but two of the measures.

0206 Brainstem auditory evoked potentials (BAEP)
as diagnostic and prognostic neurophysiological
markers in patients with brain concussion

Diana Tsakovaa, Krasimir Genova, Alexander Shmarovb, and
Lutchezar Traykovb

aMilitary Medical Academy, Sofia, Bulgaria; bMedical
University, Sofia, Bulgaria

ABSTRACT
Introduction: Traumatic brain injuries (TBI) are public health
problem of great importance. About 80% of them are mild
TBI (MTBI). The standard approach in patients with concus-
sion includes neurological/neurosurgical examination and
imaging [computed tomography (CT)/magnetic resonance
imaging (MRI)]. Despite normal results from these examina-
tions, complaints of the patients persist and disturb their
efficiency and quality of life for different long time periods
—in 34% among patients it is established temporary disability
up to 3 months and in nearly 9% of patients—up to 1 year
after the trauma. The aims of this study are to investigate
changes of BAEP in patients with brain concussion as diag-
nostic and prognostic neurophysiological markers and to esti-
mate their role in monitoring and tracking the dynamics of
pathological process and the effect of the applied treatment.
Method: Thirty-four patients aged in the range of 18–50, with
brain concussion (road, work accidents, domestic and sports
injuries), were included in the study. The control group
includes 35 subjects. In all 34 patients, CT/MRI was con-
ducted to exclude those with more severe TBI. All patients
were conducted BAEP in the first month after injury. In 13
patients, a BAEP follow-up was carried out on the third and
sixth month after the trauma, one patient—1 year, one patient
—2 years after the injury.
Results: The abnormal rate of BAEP in the brainstem pathway
for patients with concussion was 82.35%, indicating dysfunc-
tion of the brainstem in those patients. There was a

statistically significant difference between the abnormal rate
of patients and that of healthy persons.
In the first month after the trauma, 28 patients (82.35%) had
abnormalities: delayed peak latencies, abnormal prolongation
of I-III, III-V, I-V inter-peak intervals, interaural differences,
low amplitude or absence of main BAEP waves. 17 of them
had more than one type of abnormalities. Six patients
(17.65%) had normal BAEP. In control BAEP, in 12 patients,
the abnormalities persist.
Conclusions: 1. BAEP can be applied as a diagnostic method in
patients with concussion for objectifying some functional
disturbances in patients with normal CT/MRI.
2. Conducting control BAEP (3 and 6 months) has an impor-
tant role in monitoring the dynamics of pathological process.
3. Persistent abnormalities in BAEP can be used as diagnostic
and prognostic neurophysiological markers for establishment
of incomplete recovery—for temporary disabilities and legal
claims for compensation (road, work accidents and sports
injuries).
4. In patients with MTBI with normal CT/MRI, it is recom-
mended to expand the diagnostic algorithm with BAEP as
objective, sensitive, reproducible and highly informative indi-
cator of brainstem disturbances.

0208 The psychiatric implications of traumatic brain
injuries: A seminar series to improve graduate
education

Ruxandra Colibasanua,b, Alexandra Panicuccia,c, Danielle
Toccalinoa, Sahil Guptaa,c, John Marshalla,c, and Shree
Bhaleraoa,c

aUniversity of Toronto, Toronto, ON, Canada; bSunnybrook
Health Sciences Centere, Toronto, ON, Canada; cSt. Michael’s
Hospital, Toronto, ON, Canada

ABSTRACT
Introduction: The psychiatric implications of traumatic brain
injury (TBI) are a significant, yet understudied, field in the
areas of psychiatry and neuroscience. The public and many
health care professionals are unaware that the risk for psy-
chiatric disorders can double following a TBI. Most univer-
sities, including medical schools, do not have programmes to
educate students on this important subject. This highlights a
large gap in learning for graduate students involved in clinical
practice or research in the field.
Methods: To address this disparity, a team including a psy-
chiatrist, psychiatry resident and a neuroscientist presented a
seminar series on the psychiatric implications following TBI
at the University of Toronto. The course consisted of six 2-
hour sessions. The sessions examined the six most prevalent
psychiatric issues associated with TBI: depression, anxiety,
addiction, agitation, aggression and associated stigma. Each
session explored diagnoses, associated neuroscience and biop-
sychosocial management through didactic, interactive, multi-
media elements and group activities. Learners were provided
with relevant articles before each lecture and were expected to
discuss this material at each session. Multiple expert guest
lecturers were invited to present non-pharmacological
approaches to treatment, such as Cognitive Behavioural
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Therapy, Mindfulness, motivational interviewing, to increase
student engagement and to facilitate a focus group discussion.
Additionally, the sessions were centred on a patient case study
to enhance the students’ learning and conceptual understand-
ing of the sequelae of TBI.
Results: The course heavily relied on continuous student feed-
back and evaluation to improve future presentations of this
seminar series. After each session, the students evaluated the
presenters, the course materials and the guest speaker. A test
was administered before and after the seminar to measure the
students’ learning. Our data suggest this course was helpful in
enriching the students’ understanding and interest in the field.
Students reported that the course improved their understand-
ing of psychiatry, neuroscience and TBI clinical case studies.
Students were encouraged to be critical of the content and
how the information was presented to promote growth of the
seminar by identifying gaps in knowledge and meeting the
needs of the varied audience. The students also provided their
recommendations on topics and materials they suggested be
added to the course curriculum. Based on the feedback, future
directions for the next series include simplified descriptions
of medical concepts and more in-depth neurological
mechanisms.
Conclusion: This seminar series introduces information not
widely presented in graduate education for clinicians and
non-clinicians alike. It serves as a catalyst for future research
in public education and awareness in this field and increases
enthusiasm and vigour to an under-serviced medical and
psychiatric condition.

0209 Virtual reality efficacy during zero gravity arm
training in post-stroke patients

Guzel Aziatskayaa, Maria Kovyazinaa, Anastasia
Khizhnikovab, Anton Klochkovb, Ludmila Chernikovab,
Natalia Suponevab, and Natalia Varakoa

aLomonosov Moscow State University, Moscow, Russian
Federation; bFederal Budgetary State Institution “Research
Center of Neurology”, Moscow, Russian Federation

ABSTRACT
Background: Successful upper limb rehabilitation after stroke
occurs only in 20% of cases. It is known post stroke paresis
leads to physiological movement pattern become impossible
or poor energy-efficient, resulting in formation of abnormal
muscle synergies. The successful recovery of movements
requires task-oriented training provided in close to real envir-
onment, active patient’s participation, interactive feedback,
allowing the patient to control the correct execution of
motor tasks and adapt their own efforts to correct pathologi-
cal synergies in hand.
Materials and Methods: 24 patients who met the inclusion
criteria (12 males and 12 females) were included. The median
age was 52 years (38; 61), with a median of 9.5 months before
stroke (3; 23). Patients were randomized into two groups:
main group (n = 17) and the control group (n = 7). The
groups were comparable in terms of age, time elapsed after
stroke and the degree of neurological deficit (Fugl-Meyer
scale, MRCW scale, Modified Ashworth scale, ARAT scores).

Patients from the main group were trained using exoskeleton
system with arm weight unloading (Armeo Spring) and 3D
virtual reality feedback. Unloading weight was set according
to the weight of the patient’s arm, so the arms were in relaxed
position with 45° of flexion in the shoulder joint and forearm
in a horizontal position. All trainings were conducted with all
degrees of freedom in upper limb. This condition is necessary
for a learning patient to actively prevent the pathological
synergistic pattern during task-oriented training.
The control group received course of conventional kine-
siotherapy reaching and grasping trainings with use of weight
unloading technology and visual movement control. Both
groups received 10 sessions of 45-minute training.
Results: Significant changes (p < 0.05) were found in the Fugl-
Meyer scale assessments: an increase of active movements in
the arm, in the wrist and hand, the range of passive move-
ments, the deep sensitivity improvement, and total arm func-
tionality score. Significant ARAT scale improvement:
cylindrical grip, pinch grip and the total score. Also, the
main group showed significant improvement in movements
out of synergy, measured using Fugl-Meyer scale. In the
control group, statistically significant improvement was
observed only in passive movement increasing (Fugl-Meyer
scale).
Discussion: The use of combined virtual reality and weight
support method for arm motor training is a more effective
way to restore the impaired motor function in patients after
cerebrovascular accident than conventional therapy. This
approach contributes to the reorganization of the motor pat-
tern through biomechanical and visual feedback, projected
into the virtual space. The use of such techniques can signifi-
cantly intensify the rehabilitation process and improve move-
ment pattern by decreasing pathological synergies.

0210 A systematic review and best evidence
synthesis of brain biomarkers in children and youth
with mild traumatic brain injury (mTBI)

Julia Schmidta,b, Kathryn S. Haywarda,c, Katlyn E. Browna, Jill
G. Zwickera,d, Shelina Babula,d, Jennie Ponsforde, Paul van
Donkelaara, and Lara A. Boyda

aUniversity of British Columbia, Vancouver, BC, Canada; bLa
Trobe University, Melbourne, Australia; cFlorey Institute of
Neuroscience and Mental Health, Melbourne, Australia; dBC
Children’s Hospital Research Institute, Vancouver, BC,
Canada; eMonash University, Melbourne, Australia

ABSTRACT
Background: Concussion is a major public health concern,
particularly in children and youth who have a vulnerable,
developing brain. Yet, biomarkers that could index brain
injury and recovery after mild traumatic brain injury
(mTBI) in this population remain largely unexplored. The
objective of this study was to investigate candidate biomarkers
of brain recovery in children/youth with mTBI, considering
measures of symptoms, time since injury and age at injury.
Methods: Literature search of English language studies was
conducted using MEDLINE Ovid, EMBASE Ovid, CINAHL
EBSCO and PsycINFO up to 6 July 2016. Studies were
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independently screened by two authors and were included in
the review if they met the following predetermined eligibility
criteria: (1) children/youth (aged 5–18 years old); (2) diagno-
sis of mTBI, as defined by each study’s criteria; (3) assess-
ments at any time period post-mTBI; (4) any non-
pharmacological intervention or no intervention delivered.
Two authors independently appraised study quality. A best
evidence synthesis was used to summarize the data.
Results: 1421 studies were identified by the search strategy,
with 717 studies remaining after duplicates were removed. 28
studies met the eligibility criteria involving 559 participants
with an mTBI, average age of 12 years. Time post-injury
ranged from 1 day to 10 years. Eight studies included only
brain imaging data with no associated measures of cognitive
function. Nine different imaging methods were identified,
including diffusion tensor imaging (32%), functional magnetic
resonance imaging (25%), electroencephalogram (18%), mag-
netic resonance imaging (21%) and susceptibility weighted
imaging (11%). Seventy-five tests/subtests of function or
symptomology were used (e.g., cognitive tests, symptom
reporting). Best evidence synthesis did not identify any spe-
cific biomarker that had strong evidence.
Discussion: Collectively, the studies had large heterogeneity of
study type, imaging method, age of participants, time since
injury and symptoms collected. Across the modalities
included in the review, there were no biomarkers identified
that were appropriate to employ in clinical practice at this
stage. Findings from this review suggest that future research
should use common data elements across imaging methodol-
ogies and measures of function and symptomology in order to
unify the literature and facilitate gains in understanding of the
relationships between brain biomarkers and recovery from
mTBI.
PROSPERO registration: 2016: CRD42016041499

0211 Hyponatraemia in patients with moderate and
severe traumatic brain injury: Risk factors,
prevalence and short-term consequences

Justin Weppner and Heather Asthagiri

University of Virginia, Charlottesville, VA, USA

ABSTRACT
Objectives: Hyponatraemia, a common electrolyte disorder
associated with traumatic brain injuries (TBIs), has been
associated with high morbidity and mortality rates. In addi-
tion, hyponatraemia is one of the main causes of disability in
TBI patients. Mild symptoms of hyponatraemia include irrit-
ability, headaches, nausea and poor balance with severe symp-
toms that include confusion, seizures, coma and even death.
The pathophysiology of hyponatraemia in TBI is not comple-
tely understood, but in large part is explained by the syn-
drome of inappropriate secretion of antidiuretic hormone
(SIADH) and cerebral salt wasting (CSW). Despite the impor-
tance of sodium disorders in TBI, the incidence has been little
studied. The aim of this study is to identify the incidence of
and risk factors for hyponatraemia in adult persons with
moderate-to-severe TBI.

Methods: Patients who were admitted to our level one trauma
centre with moderate or severe TBI between May 2011 and
May 2016 were retrospectively reviewed. Patients admitted
with spinal cord injury and TBI were excluded as spinal
cord injury could confound the cause of hyponatraemia. The
relationships between the occurrence of hyponatraemia and
age, sex, type of injury, Glasgow Coma Scale (GCS) score,
Glasgow Outcome Scale score at discharge, whether the
patient underwent surgery, the presence of cerebral oedema,
skull fracture, and intracranial injury were analysed statisti-
cally using a χ2 test and multivariate logistic regression
analysis.
Results: Out of the 3460 subjects retrospectively reviewed for
the study (2145 males and 1315 females; age of 45 ± 13 years),
1214 (35%) suffered from hyponatraemia, which was defined
as a serum sodium level <135 mmol/L. Hyponatraemia was
associated with longer hospital stay (p < .001) and bad out-
come, which was defined as a Glasgow Outcome Scale score
of severe disability or higher on discharge (p < .05).
Multivariate analysis indicated that hyponatraemia following
TBI was not related to age (p > 0.05), sex (p > 0.05), or
surgical history (p > 0.05), but that it was related to the
intracranial haemorrhage (odds ratio = 3.11, p < 0.05), a
GCS score ≤8 (odds ratio = 4.25, p < 0.001), penetrating
head trauma (odd ratio = 5.83, p < 0.001), the presence of
cerebral oedema (odd ratio = 6.85, p < 0.001), and skull
fracture (odds ratio = 5.91, p < 0.001).
Conclusions: To increase the understanding of hyponatraemia
in persons with TBI, the present study investigated the pre-
valence and aetiology of hyponatraemia in the setting of TBI.
The prevalence of hyponatraemia following TBI was not asso-
ciated with age, sex, or whether the patient underwent sur-
gery. TBI patients with intracranial haemorrhage, GCS score
≤8, presence of cerebral oedema, penetrating head trauma and
skull fracture are particularly prone to developing hypona-
traemia. These patients require close monitoring of sodium
and prompt treatment of hyponatraemia to normalize serum
sodium levels to prevent deterioration of their condition.

0212 Competitive employment outcomes in
veterans with TBI: A VA TBIMS study

Christina Dillahunt-Aspillagaa, Marc A. Silvab,c,d,e, Tessa
Hartf, Gail Powell-Copec, Laura Dreerg, Blessen Eapenh,
Scott Barnettd, Dave Mellicki, Adam Haskinb,j, Risa Nakase-
Richardsonb,c,d,k

aDepartment of Child and Family Studies, Rehabilitation and
Mental Health Counseling Program, University of South
Florida, Tampa, FL, USA; bDefense Centers of Excellence for
Psychological Health and Traumatic Brain Injury, Defense
and Veterans Brain Injury Center, Tampa, FL, USA;
cHSR&D Center of Innovation on Disability and
Rehabilitation Research (CINDRR), James A. Haley Veterans
Hospital, Tampa, FL, USA; dMental Health and Behavioral
Sciences Service, James A. Haley Veterans Hospital, Tampa,
FL, USA; eDepartment of Psychology, University of South
Florida, Tampa, FL, USA; fMoss Rehabilitation Research
Institute, Elkins Park, PA, USA; gDepartment of Physical
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Medicine and Rehabilitation and Ophthalmology, University
of Alabama, Birmingham, AL, USA; hSouth Texas Veterans
Health Care System, Polytrauma Rehabilitation Center, San
Antonio, TX, USA; iTraumatic Brain Injury Model Systems
National Data and Statistical Center, Craig Hospital, Craig,
CO, USA; jGeneral Dynamics Health Solutions, Tampa, FL,
USA; kDepartment of Medicine, University of South Florida,
Tampa, FL, USA

ABSTRACT
Objectives: Return to work (RTW) is an important outcome
for individuals with traumatic brain injury (TBI) [1–8].
Productive activity is recognized as an important need
[9–13], and the negative health effects of unemployment
following TBI are well documented [4,7,14–16]. Research
has identified multiple demographic and injury-related vari-
ables that are associated with RTW following TBI, including
age, injury severity, level of education, premorbid employ-
ment status, substance abuse, cognitive and behavioural
impairments, minority status, and social/community support
[2,4,5,7,9,10,17–27]. Many Veterans and service members (V/
SM) are diagnosed with TBI [28], yet most studies on RTW
have been conducted within civilian samples [2,7,29]. The
objective of this study is to examine the length of time RTW
among V/SM with TBI and to identify variables predictive
of RTW.
Setting: Department of Veterans Affairs Polytrauma
Rehabilitation Centers (VA PRC).
Participants: V/SM enrolled in the VA PRC Traumatic Brain
Injury Model Systems database who were of 18–60 years of
age and admitted with the diagnosis of TBI.
Design: Prospective observational cohort study.
Main Outcome Measures: Employment status at 1 year follow-
up; time to return to work (in days) as documented during 1
year post-injury follow-up.
Results: The final sample (n = 293) included male (96%) V/SM
with severe TBI (67%). Approximately 21% of the sample
participants were employed at 1 year post injury. Younger
individuals who self-identified as non-minority returned to
work sooner. Significant associations were observed for time
to employment for cause of injury and injury severity.
Conclusions: Few V/SM with moderate-to-severe TBI returned
to work at 1-year post injury. Predictors such as younger age
at time of injury, minority status, and severity of TBI affected
time to and probability of RTW. Findings from this study
have important implications for rehabilitation planning and
service delivery across the continuum of recovery.

0213 Intensive semantic memory training: A
comparison to traditional episodic memory therapy

Elisabeth D’Angelo

California State University, Sacramento, Sacramento, CA, USA

ABSTRACT
Episodic memory deficits are long-lasting sequelae of trau-
matic brain injury (TBI). Traditional episodic memory ther-
apy approaches involve practising the recall of events, using
compensatory strategies, or both; however, these approaches

have not shown consistent results therapeutically. Although a
great deal of research has examined the relationship between
semantic and episodic memory during encoding and retrieval,
semantic training has not been systematically examined as an
intervention for episodic memory impairment. In a prelimin-
ary study of intensive semantic memory training, nine TBI
patients with documented episodic memory deficits showed
significant improvement from pre- to post-training in episo-
dic memory as well as word fluency, self-assessment of mem-
ory, and attention. These improvements were quite
promising, and provided impetus for further study of inten-
sive semantic training using a larger sample of 35 TBI
patients, minimum 1 year post injury with documented epi-
sodic memory (10 measures) deficits. Standardized pre- and
post-testing for episodic memory and related cognitive
domains was completed. To determine the effectiveness of
the approaches, subjects were randomly assigned to eight
sessions of either intensive semantic memory training or
traditional episodic memory therapy, or to a waitlist control
group. The two treatment groups showed positive change on
all of the episodic memory outcome measures, whereas the
control group demonstrated positive change on five and nega-
tive change on five of these measures. Sampling issues, testing
issues, and heterogeneity of the TBI population influenced the
outcomes; however, overall both therapy approaches showed
promise in episodic memory treatment. Future work will
focus on the use of intensive semantic memory training in
combination with traditional TBI episodic memory
rehabilitation.

0215 Feasibility study of graded exercise testing
and aerobic exercise intervention for adults with
residual concussion symptoms

Margaret Weightmana, Kyle Harvisona, David Lunda, Susan
Masemerb, and Lynnette Leutya

aCourage Kenny Rehabilitation Institute/Allina Health,
Minneapolis, MN, USA; bPenny George Institute for Health
and Healing/LiveWell Fitness Center-Allina Health,
Minneapolis, MN, USA

ABSTRACT
Objective: The empirical basis for treatment of persistent post-
concussion symptoms (PPCS) is largely derived from extra-
polated evidence on treatment of related conditions. In ath-
letes, standardized exercise testing as a means to delineate
specific PPCS subtypes, followed by a programme of con-
trolled and monitored aerobic exercise is used to treat one
proposed cause of refractory symptoms; i.e., physiologic dys-
function which ‘may include altered autonomic function and
impaired autoregulation and distribution of cerebral blood
flow’ (Leddy et al., 2013, p. 241). The goal of this study was
to evaluate the feasibility and effectiveness of graded exercise
testing and aerobic exercise treatment in 18- to 55-year-old
adults, 2–24 months post-concussion with residual symptoms.
Design: Case series using a pretest-posttest design with
description of feasibility and adherence findings.
Setting: Outpatient rehabilitation brain injury clinic (BIC).
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Participants: Adults aged 18–55, 2 months to 2 years post-
concussion seen in outpatient BIC.
Interventions: Subjects used a sports-type heart rate (HR)
monitor (Garmin Vivofit HR) and exercised at a predeter-
mined HR, below symptom threshold established by treadmill
(TT), for 20 minutes, 5–7 days/week for 12 weeks. Patient
response and adherence were monitored weekly, and HR
prescription increased 5–10 beats when tolerated to 85–90%
of age-predicted or estimated HR maximum. To evaluate
feasibility, all subjects were allowed to participate even if TT
was not symptom limited.
Main Outcome Measures: Study completion and adherence to
exercise prescription (workouts per week and limiting factors
limiting), as well as symptom self-report on Neurobehavioral
Symptom Inventory (NSI). Secondary measures included self-
report (Beck Depression, Beck Anxiety Inventory, Patient-
specific Functional Scale (PSFS)), physical performance
(Revised High Level Mobility Assessment Tool and estimated
VO2 maximum), and neurocognitive performance (Rey
Auditory Verbal Learning Test, Comprehensive Trails
Making Test, Verbal Fluency, NAB Digits forward/Digits
Backward Test, Symbol Digit Modalities Test, Wide Range
Achievement Test).
Results: 15 subjects (3 male), average age 41.1 years (range
23–55 years) enrolled with 13 of 15 participants completing
the study. Compared to subjects who completed the study, the
two who withdrew were symptom-limited on submaximal TT
by headache, had high levels of baseline anxiety and NSI
scores and reports of organizational difficulties on PSFS. For
the subjects who completed the study, exercise logs and HR
monitors showed varying adherence for mixed reasons.
Availability of gym equipment appeared to factor in subject
ability to achieve higher HR. Overall, symptom reduction
occurred, as did an improvement in fitness as measured by
estimated VO2 max for those with highest adherence.
Minimal changes were found in neurocognitive performance.
Conclusions: Graded exercise testing and a progressive, 12-
week, subsymptom threshold aerobic exercise programme in
adults with PPCS appears to be feasible, with complex factors
likely explaining differences in tolerance and adherence.

0216 Evaluating social competency in paediatric
traumatic brain injury using peers: A computerized
assessment of social skills

Simone J Hearpsa, Stephen Hearpsa, Miriam Beauchampb,
Julian Dooleya, David Darbyc, John Crawfordd, Lyn
Turkstrae, Skye McDonaldf, and Vicki Andersona

aMurdoch Childrens Research Institute, Flemington Road,
Parkville, Australia; bUniversity of Montreal, Montreal, QC,
Canada; cThe Florey Institute of Neuroscience and Mental
Health, Melbourne, Australia; dUniversity of Aberdeen,
Aberdeen, Scotland; eMcMaster University, Hamilton, ON,
Canada; fUniversity of New South Wales, Sydney, Australia

ABSTRACT
Background: Social skills are a fundamental aspect of all
human interactions. Mature social skills are necessary for
developing and sustaining rewarding relationships and are

therefore vital to quality of life across the lifespan. Social
skill deficits are hallmark outcomes after paediatric traumatic
brain injury (TBI). However, there are currently no compre-
hensive, ecologically valid assessment tools of paediatric social
competency, limiting the ability to provide tailored remedia-
tion for specific social weaknesses. The Paediatric Evaluation
of Emotions relationships and Socialization (PEERS) is a new
assessment tool designed to address these gaps in paediatric
social skills assessment. This study aimed to firstly evaluate
the feasibility of administering PEERS to children and ado-
lescents with a TBI, and secondly to assess the sensitivity of
PEERS to social skill deficits typically experienced by young
people with a TBI.
Methods: 6 children aged 4–18 years with a TBI completed a
selection of PEERS subtests along with an age appropriate
assessment of IQ between June and December 2016. Parent
report of medical and developmental history, and social beha-
viour was also collected. Age-based z-scores were derived
using data collected from typically developing controls
(TDC) in a large-scale standardization study.
Results: Both assessors and participants provided positive user
feedback regarding the administration and completion of
PEERS. Comments from assessors suggest that PEERS is
easy to administer, light-weight and portable, and engaging
for the children/adolescents. Participants report being
engaged during the assessment and enjoying the ‘game’ ele-
ment of tool. Compared to TDC, the TBI group displayed
relatively weaknesses in emotion recognition/perception and
social information processing.
Conclusions: Preliminary results support the feasibility and
sensitivity of PEERS in children and adolescents who have
experienced a TBI. Standardization of PEERS with a larger
TBI sample as well as other clinical groups where social skills
are a core symptom will strengthen the support for the
adjunctive use of PEERS in clinical evaluations. PEERS pro-
vides a promising method of detailing the social skill profile
after paediatric TBI, which will assist with tailoring individua-
lized social skills interventions.

0217 Barriers and facilitators to rehabilitation after
traumatic brain injury using interdisciplinary eHealth
strategies: A systematic review

Leanne Togher, Vivienne Tran, Merrolee Penman, Krestina
Amon, Melissa Brunner, Monique Hines, Robyn Lowe, and
Mary Lam

The University of Sydney, Lidcombe, Australia

ABSTRACT
Introduction: Individuals with severe traumatic brain injury
(TBI) require lengthy involvement with medical, nursing and
allied health to address their complex needs. These needs are
best met through a multidimensional and interdisciplinary
approach, usually provided in face-to-face rehabilitation set-
tings. However, ready access to Internet and communication
technologies (ICT) that is eHealth, has the potential to sup-
plement or replace the need for practitioners and the indivi-
dual to always be physically co-located.
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Aim: To identify and describe the existing evidence of eHealth
technology used by interdisciplinary teams in the provision of
care for people living with TBI.
Method: A systematic review was conducted with searches of
CINAHL, Embase, Medline, PsychINFO, Scopus and Web of
Science to identify studies which a) described the feasibility
and effectiveness of interdisciplinary eHealth interactions for
the care of people with a TBI and b) the barriers and facil-
itators of eHealth implementation and adoption.
Results: The search resulted in 1092 papers of which six
papers reported on interdisciplinary eHealth interventions
for people with TBI, delivered by two or more health profes-
sionals. The most commonly used intervention was videocon-
ferencing. Barriers to interdisciplinary eHealth interactions
included environmental factors such as technology issues
and clinicians’ assumptions. Organization and clinical leader-
ship was identified as a key enabler for influencing change.
Conclusions: Despite the widespread adoption of ICT, its use
for eHealth interventions has been limited for those with a
TBI and their families. Ongoing education along with support
from clinical leaders is thought to be essential for the manage-
ment of change.

0218 Predicting level of functioning one year after
moderate-to-severe traumatic brain injury: A
systematic review

Vera H. De Vriesa,b, Irene Ploega, Majanka Heijenbrok-Kala,b,
and Gerard Ribbersa,b

aRijndam Rehabilitation, Rotterdam, Netherlands; bErasmus
University Medical Center, department of Rehabilitation
Medicine, Rotterdam, Netherlands

ABSTRACT
Background: Prognostic studies on outcome after moderate-
to-severe traumatic brain injury (TBI) usually focus on survi-
val 6 months to 1 year post TBI. In clinical decision-making
and planning of allocation of limited resources a more
detailed prediction of the expected level of functioning is of
paramount importance. The aim of this study was to identify
prognostic factors for level of functioning 1 year post TBI.
Objective: To systematically review the literature for cohort
studies that investigated prognostic factors for the level of
functioning as measured with the Barthel index (BI),
Functional Independence Measure (FIM) or Glasgow
Outcome Scale-Extended (GOSE) 1 year after moderate-to-
severe traumatic brain injury (TBI).
Data Sources: Pubmed, Embase, Psychinfo and Web of
Science were searched up to march 2016.
Review Methods: Articles were selected if the study assessed
potential predictors for level of functioning measured with BI,
FIM or GOSE in adults at least 1 year after TBI.
Inclusion criteria were: persons with moderate or severe TBI
based on Glasgow Coma Scale (GCS) less than 13, post-trau-
matic amnesia duration longer than 24 hours, unconscious-
ness longer than 30 minutes and/or visible traumatic brain
injury on CT/MRI. Intervention trials, case reports and arti-
cles focusing on diagnosis were excluded, as well as articles
not written in English or Dutch. Two reviewers independently

included articles, extracted data, and assessed methodological
quality. Discrepancies were solved by consensus. Levels of
evidence (strong, moderate, limited, inconclusive) were
assigned based on quality and number of studies with con-
sistent findings.
Results: 50 articles involving a total of 22 557 patients were
included (mean age 36 years, 76% men). The independence
scales used were: GOSE in 30 studies, FIM in 23 studies,
Barthel in 2 studies. Significant predictors for a higher level
of functioning after TBI were: normal pupil reactions (3
studies; strong), lower intracranial pressure (2 studies; mod-
erate), lower Traumatic Coma Data Bank classification (2
studies; moderate), absence of diffuse axonal injury on
FLAIR scan (2 studies; moderate). Not predictive for level of
functioning were: gender (10 studies, strong), substance abuse
(5 studies, strong) and TAI lesions in T2 GRE scan (3 studies,
strong). Due to differences in definitions of outcomes and
methods of analysis, most evidence was heterogeneous and
inconclusive.
Conclusion: Available research varies greatly in outcome defi-
nition, methodology, and predictors of interest, which causes
differences in results and scattering of evidence. Evidence is
lacking regarding the prognostic value of cognitive tests, CT
parameters, and EEG for the prediction of level of functioning
1 year post TBI.

0219 Clinical outcomes following traumatic brain
injury in a combined multidisciplinary neurotrauma
clinic: Experiences from a tertiary centre

Chris Bella, James Hacketta, Benjamin Halla, Heinke Pülhornb,
Catherine J. McMahonb, and Ganesh Bavikatteb

aUniversity of Liverpool, Liverpool, UK; bThe Walton Centre
NHS Foundation Trust, Liverpool, UK

ABSTRACT
Objectives: The Walton Centre NHS Foundation Trust is part
of the major trauma centre collaborative for the North West
of England, UK. Of the 2.4 million patients under the remit of
this collaborative, the Walton Centre as a specialist neu-
roscience institution provides surgical intervention and reha-
bilitation services for those admitted following traumatic
brain injury (TBI). TBI specifically accounts for 3.4% of
emergency department admissions in the UK.
Main Outcome Measure: A broad spectrum of physical, cog-
nitive and psychological sequelae occurring in patients with
TBI has been identified as late as 2 years post injury. These
symptoms have been found in patients regardless of the
severity of their original brain injury. Indeed, those with
mild injury may often fare worse due to oversights in manage-
ment early on, as early rehabilitation has been shown to be
associated with better outcomes. To aid in the management of
such patients, a combined, multidisciplinary neurotrauma
clinic led by a neurosurgeon and specialist in neurorehabilita-
tion has been initiated at The Walton Centre. The clinic
provides specialist management for the wide range of pro-
blems that follow TBI. The primary objective of this study is
to describe outcomes of patients following TBI who attended
a multidisciplinary neurotrauma clinic at a tertiary centre.
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Methods: All patients who had attended the clinic since its
inception were eligible. The following data was collected for
each patient: basic demographics, mechanism and severity of
injury, initial CT findings, information on hospital stay and
discharge, symptomatology in clinic, and outcomes (including
further investigations, referral to other specialties or services
and return to employment).
Results: 305 patients (98.1%) had clinic notes available and
were included in the study. Mean age was 47.5 and the
majority of patients were male (72.1%). The commonest
mechanism of injury was falls (53.1%). 17.4% of injuries
were classed as mild, 68.2% as moderate, and 14.1% as severe.
Frontal (21.6%) and temporal (16.1%) injuries were the com-
monest locations with contusions (37.4%) and subdural hae-
matomas (27.9%) the commonest type of injury found on
initial CT scan. In clinic the most frequent physical com-
plaints were headache (47.9%), memory problems (42.0%)
and loss of driver’s licence (28.5%). 41.6% were referred to
further services or other specialties, the commonest being
psychology (19.3%) and neuropsychiatry (18.4%). Of 184
patients known to be in employment before their injury,
only 48.4% of these had returned to work before their last
appointment. Further analysis of the data is ongoing.
Conclusions: The information gathered in this study about the
characteristics of the TBI population and their outcomes
should allow for better targeting of suitable patients for refer-
ral to a multidisciplinary clinic. This kind of data is essential
for planning of health care provision, and improving effi-
ciency and ultimately patient outcome.

0220 Neuropsychological interventions for treating
neuropsychiatric consequences of acquired brain
injury: A systematic review

Daan Verbernea,b, Peggy Spauwena,b, and Caroline van
Heugtenb,c

aDepartment Acquired Brain Injury, Huize Padua, GGZ Oost
Brabant, Boekel, Netherlands; bSchool for Mental Health and
Neuroscience (MHeNs), Faculty of Health, Medicine and Life
Sciences, Maastricht University, Maastricht, Netherlands;
cDepartment of Neuropsychology and Psychopharmacology,
Faculty of Psychology and Neuroscience, Maastricht
University, Maastricht, Netherlands

ABSTRACT
Objective: Within the most occurring neuropsychiatric symp-
toms after acquired brain injury (ABI) are apathy, anxiety,
aggression/agitation and disinhibition. These symptoms can
lead to functional impairment and reduced social integration.
This systematic literature review aimed to provide an over-
view of neuropsychological interventions for treating these
neuropsychiatric consequences of ABI with a critical classifi-
cation of level of evidence.
Methods: PubMed, EMBASE, PsycINFO, CINAHL and the
Cochrane Library were searched. Hand searches were con-
ducted after checking reference lists of included studies and
reviews on the topic. Inclusion criteria for relevant studies
were publication between January 2000 and June 2016; a
population of patients with ABI without premorbid

psychiatric diagnoses, aged 18–65; apathy, anxiety, aggres-
sion/agitation or disinhibition were specifically addressed by
the examined neuropsychological intervention; and effective-
ness was examined quantitatively. Methodological quality of
studies was classified according to methods of Cicerone et al.
(Arch Phys Med Rehab, 2011) and single-case experimental
designs according to the description of Tate et al. (2016) and
Oxford Centre for Evidence-Based Medicine (Oxford, UK,
2011).
Results: Systematic searches led to a total of 5207 studies, of
which 45 met the inclusion criteria. This included two studies
for apathy, 23 for anxiety, 18 for aggression and six for
disinhibition. Two studies addressed two domains of interest
and one study three domains of interest. Three Class I studies
(randomized controlled trials) showed significant decreases in
anxiety after cognitive behavioural therapy (CBT). ‘Third
wave’ CBT (mindfulness-based; acceptance and commitment
therapy; compassion focused therapy), showed promising
results but lack replication of effects. Ten studies (of which
six Class III) consistently showed significant decreases in
aggression/agitation after behavioural management techni-
ques. Anger management sessions showed significant
decreases as well, replicated in five studies (of which three
Class III). Eight studies in total addressed apathy or disinhibi-
tion (of which seven Class I/II) with, for each symptom,
substantial variability in types of examined interventions.
Slight progression was seen towards the use of higher-level
designs in the last 5 years compared to the preceding 10 years.
Discussion: Considerable evidence exists for the use of CBT,
anger management sessions and behavioural management
techniques. This particularly accounts for anxiety and aggres-
sion/agitation. Evidence-based neuropsychological interven-
tions addressing apathy and disinhibition after ABI show to
be very limited. Overall, replication and comparison of studies
are complicated due to poorly described methods and hetero-
geneity in intervention content. This also affected the objec-
tivity of our inclusion process. Firm conclusions and
recommendations for the clinical practice are considered too
premature for these reasons. High-class designs have
increased in use but are still required, as well as better
description of and consistency in intervention content.
Future research might aim for ‘third wave’ CBT and imple-
menting behavioural management techniques in community
settings.

0221 Expression of novel markers of senescence
after traumatic brain injury in a mouse-controlled
cortical impact model

Kazuhiko Kibayashi, Ryo Shimada, and Misato Shibuya

Department of Legal Medicine, Faculty of Medicine, Tokyo
Women’s Medical University, Shinjuku-ku, Japan

ABSTRACT
Background: Cellular senescence refers to irreversible growth
arrest that occurs when cells experience stress and damage
from exogenous and endogenous sources. Senescent cells
secrete various factors that can contribute to tissue
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dysfunction. We hypothesized that senescent cells appear in
the brain as a response to traumatic brain injury (TBI).
Method: We performed histochemical and immunohisto-
chemical analyses in the brain for senescence-associated β-
galactosidase (SA-βgal) and p16, markers of senescent cells, at
1, 4, 7 and 14 days after TBI in a controlled cortical impact
(CCI) mouse model. On comparing the data from control and
TBI animal groups, we found that SA-βgal and p16 were
preferentially expressed in the cortex ipsilateral to the site of
the injury on 4, 7 and 14 days after TBI.
Result: Double immunohistochemical analyses showed that
astrocytes expressed p16 at the site of cortical contusion.
These findings suggest that senescent cells are associated
with TBI. Because senescent cells are deleterious to brain
tissue, the appearance of senescent cells may contribute to
the progression of post-TBI brain damage.

0222 From miserable minority to the fortunate few:
The other end of the mild traumatic brain injury
spectrum

Myrthe de Koning, Myrthe Scheenen, Hans van der Horn,
Jacoba Spikman, and Joukje van der Naalt

University Medical Center Groningen, Groningen, Netherlands

ABSTRACT
Background and Aim: Traditionally, almost all research endea-
vours on mild traumatic brain injury (mTBI) have been
focused on the patients with residual complaints or those
with a suboptimal recovery. This so-called ‘miserable minor-
ity’ is studied extensively to find factors potentially leading to
an unsuccessful recovery. However, no study so far has
zoomed in on the remarkable patients that report zero com-
plaints early after injury, a group that we named the ‘fortunate
few’. With this study, we aimed to describe the demographics,
clinical and premorbid characteristics of this patient group,
and to examine whether they would remain asymptomatic
throughout the first year after injury.
Method: This study was part of the prospective UPFRONT
study, a multicentre cohort study conducted in the
Netherlands between 2013 and 2015, during which 1151
patients were included. Patients received questionnaires at
several time intervals after injury, covering post-traumatic
complaints (HISC), anxiety and depression (HADS), outcome
(GOS-E) and quality of life (WHOQOL-BREF). For the cur-
rent study, we included only those patients who reported zero
complaints 2 weeks after injury.
Results: Our sample consisted of 70 mTBI patients
(Glasgow Coma Scale [GCS] score 13–15). There was con-
siderable heterogeneity in recovery in this group, as more
than half of patients (57%) developed complaints at a later
stage (M = 2, p < .001). These secondary complaints were
related to higher levels of anxiety (M = 3.2, p = .004) and
depression (M = 1.4, p = .002), as well as to less favourable
outcome (p = .014) and a lower quality of life (p = .006)
1 year after injury.
Conclusion: We demonstrated that even a part of the fortunate
few group, who seem fully recovered early after injury, may
develop secondary complaints leading to unfavourable

outcome and lower quality of life. Therefore, the truly for-
tunate are in even fewer numbers than expected. We plead
that more future mTBI research should be focused on early
signs of psychological distress. This may be a better criterion
to discern patients with optimal and non-optimal recovery
than the presence of post-traumatic complaints, which holds
important implications for clinical practice.

0223 Paediatric intentional head injuries in the
emergency department: A multicentre prospective
cohort study
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Borlandd,e, Natalie Phillipsf, Amit Kocharg, Sarah Daltonh, John
Cheeka,b,i, Yuri Gilhotraf, Jeremy Furykj, Jocelyn Neutzek, Stuart
Dalziell,m, Mark Lyttleb,n,o, Silvia Bressanb,p, Susan Donathb,c,
Charlotte Molesworthb, Amy Baylisa,b, Ed Oakleya,b,c, Louise
Croweb, and Franz Babla,b,c

aRoyal Children’s Hospital, Melbourne, Parkville, Australia;
bMurdoch Children’s Research Institute, Melbourne,
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Australia; fLady Cilento Children’s Hospital, Brisbane and
Child Health Research Centre, School of Medicine, The
University of Queensland, South Brisbane, Australia;
gWomen’s & Children’s Hospital, Adelaide, North
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Hospital, Auckland, Auckland, New Zealand; lStarship
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ABSTRACT
Background: While the majority of head injuries in children
are non-intentional, there is limited information on inten-
tional injuries outside abusive head trauma.
Objective: To investigate intentional head injuries in terms of
demographics, epidemiology and severity.
Methods: Planned secondary analysis of prospective multicen-
tre cohort study of children aged <18 years across 10 centres
in Australia and New Zealand. Victorian state epidemiology
codes (intent, activity, place, mechanism) were used to pro-
spectively code the injuries. Data were descriptively analysed.
Results: Intentional injuries were found in 441 of 20 137
(2.2%) head-injured children. Injuries were caused by peers
(166, 37.6%), by caregiver (103, 23.4%), by sibling (47, 10.7%),
due to attack by stranger (35, 7.9%), attack by person with
unknown relation to patient (19, 4.3%), intentional self-harm
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(7, 1.6%), other cause or undetermined (64, 28.2%). Children
were <2 years old in 75.7% injuries caused by caregivers and
8.3% in other causes. Overall, 71.0% of victims were male.
Admission rates varied from 77.7% for assault by caregiver,
37.1% attack by stranger, 22.3% by peer and 8.5% by sibling.
Peer assaults were related to sports in 69 cases (41.6%), with
highest frequency in contact sports, rugby (40.6) and
Australian football (26.1%).
Conclusion: Intentional head injuries are infrequent in chil-
dren. The most frequent cause is peer assault, often during
sports, and injuries caused by caregivers.
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emergency department: A multicentre prospective
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ABSTRACT
Background: Abusive head trauma (AHT) is associated with
high morbidity and mortality. It may be difficult to detect in
the emergency department (ED).
Objective: To determine how cases of suspected AHT differ
from non-abusive head injuries in the ED setting.
Methods: Planned secondary analysis of prospective multicen-
tre cohort study of children aged <18 years across 10 centres
in Australia and New Zealand with head injuries. We identi-
fied cases of suspected AHT when ED clinicians identified
such suspicion on a clinical report form or based on research
assistant assigned epidemiology codes. We compared sus-
pected AHT cases and non-AHT cases using risk ratios with

95% confidence intervals (CIs). We assessed the rate of clini-
cally important traumatic brain injuries [ciTBI: death; neuro-
surgery; intubation >1 day, admission >2 days with abnormal
computed tomography (CT) scan].
Results: AHT was suspected in 103 of 20 137 (0.5%) head-
injured children. Mean age was 2.4 years (SD 4.0). GCS was
<12 in 9 (8.7%). 12 (11.7%) presented with seizures. 71
(68.9%) underwent CT head scan, of which 49 (69.0%) were
abnormal. 80 (77.7%) children were admitted. Neurosurgery
was performed in 3, and 2 children died. 23 (22.3%) had
ciTBI.
RRs (95% CI) for AHT vs. non AHT were: LOC 1.4 (0.7–2.7),
vomiting 1.6 (1.2–2.2), scalp haematoma 2.3 (2.0–2.6), GCS
<12 8.5 (4.5–16.0), abnormal neuroimaging 16.4 (13.2–20.4),
neurosurgery 7.4 (2.4–22.9), mortality 29.9 (6.8–130.9) and
ciTBI 17.4 (6.8–25.5).
Conclusion: In the ED, clinical presentation in children with
suspected AHT differs from non-AHT cases. Suspected cases
of AHT are at increased risk of abnormal CT scans, ciTBI and
death.

0225 The effect evaluation of combined cognitive
and vocational interventions after mild-to-moderate
traumatic brain injury: A randomized controlled trial
and qualitative process evaluation—presentation of
a study protocol

Marianne Løvstada,b, Helene Ugelstadc, Øystein Spjelkavikd,
Cecilie Roee,f, Anne-Kristine Schankea,b, Hans Christoffer
Aargaard Terjesend, Heidi Enehaugd, Jeppe Johan Paaskec,
Emilie Howee, and Nada Andelicg
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Oslo, Norway; dWork Research Institute (AFI), Oslo and
Akershus University College of Applied Science, Oslo,
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University of Oslo, Norway; gCHARM Research Centre for
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ABSTRACT
Introduction: Mild-to-moderate traumatic brain injury (TBI)
can result in long-lasting somatic, cognitive and emotional
symptoms, which may affect return to work (RTW) rates.
Maintaining employment over time is also a major challenge,
due to these symptoms. The persons own perceptions regard-
ing RTW, and the impact of the workplace environment is
associated with RTW after sickness absence. At a service
delivery level, the collaboration between the health-related
rehabilitation services, the Labour and Welfare
Administrations (NAV), and the workplace is typically weak
after TBI. There are barely any well-controlled intervention
studies regarding RTW in patients with mild-to-moderate
TBI, and vocational rehabilitation interventions are rarely
included. Rehabilitation and vocational science perspectives
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will be applied in the current project, which will start data
piloting in January 2017.
Aim: Through a mixed-method approach comprising a ran-
domized controlled intervention trial and a qualitative process
evaluation, this project will:
a) explore the effect of combining a group-based manualized
cognitive rehabilitation programme (Cog SMART) 1 and
supported employment in real-life competitive work settings
2 for patients who have not returned to work 8 weeks post
injury compared to a control group receiving treatment as
usual provided by a multidisciplinary rehabilitation team;
b) explore roles, time commitment and methods in the sup-
ported employment process. Semi-structured interviews will
provide an empirical base for increased knowledge on job
content and skills requirements, work environment, employer
roles, work organization and needed support.
Cost-effectiveness of the intervention will be established. In this
multi-centre study, research groups from the medical rehabilita-
tion sector and vocational sciences (TheWork Research Institute
and the NAV Department of Vocational Rehabilitation) will
collaborate. This will enable the project to obtain new knowledge
about RTW as a multi-disciplinary and multi-sectorial process
that can be applicable to other patient groups.
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ABSTRACT
Introduction: A minority of patients with acquired brain
injury remain in a state of prolonged disorders of conscious-
ness (DoC), i.e. in a Vegetative (VS) or a Minimally
Conscious (MCS) state. Family members experience abrupt
and dramatic changes associated with the injury, and long-
standing requirements to adapt to persistent and severe
changes both in the loved one and in the family as a whole.
Despite increased research on DoC, little systematic knowl-
edge has been obtained regarding family experiences.

Methods: As part of a larger qualitative research project
regarding family life after severe physical injury, a focus
group interview was conducted with five family members of
three patients with persistent low level MCS. Time since their
traumatic brain injuries was 4, 4 and 10 years. None showed
functional communication, and all lived in institutional care
facilities. The informants were three mothers, one father and
one sibling. The interview lasted 2 hours, and was led by
authors M.L. and A.G.
Objective: The main aim was to explore how family members
of patients with DoC subjectively described the processes they
have lived through. There was particular emphasis on the
mental and practical strategies they had applied in moving
forward. The construction of hope in the face of such severe
injury was explored, as was the families´ experiences with the
health care system.
Results: The informants noted the importance of time. It took
time before they realized the chronicity of the injury severity,
it took time before the patients came into a stable living
situation, and it took time to trust that professional careers
would provide good enough care. Despite the pressure they
had been under, the informants had made active choices
along the way regarding how to act and deal with the circum-
stances. They uniformly described that their close and
extended families had suffered tremendously. They did not
find it easy to see positive family aspects, but described a great
deal of normalization of everyday life. Over time, the face of
hope was described to shift from hope of major medical
progress, to smaller changes in e.g. communication and
motor skills that could provide enhanced autonomy and qual-
ity of life. Communication with the welfare and health ser-
vices was highlighted as challenging. Economic and practical
issues were demanding for families to deal with, as is dealing
with what they saw as pessimistic diagnostic and prognostic
evaluations from rehabilitation experts.
Conclusions: Families deal actively with their demanding situa-
tion. Over time, they realize the severity of the situation. Family
life finds a new normality, and hope becomes focused on small
functional improvements. Families of patients with DoC need
health professionals that are sensitive to their experiences, and
who are willing to share a common referential ground.

0227 Development of a prediction model for post-
concussive symptoms following mild traumatic brain
injury: A track-TBI pilot study

Maryse C. Cnossena, Ethan Winklerb, John Yueb, Ewout W.
Steyerberga, Hester Lingsmaa, and Geoffrey Manleyb,c

aCenter for Medical Decision Making, Department of Public
Health, Erasmus Mc, Rotterdam, the Netherlands; bDepartment
of Neurological Surgery, University of California, San
Francisco, CA, USA; cBrain and Spinal Injury Center, San
Francisco General Hospital, San Francisco, CA, USA

ABSTRACT
Background: Post-concussive syndrome (PCS), including cogni-
tive, somatic and emotional complaints, occurs frequently after
mild traumatic brain injury (mTBI). Predicting patients at great-
est risk of incomplete recovery is of high clinical importance.
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Nevertheless, according to a recent systematic review (Silverberg
et al., 2015), previous predictive studies in the field of mTBI
suffer from methodological shortcomings. In addition, previous
efforts have relied on surveying the entire constellation of PCS
symptoms, while it has been suggested that complaints in the
cognitive and somatic/emotional PCS domain are predicted by
different demographics and clinical variables. The objective of
this study was to develop a prediction model for both cognitive
and combined somatic/emotional PCS based on patient demo-
graphics and clinical variables available at baseline.
Methods: mTBI patients, as defined by an emergency depart-
ment admission Glasgow Coma Scale (GCS) score of 13–15,
were prospectively enrolled from three Level I trauma centres
in the United States from 2010 to 2012 in the Transforming
Research and Clinical Knowledge in Traumatic Brain Injury
(TRACK-TBI) Pilot study. PCS was assessed using the
Rivermead Post-Concussion Symptoms Questionnaire (RPQ)
at 6-months post injury, utilizing the cognitive and somatic/
emotional subscales. Twelve candidate predictors were selected
based on systematic literature search, and the predictive value
was determined using univariable and multivariable linear
regression analyses. The final prediction models were developed
using Lasso shrinkage.
Results: We included 277 mTBI patients (70% male, median age
42y), of whom 147 (53%) reported more than three post-con-
cussive symptoms after 6 months. Scores on the cognitive and
combined somatic/emotional RPQ scale were predicted by dif-
ferent variables; e.g. the cognitive RPQ scale was predicted by
age, years of education, female gender, pre-injury psychiatric
disorder, prior TBI and loss of consciousness, while the
somatic/emotional RPQ scale was predicted by the same vari-
ables plus pre-injury migraine/headache, computed tomography
abnormalities and post-traumatic amnesia. Predictors explained
17% and 22% of the variance for the cognitive and somatic/
emotional subscales, respectively. A scoring algorithm was
developed in order to predict RPQ scores at 6months post injury
based on the predictor variables.
Conclusion: Demographic and clinical variables available at
baseline are predictive of 6-month PCS following mTBI, but
explain only a small part of the total variance in outcome.
Cognitive and combined somatic/emotional PCS symptoms
are predicted by different demographic and clinical variables.
Validation and further improvement of the model are needed
before clinical implementation.

0228 Predicting post-concussive symptoms
following mild traumatic brain injury: External
validation and update of an existing model
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Suzanne Polindera, Daan Nieboera, Ewout W. Steyerberga,
and Hester Lingsmaa
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ABSTRACT
Introduction: Around 10–30% of the mild traumatic brain
injury (mTBI) patients develop persisting post-concussive

syndrome (PCS). Early identification, and possibly treatment,
of these patients is of paramount importance. Prediction
models can be used to identify patients at risk, but despite
an abundant number of prognostic studies in mTBI, the large
majority used small sample sizes and was of poor methodo-
logical quality. In addition, none of the developed models
were externally validated in an independent patient sample,
while this is a crucial step before implementation in clinical
practice. The objective of this study was to externally validate
and update existing prognostic models for 6-month PCS
following mTBI.
Methods: For validation, mTBI patients (Glasgow Coma
Scale 13–15) were prospectively enrolled from three emer-
gency departments in the Netherlands between 2013 and
2014 in the UPFRONT study. PCS after 6 months was
measured with the Head Injury Symptom Checklist
(HISC). Patients were classified as having PCS if they
reported at least three out of eight symptoms according to
the International Classification of Diseases (ICD)-10 diag-
nosis of PCS. Prognostic models were identified through
literature search and included in the current study if they
were: (1) developed in a clinical cohort; (2) assessed 6-month
PCS; (3) included predictors of which ≥80% was measured in
the UPFRONT study; and (4) met at least one of our quality
criteria. Only one model met our inclusion criteria
(Stulemeijer et al., 2007). In this model, 6-month PCS was
predicted by pre-injury comorbid physical problems, early
PCS and early post-traumatic stress disorder (PTSD) symp-
toms. Performance (discrimination and calibration) was
determined, and the model was updated by adding nine
relevant predictors in a backwards selection procedure (p <
0.157). The updated model was internally validated using
bootstrapping with 100 samples.
Results: We included 591 patients (median age 51, 41% female),
among whom 241 (41%) met the ICD-10 diagnosis of PCS after
6 months. The Stulemeijer model obtained poor discrimination
in our data [area under the curve (AUC): 0.60, 95% confidence
interval (CI) 0.56–0.64]. In addition, observed outcomes did
not agree well with predicted outcomes (Calibration intercept:
1.29; Calibration slope: 0.48). Updating the model resulted in
weaker effects for all predictors. Female gender was added to
the updated model since we found a significant association
with PCS (OR = 1.52; 95%CI 1.04–2.22). The AUC for the
updated model after internal validation was 0.75.
Conclusion: A previously proposed prediction model for 6-
month PCS after mTBI performed poorly in an independent
sample. After updating the effect estimates and the addition of
gender, the predictive performance improved. External vali-
dation and further improvement are needed before the cur-
rent model could be implemented in clinical practice.

0229 Impaired physical fitness and unfavourable
physical behaviour in the first year after aneurysmal
subarachnoid haemorrhage

Wouter Harmsena, Gerard Ribbersa, Majanka Heijenbrok-
Kala, Fop van Kootenb, Ladbon Khajehb, Sebastiaan
Neggersc, and Rita van den Berg-Emonsa
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ABSTRACT
Background: Aneurysmal subarachnoid haemorrhage (a-SAH)
is caused by bleeding of a ruptured aneurysm into the sub-
arachnoid space. Even among those who are classified as
having a ‘good outcome’, the incidence of clinical deficits is
significant. Fatigue is reported as being one of the most
distressing symptoms. Fatigue may be triggered by impaired
physical fitness caused by physical deconditioning, physical
inactivity and sedentary behaviour.
Aim: To longitudinally investigate physical fitness and physi-
cal behaviour in the first year after a-SAH, and explore their
relationships with patients’ characteristics and fatigue.
Methods: Measures of physical fitness and physical behaviour
were obtained at 6 and 12 months post a-SAH, and compared
to age- and sex-matched healthy controls. Patients’ character-
istics were collected and body anthropometrics measured from
which body mass index, waist circumference and percentage
body fat were calculated. Cardiorespiratory responses to a
progressive cardiopulmonary-exercise-test (CPET) were
obtained from which peak oxygen consumption (V̇O₂peak)
was determined. Maximal isokinetic knee muscle strength was
assessed with a dynamometer at 60°/s and 180°/s, from which
we established peak torque (newton-meter). Physical beha-
viour, with separate attention for physical activity (PA) and
sedentary behaviour (SB), was objectively measured with an
accelerometer-based activity monitor. Fatigue was assessed
using the Fatigue-severity-scale. Independent t-tests were used
to test for differences between patients and healthy controls,
and mixed-model analysis were applied to test for changes in
physical fitness and physical behaviour, and their relationships
with patients’ characteristics and fatigue, over time.
Results: Thirty-three patients and thirty-three controls parti-
cipated. Six months post a-SAH, patients had a higher BMI (p
= 0.02), waist circumference (p < 0.01) and percentage body
fat (p = 0.03). Furthermore, cardiorespiratory fitness and knee
muscle strength were lower in patients than in controls,
64–69% of controls (p < 0.05) and 64–78% of controls (p <
0.01), respectively. Patients participated 35 minutes/24 hours
less in PA than controls (p < 0.01), and particularly less in
cycling (p < 0.01) and running activities (p = 0.02). The total
time spent in SB did not differ between groups (p = 0.396).
Mixed-model analysis revealed that cardiorespiratory fitness
(V̇O₂peak: +1.13 ml/kg/minute; p = 0.08; PO: +8.2 Watt, p =
0.07), knee muscle strength (extension 60°/s: +5.24 Nm, p =
0.07; extension 180°/s: +3.84 Nm, p = 0.09; flexion 60°/s:
+1.67 Nm, p = 0.37; flexion 180°/s: +0.05 Nm, p = 0.97) and
physical behaviour (PA: +0.2%, p = 0.23, SB: −0.1%, p = 0.54)
did not improve over time. Significant relationships were
found between fatigue and cardiorespiratory fitness (p =
0.02) and knee muscle strength (p < 0.01), and between
treatment procedure (clipping/coiling) and cardiorespiratory
fitness (p = 0.02).
Conclusions: Cardiorespiratory fitness and knee muscle
strength were considerably lower in patients with a-SAH
than in healthy controls, and patients were less physically

active. Measures of physical fitness or physical behaviour did
not improve over time. Furthermore, measures of physical
fitness were related to fatigue. Present findings have implica-
tions for treatment.

0231 Temporal evolution of post-stroke cognitive
impairment using the montreal cognitive assessment

Caroline van Heugtena, Britta Nijsseb, Anne Visser-Meilyc,
and Paul de Kortb

aMaastricht University, Maastricht, Netherlands, bSt. Elisabeth
hosptial, Tilburg, Netherlands; cBrain Center Rudolf Magnus
and Center of Excellence for Rehabilitation Medicine,
Utrecht, Netherlands

ABSTRACT
Background and Purpose: The Montreal Cognitive Assessment
(MoCA) is nowadays recommended for the screening of post-
stroke cognitive impairment. However, little is known about
the temporal evolution of MoCA-assessed cognition after
stroke. The objective of this study was to examine the tem-
poral pattern of overall and domain-specific cognition at 2
and 6 months after stroke using the MoCA, and to identify
patient groups at risk for cognitive impairment at 6 months
after stroke.
Methods: Prospective cohort study in which 324 patients were
administered the MoCA at 2 and 6 months post stroke.
Cognitive impairment was defined as MoCA < 26. Differences
in cognitive impairment rates between 2 and 6 months post
stroke were analysed in different subgroups. Patients with
MoCA-score < 26 at 2 months, who improved by ≥2 points by
6 months, were defined as reverters. Logistic regression analyses
were used to identify determinants of 1) cognitive impairment at
6 months post stroke, and 2) reverter status.
Results: Between 2 and 6 months post stroke, mean MoCA-
score improved from 23.7[3.9] to 24.7[3.5], p < 0.001.
Prevalence of cognitive impairment at 2 months was 66.4%,
compared to 51.9% at 6 months (p < 0.001). More comorbid-
ity and presence of cognitive impairment at 2 months were
significant independent predictors of cognitive impairment 6
months post stroke. No significant determinants of reverter
status were identified.
Conclusions: Although cognitive improvement is seen up to 6
months post stroke, long-term cognitive deficits are prevalent.
Identifying patients at risk of cognitive impairment is there-
fore important as well as targeting interventions to this group.

0232 Psychiatric disorders and cognitive
consequences in neurological patients

Antje Büttner-Teleaga

Institute of Cognitive Science/Woosuk University, Samrye,
South Korea; Department of Psychiatry/University Witten
Herdecke, Witten, Germany

ABSTRACT
Introduction: Apart from a multitude of physical complaints,
neurological disorders can also lead to various kinds of
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psychiatric and cognitive disorders like mental and cognitive
changes or reduced Quality of Life (QoL). The most impor-
tant neuropsychiatric consequences include HOPS, PTD,
Depression, Neurocognitive deficits, Quality of Life (QoL)
deficits and Quality of Sleep (SQ) deficits, which are targeted
in neurological and neurosurgical rehabilitation.
In such cases, mental health, mood, attention, vigilance and/
or memory may be affected as well as the actual mental and/
or cognitive processes themselves. Important factors in this
can be the severity of the disorder on one hand, and the
duration of prior therapy on other hand.
Methods: The study was carried out involving two groups of
randomly selected persons, neurology patients and healthy
participants. All patients were selected according to their
clinical diagnosis (ICD-10).
Instruments applied by us are:

1. Gathering of general data (e.g. demographic, anthropo-
morphic, clinical data)

-> Patient Questionnaire (Büttner 2001)
2. Gathering of neuropsychiatric data (e.g. Depression)
-> Becks Depression Inventory (BDI) (Beck et al., 1961, 1987)
3. Determination of neurocognitive functions (e.g. Vigilance)
-> Vigilance Test ‘Carda’ (Randerath et al., 1997)
4. Determination of Quality of Life:
-> Münchner Lebensqualitäts-Dimensionen-Liste (MLDL) =

Munich Quality of Life Questionnaire (Bullinger 1991,
Rupprecht 1992, Westhoff 1993)

So far, data have been gathered for more than 50 healthy
persons (42 male; 9 female) and around 150 neurological
patients (101 male; 47 female) (with various neurological
clinical pictures) using different tests to research the psychia-
tric/mental and cognitive status as well as the QoL.
Findings: Testing of psychiatric, cognitive and QoL achieve-
ments revealed highly significant differences between healthy
persons and neurological patients (all parameters: p < .001).
Testing of neuropsychiatric diseases/difficulties and trauma-
tism revealed a highly significant difference between untreated
neurological patients and patients, who had undergone
therapy (after 3 weeks of neurological rehabilitation) between
p < 0.001 and p < 0.05.
Analysis of the degree of severity showed no significant dif-
ferences between mild and severe status for neurology patients
(p > .050).
Discussion: The study revealed that patients with neurological
diseases (strokes, cerebrovascular diseases, brain traumas, brain
tumours etc.) show problems, deficits and disorders concerning
different areas of psychiatric/mental and cognitive achievements
as well as in multidimensional QoL. In contrast, the degree of
severity of the disorders (neurology patients) was not relevant.

0233 Cognitive impairments and subjective
cognitive complaints during the first year after
surviving a cardiac arrest

Caroline van Heugtena, Catherine Steinbuschb, and
Veronique Mouleartb

aMaastricht University, Maastricht, Netherlands; bAdelante
Centre of Expertise in Rehabilitation and Audiology,
Hoensbroek, Netherlands

ABSTRACT
Background and Objective: Cognitive impairments are com-
mon in cardiac arrest survivors, but large prospective cohort
studies are lacking. Whether subjective cognitive complaints
are of predictive value on cognitive impairment is also
unknown. The present study aimed to investigate the preva-
lence of cognitive impairments and subjective cognitive com-
plaints at 2 weeks (T1), 3 months (T2) and 12 months (T3)
after cardiac arrest. Second, we investigated whether cognitive
impairments are related to subjective cognitive complaints.
Patients and Methods: Cardiac arrest survivors were recruited
from seven coronary care/intensive care units in the
Netherlands between 2007 and 2010. Cognitive impairments
were assessed at T1, T2 and T3 by a cognitive screening
battery, including validated tests for memory, information
processing speed and executive skills. Cognitive complaints
were rated using the Cognitive Failure Questionnaire.
Results: 141 participants were included. Cognitive impair-
ments varied from 16% to 29% at T1 to 10–22% at T3.
Results showed statistically significant differences on scores
between T1 and T3, indicating a considerable amount of
recovery, especially in the first month after cardiac arrest (p
= 0.000–0.010). Speed of information processing and cogni-
tive flexibility remained impaired in 20% of the patients.
79–96% of cardiac arrest survivors with cognitive impair-
ments did not complain about their impairments.
Conclusions: Cognitive impairments following cardiac arrest
are common and mostly recover during the first 3 months
post injury. However, most survivors with cognitive impair-
ments do not recognize their impairments. Specific neurop-
sychological assessment is essential for determination of
cognitive impairment, since cognitive complaints alone are
not representative of actual impairments and should be part
of standard care. Adequate referral for cognitive rehabilitation
should follow accordingly.

0234 The effect of goal-setting interventions for
patients with acquired brain injury: A case series

Yuen Wai Alicia Yama and Adrain Wongb

aOccupational Therapy Department, MacLehose Medical
Rehabilitation Centre, Hospital Authority, Hong Kong;
bDepartment of Medicine and Therapeutics, The Chinese
University of Hong Kong, Hong Kong

ABSTRACT
Background: Each patient with acquired brain injury (ABI)
has unique needs for rehabilitation at different stages of
recovery. Patient-centred goal-setting interventions were
found to improve self-efficacy and long-term psychological
outcome for patients after their brain injury.
Objectives: To describe perception and satisfaction of patients
with ABI with the goal-setting intervention (Goal
Management Training, GMT), and to discuss its clinical
implications as a mean for early promotion of self-efficacy
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and goal attainment for patients with ABI in a sub-acute
hospital setting.
Methods: Three participants with ABI received GMT during
their inpatient stay for 4 weeks, working towards their own
identified goals. Measurement of self-efficacy and quality of
life were obtained before and after the intervention. Semi-
structured interview for qualitative data collection was con-
ducted after the intervention to record experiences of partici-
pants towards the goal-setting intervention.
Results: Participants showed progress towards their goals after
the 4-week intervention. Increasing trends were noted for
their self-efficacy and self-perceived physical conditions; how-
ever, different directions of changes were found for their self-
perceived psychological conditions. Participants appreciated
the goal-setting intervention, which provided them a
patient-centred and active-participated rehabilitation process.
Rehabilitation needs beyond goal achievement was also raised
for the psychological outcome.
Conclusion: Goal-setting intervention provides patients with
ABI a satisfactory rehabilitation experience, and the findings
also address the importance of psychological coping in a
comprehensive neuro-rehabilitation for promoting long-term
well-being of patients with ABI.

0235 Emergency treatment for paediatric traumatic
brain injury

Likun Yanga, Yuhai Wanga, and Weiliang Chena

aDepartment of Neurosurgery, 101st Hospital of PLA, Wuxi,
China

ABSTRACT
Introduction: Despite prevention efforts, paediatric head
trauma remains the most common cause of serious injury
and death in children. Obviously, Emergency Treatment for
Paediatric Traumatic Brain Injury is different with adults, and
particularly important.
Result: Summarizing cases of children under 10 years old
suffering from traumatic brain injury between January 2000
and June 2016 in department of neurosurgery emergency
treatment, we obtain the following experience: First, pre-hos-
pital treatment: focus on the maintenance of blood pressure
and oxygen saturation; Second, NICU treatment:

1. ICP monitoring is appropriate if GCS ≤ 8, and treatment
for intracranial hypertension should begin at an ICP
≥20 mm;

2. Cerebral perfusion pressure has to be maintained above
40 mmHg, and a CPP between 40 and 65 mmHg probably
represents an age-related continuum for optimal treatment
threshold;

3. Strict control of the surgical and decompressive craniect-
omy indications and restore the bone flap as far as possible.
Paediatric traumatic brain injury prognosis is better than
adults’. Thus, satisfactory results from timely and effective
emergency treatment for paediatric traumatic brain injury
are quite possible.

0236 The influence of traumatic axonal injury on
level of consciousness: A clinical MRI study

Hans Kristian Moea, Kent Gøran Moena,b, Toril Skandsena,c,
Kjell Arne Kvistadd, Asta Håberga,e, and Anne Vika,f

aDepartment of Neuroscience, Norwegian University of Science
and Technology, Trondheim, Norway; bDepartment of Medical
Imaging, Levanger Hospital, Levanger, Norway; cDepartment
of Physical Medicine and Rehabilitation, St. Olavs Hospital,
Trondheim University Hospital, Trondheim, Norway;
dDepartment of Medical Imaging, St. Olavs Hospital,
Trondheim University Hospital, Trondheim, Norway;
eDepartment of Circulation and Medical Imaging, Norwegian
University of Science and Technology, Trondheim, Norway;
fDepartment of Neurosurgery, St. Olavs Hospital, Trondheim
University Hospital, Trondheim, Norway

ABSTRACT
Objective: To explore how traumatic axonal injury (TAI)
lesions in brain stem and ‘TAI-like’ lesions in thalamus and
basal ganglia detected in clinical MRI are associated with the
level of consciousness in patients with moderate and severe
traumatic brain injury (TBI).
Methods: Consecutive patients with moderate or severe TBI
were prospectively included in a database, and Glasgow Coma
Scale (GCS) scores were registered either before intubation or
at admission. 158 patients (7–70 years) with MRI and with no
mass lesions were included. Early MRI (1.5 T) was performed
at median 7 days (range 0–35), and analyses were done
blinded for clinical information. TAI lesions were depicted
in T2* weighted gradient echo (GRE), fluid-attenuated inver-
sion recovery (FLAIR) and diffusion-weighted imaging (DWI)
sequences. TAI lesions were classified as unilateral or bilateral
TAI and according to their location (white matter in hemi-
spheres, corpus callosum and brain stem), as were ‘TAI-like’
lesions in thalamus and basal ganglia.
Results: Out of all patients, 82% had TAI. 20% had TAI lesions
in thalamus (7% bilateral), 18% in basal ganglia (2% bilateral)
and 29% in brain stem (9% bilateral). The finding that best
predicted low GCS scores was bilateral TAI lesions in thalamus
(odds ratio [OR] 35.8, [CI: 10.5–121.8], p < 0.001), followed by
bilateral TAI lesions in basal ganglia (OR 13.1 [CI: 2.0–88.2],
p = 0.008) and brain stem (OR 11.4 [CI: 4.0–32.2], p < 0.001).
Conclusion: This study demonstrates that patients with bilat-
eral TAI lesions in thalamus, basal ganglia or brain stem had
particularly low consciousness at admission. Bilateral TAI
lesions in thalamus had the highest impact on consciousness.
Early clinical MRI can visualize such important injuries and
explain the low consciousness in some of the patients without
mass lesions.

0237 Neuroimaging findings in high school football
players in Japan

Haruo Nakayama, Yu Hiramoto, Junya Iwama, Satoshi Fujita,
Nozomi Hirai, Norihiko Saito, Morito Hayashi, Keisuke Ito,
Takatoshi Sakurai, Kazuya Aoki, and Satoshi Iwabuchi

Toho University Ohasi Medical Center, Tokyo, Japan
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ABSTRACT
Objective: The goal of this research was to reveal the result of
clinical neuroimaging abnormality performed in high school
football players in Japan.
Methods: The authors conducted a retrospective review of
medical records and neuroimaging findings for all players
referred to a Medical clearance programme between 2011
and 2015. Inclusion criteria were as follows: 1) age ≤ 19
years; and 2) physician-diagnosed no-SRC. All players under-
went evaluation and follow-up by the same neurosurgeon.
The two outcomes examined in this review were the fre-
quency of neuroimaging studies performed in this population
and the findings of those studies.
Results: A total of 28 players (mean age 17 years, 0% female)
were included in this study. Overall, 27 patients (96.4%)
underwent neuroimaging studies, the results of which were
normal in 81.5% of cases. Abnormal CT findings included the
following: arachnoid cyst (1 player), cavum vergae (4 players).
Conclusions: Results of clinical neuroimaging studies are nor-
mal in the majority of high school players with no-SRC in
Japan. However, in selected cases, neuroimaging can provide
information that impacts decision-making about return to
play and retirement from the sport.

0238 Two promising evidence-based interventions
for suicide prevention among veterans with
moderate-to-severe TBI

Lisa Brennera,b and Grahame Simpsonc

aUniversity of Colorado, Aurora, CO, USA; bRocky Mountain
MIRECC, Denver, CO, USA; cBrain Injury Rehabilitation
Research Group, Ingham Institute of Applied Medical
Research, Liverpool, Australia

ABSTRACT
Research Objectives: US Veterans with traumatic brain injury
(TBI) have higher suicide rates than members of the general
Veteran population. A partnership was established between
the Liverpool Brain Injury Rehabilitation Unit and the Rocky
Mountain Mental Illness Research, Education, and Clinical
Center to adapt and evaluate two cognitive behavioural
group therapies (CBT) for Veterans with moderate-to-severe
TBI and current hopelessness. The first intervention, Window
to Hope (WtoH), was culturally adapted from the original
developed in Australia. The second was a novel intervention
employing Problem-Solving Therapy and Safety Planning for
suicide prevention (PST-SP).
Design: Two open, non-randomized acceptability and feasibil-
ity studies and one Randomized Controlled Trial (RCT) with
a waitlist cross-over design.
Setting: Urban VA medical centre.
Participants: Veterans with hopelessness and moderate-to-
severe TBI.
Interventions: WtoH and PST-SP, outpatient groups, 20 hours
over 10 sessions.
Main Outcome Measures: Client Satisfaction Questionnaire-8
(CSQ-8), Narrative Evaluation of Intervention Interview; Beck
Hopelessness Scale.

Results: Feasibility of both interventions was supported by high
attendance and low attrition. Quantitative data supported the
acceptability of both interventions [WtoH RCT (n = 33): mean
CSQ-8 = 27.8, SD = 4.3; PST-SP (n = 13): mean CSQ-8 = 27.8,
SD = 4.78]. Qualitative results also supported the acceptability
and feasibility of both interventions. RCT participants in the
WtoH condition reported clinically and statistically significant
decreases in hopelessness compared to those in the waitlist
condition, after adjusting for baseline differences.
Conclusions: Findings support the acceptability and feasibility
of delivering WtoH and PST-SP to Veterans with moderate-
to-severe TBI. Data from the WtoH RCT supported its effi-
cacy for reducing hopelessness, a significant risk factor for
suicide. Limitations included small sample size and variability
in reported symptoms.

0239 Neuropsychological outcomes from a Phase II,
randomized, sham-controlled trial hyperbaric oxygen
for post-concussion syndrome

Lisa Brennera,b, Nazanin Bahrainia,b, and Jeri Forstera,b

aUniversity of Colorado, Aurora, CO, USA; bRocky Mountain
MIRECC, Denver, CO, USA

ABSTRACT
Background: Anecdotes and small case series have suggested
symptomatic improvement from hyperbaric oxygen (HBO2)
for military members suffering from persistent post-concus-
sion symptoms. Dose, duration and attribution of the
improvement to the HBO2 were relatively unknown due to
the lack of randomized trials. As such, a Phase II trial was
conducted, which evaluated HBO2 as an adjunct to standard
traumatic brain injury (TBI) care in a military population still
symptomatic from deployment-related concussion at least 4
months after their most recent injury.
Method: The trial was conducted at four military hospitals
located nearmajor troop centres. Seventy-two active duty service
members were randomized into one of three arms: routine TBI
care, TBI care plus sham daily, or TBI care plus HBO2 daily. The
dose of HBO2 selected was 100%O2 at 1.5 atmospheres absolute
(ATA) administered for 60 minutes per session, given for 40
sessions within a 10-week period. The sham received room air at
1.2 ATA while in the chamber. Primary outcome measures were
self-reported post-concussive symptom scores at baseline, after
20 sessions, and at the end of the intervention.
Results: Neuropsychometric testing and questionnaires assessing
post-traumatic stress disorder symptoms, sleep, health-related
quality of life, and satisfaction with life were also administered at
these time points. Initial findings, which have been widely
reported, suggested no difference between the HBO2 group
and the sham group on the primary measure of post-concussive
symptoms (p = .70). Full neuropsychological results, both stan-
dard and computerized, have yet to be reported. Analyses are
being conducted, and data will be presented at this meeting.

0240 Exploring accelerometery versus questionnaire
assessment of sleep in youth with concussion

Ivona Bergera, Joyce Obeidb, and Carol DeMatteob
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ABSTRACT
Primary Objective: To examine the relationships between
accelerometer-based and self-report assessment of sleep dis-
turbance among youth with post-concussive injury.
Research Design: From a larger prospective cohort of youth of
5–18 years of age with post-concussive injury, preliminary
analysis of 12 participants with self-reported sleep disturbance
were evaluated using accelerometers.
Methods: Participants completed the Pittsburgh Sleep Quality
Index (PSQI) every 48 hours and also had sleep measured
via accelerometry. Measurements included counts per hour of
time in bed, efficiency, average awake time and number of
awakenings per hour of sleep. Correlations were conducted
matching PSQI scores to consecutive nights of accelerometry
assessment.
Results: Accelerometer-measured median (range) sleep effi-
ciency was 80.7% (67.3–87.2%), with normal sleep defined as
>85%. The median PSQI score was 11 (2–16) out of 21, with a
recommended cut-off of >5 indicating subjective insomnia.
PSQI scores were poorly correlated with actigraph sleep
recordings, and only average number of awakenings was sig-
nificant (r = −0.3; p = 0.035).
Conclusions: Preliminary results from this ongoing data ana-
lysis suggest that the PSQI and accelerometry may be measur-
ing different attributes of sleep. Both may be needed as actual
sleep is important but so is perception of good sleep. These
findings call for further validity testing of objective sleep
assessment measures like accelerometry, as well as commonly
used self-report tools.

0241 Portable neuromodulation stimulation
(PoNS™) therapy efficacy for the treatment of
traumatic brain injury compared to standard of care

Rima Wardinia and Michael Mosesb

aPerform Center - Concordia University, Montreal, QC,
Canada; bOptum Healthcare Solutions, Eden Prairie, MN, USA

ABSTRACT
Introduction: Traumatic Brain Injury (TBI) is prevalent in
society with over 5 million Americans living with the sequelae,
and every year, a further 2 million suffer TBI. No definitive cures
exist for balance and gait disorders resulting from TBI.
Currently, the standard of care (SOC) for patients suffering
from TBI is physical therapy. Although improvement is seen in
patients with TBI undergoing physical therapy regimen, these
improvements are not statistically significant and are negated
upon discontinuing treatment. Objective: Prior studies at the
University of Wisconsin Tactile Communication and
Neurorehabilitation Laboratory (TCNL) treating subjects with
TBI induced balance disorders were reviewed by a third party
(OptumHealthcare Solutions). The purpose of this retrospective
analysis was to examine the effect of neuromodulation inducing
neuroplasticity in patients with resistant neurological conditions
(>6 months without symptomatic improvement) secondary to
disease or trauma and how PoNS(TM) Therapy, combining per-

oral non-invasive cranial nerve neuromodulation in conjunction
with a proprietary course of therapy (balance, gait and breathing
and awareness training), may improve patient outcomes when
compared to the SOC.
Methods: Four studies were completed, totalling 98 subjects
(56 females and 42 males), with an average age of 52.1 and no
subjects lost to follow-up. Subjects were consolidated into a
population of individuals who (1) had been diagnosed as
resistant to SOC; (2) had a diagnosis fitting criteria for TBI
and (3) participated in PoNS(TM) Therapy. The tests
recorded and used in this analysis are widely accepted objec-
tive metrics such as the Dynamic Gait Index and Sensory
Organization Test. All studies and tests presented in this
analysis have met the criteria for being statistically significant
(p < 0.05). When the results of studies using PoNS(TM)
Therapy are compared to SOC, not only are the results sta-
tistically significant, but denigration of benefit gained was
reduced when subjects continued PoNS(TM) Therapy at
home. In conclusion, PoNS(TM) Therapy leads to a signifi-
cantly better outcome and quality of life in patients with TBI
compared to physical therapy alone (i.e. SOC). PoNS(TM)
Therapy is now being evaluated in a prospective, multicentre,
double-blind sham-controlled trial to address balance issues
in subjects as a direct and proximate result of TBI. Conclusion:
The concept of neuroplasticity was posited by Drs. Marian
Diamond and Paul Bach-y-Rita among others, and our data
suggest that PoNS(TM) Therapy induces a neuroplastic
response reflecting recovery from distressing symptoms of
TBI. Completion of the study referenced above and the par-
allel study from TCNL will go a long way towards defining the
role of PoNS(TM) Therapy in TBI.
Acknowledgments: The authors wish to thank Dr Yuri
Danilov, Mitch Tyler, Kurt Kaczmarek and Kim Skinner at
TCNL for their tireless pursuit of therapeutic options for
those afflicted by neurologic disease and trauma.

0242 Brain spect abnormalities and spontaneous
intracranial hypotension after consecutive
concussions

Hector Miranda and Valerie Rundle

MIRS, West Lake Hills, TX, USA

ABSTRACT
Background: Case of a 49-year-old woman (subject) that has
no prior medical or psychiatric history who was involved in
two motor vehicle accidents (MVAs), on 9 January 16 and 20
May 16.
Case report: She developed tinnitus, neck pain and headaches
that progressively worsened. She was also diagnosed with
benign paroxysmal vertigo. She had a neuropsychological
evaluation on 11 May 16 that showed the subject was suffer-
ing from cognitive impairment, including impaired memory
recall. She also demonstrated interference of her affective
problems with attention and concentration. She had a brain
MRI on 10 August 16 that showed she had multiple subdural
hygromas and cerebellar tonsils 1 mm through the foramen
magnum on the left. These findings are consistent with spon-
taneous intracranial hypotension. A brain SPECT was done
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on 29 August 16 that showed focal areas of abnormal cortical
hypoperfusion in the frontal, temporal, parietal and occipital
lobes. In addition, focal areas of abnormal subcortical hypo-
perfusion were noted in the basal ganglia areas. The finding of
increased thalamic activity coupled with orbito-frontal hypo-
perfusion has been associated by several authors with various
mood disorders. The finding of increased activity in the basal
ganglia has been associated by several authors with various
anxiety disorders. A DSM-5 Neuropsychiatric Diagnostic
screen was administered to the subject on 23 August 2016.
Accordingly, she met the following diagnostic criteria: Major
Depressive Episode and Social Anxiety Disorder.

0243 Do profiles on objective measures of emotions
vary by severity of traumatic brain injury (TBI): An
exploration of recent research

Ivan Rodriguez, Isaac Tourgeman, and Miriam Rodriguez

Carlos Albizu University, Miami Campus, Miami, FL, USA

ABSTRACT
Objective: The Centers for Disease Control and Prevention
(CDC) estimates that Traumatic Brain Injury (TBI) affects
annually 1.7 million people in the USA leading to lifelong
disability. Studies estimate that the prevalence of emotional
disturbances reported (e.g. depression, anxiety) following a
TBI ranges from 11% to 77%. Other studies have shown that
emotional disturbances may still be present after cognitive
complaints dissipate in mild-to-moderate TBI. The objective
of this study was to systematically review the differences
between the TBI severities and their reported emotional dis-
turbances in objective measures in order to delineate how
emotional factors may impact course and treatment.
Method: Studies containing information related to TBI and
emotional disturbances were identified using a defined search
strategy. Results were limited to peer-reviewed and full-text
articles. Databases used were Cobimet, Psych Info, ProQuest,
PubMed and Academic One File. Inclusion criteria were studies
examining the different severities of TBI and disorders of emo-
tional disturbances, and outcome measures of emotional state.
Exclusion criteria were studies that exclusively addressed cogni-
tive deficiency, organic aetiology of TBI, litigation process and
inclusion of psychotic disorders. This search rendered 14 studies.
Results: In the 14 studies reviewed, participants had a mean
age of 36.21(SD = 12.04) and an education mean of 12.45 (SD
= 2.46). Seven studies demonstrated clinical elevations with
mild-to-moderate TBI (e.g. MMPI-2, NSI, and CES-D).
Studies that used the MMPI-2 demonstrated elevations on
the scales of hypochondriasis, depression and hysteria includ-
ing elevations on one of the subscales (i.e. Hy3 Lassitude-
Malaise). On the CES-D, a score of ≥16 or higher was highly
correlated with a depressive diagnosis. Five studies showed
clinical significant scores on moderate-to-severe TBI and
severe TBI (e.g. PAI and DASS-21). The PAI identified clin-
ical elevations two standard deviations away from the mean
on somatic complaints, depression, borderline features, para-
noia and schizophrenia scales. The DASS-21 identified
depressive symptoms as its most elevated scale followed by

an increase of reported stress. One study that used the BDI-II
reported minimal elevations in mTBI, while moderate-to-
severe TBI reported mild depressive symptoms. The remain-
ing studies identified emotional disturbances; however, these
elevations were not correlated to a specific TBI.
Conclusions: Results demonstrated that there are differences
between the reported levels of emotional disturbances in
objective measures and different TBI severities with mild-to-
moderate TBI reporting more emotional disturbances than
moderate-to-severe TBI across different objective measures.
These differences may be secondary to individuals with milder
presentations experiencing greater deficit awareness or being
more susceptible to adjustment difficulties. These findings
indicate a need to incorporate psychiatric treatment to other
treatment modalities in this population.

0245 Effects of traumatic brain injury on
neuropsychological tests and MRI scans in the
Framingham Study

Matthew D. Huanga, Boting Ninga, Danielle Eblea, Ethan
Johnsona, Andrew R. Bakera, Michael McCleanb, Jordan
Grafmanc, and Rhoda Aua,b

aFramingham Heart Study, Boston University School of
Medicine, Boston, MA, USA; bBoston University School
of Public Health, Boston, MA, USA; cRehabilitation
Institute of Chicago, Chicago, IL, USA

ABSTRACT
Background: The long-term effects of traumatic brain injury
(TBI) on cognition and brain morphology are documented in
high TBI risk populations. There is, however, a lack of research
in community-based samples. The purpose of this study was to
determine the relationship between TBI and brain ageing.
Methods: Between 2009 and 2013, 2517 Generation 3 and
Omni Generation 2 participants from the Framingham Heart
Study (mean age = 48.31 ± 8.96; 46.9% men) were administered
a brain MRI scan and a neuropsychological test battery; 100 of
whom self-reported previous history of TBI, a subset of which
were corroborated by medical records. Using chi-square tests,
the percentage of neuropsychological scores in the lowest tertile
was compared between the participants with and without TBI.
For Trails A and B, percentages of participants in the top tertile
were used for comparison. Total and lobar volumetric MRI
measures in the lowest tertile were also compared between
those with and without probable TBI.
Results: There was a significant difference in the percentage of
TBI participants scoring in the top tertile for Trails A com-
pared to those without TBI (p = 0.0283). Further, there were
significantly more participants with TBI that had total hippo-
campal volumes in the lowest tertile (p = 0.0090).
Conclusions: In a young to middle age community-based
sample, those with a self-reported history of TBI performed
worse on a test of simple attention and had smaller hippo-
campal volume when compared to those without TBI. These
results suggest that chronic effects of TBI may be related to
greater risk for accelerated brain ageing.
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0249 Cross-validation and extension of the
concussion prediction index (CPI) in an auto-injury
population

Mitchell Clionsky

Medical Diagnostics and Rehabilitation, Llc, Springfield,
MA, USA

ABSTRACT
Background: A recent study described the development and
initial validation of the Concussion Prediction Index ™

(CPI) on a sample of 666 post-auto accident patients,
producing high ROC (AUC=.947, p <.0001), sensitivity
(91.5%) and specificity (89.5%) for presumptive concussion
diagnosis using ImPACT test scores as the primary
outcome.
Research Design: This study replicates the previous design
using a sample of new outpatient accident patients to deter-
mine the reproducibility of those findings, the effect of using a
lower CPI cut-off score and the overall prevalence of concus-
sions arising from automobile accidents.
Method: We divided 679 consecutive eligible patients, pre-
senting for treatment approximately 10 days after auto
accidents, into two groups based on their CPI scores,
which reflected their self-report of accident characteristics
and symptom severity. Patients with CPI scores 0–9 (n =
336) were placed into a No-Concussion group and received
no further head injury evaluation. Patients with CPI scores
of 10–63 (n-343) were placed in a Possible Concussion
Group and neuropsychologically evaluated using the
ImPACT computerized concussion test at approximately 5
days into treatment. As in the earlier study, the ImPACT
percentile ranked scores for verbal memory, visual memory,
visual motor speed and reaction time served as outcome
criteria. In this study, we used a lower cutting score of 10
to reduce false-negative cases.
Discussion: Demographics of this group were similar to the
previous study: 61% vs. 60% female, mean age 33.7 vs. 35.7
and racially equivalent. Overall average CPI scores were 17.09
vs. 17.92. With the lower CPI cut-off, 50.5% vs. 48.2% were
assigned to the Possible Concussion group. We obtained an
equivalent area under the ROC curve (AUC) of 0.944 (p
<.0001). vs. .947, At a cutting score of 9, CPI showed a
sensitivity of 99.66 and a specificity of 86.60. Using the pre-
vious CPI cutting score of 13, sensitivity was .90 (vs. 91.54)
and specificity was .89 (vs. 89.51). The lower CPI cutting score
produced a concussion prevalence of 42.9% vs. the original
sample’s prevalence of 41.3%.
Results: Results of this cross-validation demonstrate a stable
demographic background for accident outpatients, with more
women than men and average age in the mid-30s. In both
samples, the prevalence of presumed concussion based on
cognitive impairment falls above 40%. This exceeds the rate
reported in previously published research (24%), by the CDC
(11%), or by our patients’ reported concussion diagnosis prior
to entrance into our treatment (13%). As such, we believe that
accident concussions are much more common than pre-
viously thought, with many diagnoses being missed by tradi-
tional estimates.

Conclusion: This study also demonstrated the high predictive
value of the CPI for early detection of concussed auto accident
victims, with AUCs >.90 when using a brief, structured self-
report questionnaire.

0250 Improving identification of auto accident
concussions using the concussion prediction index
(CPI)

Mitchell Clionskya and Emily Clionskyb

aMedical Diagnostics and Rehabilitation, Llc, Springfield, MA,
USA; bClionsky Neuro Systems, Inc., Springfield, MA, USA

ABSTRACT
Introduction: Concussions or mild TBI have been extensively
studied in sports, but not as much in automobile accidents.
Because concussions are rarely observed directly in auto
trauma, they are often underdiagnosed in emergency settings
and outpatient rehabilitation programmes. While diagnosis is
straightforward in patients who struck their heads and lost
consciousness, many without direct head trauma or with no
observed loss of consciousness will develop symptoms of
Post-concussional Syndrome (PCS). PCS often reflects an
important neurological injury that impairs cognition, mood
and function. Better assessment would document injury,
avoid potential second impacts from premature return to
sports and guide accommodations for school and jobs.
Method: We studied 666 consecutive eligible patients who
presented approximately 10 days after auto trauma at a large
outpatient medical rehabilitation practice. At initial evalua-
tion, each patient completed a one-page self-administered
questionnaire listing 6 common accident characteristics and
rated the severity of 10 cognitive, emotional and sensory
symptoms commonly found after concussions. The accident
characteristics were given a priori weightings and combined
with the sum of the symptom severities to produce a
Concussion Prediction Index™ (CPI), ranging from 0 to 63
points. Patients with CPI scores 0–14 were placed into a No-
Concussion group and received no further head injury evalua-
tion. Patients with CPI scores of 15–63 and between ages 10
and 60, were placed in a Possible Concussion Group and
neuropsychologically evaluated using the ImPACT computer-
ized concussion test at approximately 1 week (mean = 6.3
days) into treatment. The ImPACT produces percentile
ranked scores in four key cognitive areas (verbal memory,
visual memory, visual motor speed and reaction time).
ImPACT possesses a large normative base and extensive
scientific publication history. It is used currently by
NASCAR and is FDA-approved as a Computerized
Cognitive Assessment Aid for Concussion.
Result: Of 666 patients (345 No Concussion and 321 Possible
Concussion), 60% were female, mean age 35.7 ± 12.8, with
37% Caucasians, 38% Hispanics, 20% black, 5% other.
Results from each of four ImPACT components were auto-
matically scored by the programme. A conclusion of cognitive
impairment due to concussion resulted if two components
scored at ≤16th percentile rank or one was ≤ 8th percentile.
Analysis: On ROC analysis, CPI scores produced an area
under the ROC curve (AUC) of 0.947, (p <.0001). Using
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optimal cutting scores, CPI showed a sensitivity of 91.54 and a
specificity of 89.51 with a concussion prevalence of 41.3%.
Conclusion: This prevalence rate is much larger than pre-
viously reported in a Canadian ER study (24%) or by the
CDC (11%) and suggests that concussions are very common
in auto accidents, possibly exceeding the rate in sports.
Furthermore, a brief, self-administered questionnaire identi-
fies more of those patients who deserve additional study and
management, and shows high sensitivity and specificity for
predicting impaired cognition.

0251 An in-depth evaluation of a non-
pharmacological intervention for people with
prolonged disorders of consciousness in long-term
residential care settings

Ann-Marie Morrisseya,b and Agnes Shielb

aTrinity College Dublin, Dublin, Ireland; bNational University
of Ireland Galway, Galway, Ireland

ABSTRACT
Introduction: Disorder of consciousness is an increasing phe-
nomenon, and people are living longer with these conditions.
The care needs to begin with acute medicine and ICU care
and frequently end up with lifelong nursing care (Royal
College of Physicians, 2013). This group of patients will
require care for many years following injury (Fins, 2013).
This can place strain on budget-limited healthcare systems.
Interventions should be aimed at minimizing career burden
and developing individualized programmes (Wheatley-Smith
et al., 2012). Local, individualized, timely and integrated ser-
vices that are flexible and responsive to personal need are the
goal for future neurorehabilitation services (Health Service
Executive, 2011). This study developed and implemented
such local individualized programmes for people with pro-
longed disorders of consciousness (PDoC).
Method: Five in-depth case studies were conducted in four
long-term residential care settings. An individualized thera-
peutic programme was developed and implemented for each
participant. Each intervention was 3–6 months in duration.
This study was evaluated from three perspectives: the partici-
pant with PDoC, their family and the professional staff caring
for them. The behavioural changes for participants were mea-
sured using three standardized assessments, the Wessex Head
Injury Matrix (WHIM), the Sensory Modality Assessment and
Rehabilitation Technique (SMART) and the JFK Coma
Recovery Scale-Revised (CRS-R). Quantitative measures were
also used to record changes in family members and profes-
sional care staff’s knowledge, anxiety, caregiver strain and
attitudes towards people with PDoC.
Results: Significant positive statistical and clinical changes
were recorded for participants, family members and care
staff. Staff attitudes towards care were shown to have signifi-
cantly changed (p <.05) following the study. Family strain and
anxiety were also reduced. A positive impact on reducing
misdiagnosis and increasing behavioural repertoire was
shown for participants. The cost-effectiveness of the pro-
gramme was also evaluated.

Conclusion: In-depth case study methodology contributes rich
and valuable data to the study of treatment for PDoC. This
study highlights the value and importance of such non-phar-
macological interventions for PDoC and their practical imple-
mentation in long-term settings.

0252 Variation in blood transfusion and coagulation
management policies across 70 European
neurotrauma centres

Jilske (Antonia) Huijbena, Mathieu van der Jagtb, Andrew
Maasc, David Menond, Marc Maegelee, Simon Stanworthf,
Maryse C. Cnossena, Ewout W. Steyerberga, Suzanne
Polindera, and Hester Lingsmaa

aCenter for Medical Decision Making, Department of Public
Health, Rotterdam, The Netherlands; bDepartment of Intensive
Care (Office H-611) and Erasmus MC Stroke Center, Erasmus
Medical Center Rotterdam, Rotterdam, The Netherlands;
cDepartment of Neurosurgery, Antwerp University Hospital
and University of Antwerp, Antwerp, Belgium; dDivision of
Anaesthesia, University of Cambridge/Addenbrooke’s
Hospital, Cambridge, UK; eDepartment of Traumatology,
Orthopedic Surgery and Sportsmedicine, Cologne-Merheim
Medical Center (CMMC) and the Institute for Research in
Operative Medicine (IFOM), University of Witten/Herdecke,
Cologne, Germany; fNHS Blood and Transplant/Oxford
University Hospitals NHS Trust, John Radcliffe Hospital,
Oxford, UK

ABSTRACT
Introduction: In patients with severe traumatic brain injury
(TBI), optimizing the blood and coagulation status is essen-
tial. However, no conclusive evidence exists on optimal hae-
moglobin thresholds for blood transfusion or on coagulation
management, likely leading to variation in treatment policies.
Our aim was to quantify such variation in treatment between
European intensive care units (ICUs).
Methods: We conducted a provider profiling survey to assess
current local practices as part of the ‘Collaborative European
NeuroTrauma Effectiveness Research in Traumatic Brain
Injury’ (CENTER-TBI) study. Questionnaires were completed
by 71 centres from 20 countries across Europe and Israel. For
this study, we used the ICU questionnaire focused on: 1)
haemoglobin target levels (Hb-TL) and 2) coagulation policies,
i.e. correction of coagulopathy with bleeding diathesis versus
deep venous thrombosis (DVT) prophylaxis and its timing.
Results: Seventy centres completed the ICU questionnaire
(response rate = 99%). The questions were mostly completed
by intensivists (N = 31; 44%), neurosurgeons (N = 19; 27%) or
neurologists (N = 5; 7%). Half of the centres (N = 36; 53%) had a
Hb-TL in their general ICU protocol. Specifically for TBI
patients, 28 (15%) centres indicated they would use a Hb-TL
between 70 and 90 g/l, and 39 centres (40%) between 90 and 110
g/l. To treat haemostatic abnormalities, use of fresh frozen
plasma (N = 51; 72%) or platelets (N = 36; 49%) was most
often reported, followed by the supplementation of vitamin K
(N = 27; 38%), fibrinogen (N = 20; 28%), Prothrombin Complex
Concentrate (N = 18; 26%), tranexamic acid (N = 9; 13%) or
Novo VII (N = 3; 4%). Most centres reported to use DVT
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prophylaxis frequently (N = 20; 29%) or always (N = 45; 65%). In
the absence of haemorrhagic brain lesions, 15 centres (22%)
indicated to wait 72 hours (after the trauma incident) with
DVT prophylaxis. However, in the presence of haemorrhagic
brain lesions, 31 centres (47%) indicated to wait 72 hours. Low
molecular weight heparin was reported as the prophylactic drug
of choice (N = 57; 84%).
Discussion: This study shows a lack of consensus in European
ICUs on the optimal haemoglobin target levels, coagulopathy
management and DVT prophylaxis in severe TBI patients.
The large between-centre variation provides research oppor-
tunities on the effectiveness of different approaches in com-
parative effectiveness research.

0253 The Dutch neurotraumatology quality registry
(Net-QuRe): Study design and pilot phase

Lianne Peppela,b, Majanka Heijenbrok-Kala,b, Thomas van
Essenc,d, Jeroen van Dijckc, Jorrit Slamana, Godard de
Ruiterd, Wilco Peulc,d, and Gerard Ribbersa,b

aRijndam Rehabilitation Center, Rotterdam, The Netherlands;
bErasmus Medical Center, Rotterdam, The Netherlands;
cLeiden University Medical Center, Leiden, The Netherlands;
dMedical Center Haaglanden, The Hague, The Netherlands

ABSTRACT
Objectives: This study focuses at the chain of care for
patients with moderate-to-severe traumatic brain injury
(TBI) from acute care to specialized rehabilitation and
hereafter. Variability in process and structure of care in
different regions in the Netherlands will be assessed aiming
to answer questions such as; what is the effectiveness of a
direct operative evacuation compared to an (initial) expec-
tant strategy in acute subdural hematoma?; which factors
determine discharge destination and what factors predict
long-term outcome at several ICF domains? The ultimate
aim of the study is to develop a high-quality database
covering the total chain of care for patients with moder-
ate-to-severe TBI.
Methods: Net-QuRe is a prospective observational multi-insti-
tutional cohort study. Approximately 1500 patients age >15
years old with moderate-to-severe TBI will be recruited from
several Dutch level-1 trauma centres and will be followed for
2 years. Assessments are scheduled in the hospital phase and
6, 12 and 24 months post injury. Two to three extra assess-
ments are added in case of rehabilitation in a participating
centre (including outpatient care). Outcome measures include
quality of life, participation, awareness, cognitive functioning,
depression and anxiety, language, neuropsychiatry, fatigue,
functional independence, functional outcome, walking ability,
employment and healthcare use.
Current status: In the first phase of the study, outcome mea-
sures were defined by rehabilitation professionals from the
participating rehabilitation centres using Delphi rounds. In
the meantime, we started with the development of the data-
base in GemsTracker. To test and improve the data collection
procedures, a pilot phase was started in four trauma centres
and two rehabilitation centres, which together resulted in two

closed chains of care. The Net-QuRe study design, including
details of the data registration and results of the pilot phase,
will be presented.

0254 Findings from subacute visual oculomotor
assessments in mTBI patients differ from age-
matched trauma and healthy controls

Giedre Matusevicienea, Jan Johanssonb,c, Tony Pansellb,c,
Marika Möllera, and Catharina Nygren de Boussarda

aDepartment of Clinical Sciences, Danderyd Hospital,
Karolinska Institutet, Stockholm, Sweden; bSt. Erik Eye
Hospital, Stockholm, Sweden; cDepartment of Clinical
Neuroscience, Karolinska Institutet, Stockholm, Sweden

ABSTRACT
Background: Many patients with MTBI return to previous
activities within a few weeks of injury, but up to 40% of
patients report persistent symptoms. Disruptions in visual
functioning after MTBI have recently been described, and
these may play a role in sustaining or aggravating chronic
symptoms. The diagnosis of MTBI is mostly based on self-
reported symptoms. Objectively signs for diagnosis and mon-
itoring of MTBI are still lacking. Reported rates of vision-
related symptoms in MTBI vary from 1% to 75%.
Objectives: The aim of the study was to investigate whether
objectively measurable visual disturbances are observed more
often in MTBI patients than in two groups of age-matched
controls: individuals with minor trauma without head injury,
and healthy controls. In addition, we evaluated whether self-
reported vision-related symptoms after MTBI correlated with
objectively detectable changes in visuomotor performance.
Methods: This prospective observational study included 15 con-
secutiveMTBI patients (age 18–40) with GCS 14–15 at presenta-
tion to the emergency department, and required acute CT scan,
and two age-matched control groups: 15 patients with minor
orthopaedic trauma without head injury and 15 age-matched
healthy controls. All study participants completed question-
naires and were examined by an optometrist 7–10 days and
3–6 months after the injury. The following outcome measures
were assessed: Rivermead Postconcussional Symptoms
Questionnaire (RPQ), Hospital Anxiety and Depression Scale
(HADS), Revised Convergence Insufficiency Survey (CISS,
assesses near vision-related symptoms). Visual examination
included assessment of visual acuity, accommodation, and eye
alignment. Oculomotormeasures of saccades, fixation, and read-
ing performance were recorded with eye tracking.
Results: Patients with MTBI reported statistically significantly
more near vision-related symptoms in CISS compared to each
of the control groups, while no difference was observed
between both control groups. In MTBI group, CISS median
value (24) at the baseline was above the cut-off score (21),
reflecting abnormal symptom levels. Median values of CISS
score were reduced in MTBI group at the follow-up. The CISS
score in control groups were below cut-off level at both time
points. A significantly worsened near point of convergence
was found in MTBI patients compared to control groups at
baseline, but not at follow-up. A correlation was found
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between increased near vision symptom score (CISS) and
reduced positive fusional vergence at near (r = −0.6; p = 0.02).
MTBI patients reported significantly more symptoms in RPQ
than controls at the baseline. No difference in RPQ symptom
load was found between groups at follow-up. RPQ symptom
load decreased significantly in MTBI group between the base-
line and follow-up.
Conclusion: Preliminary results suggest that during the sub-
acute period, there are transient measurable visual changes in
MTBI patients.

0255 Ceftriaxone attenuates alcohol drinking and
anxiety-like behaviour following mild traumatic
brain injury in rats

Cody Blackwelder, Jacques Mayeux, Zachary Stielper, Peter
Sayde, Nicholas Gilpin, Scott Edwards, and Patricia Molina

Department of Physiology, Louisiana State University Health
Science Center, New Orleans, LA, USA

ABSTRACT
Introduction: Traumatic brain injury (TBI) affects an esti-
mated 1.7 million individuals annually, notably young, other-
wise healthy individuals (e.g., contact-sport athletes, motorists
and military personal). The high incidence of TBI is trouble-
some due to the lack of an effective therapeutic treatment and
the negative behavioural changes that follow TBI, including
increased anxiety. Reports from clinical studies also show an
increased odds ratio for risky alcohol consumption following
TBI. Our pre-clinical studies using a rodent model of TBI
have demonstrated that exposure to alcohol from either alco-
hol vapour or self-administration procedures exacerbates neu-
roinflammation and prevents neurobehavioral functional
recovery post-TBI. A likely mechanism for these pathological
sequelae is the downregulation of astrocytic glutamate trans-
porter protein expression (GLT-1 in rodents) responsible for
maintenance of glutamate homeostasis at the synapse.
Result: We propose that neuroinflammatory-induced excito-
toxicity likely triggers apoptosis and neuronal loss, which may
represent underlying mechanisms of post-TBI neuropathol-
ogy including increased anxiety-like behaviour and escalation
of alcohol consumption. Ceftriaxone, a β-lactam antibiotic,
upregulates GLT-1 expression in rodent models of alcohol
self-administration. We tested the hypothesis that upregula-
tion of GLT-1 via ceftriaxone would improve negative beha-
vioural outcomes post-TBI, specifically anxiety-like behaviour
and escalation of alcohol-drinking. Adult male Wistar rats
(n = 15) were trained to consume alcohol via operant con-
ditioning procedures. Individual levels of alcohol and water
consumption were measured. Baseline values for alcohol con-
sumption, neurological function [neurological severity scores
(NSS)], and neurobehavioral function [neurobehavioral scores
(NBS)] were established prior to TBI, which was produced by
the lateral fluid percussion procedure. Briefly, 5-mm-diameter
craniotomies were performed on all animals, and following a
2-day recovery period, the rats received a sham injury (n = 5)
or a mild-to-moderate TBI (~2 ATM (~30 PSI); ~20 ms
impulse) over the left sensorimotor cortex. Thirty minutes
post-TBI, TBI animals were assigned to receive either

intraperitoneal ceftriaxone (TBI/CFT; 200 mg/kg; n = 5) or
vehicle (TBI/VEH) such that each group had equivalent alco-
hol-drinking baseline values. Determinations of daily alcohol
consumption, NBS and NSS were obtained at selected time
points post TBI. Open field, Y-maze, and novel object recog-
nition paradigms were used to assess anxiety-like behaviour
and working memory. All animals were sacrificed 10 days
post-TBI, and brains were extracted, dissected and frozen
for future analysis.
Result: TBI/CFT animals exhibited a trend for decreased alcohol
consumption relative to sham and TBI/VEH groups. Moreover,
TBI/CFT animals displayed reduced anxiety-like behaviour, as
well as improved motor and sensorimotor function, relative to
TBI/VEH animals. In summary, our results indicate that cef-
triaxone may effectively treat negative behavioural changes post-
TBI and warrant further studies to elucidate the neurobiological
processes that underlie these observations.

0256 Mild traumatic brain injury exacerbates
Alzheimer’s disease brain pathology:
Neuroprotective effects of nanowired mesenchymal
cells and cerebrolysin

Hari Shanker Sharmaa, Dafin Muresanub, Jose V Lafuentec,
Ala Nozarid, Ryan Tiane, Asya Ozkizilcikf, and Aruna Sharmaa

aUppsala University Hospital, Uppsala, Sweden; bUniversity of
Medicine & Pharmacy, Cluj-Napoca, Romania; cUniversity of
Basque Country, Bilbao, Spain; dHarvard Medical School,
Massachusetts General Hospital, Boston, MA, USA;
eUniversity of Arkansas, Fayetteville, AR, USA; fUniversity
of Arkansas, Fayetteville, AR, USA

ABSTRACT
Introduction: Traumatic brain injury (TBI) either concussive
or piercing in military personnel results in lifelong disabilities
that often precipitate in development of Alzheimer’s disease
(AD). TBI-induced AD brain pathology is quite complicated,
and so far, no suitable therapeutic strategies have been worked
out. We have undertaken a series of investigation to expand
our knowledge on AD pathology induced by TBI in labora-
tory animal models to explore novel treatment strategies
including nanomedicine. In this investigation, we examined
effects of concussive head injury (CHI) on amyloid beta pep-
tide (AβP) infusion-induced simulation of AD brain pathol-
ogy. In addition, role of mesenchymal stem cells (MSCs) and
the multimodal drug cerebrolysin either alone or in combina-
tion was investigated using their nanodelivery in CHI-induced
AD brain pathology.
Method: CHI was induced in Equithesin anaesthetised rats by
dropping a weight of 114.6 g over the right parietal skull from
a distance of 20 cm through a guide tube resulting in 0.224 N
impact over the skull surface without fracture. These animals
were allowed to recover 24 hours. In these animals as well as
in control group of rats without CHI, AβP was infused
(AβP1–40, 250 ng/10 μl) into the right lateral cerebroventricle
once daily for 4 weeks. This dose of AβP results in AD-like
symptoms as seen on behavioural and neuropathological dis-
turbances in the brain. Thus, after 4 weeks, deposits of AβP
were seen in several brain regions as well as significant
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elevation of Tau protein, decrease in neprilysin and increase
in α-synuclein both in the CSF and in the brain. In this AD
model, breakdown of the blood-brain barrier (BBB), leakage
of albumin, formation of brain oedema and neuronal, glial
and myelin damages are prominent. Interestingly, when AβP
was infused in CHI rats, these physiopathological symptoms
were further exacerbated by three to sevenfold in the brain
and in CSF. This suggests that CHI aggravate AD brain
pathology. In these rats, when either TiO2-nanowired MSCs
(1 million) or cerebrolysin (a suitable composition of several
neurotrophic factors and active peptide fragments, 2.5–4 ml/
kg, i.v.) given daily after 1 week of AβP infusion and con-
tinued for 2 weeks resulted in mild-to-moderate neuroprotec-
tion in CHI rats with AD. However, co-administration of
TiO2-naowoired MSC and cerebrolysin significantly attenu-
ated BBB disturbances, brain oedema formation and brain
pathology in AD rats in CHI group. In these animals, reduc-
tion in Tau and a-synuclein as well as moderate increase in
neprilysin was also observed. This indicates that co-adminis-
tration of nanowired MSCs and cerebrolysin has the most
superior effects on neuroprotection in AD cases after CHI,
not reported earlier.
Conclusion: These results raise hope for effective treatment in
soldiers with TBI for better rehabilitation in future strategies.

0258 Treatment programme for lower limb central
paresis based on constrained induced movement
therapy

Yvona Angerovaa,b, Zuzana Drábová a,b, Jakub Jeniceka,b, and
Olga Svestkovaa,b
aGeneral Teaching Hospital Prague, Praha, Czech Republic;
bCharles University the First Faculty of medicine, Prague,
Czech Republic

ABSTRACT
Background: Our department of rehabilitation medicine is
concerned with acquired brain injury patients for a long
time. We run day treatment programme for them. Three
years ago, we established a programme using CIMT
(Constraint induced movement therapy) for people with cen-
tral hemiparesis. The upper limb was treated during this
programme. Last year, we introduced a programme on the
basis of CIMT for lower limb. CIMT was first described by
Taub and Millner and is based on two basic principles—
forced used of the paretic arm by restraining the unaffected
arm and massed practice of the affected arm through repeti-
tive training. It is not possible to restrain the unaffected lower
limb, but the other principle to use the paretic lower limb
more actively doing repetitive training in restrictive time
intervals is very suitable.
Method: 10 patients with central hemiparesis due to acquired
brain injury aged 18 and older were involved. All of them
were able to walk independently without technical aid or
using a cane. They come to our department from Monday
to Friday for day programme for 4 weeks. The programme
was for 6 hours a day, 3 hours and a half were oriented to
group or individual activities concerning affected lower limb.
More time had to be spent with the training at home. The

activities were repetitive movements of lower limb, functional
electric stimulation and group activities oriented on intensive
training of affected lower limbs. The evaluation of the effect
was done by TUG (The Timed Up and Go test); 10MWT
(Ten-Minute Walk test); 2MWT (Two-Minute Walk test)
using at the beginning and at the end of the programme.
The patient was also videotaped at the beginning as well as
at the end of the programme to see the difference in gait cycle,
and the spasticity scales MAS (Modified Ashworth scale) and
TS (Tardieu scale) were measured. The patients were also
controlled 1 and 6 months after finishing the intensive
programme.
Results: All 10 patients finished the programme. 8 of them
were better in all mentioned tests, the rest two patients were
better only in some of controlled parameters. All patients felt
more safe and walked longer distances than before the
programme.
Conclusion: We plan to use this type of intensive day treat-
ment program for more patients, but we must be more careful
in defining inclusion criteria for them. One of the most
important is motivation of the patient himself and the level
of his cognitive function.

0259 Predictors and indicators of disability and
quality-of-life 4 years after severe traumatic brain
injury: A structural equation modelling approach

Philippe Azouvia,b, Claire Jourdanb, Idir Ghoutc, Claire Vallat-
Azouvid, Eleonore Bayene, Pascale Pradat-Diehle, Philippe
Aegerterc, and James Charantonf

aRaymond Poincare Hospital, Garches, France; bUniversity of
Versailles Saint Quentin, Versailles, France; cURC Paris-
Ouest, hôpital Ambroise Paré, Boulogne, France; dUniversity
of Paris 8, Saint-Denis, France; eHopital de la Salpétrière,
Paris, France; fCRTFC, France

ABSTRACT
Objective: The objective of the present study was to compare
the predictors and indicators of disability and quality-of-life 4
years after severe traumatic brain injury (TBI), using struc-
tural equation modelling (SEM).
Methods: This study is a part of the PariS-TBI study, a long-
itudinal multicentre inception cohort study of 504 patients
with severe TBI. Among 245 survivors, 147 patients were
evaluated upon 4-year follow-up, and 85 completed the full
assessment. Two outcome measures were analysed separately
using SEM: the Glasgow Outcome Scale-extended (GOS-E), to
measure disability, and the QOLIBRI, to assess quality-of-life.
Four groups of variables were entered in the model: demo-
graphics; injury severity; mood and cognitive impairments;
and somatic impairments.
Results: Disability was directly significantly related to injury
severity, to impairments of mood and cognition, and to
somatic disorders. Age and education only had an indirect
effect, mediated by mood/cognition or somatic deficiencies. In
contrast, the only direct predictor of quality of life was mood
and cognition. Age and somatic impairments had an indirect
influence on the quality of life.
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Conclusion: These results suggest that disability and quality-
of-life were directly related to different factors. While disabil-
ity appeared to result from an interaction of a wide range of
factors, including cognition, mood, somatic deficiencies and
overall injury severity, quality-of-life was solely directly
related to psycho-cognitive factors.

0260 Illness and treatment representation as factors
of commitment to rehabilitation in post-stroke
patients with arm paresis

Maria Kovyazinaa, Guzel Aziatskayab, Elena Rasskazovaa,
Olesya Mokienkob, Natalia Suponevab, Michael Piradovb,
Ekaterina Prigornevaa, and Natalia Varakoa

aLomonosov Moscow State University, Moscow, Russian
Federation; bDepartment of Neurorehabilitation and
Physiotherapy, Research Center of Neurology, Moscow, Russian
Federation

ABSTRACT
Introduction: Psychological reactions to stroke including ill-
ness and treatment representation are important factors of
rehabilitation efficacy that frequently demands regularity, per-
sistency and sensitivity to small progress. We suggest that
better representation leads to clearer personal rehabilitation
goals, better self-efficacy and persistency that prevent treat-
ment-related health anxiety and helplessness leading to more
effective rehabilitation and better well-being.
Objective: The aim was to reveal the role of illness and treat-
ment representation in commitment to rehabilitation and
well-being of post-stroke patients.
Methods: Research design includes neurological observation and
appraisal of rehabilitation efficacy and psychological interview.
Patients are interviewed about illness representation (Moss-
Morris et al., 2002) and rehabilitation goals, appraise importance,
difficulty and self-efficacy regarding them and satisfaction with
rehabilitation. To assess treatment-related health anxiety, help-
lessness and self-efficacy, we created nine items (Cronbach’s
alphas .92, .86 and .91 respectively) based on Health Anxiety
Questionnaire, Beck Depression Inventory—II and Health-
Specific Self-Efficacy Scales. Then patents replied six items mea-
suring rehabilitation-related intrinsic, extrinsic and impersonal
locus of control (.98, .97, .90), Satisfaction with Life Scale and
Scale of Positive and Negative Experience. Below are pilot data of
nine post-stroke patients with arm paresis undergoing rehabilita-
tion in the Department of Neurorehabilitation and Physiotherapy
in the Research Center of Neurology.
Results: Patients who had clearer current rehabilitation goals,
appraised them as more important and their possibility to
achieve them as high were more satisfied with rehabilitation
(r=.41-.57) and reported less health anxiety and helplessness
(r=-.81–.41). Moreover, helpless patients were less satisfied
with their rehabilitation outcomes (r=-.54). The more patients
considered their illness as long-term conditions having strong
impact on their lives the more anxious and helpless (r=.53-.87)
and less confident in their rehabilitation goals (r=-.87–.53) they
were. Emotional reactions to illness were related to higher
helplessness (r=.48-.79), lower rehabilitation-related self-

efficacy and treatment satisfaction and lower subjective impor-
tance of rehabilitation goals (r=-.79–.48).
Patients with extrinsic and impersonal locus of control
reported higher health anxiety and helplessness (r=.56-.71),
lower subjective importance and self-efficacy regarding reha-
bilitation goals (r=-.68-.62). Both treatment-related helpless-
ness and health anxiety negatively correlated with satisfaction
with life (r=-.65–.53), while helplessness and low self-efficacy
in rehabilitation are also related to more negative (r=.45-.67)
and less positive emotions (r=-.59–.52).
Conclusions: Based on pilot data, we suggest that optimistic
view of length of condition and its impact on personal life,
decrease of emotional reactions to illness, clearer and person-
ally important rehabilitation goals could be targets for psy-
chotherapy promoting well-being and preventing health
anxiety and helplessness of post-stroke patients.

0261 Neuropsychological predictors of BCI-
enhanced mental practice efficacy in post-stroke
patients

Maria Kovyazinaa, Guzel Aziatskayab, Roman Lyukmanovb,
Natalia Varakoa, Natalia Suponevab, and Michael Piradovb

aLomonosov Moscow State University, Moscow, Russian
Federation; bDepartment of Neurorehabilitation and
Physiotherapy, Research Center of Neurology, Moscow, Russian
Federation

ABSTRACT
Introduction: According to the Guidelines for adult stroke
rehabilitation and recovery (American Heart Association/
American Stroke Association, 2016), mental practice is rea-
sonable to consider as an adjunct to upper extremity rehabi-
litation services (A level of evidence) (Winstein et al., 2016).
Since motor imagery (MI) is an integrative and complex
cognitive process, there is high demand to assess preserved
cognitive functions and allocate sufficient cognitive capacity
for effective mental training. It has been already shown that
existing MI scales do not correlate with ability to control
brain-computer-interface (BCI) based on MI paradigm. The
aim of this study is to find reliable tools from neuropsycho-
logical approach, which can be prognostic for individual
rehabilitation program development.
Materials and Methods: 10 hemiplegic patients after first-time
stroke (mean age 51, time from onset range 2–13 months)
were examined using Luria neuropsychological examination
and assessment, including assessment of functions of spatial
analysis and synthesis particularly with the use of Rey-
Osterrieth Complex Figure Test in Taylor’s modification
(Taylor figure); Clock Drawing Test (CDT, predrawn modifi-
cation), table and cube drawing test, 5 Shapes Test. The Motor
imagery questionnaire-revised (MIQ-R) and The Kinesthetic
and Visual Imagery Questionnaire (KVIQ) scales were used to
measure subjective vividness of MI. After the assessment,
patients were trained to imagine kinesthetically a movement
under control of a BCI with the feedback presented via an
exoskeleton. Patients underwent 10 training sessions lasting
up to 40 minutes. BCI classifier recognition rate was analysed
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as an indirect indicator of motor imagery quality. Offline EEG
data processing was started. fMRI with the same task para-
digm was performed before and after mental practice course
followed by functional connectivity analysis.
Results: Significant correlation (0.785, p < 0.05) was revealed
between general score of both copy and recall trials of Taylor
figure test and the percentage of reliable training sessions
from all sessions performed according to online classification
accuracy rate. The subscale of fragmentation strategy in copy
and recall trials (amount of mistakes) negatively correlated
with the percentage of reliable sessions (−0.826; p < 0.05) and
the percentage of sessions with high online accuracy rate
(−0.657; p < 0.05). There is a moderate negative correlation
between the presence of qualitative errors of perseveration
type in Clock drawing test, table and cube drawing test and
the percentage of reliable sessions (−0.64 and −0.64 respec-
tively, p < 0.05). Metrical mistakes in 5 Shapes Test are
strongly correlated with the percentage of reliable training
sessions and the percentage of sessions with high online
accuracy rate (−0.905, p < 0.01).
Conclusions: It seems to be promising that neuropsychological
approach can shed light into process of mental imagery, and
the detailed neuropsychological examination and assessment
might be used as a screening before mental practice admission.

0262 Extracorporeal shock wave therapy as a novel
treatment intervention for neurogenic heterotopic
ossification: A clinical case series

Yaron Sachera,b, Jackie Reznikc, Or Kibricka, Erik Birosd, and
Mary Galeae

aLoewenstein Rehabilitation Hospital, Raanana, Israel; bTel
Aviv University, Tel Aviv, Israel; cCentral Queensland
University, North Rockhampton, Australia; dJames Cook
University, Townsville, Australia; eThe University of
Melbourne, Melbourne, Australia

ABSTRACT
Background and Aim(s): Neurogenic heterotopic ossification
(NHO) is one of the three major types of heterotopic ossifica-
tion occurring as a complication of a neurological insult, in
particular, as a complication of traumatic brain injury (TBI)
and traumatic spinal cord injury (TSCI). Late clinical diag-
nosis does not allow for prophylactic drug therapy and the
surgical option carries with it many additional health risks.
Mature NHO results in a variety of complications limiting
activities of daily living. No ‘gold standard’ exists as regards
treatment protocols, and many ambiguous findings concern-
ing the clinical outcomes of NHO treatment still remain
unchallenged. A new, noninvasive treatment in the form of
extracorporeal shock wave therapy (ESWT) has shown pro-
mising results (Ref.1).
Method: A clinical case series using ESWT on chronic NHO at
the hip or knee of 11 TBI patients more than 12 months post
injury was undertaken at a specialized rehabilitation hospital.
The study was based on protocol of an earlier case study
(Ref 2).

Result(s): The results obtained from this larger study sup-
ported those of the initial single case study. TAU-U statistical
analysis results demonstrated that the participants showed an
overall reduction in pain and an improvement in range of
motion and function.
Conclusion(s): Only limited research into the use of ESWT on
NHO exists (Ref 1). This study will add to the body of knowl-
edge concerning the development of NHO and present a
novel treatment intervention for chronic NHO in the speci-
fied patient group.
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0263 Comparison of field side and office-based brief
cognitive assessment in child athletes

Mihloti Williams, Marirose Radelet, and Mark Lovell

ImPACT Applications, Inc., Pittsburgh, PA, USA
ABSTRACT
Objective: The aim of the study is to determine if a difference
exists in ImPACT Pediatric baseline concussion testing scores
in different environments when in the areas of memory and/
or other domains. This study was undertaken to investigate
whether a brief (10-minute) iPad-based test could be admi-
nistered outside of an office setting.
Methods: A sample of child football and cheerleader athletes
completed a baseline paediatric concussion test (ImPACT
Pediatric ImPACT) in different environments. One hundred
and sixty-seven subjects (61% male and 29% females) were
tested by a trained examiner field side during practice and an
age and gender-matched sample were tested in an office
environment (derived from the ImPACT Pediatric Manual).
The sample was composed of primarily African American
children (98%). All subjects completed the Word Memory,
Design Rotation, Memory Touch and Picture Match, and Stop
and Go test modules of ImPACT Pediatric, an FDA-approved
cognitive assessment tool for children age 5 through 11. Test
scores were compared to established for each age group from
5 through 11.
Results and Analysis: The field-side group performed similarly
on almost all of the test modules compared to the group
tested in an office environment. The only exception was on
the Delayed Recall trial of the Word Memory Test, in which
the field-side group performed significantly more poorly.
However, the field-side group performed almost identically
of the word recognition task. This finding may be secondary
to the inherent distractions of the environment (noise), or to
other factors.
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Conclusion: Although preliminary, these results suggest that
under certain circumstances, it may be possible to complete
baseline testing in non-traditional, non-office-based setting.

0265 Video and clinical screening national rugby
league players suspected of sustaining concussion

Andrew Gardnera,b, Magdalena Wojtowiczc,d,e, Douglas
Terryc,d,e, Christopher R. Levia,b, Ross Zafontec,d,e, and Grant
Iversonc,d,e

aCentre for Stroke and Brain Injury, School of Medicine and
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Concussion Program, New Lambton Heights, Australia;
cDepartment of Physical Medicine and Rehabilitation,
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MA, USA; eHome Base, A Red Sox Foundation and
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ABSTRACT
Background: In 2014, the National Rugby League (NRL) intro-
duced a new ‘concussion interchange rule’ (CIR) allowing for
a player to be removed from play and assessed by the club’s
medical staff for his suitability to return to play in the same
game. As part of that policy, it was mandated that the Sports
Concussion Assessment Tool—Third Edition (SCAT3) be
included in the assessment process. This study reviewed the
available sideline SCAT3 performance of players using the
CIR, the available video footage of these incidences, and
associated decisions pertaining to return to play.
Method: Video footage and sideline SCAT3 data were avail-
able for 38 players. All uses of the CIR were independently
reviewed by two raters who determined whether any of five
signs (i.e., unresponsiveness or loss of consciousness, clutch-
ing or shaking of the head, vacant stare, gait ataxia or sei-
zures) were present, absent or indeterminable based on the
available footage of the incident for every case.
Results: A total of 21 (55.2%) rugby players were observed to
demonstrate signs of unresponsiveness, gait ataxia or vacant
stare. Those with video evidence of unresponsiveness per-
formed more poorly on the Modified Balance Error Scoring
System (M-BESS; p =.04; Cohen’s d=.69) and reported greater
symptoms (p =.03; d=.51) on the SCAT3. Similarly, players
with a vacant stare reported greater symptoms (p =.05; d=.78).
Those who demonstrated all three signs (unresponsiveness,
vacant stare and gait ataxia) performed more poorly on the
M-BESS (p =.03; d = 1.4) and reported greater symptoms (p
=.03; d = 1.4) than those with no observable signs. Of the
players who obtained unusually low scores (i.e., ≤ 24) on the
Standardized Assessment of Concussion (SAC), only one
player was returned to play during the same game (i.e., 1/
10; 10%).
Conclusions: The results of this study support the notion
that the SCAT3 is sensitive to the acute effects of concus-
sion in professional athletes; however, a minority of injured
athletes might go undetected by this test. This study also
provides initial support for the use of video review as an

adjunct to the current acute clinical assessment of concus-
sion in rugby.

0266 A predictive model of resilience among family
caregivers supporting relatives with traumatic brain
injury (TBI) in Australia: A structural equation
modelling approach
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ABSTRACT
Objectives: Developing a comprehensive understanding of
resilience in family caregivers supporting relatives with
Traumatic Brain Injury (TBI) is important for mental health
promotion, yet resilience has been vastly understudied com-
pared to deficits and vulnerability-based research. In response,
a paradigm shift into family research is underway in the field
of rehabilitation, with a new emphasis on investigating posi-
tive adaption rather than psychological vulnerability among
family caregivers of people with TBI. In the current study, a
model based on previous empirical research and resilience
theory was devised to examine the predictive and mediating
relationships among caregiver resilience, personality, coping,
self-efficacy, hope, social support and the outcome variables of
caregiver burden and psychological adjustment among family
members caring for relatives with TBI.
Method: This study used an observational cross-sectional
design of family members (n = 131) of relatives with severe
TBI (duration of post-traumatic amnesia > 1 day), recruited
from 6 specialist rehabilitation services in New South Wales
and Queensland, Australia. The study battery comprised the
Connor-Davidson Resilience Scale, Eysenck Personality
Questionnaire, Ways of Coping Questionnaire, General Self-
Efficacy Scale, Herth Hope Scale, Medical Outcome Study
Social Support Survey; and four measures of psychological
adjustment including: Caregiver Burden Scale, Mental
Health sub-Scale-SF36, General Health Questionnaire, and
Positive and Negative Affect Scale. Structural Equation
Modelling (SEM) was used to test the hypothesized model.
Main Results: The results showed the usefulness of adopting
SEM to study resilience in family caregivers supporting rela-
tives with TBI. The model as a whole fitted the data very well,
as indicated by the goodness of fit indices (χ2 = 58.521; ρ =
0.166; NFI = 0.934, IFI = 0.989, CFI = 0.998 and RMSEA =
0.39). A substantial amount of variance (63%) in resilience
was accounted for in the model by the joint influence of self-
efficacy, coping strategies (problem-focused coping) and per-
sonality traits (neuroticism, extraversion), respectively. In
terms of family caregiver outcomes, resilience had a direct
effect on positive affect in caregivers. Resilience also played
the role of a protective factor in relation to two variables
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associated with caregiver vulnerability. It had an indirect
association with caregiver burden mediated through social
support. In addition, resilience, in combination with self-
efficacy, had a direct effect on hope, which, in turn, was
associated with positive mental health among caregivers.
Conclusions: This is the first study to test a model of resilience
in family caregivers of relatives with TBI. The research iden-
tifies resilience as a key factor importantly involved in psy-
chological adjustment of family caregivers. The clinical
significance of these findings include the possibilities that a
focus on building resilience could contribute to improved
hopefulness and other positive caregiver outcomes.

0267 A mixed-methods approach to evaluate
participants’ and service providers’ perceptions of an
outpatient rehabilitation programme for persons
with acquired brain injury
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ABSTRACT
Background: A holistic, intensive and multidisciplinary rehabi-
litation outpatient programme was developed for persons with
acquired brain injury (ABI) at the Pitié-Salpêtrière Hospital,
France (5 days/week for 7 weeks). The programme’s effective-
ness was recently demonstrated (Poncet et al., 2016); however,
the perception of the quality of the programme (as rated by its
participants and service providers) has not yet been studied.
Objectives: (1) Report the perception of programme partici-
pants (adults with ABI) with regard to service quality, (2)
Report the strengths, weaknesses, opportunities and threats
of the programme as perceived by the service providers, and
(3) Triangulate findings to draw conclusions about the pro-
gramme’s quality and to provide recommendations for quality
improvement.
Methods: A mixed-methods design using a validated question-
naire: Perception of Quality of Rehabilitation Services (PQRS-
Montreal) and interviews (structured around a SWOT analysis)
were employed involving 33 programme participants (mean
age: 43.6 years; 50% with a TBI) and 12 service providers
(average years of clinical experience: 15.9 ± 12.3 years).

Results: (1) Perception of programme by participants. Highest
mean scores (3.5/5) were observed for the following dimen-
sions of the PQRS: Ecological approach, Client-centred
approach, while lowest scores were for items pertaining to
Service availability (2.5/5). (2) Perception of by-service provi-
ders. Their verbatim generated 166 comments pertaining to the
programme’s strengths (e.g. human resource management), 77
related to the weakness (e.g. small budget allocated to the
programme), 83 related to opportunities (e.g. maintain compe-
tencies of service providers) and 53 referred to potential threats
(e.g. social and governmental policies) (3) Triangulation. In
general, there was a convergence of opinion among subjects
about the high quality of the programme, particularly regarding
the clinical team’s competence and its participant-focused
approach. Specific aspects of the programme viewed more
negatively by both groups were the lack of focus on sexuality,
family involvement and return to work/volunteering/school.
Conclusion: Participants’ and service providers’ perceptions of
the rehabilitation programme under study were generally posi-
tive. A reliable and valid questionnaire and interviews helped
identify aspects of the programme that work well, and those that
could be targeted for future quality-improvement efforts.

0268 The impact of thickened fluids on hydration
status in TBI patients with dysphagia: A retrospective
study preceding hydration protocol design

Leora Berkovica, Hugues Plourdea, Mary Hendrickson-
Nelsona, Judith Marcouxb, Rajeet Singh Salujab, Connie
Kirschb, Lynn St-Laurentb, and Maude Lague-Beauvaisa,b,c
aMcgill University, Montreal, QC, Canada; bMcGill University
Health Centre, Montreal, QC, Canada; cUniversité du Quebec
en Outaouais, Outaouais, QC, Canada

ABSTRACT
Objective: Neurogenic dysphagia, a common complication post-
traumatic brain injury (TBI), is an impairment in swallowing
function due to neural damage. Dysphagia often leads to dehy-
dration, and modifying fluids or textures allow for improved
intake. Despite these modifications, dehydration persists.
Current research on dehydration and modified diets involves
stroke patients in long-term care facilities. The goal of this study
was to determine the impact of thickened liquids on hydration
status in TBI patients with dysphagia in an acute care setting.
Methods: A retrospective study was conducted with participants
selected from 614 patients admitted to a TBI unit of a Level I
trauma centre between January 2014 and March 2015. In total,
575 charts were screened, and those diagnosed with dysphagia
and prescribed a modified texture or thickened fluid diet were
included. Exclusion criteria included: chronic kidney disease
(CKD); acute renal failure (ARF); dialysis; congestive heart fail-
ure (CHF); fluid restrictions; and nutrition support. Participants
were assigned a dysphagia severity score using the ‘dysphagia
outcome and severity scale’. Biochemical values were obtained
via OACIS electronic medical records. Descriptive statistical
analysis was conducted using SPSS version 23.
Results: A total of 70 patients (12.2% of screened patients) were
diagnosed with dysphagia and prescribed a modified diet.
However, 22 patients had exclusion criteria, and 14 had missing
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data, resulting in n = 34, 70.6% being male. Upon initial
assessment: 23.6% had minimal-to-mild dysphagia; 47% had
mild-to-moderate dysphagia; and 29.3% had moderate-to-
severe dysphagia. Upon final assessment: 67.6% had normal-
to-mild dysphagia, whereas 32.3% had mild moderate-to-severe
dysphagia. 53.3% participants had a modified texture or thick-
ened fluid, whereas 47.1% had both a modified texture and
thickened fluid. The average number of days on a thickened
fluid was 8.7 (+/− 5.8), whereas modified texture was 5.8(+/−
5.7) days. When available, sodium and potassium were within
normal limits, and creatinine levels were below normal.
Conclusion: Patients on thickened liquids often have insuffi-
cient fluid intake causing dehydration. The dangers of dehy-
dration are well known, and the relationship between
dehydration and modified textures has been established in
other populations. Diagnosing dehydration in this study was
not possible due to the absence of key biochemical indices.
However, this study led to the creation of an interdisciplinary
hydration protocol for patients who were prescribed thickened
fluids to prevent dehydration. This research also proposes the
design of a prospective study where the correlation between
dehydration and modified textures may be determined.

0269 Concussive head injury exacerbates sleep
deprivation-induced brain pathology. Co-
administration of nanowired antioxidant H-290/51
and serotonin 5-HT6 receptor antagonist SB-399885

Aruna Sharmaa, DafinMuresanub, Ala Nozaric, Jose V Lafuented,
Ryan Tiane, Asya Ozkizilcikf, and Hari Shanker Sharmag
aUppsala University, Uppsala, Sweden; bUniversity of
Medicine & Pharmacy, Cluj- Napoca, Romania; cHarvard
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dUniversity of Basque Country, Bilbao, Spain; eUniversity of
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ABSTRACT
Background: Military personnel are often subjected to sleep
deprivation (SD) during combat or peacekeeping operations.
Long-term SD leads to alterations in neurochemicals with
particular references to biogenic amines leading to mental
confusion, stress, depression and even brain pathologies.
Additional traumatic brain injuries (TBI) in SD cases will
thus further exacerbate brain dysfunction and cell injuries.
Objectives: Thus, the need of the hour is to explore suitable
therapeutic strategies to reduce brain dysfunction in SD cases
after TBI. Previous reports from our laboratory showed that
SD alone induces severe oxidative stress that is further com-
pounded by additional TBI. This suggests that antioxidants
could be useful for therapeutic strategies in TBI cases in SD.
Since serotonin levels are altered in both plasma and in brain
following SD and in TBI, it appears that blockade of serotonin
receptors together with antioxidant treatment may synergisti-
cally induce superior neuroprotective effects in SD followed
by TBI.

Methods: In present investigation, SD was induced in rats
using an inverted flowerpot model for 24 and 48 hours. In
these SD animals, concussive head injury (CHI) was inflicted
on right parietal skull under anaesthesia by dropping a weight
of 114.6 g from a 20-cm height through a guide tube (impact
0.224 N) and the animals are allowed to survive 24 or 48
hours after the primary insult. In these animals, blood-brain
barrier (BBB) permeability to Evans blue albumin (EBA) and
radioiodine ([131]-Iodine), brain oedema formation and neu-
ronal, glial and myelin injury was examined using standard
protocol.
Results: Our results showed that CHI inflicted in SD rats
resulted in four to sixfold higher BBB breakdown to EBA
and radioiodine tracers in several brain regions. These brain
areas exhibited 2–3% higher brain oedema formation as com-
pared to SD rats alone after CHI. Neuronal, glial and axonal
damages were also two to fourfold higher in rats that received
CHI after SD was seen as compared to SD or CHI alone.
Conclusions: These observations suggest that CHI in SD rats
exacerbated brain pathologies. This effect was time depen-
dent. Thus, CHI inflicted in SD of 24 hours showed much
more damage in the brain at 24 hours as compared to iden-
tical CHI given in 12 hours SD and examined after 12 hours
of primary brain insult. Treatment with serotonin 5-HT6
receptor antagonist SB-399885 (3 mg/kg, i.v.) together with
H-290/51 (a powerful chain breaking antioxidant, 50 mg/kg, i.
v.) given 12 hours after SD or 12 hours after CHI induced
marked neuroprotection following SD and CHI alone.
However, nanowired SB-399885 with H-290/51 is needed to
induce neuroprotection in SD rats after CHI at 24 hours
insult, not reported earlier.

0270 Investigating impaired facial affect recognition
in persons with traumatic brain injury through eye
tracking and gaze analysis

Anthony Kenrick, Michael Conner, and Dawn Neumann

Indiana University School of Medicine, Indianapolis, IN, USA

ABSTRACT
Objective: To examine visual scanning differences during a
facial affect recognition task in individuals following moder-
ate-to-severe traumatic brain injury (TBI) and healthy con-
trols (HCs). It is widely acknowledged that patients
experience significant deficits in emotion recognition and
difficulties with interpersonal relationships following TBI.
However, the aetiology of these deficits are poorly under-
stood. We hypothesize that one of the underlying mechanisms
behind facial affect recognition deficits after TBI is suboptimal
visual processing of facial expressions. Identifying factors that
contribute to these deficits is critical for treating these impair-
ments and improving interpersonal relationships after TBI.
Method: Subjects included nine adult participants with TBI
who had impaired facial affect recognition and nine HCs.
Facial affect recognition was assessed via the Diagnostic
Analysis of Nonverbal Accuracy (DANVA); impairment was
defined as performance >1 SD below the norm. The DANVA
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stimuli consisted of 24 images of individuals portraying dif-
ferent facial expressions (i.e. happy, sad, angry and fearful).
Images included the head, neck and shoulders of an individual
against a background and were presented for 2.25 seconds on
a computer monitor with integrated eye-tracking hardware
(Tobii Pro TX300) that recorded their eye movements. Eye
tracking was analysed with Tobii Studio software, which was
also used to generate customized areas of interest (AOIs) for
each face. The seven AOIs included the 1) whole face, 2) eyes
and eyebrows, 3) eyebrows and bridge of the nose, 4) bridge
of the nose alone, 5) lower nose and nostrils, 6) mouth and 7)
emotion choices.
Results: Participants with TBI looked at the face significantly
fewer times than HC (p = 0.041). There was a significant
negative correlation between DANVA errors and the number
of fixations (p = 0.044) and the time spent fixating in the face
(p = 0.025). There was a significant positive correlation
between DANVA errors and the per cent of fixations
(p = 0.039) and per cent of time fixated on the lower nose
and nostrils (p = 0.036).
Conclusion: Participants with TBI spent significantly less time
focusing on faces than HCs, which may indicate some atten-
tion deficit to the core stimulus, possibly due to being dis-
tracted by elements outside of the face. That subjects with TBI
also spent more time fixated on the lower portion of the nose
suggests they attributed greater salience to a feature that is
minimally relevant for emotion detection, compared to their
uninjured counterparts. These findings warrant further inves-
tigation of visual processing strategies as a potential mechan-
ism driving facial affect recognition impairments after TBI.
Understanding these visual processing deficits may lead to
improved clinical outcomes in higher-level rehabilitation for
patients with moderate-to-severe TBI.

0272 Impaired cerebral vasoreactivity persists
beyond symptom resolution following concussion in
collegiate athletes

Sushmita Purkayasthaa, Justin Frantza, Tonia Sabob, and
Kathleen Bellb

aSouthern Methodist University, Dallas, TX, USA; bUniversity
of Texas Southwestern Medical Center, Dallas, TX, USA

ABSTRACT
Objectives: Despite the occurrence of approximately 3.8 mil-
lion concussions annually in the United States alone, the
pathophysiology behind the injury is poorly understood.
Reduced cerebral blood flow (CBF) is linked to functional
disturbances in concussion. Cerebral vasoreactivity (CVR),
an important mechanism in CBF regulation, is the ability of
cerebral blood vessels to alter blood flow in the brain during
dynamic changes in arterial carbon dioxide (CO₂). In active
professional boxers, CVR is chronically impaired compared to
age-matched controls. The purpose of this study was to exam-
ine CVR in an ongoing prospective cohort of collegiate ath-
letes during acute (Day 3) and sub-acute (Day 21) phases
following concussion and compare them with non-injured
athletes.

Materials and Methods: Sixteen male and female collegiate
athletes (21 ± 1 years) with a physician diagnosed sports-
related concussion were enrolled in the study. Sixteen sports
that matched non-injured controls (21 ± 1 years) were also
enrolled. For the injured athletes, data were collected during
the acute (Day 3) and sub-acute (Day 21) phase following
concussion and for the controls, data were collected at one
time point. Components from the Sports Concussion
Assessment Tool-3rd Edition were used to evaluate symptom
severity and cognition (orientation, immediate memory and
concentration). Continuous middle cerebral artery blood flow
velocity (MCAV) was obtained with a 2 MHz Transcranial
Doppler Ultrasonography (TCD) while subjects were seated in
an upright position. End-tidal CO₂ was measured with an
infrared CO₂ analyser attached to a nasal cannula. Beat-to-
beat MCAV was evaluated in response to changes in end-tidal
CO₂ (PetCo₂) for 2 minutes each during normal breathing
(normocapnia), inspiring a gas mixture containing 8% CO₂,
21% oxygen with balance nitrogen (hypercapnia) and hyper-
ventilating (hypocapnia). Cerebral vasoreactivity was analysed
as the slope of the linear relationship between end-tidal CO₂
and MCAV, which was expressed as the change in CBF
velocity per mmHg change in end-tidal CO₂. Independent
and paired t-tests were used to compare symptom severity,
cognition and CVR between acute and sub-acute phase fol-
lowing concussion with the controls.
Results: As anticipated, concussed athletes exhibited higher
symptom severity (26.3 ± 0.5 versus 5 ± 7 p = 0.0007) and
lower cognition (26.5 ± 1.6 versus 28.3 ± 2.4 p = 0.03) during
acute phase compared to the controls. Symptoms and cogni-
tion were resolved by Day 21. Cerebral vasoreactivity was
attenuated in the acute phase compared to the non-injured
control (1.7 ± 0.5 U versus 2.3 ± 0.3 U, p = 0.0006) and it
continued to be blunted in the sub-acute phase, 21 days
following concussion (1.9 ± 0.5 U p = 0.04).
Conclusions: Despite symptom and cognitive improvement,
cerebral vasoreactivity appears to be impaired in the sub-
acute phase following concussion. Cerebral vasoreactivity uti-
lizing noninvasive TCD may be a useful vascular biomarker
for physiological recovery and aid in accurate return-to-play
decision-making reducing the risk of secondary injury from
premature return to play.

0273 Tying the string: Contributions of
neuropsychological and demographic variables to a
computerized measure of prospective metamemory
after TBI

Katy O’Briena and Mary Kennedyb

aUniversity of Georgia, Athens, GA, USA; bChapman
University, Orange, CA, USA

ABSTRACT
Objectives: For individuals with traumatic brain injury (TBI),
prospective memory or remembering to perform tasks in the
future is challenging. Metamemory monitoring, or how likely
a person thinks they can successfully remember, is critical for
people to self-cue to use strategies, like external memory
devices. Tying the String, an online assessment of prospective
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memory, is designed to assess prospective memory and meta-
memory in an online virtual context. Previous work showed
that adults with TBI were overly confident that they would
remember prospective tasks to be performed. Objectives of
this study were to determine the extent to which prospective
memory and metamemory as measured by the assessment
tool relate to neuropsychological and demographic variables
in a sample of adults with and without TBI.
Methods: Eighteen adults with chronic moderate-to-severe TBI
and 20 matched healthy controls played Tying the String.
Participants studied prospective memory tasks and made two
judgements of learning predicting the likelihood of recalling the
CUE (‘On your way to work. . .’) versus recalling the TASK
(‘. . .drop a package at the post office’). Participants used a slider
bar to indicate the likelihood of recall, from 0% to 100%.
Participants also completed a standard battery of assessments
examining immediate and delayed memory, attention, working
memory, executive function, prospective memory and meta-
memory beliefs. Neuropsychological measures and demo-
graphic variables were entered into multiple regression
models for the dependent variables of CUE and TASK judge-
ments and CUE and TASK performance.
Results: Results showed that differing models explained pre-
dictions and performance across the two groups. For adults
with TBI, both CUE and TASK judgements were explained by
certain executive functions and attention (respectively, R2 =
79.6%, p <.001; R2 = 84.1%, p <.001). For healthy adults, age
and self-reported metamemory beliefs were significant pre-
dictors of CUE judgements (R2 = 51.5%, p =.001), and meta-
memory beliefs, age, prospective memory, and delayed
memory for TASK judgements (R2 = 74.2%, p <.001). For
recall performance, 66.4% of the variance in CUE recognition
by the adults with TBI was explained by measures of executive
function and attention (p <.001), while executive functions
and immediate memory contributed significantly to TASK
recall (R2 = 70.3%, p <.001). For healthy adults, both CUE
recognition and TASK recall were explained by standardized
scores of prospective memory (respectively, R2 = 30.8%, p
=.01; R2 = 39.4%, p =.009).
Conclusions: Adults with TBI draw upon differing resources to
consider their memory and perform tasks of prospective
memory. Self-reported metamemory beliefs predicted judge-
ments of healthy adults, but not of adults with TBI. Similarly,
prospective memory performance of only healthy adults was
predicted by standardized measures of prospective memory,
suggesting added value of Tying the String in describing
prospective beliefs and abilities after TBI. Future work should
address the disconnect between beliefs and ongoing meta-
memory monitoring in adults with TBI.

0274 Severe dysfunction of mobility and activity of
daily living performance due to post-hypoxic action
myoclonus responsive to Kinesio Taping: A case
report

Caroline Sizer and Timothy Lison

Northeast Rehabilitation Healthcare Network, Salem,
MA, USA

ABSTRACT
Case Diagnosis: Post-Hypoxic Action Myoclonus
Case Description: We present the interesting case of a 51-year-
old male with persistent severe disability due to decreased
mobility and performance of activities of daily living due to
myoclonic jerks involving his trunk and extremities following
cardiac arrest due to a complication of anaesthesia, leading to
hypoxic-ischaemic encephalopathy and post-hypoxic action
myoclonus (PHAM). Over the 3 years prior to presentation,
he had trialled multiple pharmacologic interventions, achiev-
ing partial improvement of his PHAM with a combination of
intrathecal baclofen, clonazepam, levetiracetam and lacosa-
mide. He had trialled valproic acid, but worsening tremor
and excessive sedation necessitated its discontinuation. He
completed traditional neurorehabilitative therapy, achieving
the ability to perform a squat pivot transfer with moderate
assistance, and bathing using a shower chair with minimal
assistance for stability. He was observed to demonstrate
improved performance with his transfers when his physical
therapist provided specific tactile cues to his trunk. This
finding, and published literature that suggest cortical dysre-
gulation as a potential cause of PHAM, prompted the hypoth-
esis that provision of a specific proprioceptive stimulus to the
trunk would provide improved trunk stability and decreased
truncal jerks with functional activities. Kinesio Taping was
pursued to address truncal myoclonus with facilitation taping
of the rectus abdominis and Iliocostalis lumborum. After
completion of taping, the truncal myoclonic jerks decreased
significantly in amplitude and frequency, allowing the patient
to perform a squat pivot transfer with minimal assistance.The
effects were preserved by 1 week later, when he and his
fiancée reported that he continued to only require minimal
assistance for transfers, and could perform all of his bathing
tasks seated in a shower chair without hands-on assistance.
Discussion: This abstract presents an effective nonpharmaco-
logic intervention that significantly decreases PHAM jerks in
the trunk, allowing for meaningful functional improvement in
mobility and performance of activities of daily living. Many
cases of PHAM require polypharmacy, and it is expected in
most cases that these medication combinations will only be
partially effective. There is evidence from published literature
that proprioceptive stimuli can modulate the severity of myo-
clonus and other movement disorders, such as dystonia.
Treatment of PHAM with multiple medications is often lim-
ited by side effects that adversely impact cognitive perfor-
mance, overall function and quality of life. We propose the
use of Kinesio Taping as a safe and effective adjunctive non-
pharmacologic intervention to improve functional mobility
and performance of activities of daily living in PHAM.
Conclusion: A trial of Kinesio Taping should be considered as
a safe and effective adjunctive treatment for patients with
PHAM.

0275 Effects of mTBI and PTSD on ANAM
performance in OEF/OIF active duty soldiers

Lisa Betthausera,b, Brian Ivinsc, Lisa Brennera,b, Wesley Colec,d,
Ann Schere, and Karen Schwabc,e
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ABSTRACT
Background: Operation Enduring Freedom (OEF) and
Operation Iraqi Freedom (OIF) soldiers are returning from
the wars in Afghanistan and Iraq with high rates of traumatic
brain injury (TBI). Although cognitive impairments and post-
concussive symptoms typically resolve within days to weeks of
the injury event, some individuals continue to report persis-
tent physical, cognitive and emotional symptoms 3 months
post injury. These non-specific symptoms likely overlap with
psychiatric and physical health conditions (e.g., post-trau-
matic stress disorder [PTSD], depression, pain, insomnia),
and evidence posits that these factors likely play a role in
the maintenance of these persisting symptoms. Whereas
mixed findings exist regarding long-term cognitive impair-
ment following mild TBI (mTBI), there is emerging research
supporting the negative impact of mTBI and PTSD on neu-
ropsychological functioning.
Objective: The objective of this study is to examine neuropsy-
chological performance of OEF and OIF soldiers with and
without histories of mTBI and self-reported PTSD symptoms.
Hypothesis: Soldiers with a history of mTBI and current PTSD
symptoms will demonstrate worse post-deployment ANAM
performance than soldiers with a history of mTBI only or
PTSD only, or neither condition.
Method: Institutional review approval was obtained at military
and Veteran Affairs affiliated sites prior to study enrolment. A
random sample of 25 000 soldiers returning to two military
bases from deployment in Afghanistan or Iraq between 2009
and 2014 were invited to participate in a study of deployment-
related TBI. Participants were assessed for history of lifetime
TBI and current symptoms of PTSD. Participants also
completed the outcome measure, the Automated
Neuropsychological Assessment Metrics (ANAM), a compu-
terized system for cognitive screening. Throughput, a compo-
site of accuracy and reaction time, was the ANAM score
investigated.
Results: ANCOVA revealed that soldiers who screened posi-
tive for mTBI and PTSD performed significantly worse (p <
0.05) on five of seven ANAM tests than those who screened
negative for both conditions while controlling for number of
lifetime TBIs, number of non-cephalic pain sites, and race.
Those who screened positive for mTBI only scored signifi-
cantly worse on three ANAM tests relative to those with
neither condition, while those who screened positive for
PTSD only scored significantly worse on one ANAM test.
On average, soldiers with positive mTBI and PTSD screens
performed 5.8–16.9% worse on ANAM than soldiers with
negative screens for both conditions. These decrements were
larger than those from soldiers with mTBI or PTSD only.

Discussion: These findings support the hypothesis that soldiers
whom report a history of mTBI and current PTSD symptoms
perform worse on computerized neuropsychological assess-
ments as compared to soldiers without a history of mTBI
and PTSD symptoms. Findings provide additional support
regarding the cumulative impact of these co-occurring
conditions.

0276 Neuropsychological outcome of anti-NMDA
receptor encephalitis: Case series of 9 paediatric
cases

Katia Sinopoli, Alison Murton, Tricia Williams, and E. Ann Yeh

The Hospital for Sick Children, Toronto, ON, Canada

ABSTRACT
Background: Anti-NMDA receptor (NMDAR) encephalitis is
an autoimmune condition that commonly presents with
severe neuropsychiatric symptoms, behavioural changes, sei-
zures, abnormal movements and cognitive dysfunction/
instability. Better identification of the condition in recent
years has led to improved treatment and recovery, yet beyond
the acute phase, very little is known about the long-term
neurocognitive consequences. Thus far, the literature only
contains case studies describing adolescent and adult out-
come. For example, in three adolescent females, neuropsycho-
logical recovery was observed over the first 6–24 months post
diagnosis, but lingering deficits remained which varied in
severity and kind across patients. In addition, long-term anxi-
ety concerns and neuropsychological impairments were found
across tests assessing memory, executive functioning, proces-
sing speed and social cognition in seven patients with a
history of anti-NMDAR encephalitis ranging from 16 to 37
years old (McKeon et al., 2016). To date, there have been no
comprehensive studies describing the long-term outcome in
paediatric patients.
Objective: To describe neuropsychological outcomes of chil-
dren with anti-NMDAR encephalitis.
Methods: This is a cross-sectional analysis of the neuropsy-
chological performance of children and adolescents who were
followed prospectively at a tertiary care centre after a diag-
nosis of anti-NMDAR encephalitis. Consecutive patients
(2012–2016) who presented with acute neurological and psy-
chiatric symptoms and were CSF positive for anti-NMDAR
antibodies were included. Those unable to participate in neu-
ropsychological evaluation were excluded from analysis.
Impairment was defined as a standardized score of <1.5 SD
below the mean.
Results: Nine patients (6 females) aged 6.08–16.08 years 0.83–
5.92 years post initial diagnosis of anti-NMDAR encephalitis
(initial age at diagnosis, 2.17–14.17 years) were included.
Eight or nine patients exhibited deficits in the following
domains: verbal (2), visual-spatial/perceptual (3), verbal learn-
ing (1), memory (3), processing speed (1), visual-motor inte-
gration (1), math fluency (1), working memory (5), and
attention (3). New-onset cognitive/behavioural concerns
included learning needs (3), anxiety and/or depression (5)
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and language impairment (2). Time since injury was signifi-
cantly associated with working memory (r=-0.684, p = 0.042),
false positive responses on a verbal memory test (r = 0.747, p
= 0.021) and dual-task attention performance (r = 0.895, p =
0.040). Age at test and age at diagnosis were not significantly
associated with any outcome variable. Two patients presented
with four or more neuropsychological needs and learning/
mental health concerns.
Conclusions: The most common neuropsychological impair-
ments following anti-NMDAR encephalitis were within
executive functioning. New-onset anxiety/depression was par-
ticularly high in this sample. It is notable that there was
marked variance in our sample, with some patients presenting
with more severe dysfunction than others. Although our find-
ings are based on a small number of patients, it is the first step
in understanding the long-term effects of anti-NMDAR ence-
phalitis on the developing brain.

0277 Towards a postmodern pragmatic discourse
semioethics for brain injury care: Empirically driven
group inquiry as a dialogical practice in pursuit of
the peircean aesthetic ideal of ‘reasonableness’

Gary Goldberg

Hunter Holmes Mcguire VA Medical Center, Richmond, VA,
USA; Medical College of Virginia/VCU Healthcare System,
Richmond, VA, USA

ABSTRACT
A postmodern framework is proposed for conceptualizing the
impact of brain injury on the subjective being of the injured
person. Semiosis, the ‘action of signs’, is argued as necessary both
as a basis for a postmodern relational understanding of cognitive
function in an intersubjective context, and for a recovery of sub-
jectivity that escapes the mechanistic materialism, reductionism
and the Cartesian mind-matter dualism of conventional modern
bioscience, and, in the process, restores personhood to the injured
subject. Ethical dilemmas in brain injury care are best approached
through an empirical ‘semioethics’ implemented as a dialogical
practice among a group of selected stakeholders seeking a logical
solution that best addresses the criterion of maximizing concrete
reasonableness as a tempering of rationality with relational con-
cerns in the face of the constraints imposed by the injury.

0278 Impact of aerobic exercise on attention and
visual memory in an ageing mild traumatic brain
injury population

Camille Larson-Dupuisa,b, Florian Bobeufb, Hélène Bergeronb,
Edith Léveillé b, Martine Desjardinsb, Marie-Ève Bourassab,
Marianne Jodoinb, Véronique Pepinb,c, and Louis De
Beaumonta,b

aUniversity of Montreal, Montreal, QC, Canada; bSacred-
Heart Hospital Research Center, Montreal, QC, Canada;
cConcordia University, Montreal, QC, Canada

ABSTRACT
Introduction: Mild traumatic brain injuries’ (mTBI) effects are
most evident with ageing and have been associated with a

higher risk of experiencing mild cognitive impairment. A
recent study has even suggested an increased risk of develop-
ing dementia after sustaining a single mTBI later in life.
Beyond the issue of neurodegenerative diseases, ageing indi-
viduals may present a decline in cognitive function that
exceeds what is expected in an otherwise healthy individual.
Unfortunately, very few interventions exist to treat this popu-
lation and prevent this accelerated decline of cognitive func-
tioning. However, recent studies have shown beneficial effects
of moderate levels of physical activity on cognitive function-
ing in neurotypical populations of different ages as well as in
individuals at risk of developing neurodegenerative diseases.
Therefore, this study aims to evaluate the effectiveness of this
type of intervention in an ageing mTBI population by asses-
sing the impact of an aerobic exercise programme on
cognition.
Methods: Twenty participants, aged between 55 and 70 years,
all sedentary and presenting with a history of mTBI sustained
2–7 years earlier, were recruited to participate in a 12-week
physical exercise programme. They were divided into two
equal groups who were subjected to two different types of
training: aerobic training on cycle ergometers (intervention
group) and stretching exercise (control group). Participants
were matched based on age and gender and were equivalent
in regard to level of education and time elapsed since the
injury. The participants’ cognitive function and physical con-
dition were evaluated before and after the training. Cognitive
functioning was assessed using neuropsychological tests,
whereas physical condition was assessed using cycling tests.
Results: The present study shows that participants from the
aerobic exercise group significantly improved their peak exer-
cise capacity (VO2 max) and neuropsychological tests perfor-
mance on measures of attention (Conners’ Continuous
Performance Test II) and episodic visual memory (Brief
Visuospatial Memory Test-Revised) when compared to parti-
cipants from the control group. Furthermore, correlations
drawn between these measures showed that the participants
who most improved their physical capacities were also those
who showed the biggest improvements on neuropsychological
measures.
Conclusions: These results demonstrate the importance of
considering aerobic exercise as a relevant intervention to
improve cognitive functioning of mTBI patients. Indeed, the
observed improvements involve functions known to be parti-
cularly affected following a mTBI.

0279 High brain compliance after TBI may cause
subdural hygroma

Yi Feng, Likun Yang, Jie Zhu, Wei Lin, and Yuhai Wang

Army’s TBI Center, 101 Hospital, Wuxi, China

ABSTRACT
Background: Paradoxical herniation (PH) caused by subgaleal
drainage for subdural hygroma (SH) following decompressive
craniectomy has been documented, and an emergency cranio-
plasty was recommended. But, it did not work in one case
complicated by paroxysmal sympathetic hyperactivity (PSH)
presented below. PSH has a high incidence following severe
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traumatic brain injury (TBI), causing sympathetic symptoms
like tachycardia, tachypnea, systolic hypertension, hyper/
hypothermia, excessive sweating, decerebration and increased
muscle tone, etc. Hypocapnia caused by tachypnea can induce
dramatic arterial constriction and decrease of cerebral blood
flow (CBF). Excessive sweating, together with incorrect treat-
ments, like percutaneous drainage and excessive hypertonic
therapy, can reduce cerebrospinal fluid (CSF) in the intracra-
nial vault, weaken the effect of CSF compensation. Skull
defect, arterial constriction and loss of CSF compensation,
all of them can increase brain compliance, which can cause
brain shrinkage, decrease intracranial pressure and brain pul-
satility, causing CSF dynamics disturbance including subdural
SH and hydrocephalus.
Case Description: We present a rare case of coexistence of PH,
PSH, and huge SH ipsilateral to the decompressive craniect-
omy after TBI. Repeated percutaneous drainages were done in
local hospital, and the patient developed sunken skin flap
syndrome and PH. Intravenous infusion and cranioplasty
were given as reported after being transferred to our hospital.
Majority of the SH disappeared but recurred gradually even
more than before, and the patient suffered severe neurological
deterioration 21 days after cranioplasty. Emergency borehole
drainage was performed due to severe midline shift, a sub-
dural drainage tube was placed, and drawing 5 ml of CSF by
syringe was followed by CSF suck-back from drainage tube.
Pulsatility index (PI) was acquired from transcranial colour-
coded duplex sonography (TCCS), both suck-back phenom-
enon and high PI suggested high brain compliance. We sup-
pose the reason might be consistently low PaCO2 caused by
PSH-induced tachypnoea, so the patient was sent to neuro-
surgical ICU, given deep sedation and mechanical ventilation;
meanwhile, high-dose intravenous infusion was given with
saline, and nitroglycerin was given for mildly increased
blood pressure. Eighty-three days post decompression, when
PaCO2 came back to normal, on the same day, brain CT scan
showed sudden disappearance of SH and recovery of brain
structure, and PI also decreased. Six-month follow-up showed
significant improvement of neurological function, and no
recurrence of SH.
Conclusion: The present case highlights the possibility that SH
is resulted from brain shrinkage caused by high brain compli-
ance. CSF depletion can be useless even dangerous. In the
current 4th BTF guideline for severe TBI, recommendations
concerning continuous draining and larger bone flap seem
controversial with clinical facts and need further investigations.

0280 Traumatic brain injury and risk of depression

Hannah Bowlina, Yulin Liua, Danielle Ebleb, Patricia Janulewiczb,
Jordan Grafmanc, Michael McCleanb, and Rhoda Aua,b

aFramingham Heart Study, Boston University School of
Medicine, Boston, MA, USA; bBoston University School of
Public Health, Boston, MA, USA; cRehabilitation Institute of
Chicago, Northwestern University, Chicago, IL, USA

ABSTRACT
Background: Increased risk of depression has been associated
with traumatic brain injury (TBI). This study sought to

determine if a history of self-reported TBI was related to higher
self-reported depressive symptoms in a community-based
sample.
Methods: Recruited in 2002, 4095 Generation 3 and Omni
Generation 2 participants from the Framingham Heart
Study were administered the Center for Epidemiologic
Studies – Depression Scale (CES-D) as part of an initial health
exam. At a subsequent exam, 682 participants reported that
they had previously sustained a TBI, with a subset corrobo-
rated using medical records in accordance with the American
Congress of Rehabilitation Medicine TBI diagnostic criteria.
We compared CES-D scores in the TBI group to the 2330
participants who reported no history of TBI and whose med-
ical records indicated no history of TBI. All CES-D scores
analysed were post TBI.
Results: The CES-D scores of the TBI group were significantly
higher than the no-TBI group (16.5 vs. 15.3, p < 0.05), where a
score of >16 is often defined as depression.
Conclusions: Within a community-based population, self-
reported TBI was related to an increase in post-injury CES-
D score. These findings suggest that a history of TBI may
increase an individual’s risk for depression later in life.

0281 Predictive ability of the SCAT3/childSCAT3 for
paediatric concussion in an ED setting

Cathriona Clarkea, Michael Takagia,b, Vicki Andersona,b,c,d,
Emma Thompsona, Stephen Hearpsa, Silvia Bressana,e,
Katherine Trussa,b, Vanessa Rausaa,b, Gavin Davisa,f, Kevin
Dunnea,d,g, and Franz Babla,d,h

aMurdoch Children’s Research Institute, Melbourne, Australia;
bMelbourne School of Psychological Sciences, University of
Melbourne, Melbourne, Australia; cPsychology Service, Royal
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eDepartment of Women’s and Children’s Health, University
of Padova, Padova, Italy; fDepartment of Neurosurgery,
Austin Health & Cabrini Hospital, Melbourne, Australia;
gDepartment of Rehabilitation Medicine, Royal Children’s
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ABSTRACT
Background: Concussions are common among children and
adolescents and constitute a significant public health issue.
Indeed, concussions represent the vast majority of traumatic
brain injury presentations to paediatric Emergency
Departments (ED), accounting for up to 95% of all cases in
developed countries. Currently, there are no acute concussion
measures tailored for the ED that can assist clinicians with
assessment and diagnosis. In contrast, the Sports Concussion
Assessment Tool, 3rd edition (SCAT3) and the paediatric
version (ChildSCAT3) have been specifically designed for
acute concussion assessment in a sporting context. The pre-
sent study aims to examine whether performance on the
SCAT3/ChildSCAT3 predicts delayed symptom recovery at
2-weeks post injury, in an acute ED setting.
Method: The present study is part of larger paediatric concus-
sion project, the Take CARe (Concussion Assessment and
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Recovery Research) study. Take CARe is a prospective, long-
itudinal study based at the Royal Children’s Hospital and the
Murdoch Childrens Research Institute in Melbourne, Australia.
Recruitment takes place in the ED of Royal Children’s Hospital
and participants are assessed using the SCAT3/ChildSCAT3. At
follow-up appointments, in a dedicated concussion clinic at
Murdoch Childrens Research Institute, participants are assessed
using the Post-Concussion Symptom Inventory (PCSI) and the
SCAT3/ChildSCAT3, at 1–4 days and 2-weeks post injury. The
PCSI is a developmentally appropriate, well-validated and
widely used measure to assess symptoms post concussion. For
the purposes of this study, we will focus on three components
of the SCAT3 and ChildSCAT3: the symptom report, Balance
Error Scoring System (BESS/M-BESS) and the Standardized
Assessment of Cognition (SAC/SAC-C).
Results: Using previously validated methods (Hearps et al., In
Press), we will split the sample into ‘symptomatic’ and ‘recov-
ered’ based on PCSI scores at the 2-week time point. We will
use binary logistic regression to examine how the SCAT
measures assessed in the ED predict group membership
(symptomatic versus recovered) at 2 weeks post injury.
Discussion: The SCAT3 and ChildSCAT3 are widely used
instruments for the acute assessment of concussion; however,
to date, the predictive abilities of the SCAT3/ChildSCAT3, in
an acute ED setting, have not been examined. These results
may have significant clinical implications for the clinical
management of children and adolescents who sustain a con-
cussion, particularly considering the widespread use of the
SCAT3 and ChildSCAT3.

0282 Triage of mild/moderate traumatic head-
injured patients using a brain electrical activity
marker: A multisite prospective validation trial of
clinical efficacy

Leslie Prichepa,b, Jeffrey Bazarianc, J. Stephen Huffd, Rosanne
Naunheime, John Garrettf, Elizabeth Jonesg, David Wrighth,
John O’Neilli, Neeraj Badjatiaj, Brian O’Neilk, and
Daniel Hanleyl
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Health System, Charlottesville, VA, USA; eWashington
University Barnes Jewish Medical Center, St. Louis, MO,
USA; fBaylor University Medical Center, Dallas, TX, USA;
gUniversity of Texas Memorial Hermann Hospital, Houston,
TX, USA; hEmory University Grady Hospital, Atlanta, GA,
USA; iAllegheny General Hospital, Pittsburgh, PA, USA; jR.
Adams Cowley Shock Trauma Center, Baltimore, MD, USA;
kDetroit Receiving Hospital, Detroit, MI, USA; lBrain Injury
Outcomes-The Johns Hopkins Medical Institutions,
Baltimore, MD, USA

ABSTRACT
Introduction: Traumatic Brain Injury (TBI) represents a
rapidly growing proportion of Emergency Department (ED)
visits, rising 29.1% while overall visits rose only 3.6% between
2006 and 2010, and are continuing to increase. TBI treatment
is time sensitive and early identification has been

demonstrated to be associated with reduced morbidity and
improved outcomes. A brain electrical activity biomarker for
identifying TBI in ED patients presenting with mild/moderate
symptoms after sustaining a closed head injury has shown
promise for rapid, objective, triage at the point of care. The
object of this study was to prospectively validate the efficacy
of an independent automated classification algorithm to pre-
dict the likelihood of being CT-positive (CT+) in high-func-
tioning TBI patients (GCS 13–15).
Method: This multisite, observational validation study was
conducted at 11 US Emergency Departments. Male and
female patients who presented to the ED within 72 hours of
closed head injury, between the ages of 18 and 85 years, with a
Glasgow Coma Scale (GCS) of 12–15 at the time of the
evaluation, were candidates for study. All patients enrolled
received standard clinical evaluations and acquisition of 5–10
minutes of EEG data from frontal and frontotemporal loca-
tions. Using an independently derived quantitative classifica-
tion algorithm, the likelihood of each subject being CT+ was
determined, and performance metrics were computed relative
to blinded unanimous adjudicated CT findings. The classifi-
cation algorithm used was derived from the EEG and clinical
features of a large population (n=>2400) of TBI patients and
controls using advance signal processing methods and
machine learning, and was completely independent of the
validation population.
Results: Seven hundred and twenty TBI subjects were enrolled,
156 of which were CT+. GCS was 15 in 97%, with a mean of
14.9. Sensitivity of the binary classifier was 92.31% (87.84%,
95.50%) for detection of any brain injury visible on CT (CT+),
with specificity of 51.60% (48.05%, 55.13%) and negative
predictive value of 96.04% (93.18%, 97.94%). Taking into
consideration those subjects close to the binary threshold
using ternary classification, (CT+, Equivocal, CT−), sensitivity
was 97.44% (93.57%, 99.30%), specificity was 38.65% (34.61%,
42.81%) and negative predictive value was 98.2% (95.45%,
99.51%) when equivocal is considered positive. Sensitivity to
traumatic haematomas (≥1cc of blood) was 93.15 (84.74%,
97.74%) for binary and 98.64% (92.60%, 99.97%) for ternary
classification.
Conclusion: Using an EEG-based biomarker in head-injured
patients, high accuracy in prediction of the likelihood of being
CT+ was obtained, with high NPV and sensitivity to any
bleeding and to haematomas. Specificity was significantly
higher than standard CT decision rules. The use of an EEG-
based classifier algorithm as an adjunct to clinical evaluation
of TBI at the point of care has great potential to impact acute
clinical management of head-injured patients.

0283 Sociodemographic analysis of the prevalence
of traumatic brain injury at the Framingham study

Joshua Bourquea,b, Ting Fang Alvin Anga, Danielle Eblea,b,
Ethan Johnsona,b, Michael McCleanc, Jordan Grafmand, and
Rhoda Aua,b,c

aFramingham Heart Study, Boston, MA, USA; bBoston
University School of Medicine, Boston, MA, USA; cBoston
University School of Public Health, Boston, MA, USA;
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dRehabilitation Institute of Chicago, Northwestern University,
Chicago, IL, USA

ABSTRACT
Objective: While the effects of traumatic brain injury (TBI) on
neurocognitive health are well documented, there is a paucity
of community-based studies that have documented TBI pre-
valence and the relationship between TBI and major socio-
demographic variables.
Participants and Methods: A retrospective review of 3968
Generation 3 participants at the Framingham Heart Study
for history of head injury was conducted. Six hundred and
ninety-five (17.52%) participants self-reported head injury
and were classified as TBI as defined by the American
College of Rehabilitation Medicine diagnostic criteria. Of the
695 participants, 65.69% of cases had a single TBI, and 34.31%
cases had two or more TBIs. For analysis, annual family
income was categorized as low income (<$50 000), medium
income ($50 000 to $100 000) and high income ($100 000).
Occupation was categorized as unemployed, non-office work-
ers and office workers. Education level was categorized as
high school diploma or lower, some college education to a
full degree, and those with graduate education.
Results: We found that men have a higher probability of
suffering TBI than women (p < 0.0001). We also found that
individuals with low family income (26.1% of participants)
had a higher chance of reporting one or more TBIs (p =
0.0157). When stratified by sex, annual family income
remained significantly different between the two groups for
men (p = 0.0057) but not for women (p = 0.0837). There were
no significant differences regarding occupation and education
level.
Conclusion: Men, particularly those with a low family
income, are the most likely to have one or more TBIs in
their lifetime. More research must be done to determine the
underlying factors that account for these sociodemographic
differences.

0284 Evaluation of concussion in athletes using an
electrophysiological brain function index

Leslie Prichepa,b, Jeffrey Bazarianc, M. Alison Brooksd,
Samanwoy Ghosh Dastidarb, Thomas Talavagee, and William
Barrf

aDepartment of Psychiatry, NYU School of Medicine, New
York, NY, USA; bBrainScope Company, Bethesda, MD, USA;
cUniversity of Rochester Medical Center, Rochester, NY, USA;
dUniversity of Wisconsin-Madison, Madison, WI, USA;
ePurdue University, West Lafayette, IN, USA; f Department
of Psychiatry and Neurology, NYU School of Medicine, New
York, NY, USA

ABSTRACT
Introduction: An estimated 300 000 sport-related traumatic
brain injuries, predominantly concussions, occur in the USA
annually, with prevalence increasing. The likelihood of a
contact sport athlete experiencing a concussion is estimated
to be >19% per season. There is no ‘gold standard’ for diag-
nosis of a concussion, which is currently a clinical diagnosis

based largely on subjective symptom report. The need for a
quantitative indicator of concussive injury is of utmost impor-
tance to reduce immediate and long-term risks of this grow-
ing epidemic. Concussive injury causes changes in brain
electrical activity which can be quantified and expressed as a
metric relative to normal brain function, a Brain Function
Index (BFI). This study evaluated the efficacy of the BFI for
assessment of injury and recovery in sports-related
concussion.
Method: Male contact sport athletes were prospectively
recruited for study from multiple locations over six seasons
of play. Three hundred and fifty-four (354) athletes between
the ages of 14 and 23 years (mean 18.3, sd +/−2.1) were
enrolled in the study (110 concussed athletes and 244 age-
matched controls). Concussion was declared by sideline cri-
teria, following AAN guidelines. Five to ten minutes of eyes-
closed resting EEG was acquired on a hand-held device, from
frontal and frontotemporal locations.
The artefact-free EEG data were subjected to quantitative off-
line analyses to derive an extensive set of univariate and
multivariate features (both linear and nonlinear) using
advanced signal processing methods and age regression (z-
scores). The EEG BFI was computed as a weighted linear
combination of QEEG feature z-scores selected based on
their association with concussive injury in the scientific lit-
erature such as those features that reflect changes in brain
region connectivity, EEG signal complexity and shifts in the
frequency spectra. Group comparisons were performed to test
the significance of the difference in the BFI score at several
time points including: preseason baseline, time of injury and
45 days following injury.
Results: There was no significant difference in BFI between
concussed athletes at baseline (i.e., prior to a concussive
injury) and controls at baseline (p = 0.4634). Concussed
athletes, tested within 72 hours of injury, exhibited significant
differences from controls (p = 0.0036). These significant dif-
ferences between concussed athletes and controls were no
longer observed at 45 days following injury (p = 0.19).
Conclusion: Controls and concussed athletes showed no dif-
ferences in an EEG-based metric of brain function preseason,
showed highly significant differences at time of injury, and
showed no differences 45 days following injury. These data
suggest that the BFI may provide a rapid quantitative assess-
ment of the athlete’s brain function state at the time of
concussive injury and can be used to assess normalization of
brain function over the trajectory of recovery.

0285 Unconventional dosing of amantadine in a
patient with traumatic brain injury: A case report

Abana Azariaha, Vandana Sooda, Kathleen O’Brienb, Joanne
Byarsa, Craig DiTommasoa, and Sunil Kotharia

aBaylor College of Medicine, Houston, TX, USA; bTIRR
Memorial Hermann, Houston, TX, USA

ABSTRACT
A 23-year-old female sustained severe traumatic brain injury
(TBI) as an unrestrained driver in a high-speed motor vehicle
collision (Glasgow Coma Scale = 3). The patient was admitted
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to the Disorders of Consciousness Program in an acute reha-
bilitation hospital in a suspected minimally conscious state
(MCS), approximately 2 months post injury. On physical
exam, she was alert, awake, nonverbal, with spontaneous
visual tracking in the left visual field. There was no evidence
of spontaneous communication or reproducible command-
following. She was started on amantadine 100 mg twice
daily to promote functional neurobehavioral recovery. The
patient emerged from a MCS and began to functionally com-
municate; however, responsiveness was variable, with reduced
verbal output at times. Her Orientation Log (O-Log) score
was 8 out of 30. On two occasions, her amantadine was
held due to loss of GI access. Both times, after stopping
amantadine, she demonstrated paradoxical improvement,
demonstrated by her mental status examination scores, verba-
lizations and behaviour (expectorating saliva). However, on
both occasions, after a few days off amantadine, her mental
status worsened again. Given this pattern, she was transi-
tioned to an alternate-day dosing amantadine regimen, and
ultimately discharged on amantadine 100 mg every other day.

0286 Amantadine use and imaging predictors of
response in patients with traumatic brain injury

Ivan Carabenciov, Britta Bureau, and Rodolfo Savica

Mayo Clinic, Rochester, NY, USA

ABSTRACT
Background: Traumatic brain injury (TBI) is a major cause of
disability worldwide, particularly to young adults. The subse-
quent development of post-concussion syndrome can result in
a wide range of symptoms including headaches, cognitive
dysfunction and irritability. Amantadine, an N-methyl-D-
aspartate antagonist and indirect dopamine agonist, may
have a beneficial effect on patients with traumatic brain
injury. In small studies, amantadine has been used to treat
headaches and certain aspects of frontal lobe disorders pre-
sumably by taking advantage of the inhibition on the gluta-
mate receptor.
Methods: To evaluate the response of TBI symptoms to aman-
tadine, we performed a retrospective medical record review of
patients evaluated following traumatic brain injury in the
Neurology outpatient clinics. Data were collected on the effect
of amantadine on various symptoms, with particular attention
to any change in headaches. Furthermore, these effects were
placed in the context of any imaging findings. Approximately
40 patients (60% male), average age 35 (range 11–78), were
prescribed amantadine following traumatic brain injury. On
initial evaluation, all of our patients reported post-concussive
symptoms, most commonly headache (90%). Amantadine was
prescribed years following the initial event in 50% of patients.
Dosing and duration of use was variable with only 30% of
patients using Amantadine 100 mg twice per day for at least 2
months.
Results: More than 70% of patients that completed a full trial
reported improvement in symptoms. We observed that the
patients that reported an improvement (17 of 38 patients)
were more likely to have been prescribed amantadine within
12 months of the trauma. Headaches were most improved,

whereas other symptoms, including irritability, inattention,
subjective dizziness and poor memory, did not improve as
readily. Approximately 25% of patients experienced side
effects and stopped the medication early. There were no
imaging predictors of response to amantadine.
Conclusions: Our experience suggests that amantadine may be
a reasonable medication to prescribe for post-concussion syn-
drome to enhance the recovery time, particularly if started
within 12 months of the initial trauma.

0287 Electrophysiological changes in retired
Australian rugby players with a history of repeated
sports concussion: A study using transcranial
magnetic stimulation

Alan J. Pearcea,b, Billymo Ristb, and Adrian Cohenc

aUniversity of Melbourne, Carlton, Australia; bSwinburne
University of Technology, Hawthorn, Australia; cUniversity
of Sydney, Sydney, Australia

ABSTRACT
Objectives: There is a growing public interest in Australia in
understanding the link between brain injuries (concussions)
sustained in sporting activities and the development of sub-
sequent health issues later in life. Following the publication of
our first study showing electrophysiology of the brain in
Australian Rules football players (Pearce et al., 2014), the
aim of this study was to investigate electrophysiology (corti-
comotor excitability and inhibition), cognitive functioning
and fine motor dexterity in retired Australian professional
rugby players with a history of repeated concussions during
their playing careers.
Participants: Seventeen male rugby players (mean 48.3 ± 7.6
years) who had played in the National Rugby League (NRL),
and had reported an average of 6.4 (±5.2) concussions with
their last concussion reported 18.3 years previously, were
compared to 25 healthy age-matched male controls (49.3 ±
7.3 years) with no history of concussions.
Methods: All participants completed assessments of fine dex-
terity, visuomotor reaction time, spatial working memory
(SWM), intra-extra dimensional shift (IED) and paired asso-
ciative learning (PAL). Transcranial magnetic stimulation
(TMS) was used to measure corticomotor conduction time
(latency) and corticomotor excitability (via motor evoked
potential [MEP] at 125% of active motor threshold [aMT];
and intracortical inhibition (cortical silent period [cSP], short-
interval intracortical inhibition [SICI], and long-interval
intracortical inhibition [LICI]).
Results: Control participants performed better than retired
players in motor tasks (fine dexterity t = 2.99, p = 0.004;
reaction time t = 5.06, p < 0.001; movement time t = 2.51, p
= 0.01) and cognitive tests (PAL t = 6.33, p < 0.001; SWM t =
3.84, p = 0.003; IED t = 9.52, p < 0.001). TMS data revealed
lower MEP amplitude in the retired players (t = 2.96, p =
0.004) as well as differences in intracortical inhibition (cSP t =
3.99, p < 0.001; LICI t = 4.50, p < 0.001). No differences were
observed in corticomotor conduction time, stimulus threshold
(aMT) or SICI. No associations were found with regard to the
number of concussions and TMS alterations in the retired
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players group. Regression analyses, however, revealed a sig-
nificant contribution to differences in motor and cognitive
outcomes with the measures of corticomotor excitability and
intracortical inhibition.
Conclusion: This is the first study to demonstrate differences
in motor control and electrophysiology in retired rugby
players who had sustained concussions during their playing
career nearly two decades previously.

0289 Please don’t sweep us under the rug. . .we care
and we can help: A spousal caregiver’s concurrent
journey to her husband’s recovery from a ‘mild’
traumatic brain injury sustained in a cycling accident

Rosalyn Fast

L’Chaim Adult Day Centre, Surrey, BC, Canada

ABSTRACT
‘This is a message for Mrs. Fast—this is the General Hospital
Emergency Room calling. Your husband has been in a car, oh,
I mean bike accident, please call us.’ Her husband had been
injured would this injury affect Mrs. Fast? The definitive
answer was and is ‘Yes’.
There is much research surrounding the impact an injury has
on the injured person and to a degree how it affects the people
around them. Often caregivers are forced to attend to their
injured family member with little time for themselves. Their
feelings and observations are minimized and ‘swept under
the rug’.
This presentation focuses on the presenter’s concurrent jour-
ney to her husband’s recovery. A journey that has taken many
a turn to a recent acknowledgement of the stress and hurt that
occurred from a cycling accident almost 20 years ago.
Upon completion of this session, participants will be able to:

1. Recognize the importance of keeping the caregiver in the
line of communication

2. Identify/determine emotions that a caregiver may
experience

3. Identify ways that the caregiver can assure s/he (caregiver)
is being cared for/supported in his/her journey

By sharing her story, the presenter wants:
To emphasize to the professional the importance of being
passionate in one’s field. It is important to create an atmo-
sphere of connecting with the uninjured spouse helping them
on their journey so s/he can be the best ‘lifesaver’ for their
loved one.
To show the need for anecdotal evidence-based research to
give hope and to empower spousal caregivers to ‘hold their
heads high during a tumultuous time which in turn will open
the door to much-needed healing and retrospection .
In conclusion, this presentation may be new and enlightening
as you return to your practice and/or ‘hit hard’ as you grapple
with your own feelings and emotions. Whoever you may be,
know Rosalyn is in the thick of it. She is continuing to
acknowledge her feelings and emotions 20 years after her
husband’s accident.

0290 The contribution of resilience and personality
to the psychological adjustment of family members
caring for relatives with severe traumatic brain injury

Maysaa Dahera,b, Grahame Simpsona,c, and Malcolm
Andersond

aBrain Injury Rehabilitation Research Group, Ingham
Institute for Applied Medical Research, Liverpool, Sydney,
Australia; bBrain Injury Rehabilitation Directorate, Agency
for Clinical Innovation, Sydney, Australia; cLiverpool Brain
Injury Rehabilitation Unit, Liverpool Hospital, Liverpool,
Sydney, Australia; dAvondale College of Higher Education,
Sydney, Australia

ABSTRACT
Background: There is ongoing debate about whether resilience
is a modifiable versus an inherent personality-based trait.
Previous evidence suggests that there exists a connection
between resilience and personality traits; however, more
recent evidence suggests that resilience is a learned skill.
Different theoretical models of personality traits exist, such
as the three-dimensional model which defines personality in
terms of extraversion, neuroticism and psychoticism.
Aim: This study aimed to determine whether resilience makes
an independent contribution to the psychological adjustment
of family members caring for relatives with severe traumatic
brain injury (TBI) beyond that which is accounted for by
different personality dimensions.
Methods: Family members were recruited from six inpatient
and community brain injury centres across New South Wales
and Queensland, Australia. Family members (n = 131) com-
pleted the Connor-Davidson Resilience Scale, the Eysenck
Personality Questionnaire (revised) and five measures of psy-
chological adjustment. Demographic and injury-related data
were collected on the family member and relative with TBI.
Descriptive statistics, correlations and sequential regression
analyses were conducted in SPSS.
Results: Family members were predominantly female (106/
131, 81%) and parents or spouses (117/131, 89%) of the
relative with TBI. On average, the relatives had severe TBIs,
as measured by length of post-traumatic amnesia (days, mean
71.7 ± 64.3, range 1–183). Five regression models were con-
ducted with two personality dimensions (neuroticism and
extraversion) entered in the first block followed by resilience
scores in the second block. The five outcomes tested in the
models were general health, caregiver burden, mental well-
being, positive affect and negative affect. Psychoticism did not
significantly correlate with any of the measures and was not
included in the analyses. All models were significant predic-
tors of scores on the five psychological adjustment measures
(p =.000) and accounted for a range of 25.5–39.8% of
the outcome variances. In the model testing positive affect
(R2 = .353, F (3.127) = 24.691, p =.000), resilience (β = 0.314)
was a significant contributor after accounting for the variance
explained by neuroticism (β = −.331) and extraversion
(β=.195). Resilience did not significantly contribute to any of
the remaining outcome measures. The modelling showed that
higher levels of neuroticism were most strongly associated
with having higher levels of psychological distress, negative
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affect and caregiver burden, and with poorer levels of mental
health.
Conclusion: For family members caring for relatives with
severe TBI, resilience levels and individual personality dimen-
sions vary in the degree of their influence on different aspects
of psychological adjustment. In particular, we found that
resilience made an independent contribution to family
members’ positive affect, while the personality dimension
neuroticism contributed strongly to negative psychological
adjustment. This study is one of the first to investigate the
contribution of personality to the psychological adjustment of
family members caring for relatives with severe TBI.

0291 Effect of age on the functional outcomes in
Southeast Asian patients with traumatic brain injury

Kai Wen Elvina Tay

Tan Tock Seng Hospital, Singapore

ABSTRACT
Introduction and Objectives: Age has been recognized as a
predictor for poor prognosis in patients with traumatic
brain injury (TBI) in some studies. The purpose of this
study was to determine if age is a predictor of functional
outcomes in patients with TBI.
Materials and Methods: A retrospective analysis of all 55
patients with TBI admitted to a single rehabilitation unit
over a 1-year period was performed. Baseline characteristics
such as age, gender, comorbidities, polytrauma, mechanism of
injury, length of post-traumatic amnesia (PTA), admission
Glasgow Coma Scale (GCS), rehabilitation length of stay and
discharge destination were analysed. Long-term outcomes
were determined using the discharge Glasgow Outcome
Scale (GOS) and Functional Independence Measure (FIM).
Results: There were 55 patients in our study population (age
range 18–96 years). Within this population, 27 (49.1%) were
geriatric patients (defined as ≥65 years). Falls was the predo-
minant mechanism TBI in 20 of these patients (74.1%).
Geriatric patients had a lower mean (±SD) FIM score (72.5
± 30.3 vs. 89.8 ± 27.4, p = 0.015) and a lower mean (±SD) FIM
gain (21.0 ± 19.4 vs. 30.4 ± 24.4, p = 0.059) upon discharge
compared to younger patients. Although a greater proportion
of geriatric patients had a lower GOS score on discharge
compared to the younger age group (77.8% vs. 57.1%), this
was not statistically significant (p = 0.062). Geriatric patients
had a lower mean (±SD) FIM efficiency (0.87 ± 1.07 vs. 1.41 ±
2.80, p = 0.17) compared to younger patients, but this was not
statistically significant. There was no significant difference in
rehabilitation length of stay in the geriatric population com-
pared to the younger population (42.9 days vs. 30.1 days, p =
0.083). A majority of the geriatric patients (74.1%) were dis-
charged home, comparable to that of the younger popula-
tion (85.7%).
Conclusions: Geriatric patients with TBI had poorer functional
outcomes compared to the younger patient population in
terms of lower mean FIM score and FIM gain upon discharge.
However, the rehabilitation length of stay and discharge des-
tination to home were similar between geriatric and younger
patient populations.

0293 Neuroplastic cities: Looking beyond hospitals
and medical schools for neurotherapy

John Bylera,b,c

aOperational & Neurological, Hesston, KS, USA; bBrain Injury
Association of Massachusetts, Westborough, MA, USA;
cWINTA: Wichita Interdisciplinary Neurological Trauma
Alliance, Wichita, KS, USA

ABSTRACT
The presentation has two parts:
Part 1: The Brain Injury Recovery Team Model—An
Interdisciplinary Approach to Neurotrauma Rehabilitation
Part 2: Neuroplastic Cities—Looking Beyond Hospitals and
Medical Schools for Neurotherapy
Part 1: When TBI patients report feeling ‘awful’ and ‘terrible’,
an attending physician too often relies on the most extreme
measures of pharmaceutical medications first before exploring
root causes. Connecting patients to the right medical and
therapy professionals can be blinkered and random, or it
might not happen at all.
Seen as a whole person, a TBI patient’s condition and course
of treatment must account for the interdisciplinary nature of a
brain injury. Therapeutic interventions have as much to do
with recovery as medical ones.
The Brain Injury Recovery Team Model provides a roadmap
for recovery, systematizing options that attending physicians
often leave unexplored. The model ensures efficiency and
efficacy in building a recovery team specific to the patient.
Attending physicians can use the model to make key referral
decisions deliberately. Medical and therapy professionals can
use this model to work with patients and their caregivers to
prevent undiagnosed and misdiagnosed brain injuries, parti-
cularly mild TBIs when the patient might ‘look great!’
The Model comprises specific medical and therapy specialists.
Participants will be able to describe the role of these
medical specialists: Endocrinologist, Neuropsychiatrist,
Neuropsychologist, Neuro-optometrist, Psychopharmacologist,
and Vestibular and Sleep Study Specialists. They will also learn
the role of these therapy specialists: Occupational and Physical
Therapist, Social Worker, Speech-Language Pathologist and
Vocational Rehabilitation Counselors.
Survivors can and should look to these specialists for:
Emotional Support, Informed Guidance and Tactical Support.
Part 2: After 2 1/2 or 3 years, rehabilitation hospitals often
begin denying survivors access to their recovery team, leaving
them on their own to figure out how to live the rest of their
lives overcoming their cognitive deficiencies. There is a reason
why we are losing 22 veterans a day to suicide: They might
‘look great’ but they have no strategies for living inside their
brain injuries.
The key point to this part of the presentation—Neuro Plastic
Cities—is that just as a brain injury is as specific as a finger-
print, so should the course of treatments be.
Survivors of brain injury owe it to themselves to try as many
therapies and treatments as they can afford, and arrive at an
intricate combination that works best for them. Therapies that
work for some survivors are less effective for others, hence the
need for guided experimentation.
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In addition to fundamental brain-healthy nutrition and exer-
cise, I overview such treatments as Hyperbaric Oxygen
Chambers, Cranial Sacral, Reiki, Acupuncture, Music,
Medical Marijuana, Tai Chi, Qi Gong, Reflexology, Yoga,
Faith Healing and Cognitive Behavioural Therapy.

0294 Can the deficits in working memory of
paediatric brain tumours survivors be explained by
hippocampus dysfunction?

Jean-Michel Saurya and Ingrid Emanuelsonb

aDivision of Rehabilitation Medicine, Department of Clinical
Sciences, Karolinska Institutet, Danderyd University Hospital,
Stockholm, Sweden; bDepartment of Pediatrics, Institution for
Clinical Sciences, University of Gothenburg, Gothenburg,
Sweden

ABSTRACT
Objectives: The survival rate of paediatric brain tumour
patients has increased dramatically during the last decades.
At the same time, studies show that childhood brain tumour
survivors exhibit substantial deficits in their working memory
capacity, negatively influencing their endeavours towards aca-
demic success. Research has shown that working memory is a
complex activity recruiting a numbers of neural networks.
The purpose of this study is to investigate the working mem-
ory performance in a group of paediatric brain tumour survi-
vors, considering if some effects can be attributed to tumour
location, the occurrence of high intracranial pressure at diag-
nosis, the use of radiation as a treatment modality and hip-
pocampal integrity.
Method: Fourty paediatric brain tumour survivors, earlier
evaluated about 4 years after diagnosis from the perspective
of their hippocampus function, were examined with five mea-
sures of working memory: simple digit span, complex digit
span, and working memory index from the age-relevant
Wechsler Intelligence Scale, and simple word span and com-
plex word span from the Rey Auditory Verbal Learning Test.
Results: Childhood brain tumour survivors performed signifi-
cantly lower than healthy children on the five variables inves-
tigated in this study. No effect of tumour location
(supratentorial vs. posterior fossa) was found. High intracra-
nial pressure at diagnosis was associated with lower perfor-
mance on the complex digit span task and the tasks
underlying the working memory index, but not simple span
tasks and the complex word span task. Children who had
undergone radiation therapy performed significantly lower
on the complex digit span, the complex word span tasks and
the working memory index but not on the simple span tasks,
compared to children who did not. No significant linear
relationship was found between simple digit span and any of
the three measures of hippocampal integrity, whereas a sig-
nificant correlation was found between complex digit span
and one measure of hippocampal integrity, and a significant
correlation between simple word span, complex word span
and working memory index and two measures of hippocam-
pal integrity. A significant linear relationship was found
between performance in the complex digit span and the
complex word span and the variable perceptual reasoning

but not between performance on the simple digit span or
the simple word span.
Conclusions: The results support the hypothesis of the need to
distinguish simple span tasks representing short-term mem-
ory and complex span tasks representing working memory.
Even if both simple and complex span tasks are impaired in
childhood brain tumour survivors, the effects of increased
intracranial pressure, radiation therapy and decreased hippo-
campal capacity significantly impact specifically complex span
tasks activity meaning that working memory is dependent on
hippocampus integrity and is related to fluid intelligence
capacity. The implications of these findings for rehabilitation
are discussed.

0295 A novel bedside neurological monitor for
disorder of consciousness patients

Nathan Intratora,b, Noy Barakb, Neta Maimona,b, and Eugenia
Agranovc

aTel Aviv University and Neurosteer Ltd, Tel Aviv, Israel;
bNeurosteer LTD, Herzliya, Israel; cShaar Menashe, Pardes
Hana, Israel

ABSTRACT
Objective: The diagnostic assessment of patients with disorder
of consciousness (DOC) was based until recently on bedside
clinical evaluation and subject to a high rate of misdiagnosis
of the degree of conscious awareness. To our knowledge, there
is currently no suitable bedside monitor for brain activity
which can be used for assessment, monitoring and manage-
ment of DOC patients. Unfortunately, current scanners like
fMRI or PET are not suitable as bedside monitors. Potential
smaller monitors such as EEG or fNIRS have not been shown
to produce sufficient information that warrants their usage on
a continuous basis. Furthermore, full head sensors are cum-
bersome, and require a technician. We present a novel func-
tional three-electrode brain activity sensor (fBAS), which is
based on a functional brain activity separation algorithm. It
processes the EEG data (in real time) and produces a large
number of brain activity features (BAF), which are correlated
with different functional neural network. It appears to be a
promising tool for assessment, treatment and monitoring of
DOC patients. The functional separation algorithm is based
on Harmonic Analysis decomposition inspired by Coifman
and Wickerhauser (1992, IEEE Trans. Info Theo.; Neretti &
Intrator, 2002, IEEE NNSP).
Methods: Three patients with minimal consciousness due to
TBI (2 patients) and anoxic brain damage (1 patient) were
monitored during a period of 1 month. During this time,
recording of at least 5 h/week were obtained. The recordings
were performed during sleep, during alertness state without
additional stimulation (‘rest’), and during multimodal sensory
stimulation (passive movements and auditory, smell, gusta-
tory and visual stimuli). Patients were also asked to perform
guided imagery tasks
Results: Changes in brain activity were observed as different
senses were stimulated. It was possible to quantify which
senses respond more strongly and to what type of stimuli.
For example, it was possible to determine to what taste there
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was a stronger response, or whether there was a stronger
response to auditory or visual stimuli. In some cases, response
to stimulus on the right side was radically different than
response to stimulus on the left side. In one case, there was
no response to visual stimuli but strong response to auditory
stimuli. Clear response to guided imagery was observed in two
patients.
Conclusions: A three-electrode EEG sensor with advanced
signal processing is able to provide indication of brain activity
in response to various stimuli. It can also provide response
indication to guided imagery, which indicates preserved
higher order cognitive functioning. This may become a pro-
mising method for assessment and continuous monitoring of
DOC patients

0296 Chronic bilateral subdural haematoma in a
young male, a rare complication of ventriculo-
peritonial shunt—reporting a case

Ishwar Dayal Chaurasiaa, Sudhanshu Agrawala, Mahim
Koshariyaa, Mool Chand Songraa, and Anil Guptab

aGandhi Medical College and Associated Hamidia Hospital,
Bhopal, India; bTownsville Hospital, Townsville, Australia

ABSTRACT
Hydrocephalus is a common clinical problem seen in neuro-
surgical practice and Ventriculo-Peritoneal shunt is a com-
monest procedure done for its treatment.
This procedure has various acute and delayed complications
like intra-cerebral haematoma, infection, shunt malfunction
and intra-abdominal complications, etc. Here, we report a
case of bilateral chronic subdural haematoma secondary to
postoperative VP shunt done on right side for non-traumatic
hydrocephalus in a 21-year-old male. The shunt was removed,
and right-sided haematoma was evacuated and reinsertion of
the shunt was done on the opposite side with no complica-
tions. Although rare, this complication must be kept in mind
in cases of VP shunt who presents with deteriorating con-
scious level.

0297 The clinical diagnostic utility of
electrophysiological techniques in assessment of
patients with disorders of consciousness following
acquired brain injury—A systematic review

Solveig L. Haugera, Anne-Kristine Schankea,b, Stein
Anderssonb, Camille Chatellec,d, Caroline Schnakerse, and
Marianne Løvstada,b

aDepartment of Research, Sunnaas Rehabilitation Hospital,
Nesoddtangen, Norway; bDepartment of Psychology, University
of Oslo, Oslo, Norway; cLaboratory for NeuroImaging of Coma
and Consciousness, Massachusetts General Hospital, Boston,
MA, USA, d Acute Neurorehabilitation Unit, Department of
Clinical Neurosciences, University Hospital of Lausanne,
Lausanne, Switzerland; eDepartment of Neurosurgery,
University of California, Los Angeles, CA, USA

ABSTRACT
Objectives: Advances in neuroscientific methods have led to
optimism regarding potential clinical utility in diagnostic and
prognostic considerations in patients with Disorders of
Consciousness (DoC) after severe acquired brain injury. This
is in part due to several studies indicating that residual cogni-
tion can be detected with imaging techniques despite absence
of behavioural signs of consciousness. We present a systema-
tic literature review focusing the diagnostic utility of electro-
physiological recordings during active cognitive tasks in
detecting residual cognitive capacities in patients with DoC.
Methods: Methods of analysis and inclusion criteria followed
established recommendations for conducting systematic
reviews, including the PRISMA guidelines. Systematic review
of empirical research published between January 2012 and
March 2016 was performed in Medline, Embase, PsycINFO
and Cochrane. Data extracted included sample size, electro-
physiological technique, task design, rate of cognitive respon-
ders, rate of persons with definite voluntary behavioural
responses, but no clear signs of cognitive effort in electrophy-
siological assessments (false negatives), rate of patients
demonstrating signs of command-following in electrophysio-
logical recordings, despite not doing so behaviourally (false
positives), and number of subjects excluded from analysis.
The Quality Assessment of Diagnostic Accuracy Studies-2
(QUADAS-2) was used for quality appraisal.
Results: Twenty-four studies examining electrophysiological
indices of command-following in patients with DoC were
identified. Sensitivity rates in healthy controls demonstrated
variable accuracy across studies, ranging from 71% to 100%.
There was also a wide variety in sensitivity rates in the patient
group, ranging from 0% to 100%, indicating on average that
as many as one-third of patients responding to command
behaviourally were not classified as responders based on
their electrophysiological activity (false negatives). Specificity
rates also varied markedly, ranging from 0% to 100%, imply-
ing that some patients show signs of command-following in
electrophysiological recordings, in the absence of behavioural
responses (false positives). The two largest studies (N = 158
and 167) demonstrated false positive rates of 17% and 33%, in
line with numbers obtained in fMRI studies using active tasks.
Unfortunately, not all studies reported rates of excluded sub-
jects, while others reported relatively high exclusion numbers
due to artefacts, even in healthy subjects.
Conclusion: We are still far from establishing precise recom-
mendations for standardized electrophysiological diagnostic
procedures in assessment of patients with DoC, and high
levels of artefacts remain an issue of concern. In summary,
one needs to cautiously balance the risk of false positive
versus false negative diagnostic errors in individual assess-
ments, as it is evident that a patient with discernible signs of
behavioural command-following can appear as a false nega-
tive electrophysiologically. However, in cases where factors
such as severe motor deficits leave diagnostic uncertainty,
electrophysiological methods may add valuable supplemental
diagnostic information of covert cognition in of patients
with DoC.
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0298 Combination of protein blood biomarkers to
differentiate CT-scan results in mild traumatic brain
injury

Linnea Lagerstedta, Juan José Egea-Guerrerob, Alejandro
Bustamantec, Joan Montanerc, Ana Rodriguez-Rodriguezb,
Amir El Rahald, Natacha Turcka, Manuel Quintanae, Roser
Garcia-Armengolf, Carmen Melinda Pricag, Elisabeth
Andereggend, Lara Rinaldid, Asita Sarrafzadehh, Karl
Schallerd, and Jean-Charles Sancheza

aUniversity of Geneva, Geneva, Switzerland; bVirgen del Rocío
University Hospital, Sevilla, Spain; cUniversitat Autònoma de
Barcelona, Barcelona, Spain; dGeneva University Hospital,
Geneva, Switzerland; eHospital Universitario La Paz, Madrid,
Spain; fHospital Universitari Germans Trias i Pujol, Badalona,
Spain; gHospital de la Cinta, Tortosa, Spain; hUniversity
Hospital Heidelberg, Heidelberg, Germany

ABSTRACT
Objectives: Patients who suffered a mild traumatic brain injury
(mTBI) might have a brain lesion. CT scans are performed to
identify these patients; however, the majority will be CT-
negative. Blood biomarkers have been investigated for their
capacity to reduce the number of CT-negative scans. The
most studied protein is S100B with 25% specificity and 95%
sensitivity. Different brain injury studies have revealed several
other proteins: H-FABP, SAA, VCAM, MMP-1 and GSTP.
Here, we investigated if these proteins individually or in a
panel could perform better than S100B alone to reduce the
number of unnecessary CT-scans.
Methods: The blood levels of S100B, H-FABP, SAA, VCAM,
MMP-1 and GSTP were measured using commercial immu-
noassays. A total of 244 mTBI patients were recruited from
three different sites (Geneva, Sevilla and Barcelona), within 6h
after trauma, with a GCS of 15 and one clinical symptom. The
patients were dichotomized into CT-positive (n = 40) and CT-
negative (n = 204) groups for statistical analyses using Mann–
Whitney U test, ROC curves and PanelomiX.
Results: The blood levels of the proteins H-FABP, S100B and
VCAM were significantly increased in CT-positive patients (p
< 0.05). The best individual performance was obtained by
H-FABP (SE: 100% and SP 29%) followed by both S100B
and VCAM (SE: 100% and SP 6%). All proteins and age
were also evaluated in different combinations. The best per-
formance was obtained using H-FABP, S100B and age reach-
ing over 50% SP and 100% SE.
Conclusions: The best individual performance to reduce the
number of CT-scans was obtained by H-FABP. However, a
combination of H-FABP, S100B and age over-performed any
single parameter. A further prospective multicentric study is
warranted.

0299 Executive function training in veterans with
PTSD and mild TBI

Tatjana Novakovic Agopian, Gary Abrams, and Erica
Kornblith

University of California San Francisco/San Francisco VA
Medical Center, San Francisco, CA, USA

ABSTRACT
Objective: Difficulties in executive control functions, including
selection, maintenance and execution of goal-relevant infor-
mation and activities are common sequelae of both TBI and
PTSD. Goal-Oriented Attentional Self-Regulation (GOALS)
training was designed to target these deficits with attention
regulation training applied to participant-defined goals. In
previous studies, both Veteran and civilian participants with
chronic TBI significantly improved post GOALS, but not
control training, on measures of attention/executive function,
functional task performance, and self-report measures of
emotional regulation (Novakovic-Agopian et al., 2011;
Novakovic-Agopian et al., 2015), and on goal-directed control
over neural processing on fMRI (Chen et al., 2011). The
objective of this ongoing study is to assess effectiveness of
GOALS training in Veterans with comorbid PTSD and mTBI.
Participants and Methods: 30 Veterans diagnosis of PTSD,
history of chronic mTBI and mild–moderate executive dys-
function on daily living tasks, were randomized to start with
either 5 weeks of GOALS or matched control psychoeduca-
tion (EDU) training. Assessments at baseline and post train-
ing included neuropsychological, functional task performance
and self-report measures.
Results: At week 5, post GOALS, but not EDU training,
participants significantly improved from baseline on:1) overall
neuropsychological attention/executive function domain
score, and following subdomain scores: sustained attention
and inhibition; 2) overall complex functional task perfor-
mance score, and following subdomains: maintenance of
attention, task execution, switching and memory; and 3) on
emotional regulation self-report measures including: signifi-
cant symptom decrease on Profile of Mood States (POMS),
Beck Depression Inventory-II (BDI-II) and Post-traumatic
Checklist Military (PCL-M). Majority of participants reported
incorporating some of trained strategies into their daily life.
Conclusions: GOALS training may be promising in Veterans
with concurrent PTSD and chronic mTBI. Training self-reg-
ulatory cognitive and emotional control strategies applied to
actual situations in participant lives and personally relevant
goals may provide meaningful improvements in cognitive,
emotional and occupational functioning. The challenges and
importance of: a) assessing change in functioning at different
levels and b) using participant-defined goals applied to rele-
vant training will be discussed.

0300 Sport concussion assessment tool 3:
Interpreting day of injury scores in professional ice
hockey players

Timo Hänninena, Jari Parkkaria, Markku Tuominenb, Matti
Vartiainenc, Juha Öhmand,e, Grant Iversonf, Teemu Luotod,e

aTampere Research Centre of Sports Medicine, UKK Institute
for Health Promotion Research, Tampere, Tampere;
bInternational Ice Hockey Federation (IIHF)/Medical
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ABSTRACT
Objectives: The Sport Concussion Assessment Tool–3rd
Edition (SCAT3) is widely used to evaluate the acute effects
of concussion. This study examined which SCAT3 component
has the most utility in day of injury concussion recognition,
and whether pre-injury individual SCAT3 baseline scores are
more useful than normative reference values in the sideline
recognition of acute concussion.
Methods: SCAT3 baseline testing has been mandatory in the
Finnish Ice Hockey league since 2013. The league recom-
mends day of injury testing for all players with suspected
concussion. Of the reported day of injury SCAT3s, between
seasons 2013 and 2016, a total of 29 concussions were con-
firmed by the teams’ medical staff. The measures included in
the study were: (1) the individual baselines (n = 29), (2) the
day of concussion scores of the injured players (n = 29), (3)
the league’s normative reference values [based on 2013–2014
preseason baselines (n = 304)], and (4) the limits of normal
variation on the SCAT3 [based on league’s preseason base-
lines 2013–2014 and 2014–2015 (n = 179)]. The post-injury
performance was ruled as abnormal if: (1) the player scored
within the worst 10th percentile of the normative reference
values, or (2) the score differed from the player’s own baseline
more than the cut-offs for 90% normal variation.
Results: The mean age of the concussed players (n = 29) was
27 years (SD = 4, range = 19–35). Most of the players (83%)
were Finnish, and all were Caucasian. SCAT3-based possible
signs of concussion (loss of consciousness, balance or motor
incoordination, disorientation or confusion, loss of memory,
or blank or vacant look) were observed in 11 (37.9%) out of
the 29 concussion cases. The area under the receiver operating
characteristic curves for the ability of each SCAT3 component
to discriminate between the day of concussion and the nor-
mative reference values were as follows: (1) Symptom Score =
0.98, (2) Symptom Severity = 0.99, (3) Standardized
Assessment of Concussion (SAC)=0.62, (4) Modified Balance
Error Scoring System (M-BESS) =0.71, and (5) Tandem Gait
= 0.53. Only two concussed athletes failed the post-concussion
Coordination Test. The percentages of the players who per-
formed abnormally on post-concussion testing (individual
baseline comparison vs. normative reference values) were as
follows: Symptom Score: 96% vs. 100%, Symptom Severity:
96% vs. 100%, SAC: 31% vs. 22%, M-BESS: 50% vs. 50%,
Tandem gait: 18% vs. 29%, and Coordination: 7% vs. 7%.
Conclusions: The SCAT3 is sensitive to the effects of acute
concussion in professional ice hockey players assessed on the
day of injury. The Symptom Scale was the most sensitive

component of the test. Post-concussion testing conducted
with individual baseline seems to be as sensitive as assessment
compared to normative reference values in acute concussion
recognition.

0302 Study on the cognitive function post-traumatic
brain injury in China

Wei Lin, Likun Yang, Jie Zhu, Yi Feng, and Yuhai Wang

101th Hospital of PLA, China, Wuxi, China

ABSTRACT
Background: The incidence of traumatic brain injury (TBI) is
rising especially in developing countries such as China, as are
its neuropsychiatric complications. This study aims to deter-
mine the cognitive impairment in later life of the patients who
were associated with exposure to TBI.
Methods: Cross-sectional study of 43 Chinese patients with
above 12 months TBI history. Study participants were
assessed for improvement in cognitive function, quality of
life and sleep, current depressive symptoms. We defined cog-
nitive impairment by a mini-mental state examination score
<24 diagnosis of dementia. Hamilton Depression Scale to
assess current clinically significant symptoms of depression
was defined. While Scales for Outcomes in Parkinson’s dis-
ease–Sleep Scale to assess sleep dysfunction, and Activity of
Daily Living Scale was used to observe the participants quality
of life.
Results: Forty-four patients had history of treatment for TBI
as patients in our hospital (mild, moderate and severe).
Cognitive dementia was defined by a mini-mental state exam-
ination score according to the educational duration, and
among the participants, 14 patients were diagnosed dementia
(31.8%). Non-dementia ones were compared with health con-
trols (10 participants) by the tests of Montreal Cognitive
Assessment-Basic (MoCA-B) Chinese Version (p = 0.0143 <
0.05), copying time for Rey–Osterrieth complex figure(p =
0.0327 < 0.05), copying scores for Rey–Osterrieth complex
figure(p = 0.1623 > 0.05), Boston scores(p = 0.0183 < 0.05),
recall for Rey–Osterrieth complex figure(p = 0.0073 < 0.05),
auditory verbal learning test(AVLT)-4(p = 0.2077 > 0.05),
auditory verbal learning test(AVLT)-5(p = 0.1950 > 0.05),
auditory verbal learning test(AVLT)-6(p = 0.0145 < 0.05),
Tail-A(p = 0.0436 < 0.05), Tail-B(p = 0.0302 < 0.05),
Hamilton Depression Scale(HAMD)(p = 0.0231 < 0.05) and
HAMD scores of TBI patients were 11.49 ± 8.59, Scopa-sleep
scales(p = 0.5327, p = 0.1470, p = 0.5225 > 0.05), Activities
daily-living scale(p = 0.5932 > 0.05).
Conclusions: History of TBI is common in older men, and is
associated with increased risk of depression and cognitive
impairment. If this association is truly causal, then the effec-
tive reduction of events leading to TBI (e.g., motor vehicle
accidents and falls) may also decrease the prevalence of
depression and cognitive impairment in later life, especially
in memory, executive function and attention. This result may
demonstrate that TBI cause cognitive dysfunction in many
cognitive domains but not only in special one. Besides,
depressive mood and sleep disorders would come together.
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0303 Usefulness of cerebrolysin in terms of
cognitive recovery in moderate-to-severe traumatic
brain injuries

Ishwar Dayal Chaurasia, Mahim Koshariya, and Mool Chand
Songra

Gandhi Medical College and Associated Hamidia Hospital,
Bhopal, India

ABSTRACT
Background: Traumatic brain injury is one of the major causes
of injury-related death globally. Cerebrolysin, a neuropeptide
synthetic preparation produced by enzymatic breakdown of
lipid having neurotropic and neuroprotective role, is being
successfully used in the treatment of Alzheimer’s disease, in
acute cerebrovascular strokes with proven efficacy. Though it
has been used successfully in traumatic brain injuries only
limited studies are reported.
Objectives: We evaluated the efficacy and safety and usefulness
of cerebrolysin in the treatment of traumatic brain injury in
terms of cognitive recovery.
Methods: Present study was conducted at Surgical Unit of
Medical College Hospital to evaluate the effect of cerebrolysin
on functional and cognitive outcome in patients with moder-
ate and severe TBI. Five hundred patients were divided into
two groups. Group I—250 patients received cerebrolysin for
14–20 days, and Group II—250 patients received only con-
ventional therapy as a control group. Both groups were sub-
jected to GCS and CT Brain on admission and were compared
with the degree of improvement on 14, 20 days and subse-
quently from the day of admission.
Results: Cerebrolysin-treated group was compared to the con-
ventional therapy (controlled) group. There was a statistically
significant (p value = 0.001) seen in improvement of GCS, and
in terms of cognitive and functional outcome in patients
treated with cerebrolysin therapy as compared with the con-
ventional therapy control group.
Conclusions: Patients with cerebrolysin treatment showed a
significant improvement and outcome in GCS as compared
with conventional therapy. Our results suggest that patients
with traumatic brain injuries when treated with cerebrolysin
are benefitted in terms of functional and cognitive outcome.

0304 Dichotic listening in clinical research of local
brain damage

Guzel Aziatskaya, Maria Kovyazina, Tamara Starostina, and
Elena Balashova

Lomonosov Moscow State University, Moscow, Russian
Federation

ABSTRACT
Background: Dichotic listening is one of the best noninvasive
methods used for defining the hemispheric asymmetry during
speech processing. Moreover, the method allows to evaluate
cognitive dysfunction after different types of brain damage.
There are a lot of audio-verbal dichotic listening tests that
differ in stimuli (words, digits, syllables, etc.), presentation

peculiarities (quantity and structure) and side factors that
influence test results (order of stimuli presentation, working
memory, individual’s strategy, attentional biases). We expect
that various dichotic listening tests are characterized by dif-
ferent levels of sensitivity and accuracy for the estimation of
brain injury localization and lateralization.
Aim: To compare the results of consonant-vowel syllable test
(СV test) and word test performance by patients with local
brain damage.
Method: Fourty subjects participated in pilot study (20 normal
controls, 20 patients with brain damage, age range 19–62
years). All the participants were right-handed. Out of nine
left-brain-injured patients, eight had brain tumour (including
meningioma and cavernoma), one patient suffered a stroke.
Out of 11 right-brain-injured patients, 9 had brain tumours, 1
patient had arachnoid cyst and 1 patient suffered a stroke. The
CV test and the word dichotic listening test were presented to
the participants.
Results: According to the results of CV dichotic listening test,
the right-brain-injured patients showed statistically significant
increase in the right-ear accuracy scores and decrease in the
left-ear accuracy scores as well as the increase in laterality
index at the level of statistical tendency in comparison with
normal controls. Statistical difference was not observed in
both normal controls and left-brain-injured group. However,
the qualitative analysis of the results showed the accuracy
decrease in the ear contralateral to cerebral lesion and the
accuracy increase in the ear ipsilateral to brain damage in the
left-brain-injured patients. The same results were received
during the word test, but the difference between both normal
controls and the patients with brain injury was statistically
insignificant. Moreover, the results of the CV test showed the
difference at the level of statistical tendency between both
right-brain-injured patients and left-brain-injured patients in
the right- and left-ear accuracy scores as well as in laterality
index. However, the same statistical difference was not
observed during the word test.
Conclusions: The consonant-vowel syllable test is more sensi-
tive for ‘lesion’ effect evaluation in comparison with the word
dichotic listening. The CV test allows to define the difference
not only between normal controls and patients but also
between patients with different brain damage. Apparently,
word dichotic listening can show ‘lesion’ effect at statistically
significant level in case of increasing the number of patients
with brain injury.

0308 Evaluating the use of cognitive, behavioural
and emotional strategies after an acquired brain
injury: Development and validation of the strategy
use measure (SUM)

Grahame Simpsona,b, Lauren Gilletc, Diane Whitinga, Eng-
Siew Kohd,e, Alexandra Walkerf, and Joseph Hannag

aBrain Injury Rehabilitation Research Group, Ingham Institute
of Applied Medical Research, Sydney, Australia; bJohn Walsh
Centre for Rehabilitation Research, Sydney, Australia;
cDepartment of Neurology, Liverpool Hospital, Sydney,
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ABSTRACT
Background: After severe acquired brain injury (ABI), indivi-
duals experience changes to their cognition, behaviour and
emotions. Strategies are key psychological and/or environ-
mental tools employed to compensate for and minimize the
impact of these changes.
Aim: The aim of this study was to develop and validate a
measure which assesses strategy use after ABI across these
three domains.
Methods: Item content of the SUM was developed using four
methodological components including consultation with an
expert committee, consumer focus groups, a file review and a
consensus meeting. A total of 86 participants with an ABI com-
pleted an initial pool of 17 items and a demographic questionnaire.
A smaller subset (n = 38) completed validation measures to test
convergent and divergent validity (Memory Compensation
Questionnaire, Memory Functioning Questionnaire, General
Self-Efficacy Scale, Patient Competency Rating Scale) and another
subset (n = 29) repeated the measure for test-rest reliability on
average 8.8 days later.
Results: Exploratory Factor Analysis (Principal Axis Factoring
with Varimax rotation) indicated a four-factor structure
accounting for 58% of the variance. The fourth factor had only
two items and was excluded, as was one other item that did not
meet the 0.4 threshold. The eventual three-factor solution com-
prised 14 items, which were scored on a five-point Likert scale
(range 0–4). The three subscales were Memory and Planning
(MP, 5 items), Emotion/Mood (EM, 5 items) and Cognitive
Load (CL, 4 items). Good reliability was found for each subscale
(Cronbach’s alpha .82-.83). Good convergent validity was
observed between memory subscales and the MP and CL sub-
scales (Pearson’s correlation coefficients ranging from .50 to .85),
and the measure also demonstrated sound test-retest reliability
(ICCs=.77-.82).
Conclusion: The SUM has potential to be an invaluable tool in
planning and evaluating treatment post ABI. Initial validation
of the SUM is promising for the cognitive subscales with
further validation recommended for the EM subscale with
measures of distress.

0310 The effect of pentadecapeptide BPC 157 on
cerebral ischaemic/reperfusion injuries in rats

JakšaVukojević a, BornaVrdoljaka,DominikMalekinusica,Marko
Siroglavica, Domagoj Drmica, Marija Misicb, Danijela Kolencb,
Alenka Boban Blagaica, Sven Seiwerthb, and Predrag Sikirica

aDepartment of Pharmacology, School of Medicine, University of
Zagreb, Zagreb, Croatia; bDepartment of Pathology, School of
Medicine, University of Zagreb, Zagreb, Croatia

ABSTRACT
Background: Ischaemic/reperfusion injuries are elementary
pathophysiological findings in stroke, making it the third
most common cause of death and the first cause of long-

term disability. Pentadecapeptide BPC 157 has already been
proven to counteract brain trauma; it has a beneficial effect on
vessel integrity and protection; it interacts with the NO system
and has healing properties in different tissues, altogether
making it a promising agent when it comes to cerebral ischae-
mic/reperfusion injuries.
Objectives: In this experiment, ischaemic/reperfusion injuries
are induced using bilateral carotid artery occlusion (BCAO).
The effect of BPC 157 on ischaemic/reperfusion injuries was
investigated in male Wistar rats.
Method: After an occlusion of 20 minutes, the rats were
randomly divided into groups. The treated group received
BPC 157 (10 μg/kg, I.P.) right after surgery, while the control
group received saline (5 ml/kg, I.P.) immediately after sur-
gery. To test the relation with the nitric oxide (NO) system,
we created three new groups: L-NAME (5 mg/kg, I.P.) alone,
in combination with L− arginine (100 mg/kg, I.P.) or BPC 157
(10 μg/kg, I.P.), respectively. After a reperfusion period of 24
hours, the neurological assessment was performed and sam-
ples were taken. Neurological assessment was conducted using
the Morris Water Maze Test (MWMT) and Beam Walk
Test (BWT).
Results: In the MWMT, the control animals had far greater
memory loss and spatial orientation loss, while the BPC 157-
treated group had almost no loss in the MWMT. In the beam
walk test, we also observed substantial differences between the
control and treated group, where the control group walked far
worse than the BPC 157-treated group. The animals treated
with L-NAME scored worst, of all groups, in the MWMT as
well as in the BWT. When L-NAME was administered along
with L-arginine, it showed slight improvement, while the
combination of L- NAME and BPC 157 abolished all the
negative effects of L-NAME. The pathology findings con-
curred with the results obtained in the neurological assess-
ment, showing a significant difference in neuronal death in
favour of the BPC 157-treated group. On top of this, we
conducted a Real-Time qPCR study, where we evaluated the
differences in RNA expression between the two groups, with
20 genes involved in various aspects of angiogenesis and
injury healing. Pentadecapeptide BPC 157 showed that it
counteracts ischaemic/reperfusion injuries, saving the rats
from memory and orientation loss, as well as maintaining
their motor capabilities. Along with that it can successfully
counteract the negative effects of NO system inhibition, even
more so than L-arginine, and thereby confirming its close
relation to the NO system. The results we present here are
promising and prove that BPC 157 has potential as a neuro-
protective agent in cerebral injuries, although further investi-
gations should be conducted to confirm the full effects.

0311 Towards a characterization of social cognitive
profiles after acquired brain injury: Evidence for
distinct emotion processing subgroups

Sarah Halla,b,c, Joanne Wrencha,b,c, and Sarah Wilsona,b

aUniversity of Melbourne, Melbourne, Australia; bAustin
Health, Melbourne, Australia; cAlfred Health, Melbourne,
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ABSTRACT
Background and Aims: Deficits in social cognition are now
well documented in a subset of individuals with acquired
brain injury (ABI). Social cognitive skills, which include the
ability to accurately recognize, understand and respond to
emotional states, have been proposed to relate to important
outcomes including social and community functioning.
However, there is significant heterogeneity in the nature and
severity of these deficits, and a typology of social cognitive
profiles after ABI is yet to be well characterized. The aim of
this study was to identify whether distinct profiles exist in the
ability to perceive, understand and regulate emotions among
individuals with ABI, and to evaluate clinical, cognitive and
functional correlates of these subgroups.
Method: Eighty-one adult participants with moderate-to-severe
ABI were recruited from two specialist brain injury rehabilitation
centres in Melbourne. Average time since ABI was 17 months
(range: 2 months to 7 years), and all participants were living in the
community at the time of assessment. Participants completed the
Mayer-Salovey-Caruso Emotional Intelligence Test V2.0,
Community Integration Questionnaire, Hospital Anxiety and
Depression Scale, and cognitive tests consisting of Wechsler
Adult Intelligence Scale subtests (Coding and Digit Span), the
Wechsler Abbreviated Scale of Intelligence and the Controlled
Oral Word Association Test. Sociodemographic information was
collected via participant interview. Injury-related and clinical vari-
ables were collated frommedical records, including clinician doc-
umentation of social or emotional deficits during inpatient
rehabilitation.
Results: A hierarchical cluster analysis was conducted using
Ward’s method with squared Euclidean distances. Three sub-
groups emerged, characterized by distinct emotion processing
profiles: (1) intact emotional skills; (2) global impairment in
emotional skills; (3) focal deficit in strategic emotional skills
(understanding and regulating emotions) with preserved emo-
tion perception. The group with intact emotional skills tended
to experience better outcomes, including high community
integration. Despite poorer overall cognitive function in the
global impairment group, social integration was lowest for
those in the subgroup characterized by focal deficits in stra-
tegic emotional skills. Individuals in the strategic skills deficit
group were also most likely to have exhibited social commu-
nication difficulties as documented by rehabilitation clinicians
during their inpatient admission.
Conclusions: We found evidence for distinct social cognitive sub-
types in ABI, characterized by different profiles of strengths and
weaknesses in emotion processing skills. These subgroups were
associated with specific clinical and cognitive features, and appear
to be important for understanding differences in social and com-
munity functioning after ABI. Given preliminary evidence of the
effectiveness of training programmes for remediation of social
cognitive skills, understanding how profiles of emotional skills
deficits relate to functional outcomes after ABImay be particularly
useful for targeting future intervention efforts.

0312 The influence of cultural factors on outcome
following traumatic brain injury

Jennie Ponsforda,b and Marina Downinga,b

aMonash University, Clayton, Australia; bMonash Epworth
Rehabilitation Research Centre, Richmond, Australia

ABSTRACT
Background and Aims: Most traumatic brain injury (TBI)
outcome studies focus on white, English-speaking patients
who identify with the dominant healthcare system. Little is
known of the experience of TBI individuals from Culturally
and Linguistically Diverse (CALD) backgrounds. The present
study compared outcomes following TBI in individuals from
English-speaking backgrounds (ESB) with those from CALD
backgrounds.
Method: One hundred and four ESB and 99 CALD partici-
pants with TBI were assessed an average 22.3 months post
injury on the Brief Acculturation Scale, Craig Handicap
Assessment and Reporting Technique (CHART), Activities
of Daily Living scale, Coping Scale for Adults, and Hospital
Anxiety and Depression Scale.
Results: Results showed no significant group differences in
most demographic and injury-related variables, although
CALD participants showed lower pre-injury employment.
There was no significant difference between groups in therapy
costs. At post-injury follow-up, CALD participants were sig-
nificantly less independent than the ESB group in light
domestic duties, shopping and financial management, and
reported lower cognitive independence, mobility and partici-
pation in occupational and social activities on the CHART
after controlling for pre-injury employment. CALD partici-
pants reported heightened awareness of post-injury deficits
relative to ESB participants, and held different beliefs regard-
ing injury consequences and factors that would aid their
recovery. The CALD group also reported greater anxiety
symptoms and less problem-focused coping than the ESB
group. There was, however, significant variability in responses
to injury across different geocultural regions. Hierarchical
regression analyses showed that higher CHART total scores
were associated with having a value system that is Australian,
being younger in age, having more education and spending
less time as an inpatient.
Conclusions: Poorer outcomes in CALD individuals with TBI
are not simply reflective of sociodemographic factors. TBI
clinicians need to consider their differing beliefs about injury
and recovery in order to maximize outcomes in CALD
individuals.

0313 Post-traumatic amnesia—how can it best be
measured and used to predict outcome?

Jennie Ponsford, Caroline Roberts, and Gershon Spitz

Monash University, Clayton, Australia; Monash Epworth
Rehabilitation Research Centre, Richmond, Australia

ABSTRACT
Background: Following emergence from coma, patients with
traumatic brain injury (TBI) commonly experience a phase of
post-traumatic amnesia, or PTA. PTA is state of generalized
cognitive disturbance, otherwise termed a delirium, character-
ized by confusion, disorientation, retrograde amnesia, inabil-
ity to store new memories and sometimes agitation, delusions
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and sleep disturbance. Anterograde amnesia, or the inability
to form new memories, is a hallmark feature of PTA, with
recognition memory improving before free recall. The relative
preservation of procedural or implicit memory, as opposed to
declarative memory, has been demonstrated in individuals in
PTA. In many patients there is a graduated process of resolu-
tion of orientation: to person, place, then time. However, the
evidence for order of memory recovery has been inconsistent.
Methods: In a cohort of 66 patients with severe TBI monitored
prospectively using the Westmead PTA Scale, we have
demonstrated that recovery of memories is related to their
depth of consolidation, with memories such as date of birth
returning first and memory for recently acquired information
last.
Analysis: Limited research has been conducted comparing
methods for determining the duration of post-traumatic
amnesia (PTA). Prospective measures include the Galveston
Orientation and Amnesia Test, Westmead PTA Scale, O-Log
and Confusion Assessment Protocol, but retrospective ques-
tioning is commonly used. In a cross-sectional study involving
59 individuals with severe TBI we compared prospective
measurement of PTA using the Westmead PTA Scale with a
retrospective interview conducted 6 months to 6 years post
injury. Mean Retrospective PTA (R-PTA) was significantly
longer than mean Prospective-PTA (P-PTA) and estimates
did not generally correspond. The difference between P-PTA
and R-PTA was not associated with age, Glasgow Coma Scale
(GCS), overall PTA duration or time post injury of the retro-
spective interview. This finding calls into question the relia-
bility of retrospective PTA estimates.
Discussion: Recent studies have shown that PTA has enhanced
predictive ability over GCS scores when estimating psychosocial,
cognitive and functional outcome. However, there remains a lack
of consistency inmethods of classifying injury severity using PTA.
We conducted a cohort study of 1041 individuals with TBI treated
at a rehabilitation centre, emerging from PTA prior to discharge,
and engaged in productive activities prior to injury. Eight models
that classify duration of PTA were evaluated using area under the
receiver operating characteristic curve (AUC) and model-based
Akaike Information Criterion (AIC) and Bayesian Information
Criterion (BIC) statistics. All categorizationmodels showed longer
PTA to be associated with poorer productivity 1 year post TBI.
Classification systems with a greater number of categories per-
formed better than two-category systems. The dimensional (con-
tinuous) form of PTA resulted in the greatest AUC, and lowest
AIC as well as BIC, of the classification systems examined. This
finding indicates that the greatest accuracy in prognosis is likely to
be achieved using PTA as a continuous variable.

0314 Professional education in holistic
neuropsychological rehabilitation after brain injury:
Development of an effective model

Guzel Aziatskayaa, Maria Kovyazinaa, Natalia Varakoa, Elena
Rasskazovaa, Olga Dobrushinab, and Yuriy Zinchenkoa

aLomonosov Moscow State University, Moscow, Russian
Federation; bInternational Institute of Psychosomatic Health,
Moscow, Russian Federation

ABSTRACT
Introduction: Holistic rehabilitation that relies on biopsycho-
social model requires special qualification of professionals. In
Russia, only minority of the professional community is famil-
iar with holistic approach. We are organizing an educatory
programme aimed to develop specialists in holistic neuropsy-
chological rehabilitation.
Objectives: To review the specifics of interdisciplinary neu-
ropsychological care in an educational setting.
Methods: The programme is targeted to psychologists with at
least a bachelor degree. It includes lecture courses in neurop-
sychology and psychotherapy along with intensive practice.
Each psychologist in training (PIT) is engaged in long-term
(>3 month) rehabilitation of at least 2 patients with brain
injury, while each patient has a PIT-case coordinator and
1–2 PIT working on specific tasks. The rehabilitation is free
of charge for the patients. First, they are interviewed by the
clinic coordinator (neurologist) to evaluate potential and pos-
sible directions for rehabilitation. Then, a PIT performs a
neuropsychological assessment. The results of the assessment
undergo supervision by an expert neuropsychologist on a
weekly 3-hour group meeting. If necessary, additional
neuropsychological tests, interview of family members and
‘in the field’ observations are performed after the supervision.
After the completion of the assessments, rehabilitations goals
according to SMART criteria are proposed on the weekly
meetings and then are discussed and confirmed with
the patient by PIT-case coordinator. The rehabilitation pro-
gramme is developed individually in accordance with the
goals. It usually includes educational sessions, neuropsycho-
logical sessions aimed towards development of appropriate
compensatory strategies, psychotherapeutic sessions with
patient and family members and, most of the time, specific
work on the goals. The results and further rehabilitation
directions are discussed on weekly meetings and all the time
in a group WhatsApp chat. A cloud documentation is used,
including assessment results, interdisciplinary goals and indi-
vidual tasks, sessions reports.
Results: Eight students and 11 patients are included in a pilot
programme. After 3 months of ongoing programme, signifi-
cant results are observed. Patients included at the beginning
of the programme have reached first goals. One of them, a 27-
year-old male with right-side TBI, cognitive impairment,
behavioural difficulties and lack of social support (he is an
orphan) got paid employment after he was struggling with
this goal on his own for 6 months.
Conclusions: Specially developed educational programmes
may be effective for professional development in holistic
neuropsychological rehabilitation.

0316 Decreased symptoms and increased function in
post-concussion syndrome patients after
coordinated eye-head movement therapy

Frederick Carricka,b,c, Matthew Antonuccib,d, Guido
Pagnaccob, and Elena Ogerrob

aHarvard Macy Institute, Boston, MA, USA; bCarrick Institute,
Cape Canaveral, USA; cBedfordshire Centre for Mental Health

BRAIN INJURY 835



Research in association with University of Cambridge,
Cambridge, UK; dPlasticity Brain Centers, Orlando, USA

ABSTRACT
Context: Sports concussions have been associated with
decreases in the performance of balance, simple and choice
reaction times, static and dynamic visual acuity and proces-
sing speed.
Objective: To determine if eye-head movement training
(EHMT) might result in changes in quantitative testing of
compromised psychomotor speed, reaction time, visual atten-
tion, balance and executive function as well as a decrease in
symptoms in patients with post-concussion syndrome.
Design: Pre-post treatment intervention.
Setting and participants: Seventy subjects with disabling post-
concussion syndrome treated at a tertiary specialist neurology
centre for 5 days of therapy.
Interventions: Subjects were tested with the C3 Logix seven
diagnostic modules before and after treatment with EHMT.
Testing included Trails Making Test (TMT), Computerized
Dynamic Posturography, Balance Error Scoring System
(BESS), Processing Speed Task (PST), Reaction Time Tests
(simple and choice) and a graded symptom checklist follow-
ing the recommendation of the Zurich Consensus on
Concussion. Subjects were instructed in coordinated EHMT
using gaze stabilization and vestibular activation by complex
head movement with combinations of slow and fast eye
movements in phase and counter-phase of head movements.
Main outcome measures: Symptom severity scores and C3
Logix diagnostic inventories.
Results: There was a strong statistical and substantive signifi-
cant improvement in all outcome measures for post-concus-
sion syndrome patients undergoing EHMT. There were no
reported or observed iatrogenic consequences or worsening of
symptoms.
Conclusion: The addition of EHMT to a post-concussion
treatment paradigm has demonstrated statistically significant
changes in outcome measures and is a low-cost, safe and
effective complement to standard treatment.

0317 Polymeric nanofibres as scaffolds for stem cell
transplantation in brain injuries

Laura Zampronia, Marco Grinetb, Mayara Mundima, Marcella
Reisa, Layla Galindoa, Fernanda Marcianob, Anderson Lobob,
and Marimélia Porcionattoa

aUniversidade Federal de São Paulo, São Paulo, Brazil;
bUniversidade do Vale do Paraíba, São José dos Campos,
Brazil

ABSTRACT
Background: Acute brain injuries are usually highly disabling, with
a high social cost. Unfortunately, few therapeutic options are
currently available. Transplanting exogenous stem cells to the
central nervous system (CNS) is a promising alternative.
However, cell-based therapy, preclinical trials showed problems
such as low local cell engraftment and survival. The use of tissue
engineering and synthetic scaffolds offers a potential alternative to
optimize stem cell transplantation at brain injury sites.

Objectives: In this study, the properties of polymeric nanofibre
(PNF) scaffolds were evaluated for their ability to support
mesenchymal stem cells (MSCs) and neural stem cells
(NSCs) adhesion and survival for transplantation in a ther-
mocoagulation brain injury model in mice.
Methods: PNF were made of polylactic acid (PLA) by a jet-
rotatory spinning technique, and its morphology was charac-
terized by scanning electron microscopy. MSC and NSC were
obtained, respectively, from bone marrow and subventricular
zone of adult C57/Bl6 mice. After a period of 7 days in
culture, cell adhesion and morphology were evaluated by
cytochemistry. BrdU was added to cells during 48 hours to
evaluate cell proliferation. Viability and apoptosis were eval-
uated by MTT and TUNEL assays. MSC and NSC grown
alone or together on PNF were transplanted on the brain of
adult C57/Bl6 mice that underwent a thermocoagulation
injury model. MSC were able to adhere, proliferate and spread
over the scaffolds. Viability and apoptosis of MSC cultured on
PNF were no different from 2D control (cells cultured on
cover glass). For NSC, scaffolds have to be first coated with
laminin to allow good adhesion and viability. Transplantation
of MSC caused a significant reduction of the lesion area.
Results: We found evidence of local immunomodulation on
mice that received PNF containing MSC, showed by decreased
expression of IL4, IL6, IL10 and TNFα, when compared to
mice with untreated injury. We found no evidence that the
synthetic scaffold presence could increase inflammation or
worse functional outcome. Disappointingly, we failed to
observe new neurons originated from exogenous neural stem
cells in the injured area, and consequently no brain lesion
reduction was observed when only NSCs were transplanted.
Conclusion: We conclude that our PNF are biocompatible and
offer a new strategy to improve cell-based therapies to acute
brain injuries.
Ethic approval: This project was approved by local ethics
committee (CEUA 83682210136).
Funding: The authors thank FAPESP (2009/05700-5; 2013/
165338) and CNPq (404646/2012-3) for financial support.
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0318 Sleep architecture in acquired brain injury
rehabilitation patients with mild, moderate and
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ABSTRACT
Objective and Background: To describe sleep architecture in
acquired brain injury (ABI) patients admitted for rehabilita-
tion and diagnosed with sleep apnoea (SA). Sleep architecture
refers to the pattern of sleep as it shifts between its various
stages (rapid eye movement [REM] and three non-REM
stages). Healthy adults spend 20–25% of sleep in REM,
12.5–20% in N3, 50% in N2 and the remainder in N1. Sleep
architecture, sleep timing and sleep duration are critically
important for healthy functioning, with 7 hours per night
recommended. While precise mechanisms and functions of
sleep are not fully understood, it is accepted that sleep serves
critical restorative functions; likewise, disturbed sleep nega-
tively influences health. Sleep architecture is often disturbed
in SA patients. However, there is limited research character-
izing sleep architecture stages in ABI rehabilitation patients
during acute/post-acute recovery with comorbid SA.
Methods: Study design was a retrospective analysis. The sam-
ple included patients admitted to a VA hospital’s neuro-reha-
bilitation centre from 2009 to 2016 and who were referred for
polysomnography (PSG). Of 197 patients, 138 received PSG
and 93 had valid results with at least 240 minutes of recorded
sleep. Of these, 51 met case definition of SA (total AHI ≥ 5; 30
mild and 21 moderate to severe). Most were male (93.5%) and
white (70.3%) with traumatic brain injury (66.7%), stroke
(23.7%) or other acquired brain conditions (9.7%). PSG para-
meters examined were: total sleep time (TST); minutes and %
time in N1, N2, N3, and REM; and arousal index (AI; refers to
arousals per hour). Using one-way ANOVAs, the following
SA groups were compared: none/minimal (AHI < 5), mild
(AHI = 5–14.9) and moderate-to-severe (AHI ≥ 15).
Results: There were statistically significant group differences on
TST (none/minimal M = 362.3 ± 54.2; mild M = 352.2 ± 54.8;
moderate-severeM=325.4 ± 54.9, p<.045) andAI (none/minimal
M=5.2± 4.1;mildM=9.0 ± 4.8;moderate-severeM=16.2 ± 15.8,
p <.002). Those with moderate-to-severe SA had the shortest TST
and greatest AI. Groups did not differ statistically in%N1,%N2, %
N3, or %REM, but studymay have been underpowered. Although
nonsignificant, compared to those without SA, patients with SA
had reduced %N3 (19.4 ± 13.9) and %REM (13.0 ± 7.3), and
increased %N1 (10.0 ± 9.2). Similar results were found comparing
those with moderate-to-severe vs. mild SA (nonsignificant).
Discussion: PSG-based sleep architecture was disrupted in SA
patients with ABI as it is in general SA patients. Most striking
were greater number of arousals and reduced sleep time in SA
patients, which worsened with increased SA severity. While
no statistically significant differences in sleep stages were
found between subgroups, proportions of time spent in sleep
stages deviated from healthy adults based on prior literature.
Medication effects and derangement in brain functioning
following acute injury may also have influenced sleep archi-
tecture. Regardless of cause, sleep disturbances including
apnoeic events altered sleep architecture should be addressed

to prevent obstacles in the neuro-restorative functions of
sleep.

0319 Density change in the commissural and
projection fibres of the brainstem following mild
traumatic brain injury: A longitudinal study

Aditya Hernowo, Vigneswaran Veeramuthu, Vicknes Waran,
and Vairavan Narayanan

University of Malaya, Kuala Lumpur, Malaysia

ABSTRACT
Background: Microstructural white matter brain changes in
mild traumatic brain injury (mTBI) have been documented
based on changes seen in MRI parameters like fractional
anisotropy (FA) reduction or changes in the fibre density of
major tracts in the cerebral hemisphere. Despite often being
associated with temporary alteration of consciousness (AoC),
little is known about the changes of the brainstem tracts.
Damage to these tracts may contribute to long-term neuro-
cognitive sequel including post-concussion syndrome. This
study analysed the fibre density of projection and commis-
sural fibres in the brainstem immediately and 6 months after
mTBI.
Methods: Twenty-three patients with mTBI were recruited on
admission. Diffusion tensor imaging (DTI) sequence was
acquired within 6 hours of presentation, and a second similar
sequence was acquired 6 months post trauma. In DTI, 32
directions were used with b = 700 seconds/mmb. DTI tensor
estimation and tractography followed tensorline approach,
implemented in Diffusion Toolkit and Trackvis software.
Resulting virtual fibres of the brainstem were dissected to
differentiate the projection and commissural fibres from the
background. Paired longitudinal registration was done using
SPM12 to map velocity divergence at sixth month. Finally,
voxel-wise comparisons were performed between the two
groups.
Results: Six months following the injury, fibre density reduc-
tion (p < 0.05) was mainly seen along the dorsal tracts (T =
3.63) and only sporadically at the transverse pontine tracts (T
= 4.16) of the brainstem. The absence of AoC was associated
with higher density at the dorsal transverse pontine fibres 6
months after injury (p < 0.05, T = 15.03).
Conclusions: Mild traumatic injury may be detrimental to the
structure of the fibres in the brainstem, especially the dorsal
projection fibres (ascending tracts). Damage to the dorsal
tracts, as evidenced by the reduced fibre density at 6 months,
may have a contributing role to the alteration in conscious-
ness experienced by the patient during initial trauma. More
focused assessment of these fibres via NODDI or other trac-
tography methods may provide a clearer picture.

0320 Association between lifetime concussion
history and depression in adolescent student
athletes

Douglas Terrya,b, Paul Berknerc, Donna Huangb, Ross
Zafontea,b, Bruce Maxwellc, Noah Silverbergd,e, and Grant
Iversona,b
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ABSTRACT
Objectives: There are multiple risk factors for depression in
adolescents, including genetics, demographic factors, familial/
personal mental health history and comorbid health condi-
tions. Concussions may also increase the risk of depression,
though this relationship is poorly understood. We examined
the presence of preseason depression in a cohort of adolescent
athletes, and evaluated the relationship between depression
and concussion history. We hypothesized that a history of
multiple concussions would be associated with higher rates of
depression, after controlling for important confounding or
moderating variables.
Method: A sample of 34 318 adolescent student athletes ages
of 13–18 (M = 15.5 years; SD = 1.3; 53.6% boys) without
concussions in the past 6 months completed ImPACT® during
preseason testing. ImPACT® includes a health history ques-
tionnaire, and athletes also rate their current symptoms on the
Post-Concussion Scale (PCS). Current medications were
entered as free text and coded by physician review. Athletes
were classified as depressed if they either: (1) endorsed five or
more symptoms of depression on the PCS (sadness, irritabil-
ity, sleep disturbance, fatigue, feeling slowed down, difficulty
concentrating) as ‘moderate’ or greater in severity, one of
which was feeling depressed or irritable, or (2) endorsed five
or more symptoms as ‘mild’ or greater in severity, one of
which was feeling depressed or irritable, plus current antide-
pressant use or previous mental health treatment. Logistic
regression was used to identify predictors of depression.
Results: Only 1.9% screened positive for depression (2.6%
girls, 1.2% boys). Of those who reported a history of 0, 1, 2
and 3 or more prior concussions, rates of depression were
1.6%, 2.8%, 4.3%, and 6.7%, respectively. The logistic regres-
sion, including demographic factors and health/concussion
history, explained 13.1% of the variance (Nagelkerke R2).
Predictors of depression, in decreasing order of magnitude,
were previous substance abuse treatment (OR = 5.15, 95% CI
= 3.12–8.54), attention-deficit hyperactivity disorder (OR =
5.04, 95% CI = 4.10–6.21), female sex (OR = 2.98, 95% CI =
2.50–3.55), previous headache treatment (OR = 2.90, 95% CI
= 2.29–3.70), three or more prior concussions (vs. none; OR =
2.24, 95% CI = 1.53–3.42), two concussions (vs. none; OR =
2.02, 95% CI = 1.44–2.86), learning disability (OR = 1.95, 95%
CI = 1.45–2.63), one concussion (vs. none; OR = 1.49, 95% CI
= 1.19–1.86), previous migraine treatment (OR = 1.47, 95% CI
= 1.12–1.92) and special education (OR = 1.36, 95% CI =
1.01–1.83).
Discussion: Rates of depression were low in high school ath-
letes. Girls had higher rates than boys. There was a dose-
response relationship between concussion history and depres-
sion, such that the risk for depression increased as the number
of previous concussions increased. Several factors were more
predicative of depression than concussion history, such as

prior substance abuse treatment, ADHD, female sex and pre-
vious headache treatment. Future research is needed to repli-
cate these findings using a more robust definition of
depression caseness and a methodological design that cap-
tures the temporal association between concussions and
depression onset.

0321 The effect of depression on cognition in an
adult mild traumatic brain injury clinic sample

Douglas Terrya,b, Michelle Lalondeb, William Panenkac, Grant
Iversona,b, and Noah Silverbergc,d

aMassachusetts General Hospital, Harvard Medical School,
Boston, MA, USA; bSpaulding Rehabilitation Hospital,
Harvard Medical School, Boston, MA, USA; cUniversity of
British Columbia, Vancouver, BC, Canada; dVancouver
Coastal Health Research Institute, Vancouver, BC, Canada

ABSTRACT
Objectives: The effect of depression on neurocognitive test
performance has been mixed in prior studies, varying by
cognitive domain, specific test and patient population. The
current study examined the effect of depression on cognition,
using the newly developed NIH Toolbox Cognition Battery
(NIHTB-CB), in a sample of adults seeking treatment for a
concussion. We hypothesized that those with depression
would perform worse on tasks of fluid cognition compared
to those without depression, after controlling for potential
confounds.
Methods: From an initial sample of 87 individuals seeking
treatment at a specialty concussion clinic, 21 were excluded
due to performance validity test failure (24.1%), and another 3
because of incomplete data. The remaining 63 cases were an
average of 40.0 years old (SD = 11.5; range = 21–64), 48%
were women, and they were evaluated at 10.8 weeks post
injury (SD = 6.0 range 2–25). Patients completed a brief
cognitive test battery (NIHTB-CB) and a depression screening
questionnaire (Patient Health Questionnaire; PHQ-9).
Cognitive scores were adjusted for age, education, gender
and race/ethnicity. Depression was operationalized in two
ways: (1) five or more symptoms of depression on the PHQ-
9, including either depressed mood or anhedonia (i.e., DSM-5
based definition), and (2) total PHQ-9 score of ≥10, the
optimal cut-off from prior research.
Results: Twenty-three patients (36.5%) met DSM-5-based cri-
teria for depression, while 36 patients (57.1%) met criteria
based on the PHQ-9 total score cut-off. After co-varying for
the number of weeks since injury and crystallized intelligence,
having depression based on the PHQ-9 total score cut-off was
associated with lower fluid intelligence composite scores (F =
5.76, p =.02, Cohen’s d = 0.45). The effect size was marginally
smaller when using the DSM-5 based definition of depression
(F = 3.31, p =.07, d = 0.33). Examining specific NIHTB-CB
fluid subtests, the largest group differences were seen on the
Pattern Comparison (d = 0.47–0.53) and Dimensional Change
Card Sort (DCCS; d = 0.31–0.46) task. In contrast, there were
small effect size differences on the List Sort and Picture
Sequence Memory tasks (d=-0.28–0.38), and no association
between depression and the Flanker task (d < 0.1).
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Conclusions: Depression is a common comorbidity and an
important factor to consider when interpreting neurocogni-
tive test performance in adults with concussion in a clinical
setting. The newly developed NIHTB-CB appears to be sensi-
tive to psychometrically identified depression in this sample,
both globally and specifically with regard to slower processing
speed and worse executive functioning.

0322 Agitation during post-traumatic amnesia:
Characteristics, predictors and impact on therapy

Adam Mckaya,b,c, Jessica Trevena-Petersa,c, and Jennie
Ponsforda,c

aMonash University, Melbourne, Australia; bEpworth Healthcare,
Melbourne, Australia; cMonash Epworth Rehabilitation Research
Centre, Melbourne, Australia

ABSTRACT
Background: Agitation is considered a common feature of
post-traumatic amnesia (PTA) after TBI; however, reported
frequencies vary widely across studies and assumptions that
agitation interferes with rehabilitation participation have
rarely been investigated. Also relatively little is known about
the best predictors of agitation and in particular the relation-
ship between agitation and cognitive impairments dur-
ing PTA.
Objectives: The aims of this study were to: 1) examine the fre-
quency and nature of agitation during PTA using prospective
measurement; 2) examine the impact of agitation on participation
in therapy during PTA; and 3) examine the relationship between
agitation levels and the cognitive impairments (orientation and
memory) during PTA.
Method: Prospective assessment of agitation (Agitated
Behavior Scale, ABS), therapy participation (time in ADL
retraining) and orientation/memory (Westmead PTA Scale)
were conducted in consecutive patients who were admitted
for inpatient rehabilitation during the PTA phase after
severe TBI.
Results: Preliminary results based on 100 admissions show
that agitation was observed in approximately 50% of partici-
pants (ABS score >21) while they were in PTA, with disin-
hibited behaviours (i.e. distractibility and impulsivity) most
common. Regression analyses found that agitation levels were
not significantly associated with participation in ADL retrain-
ing during PTA with participants showing good tolerance for
the ADL retraining even in those with clinically significant
agitation. Regression analyses also revealed that ABS scores
were associated with performance on the Westmead PTA
Scale such that greater levels of disorientation and memory
impairment predicted greater levels of agitation.
Conclusions: Agitated behaviour was common during PTA
but it did not prevent participants from participating in
ADL skills retraining. Furthermore, participating in therapy
during PTA did not increase agitation and suggests that
patients in PTA may be able to engage in more active therapy
than currently seen in some settings. The observed association

between agitation and concurrent orientation and memory
impairment suggests that PTA management strategies that
maximize orientation and memory may also help to minimize
agitation.

0323 Value of group activity and holidays for brain-
injured clients

Margaretha Sargent

Maggie Sargent & Associates, Shipston on Stour, UK

ABSTRACT
I am a brain-injury case manager and I volunteer as a coor-
dinator of a brain-injury charity and have researched, orga-
nized and filmed a number of group trips. I have arranged
several ski trips for either adults or children, safaris in Africa,
surfing in the UK and camping in Europe. We have captured
on film the feedback from clients, which shows just how
much benefit they and their families are obtaining from
these experiences.
These responses show clearly how valuable it is for brain-
injured clients of all ages to spend time in different environ-
ments and to face new challenges, and it has boosted their
confidence and self-esteem. They enjoy the ‘group experi-
ence’, and I show on film clients discussing how they gained
an insight into their own conditions from the experience.
Responses such as, ‘It was the first time I felt normal’ and, ‘I
realised that I could function in a group and enjoy myself’ are
on film and are part of the story of how they progressed
during these trips.
We saw physiotherapy benefits from surfing in the UK and in
Africa. We have a brain-injured client on a ventilator skiing in
France, showing that there are no physical boundaries. We
have film suitable for the conference to show feedback from
just adults or from children and adults. The children’s trips
show the value of activities with siblings and of having the
opportunity to interact equally with the family and all their
activities. For example, a child going down an advanced run
in contrast to the rest of the family, who are on basic runs!
Similarly, the brain-injured clients can often do more than
their careers when they go skiing. I consider that film is an
ideal medium because it shows feedback across a number of
groups that such activities benefit not just the client but also
the family and careers who support them.
It is not always necessary to go overseas because for some clients
similar benefits can be obtained from a surfing holiday in Devon.
The trip to Africa was a very positive experience. It started in
Durban, where they went snorkelling and shark cage diving, and
the more physically dependent clients in electric wheelchairs went
surfing. We then went into the bush and saw animals from an
accessible open-top vehicle and went on to an adapted boat with
the hippos. They visited a special-needs orphanage and brought
the children gifts, and the next day the children joined the group
for lunch. Therewas a great deal of bonding and friendship among
the group and it became difficult to tell who were clients, guides,
support workers or family.
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0324 Report of the international brain injury
association, disorders of consciousness special
interest group

Rita Formisanoa, Caroline Schnakersb,c, and Anna Estraneod

aIRCCS Santa Lucia Foundation, Rome, Italy; bDepartment of
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USA; cCasa Colina Hospital and Centers of Healthcare,
Pomona, CA, USA; dICS Maugeri, Telese Terme, Italy

ABSTRACT
Background: Current difficulties for clinical diagnosis and prog-
nosis of patients with disorders of consciousness (DoC) have been
largely discussed between clinicians and researchers, but to date no
international guidelines or recommendations about diagnostic
and prognostic process are available. As a consequence, diagnostic
and prognostic procedures for DoC could be extremely hetero-
geneous in different countries and, most often, across several
clinical settings both in acute and in chronic phase. In this context,
DoC Special Interest Group (DoC-SIG) on DoC will launch an
international multicentre survey to identify diagnostic and prog-
nostic procedures across countries and clinical settings.
Objectives: 1. To explore which specific diagnostic protocols
or prognostic indices are adopted in the care pathway for
persons with DoC in different countries and if national guide-
lines provide specific recommendations; 2. to propose inter-
national guidelines and recommendations as best practice and
gold standard.
Methods: IBIA DoC-SIG members will receive by mail an invita-
tion to answer to a questionnaire focused on diagnostic and
prognostic procedures adopted in the routine management of
DoC patients. The draft of the questionnaire has been elaborated
by Drs. Rita Formisano and Anna Estraneo and discussed among
DoC-SIG members during several call meetings. The question-
naire has been organized in two distinct sections. The first section
includes eight questions investigating clinical and instrumental
(e.g. neurophysiological evaluation and neuroimaging exams)
tools and involvement of family caregivers in the diagnostic pro-
cedures. The second part is constituted by nine questions on
clinical, anamnestic, instrumentalmarkers andpossible interfering
factors for recovery of consciousness (e.g. previous comorbidities,
medical or neurosurgical complications) routinely used by clin-
icians to provide prognostic information.
Conclusion: The draft of the questionnaire has been posted in the
LISTSERVplatform (http://groupspaces.com/IBIADOCSIG/), for
discussing it with DoC-SIG members. The final version of the
questionnaire (in which comments and suggestions from the
LISTSERV forum will be taken into account) will be ready in the
SurveyMonkey format, in order to launch the survey inDecember
2016.

0325 Transfer to a tertiary care hospital vs.
presenting directly to a tertiary care facility is
associated with increased mortality among patients
with TBI in India: Results from the TITCO database

Eric Schneidera,b, Monty Khajanchic, Vineet Kumarc, Jyoti
Kamblec, Sterling Haringb, Anthony Asemotab, W. Austin
Davisa, and Nobhojit Royd

aCenter For Surgery and Public Health, Brigham And
Women’s Hospital, Harvard Medical School, Boston, MA,
USA; bJohns Hopkins Surgery Center for Outcomes
Research, Baltimore, MD, USA; cLokmanya Tilak Municipal
Medical College and General Hospital, Mumbai, India;
dBARC hospital (Govt of India), HBNI University, Mumbai,
India

ABSTRACT
Introduction: Access to a tertiary care hospital that can pro-
vide rapid access to imaging and surgical specialists has been
associated with improved outcomes for individuals with trau-
matic brain injury (TBI) in a variety of settings. We sought to
examine whether direct presentation to a tertiary care facility
vs. interhospital transfer to the same facilities offered a survi-
val advantage for working-age males with moderate/severe
TBI in three urban areas.
Methods: Data collected at four large public tertiary care
hospitals in India as a part of the ‘Towards improving trauma
care outcomes’ (TITCO) trauma registry project were exam-
ined. Males aged 18–45 with isolated serious/severe/critical
TBI, identified as Abbreviated Injury Scale (AIS) scores ≥ 3
for the head/neck region and no injury with AIS>2 in any
other body region, were identified and differences in injury
mechanism, type and severity, as well as demographic factors
and total time to the tertiary care facility were compared
between individual presenting directly vs. those transferred
to the tertiary care hospital. In-hospital mortality during the
index visit was the primary outcome of interest.
Results: A total of 3526 males met inclusion criteria, 23.6% of
whom presented directly to a tertiary care hospital. Mean age
(30.1 vs. 30.4) and the proportion of patients with AIS 4 or 5
head injuries (22.1% vs. 21.0%) did not differ between direct
and transfer patients, respectively; further, median time from
injury to the tertiary care admission was 4.7 hours in the
direct group vs. 17.1 hours for transfers (all p > 0.05).
Proportional mortality was 21.2% among patients presenting
directly to a tertiary care facility vs. 26.9% among transferred
patients. After controlling for patient age, injury type (blunt
vs. penetrating) and severity, patients transferred to definitive
demonstrated 52% greater odds of in-hospital mortality vs.
those who presented directly to definitive care (aOR 1.52, 95%
CI 1.25–1.84).
Conclusion: Males between 18 and 45 who experienced a
moderate/severe isolated TBI and underwent interhospital
transfer to a large tertiary care facility demonstrated more
than 1.5 times greater odds of mortality than otherwise simi-
lar patients who presented directly to a large tertiary hospital
for TBI treatment.

0326 Pain perception and the interruption of
artificial nutrition and hydration (ANH) in
unresponsive wakefulness patients: Neuroethics in
action

Jose Leon-Carriona,b, Francesco Riganelloc, Simone Macrì d,
Enrico Allevae, Carlo Petrinie, Andrea Sodduf, and Giuliano
Dolcec
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ABSTRACT
Background: In this presentation, we will review the recent
literature indicating that some patients with Disorders of
Consciousness reveal a form of residual awareness and that
they are capable of perceiving painful stimuli and exhibiting
consistent responses to them. Empirical evidence suggests
that, when tested with the appropriate tools, these patients
can exhibit consistent reactions to emotionally salient stimuli.
Objectives: Based on these findings, we propose that the
voluntary withdrawal of ANH should be carefully reconsid-
ered on medical and ethical grounding. For patients with
severe pathologies (e.g., terminally ill), the hydration and
starvation may have benefits (patients could be intolerant of
enteral feeding because of abdominal distension, vomiting,
diarrhoea, or fluid overload) and to refuse food and fluids
and to have relief of distress through provision of medicine
may be a right. However, most patients in VS/UWS are
unlikely to be intolerant of nutrition and hydration that are
considered basic compassionate care because they promote
physical and emotional well-being. Withdrawal of ANH has
biologic consequences including distress and pain.
Neurophysiological and neuroimage studies are finding ways
to assess awareness in VS/UWS patients. The identification of
the ‘pain matrix’ along with the design of experimental tools
capable of detecting consistent patterns of brain activation in
response to noxious stimuli allowed us to integrate the origi-
nal definitions of pain, which rested largely upon subjective
experiences with objective measurements.

0327 Comparison of treatment for disorders of
consciousness (DOC) across countries—results of an
international survey

Petra Maurer-Karattupa and Ann-Marie Morrisseyb

aSRH Fachkrankenhaus Neresheim, Neresheim, Germany;
bTrinity College, Dublin, Ireland

ABSTRACT
Introduction: Care pathways for people with disorders of
consciousness (DOC) involve several transfers between
healthcare institutions from acute to long-term care. There
exists no internationally accepted criteria for an optimal treat-
ment pathway for people with DOC (Godbolt et al., 2013) and
as such treatment is influenced by societal, geographical,
financial and political factors. This can lead to huge variation
in the length and type of treatment this patient population

receives. While there has been an increased effort to improve
the diagnosis of DOC, less is known about the implementa-
tion and effect of treatment for these patients in spite of
recently described guidelines (Giacino et al., 2014) and some
emerging promising interventions such as pharmacological
agents (e.g. amantadine) or noninvasive brain stimulation
(e.g. tDCS).
Aim: The aim of this project is to determine the main com-
monalities and differences across countries for the treatment
of patients with DOC. This study explores, for the first time,
the healthcare systems and treatments available, from acute to
long-term care, across countries.
Method: A subgroup of clinicians and researchers of the IBIA-
DOC-Special Interest Group (SIG) conducted an international
survey with the goal of identifying the structures, financial
framework and the actual clinical practices for patients with
DOC. The survey was developed by the lead authors with the
support of members of the DOC-SIG. The first part of the
survey related to the institutions, the structure of the health-
care system and the services available in the region/country of
the respondent, separated for adults and children. The second
part of the survey dealt with the specifics of type and intensity
of treatments applied. Both parts of the survey were sent out
to all DOC-SIG-members. The results were analysed using
descriptive statistics.
Results: The results were not available yet at the time of the
submission of the abstract.
Conclusion: The results will shed light on the actual clinical
practice of treating patients with DOC across a number of
countries. The implementation of international guidelines for
the treatment of these patients will be discussed as well as the
scope for integrating new research findings on promising
treatments in clinical practice.

0328 Voice and articulation changes over time due
to stroke and TBI

Russell Banks, Melissa Kleinfeld, Eric Hunter, and Mark
Berardi

Michigan State University, East Lansing, MI, USA

ABSTRACT
Background: Research and observations over the last several
years have noted articulatory changes in post stroke and
traumatic brain injury victims. However, little research has
documented the effects of these brain injuries on the voice,
voice productions and the subjective and objective changes
over time associated with brain injuries.
Objectives: This study examined recordings of ten individuals
post injury, analysing the voice and speech with objective
metrics (e.g. speech fundamental frequency, speech rate,
articulation rate) and subjective metrics (e.g. rate, general
aesthetics, non-lexical utterances and pauses).
Methods: These metrics were tracked over time from incident
of the injury. Recordings were extracted from publicly avail-
able videos of stroke and TBI victims. Analysis was conducted
on those recordings where there was an individual who was
recorded at similar times post injury.
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Results: Results indicated that changes in both the objective
and subjective ratings of fundamental frequency as well as in
roughness, breathiness and strain occurred post brain injuries.
Specific rates of change post injury will be presented.

0329 Traumatic brain injury in diabetic and
hypertensive rats exacerbates brain pathology and
functional outcome—role of neurotrophic factors
and nanomedicine

Dafin Muresanua,b, Hari Shanker Sharmaa, Ala Nozaric, Jose
V Lafuented, Ryan Tiane, Asya Ozkizilcike, and Aruna
Sharmab

aUppsala University, Uppsala, Sweden; bUniversity of
Medicine & Pharmacy, Cluj-Napoca, Romani; cHarvard
Medical School, Harvard University, Boston, MA, USA;
dUniversity of Basque Country, Bilbao, Spain; eUnivrsity of
Arkansas, Fayetteville, AR, USA

ABSTRACT
Piercing traumatic brain injury (pTBI) cuts neuronal connec-
tions by direct physical tissue damage, microhaemorrhages
and lacerations. Damage to the brain centres controlling
movements; speech, cognitive functions as well as sensory
motor disturbances lead to irreparable functional distur-
bances. However, if pTBI occurs in victims having hyperten-
sion, diabetes or a combination, the magnitude and intensity
of brain damage intensify. In such cases, axonal regenerations,
bridging tissue loss and making new connections by enhan-
cing neuroplasticity is the need of the hour. There are reasons
to believe that select combination of neurotrophins could help
in pTBI cases complicated with additional comorbidity fac-
tors. In addition, use of nanotechnology to deliver neuro-
trophic drugs in these pTBI cases may further enhance their
therapeutic efficacy in neurorepair.
Our laboratory has initiated a series of investigations on TBI
associated with comorbidity factors and showed that TBI
inflicted in either hypertensive or diabetes rats caused greater
damages on functional and pathological outcome as com-
pared to TBI alone in healthy animals. However, the effects
of TBI in hypertensive and diabetic animals are not well
evaluated. In this investigation, we examined the effects of
pTBI in diabetic and hypertensive (DBHY) rats on brain
pathology and functional outcome after 24 and 38 hours of
the basic insult. We also evaluated a combination of neuro-
trophic drugs with active peptide fragments e.g., cerebrolysin
treatment with or without nanodelivery to achieve better
neuroprotection and functional recovery.
pTBI was inflicted in rats under anaesthesia by opening of the
right parietal cortex (4 mmb) and a longitudinal cortical inci-
sion was made (3 mm deep and 5 mm long) using stereotaxic
guidance with a sterile scalpel blade. pTBI was also inflicted in
separate group of rats made hypertensive by 2-kidneys-1-clip
(2K1C) method. 2K1C was also applied in a group of rats that
were made diabetic by streptozotocin (60 mg/kg, i. p. for 3
days). These DBHY rats were subjected to identical pTBI and
allowed to survive for 24 hours after the insult. Our observa-
tions showed that pTBI in DBHY rats resulted in breakdown of
the blood-brain barrier (BBB) to proteins, oedema formation

and cell injuries that were 4–6 times higher than the identical
pTBI in healthy rats. In these rats, cerebrolysin (2.5 or 5 ml/kg,
i.v.) was able to reduce some of the pathological changes with-
out having a significant effect on functional parameters such as
Rotarod performance and grid waking. However, when TiO2
nanodelivery of cerebrolysin was done (5 ml/kg, i.v.), signifi-
cant improvement on function parameters and pathological
outcome was seen in pTBI in DBHY animals. These observa-
tions suggest that pTBI associated with comorbidity factors
require nanodelivery of cerebrolysin to achieve good neuropro-
tection, not reported earlier.

0330 Cerebral cortex morphometry in mild
traumatic brain injury

Aditya Hernowo, Vigneswaran Veeramuthu, Norlisah Ramli,
and Vairavan Narayanan

University of Malaya, Petaling Jaya, Malaysia

ABSTRACT
Background: Despite being considered self-limiting, mild trau-
matic brain injury (mTBI) leaves a significant neurocognitive
deficit in a large cohort of these patients. This has been seen
in numerous cognitive studies and has been backed up by
microstructural changes of the white matter (WM) as seen in
diffusion tensor imaging MRI studies. However, these studies
have not looked in depth into the changes involving grey
matter cortices. Questions remain about the possibility of
significant changes in the grey matter in tandem with WM
changes and their possible relationship with neurocognitive
deficits.
Aim: We study the changes in the cortical grey matter (GM)
volume between mTBI patients and age-matched controls
using voxel-based cortical morphometry at both the acute
stage and 6 months follow-up.
Methods: Patients with mTBI presented at the emergency
department (ED) of the University of Malaya Medical
Centre (Kuala Lumpur), between 1 April 2013 and 1 March
2014, were recruited on voluntary basis. Controls are age-
matched. All subjects underwent high-resolution MRI T1-
weighted imaging, at admission and 6 months after. The
cortex volumetric image were obtained using SPM12
Segmentation tool. For the purpose of longitudinal compar-
ison in patients with follow-up scans, the two acquisitions
(baseline and follow up) were registered in pairwise manner
using SPM12 pairwise longitudinal registration tool. Between-
and within-group comparisons were done with 10 000 per-
mutation, and statistical significance was obtained using
threshold-free cluster enhancement (TFCE) method. Two-
sample t-test was done to compare the controls and the
patients, whereas paired t-test was to examine the patient
group change in cortical volume over 6-month period.
Statistical correction for multiple comparison was performed
using family-wise (FWE) correction, with a threshold of
p < 0.05.
Results: Cortical volume was found to be statistically
unchanged between the controls and patients at the baseline.
However, on comparison of baseline and follow-up scans in
mTBI patients, cortical volume showed a significant increase,
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especially over the cerebellum, occipital and parietal lobes (p <
0.05, FWE-corrected).
Conclusion: Our findings reveal that patients with mTBI
experience cortical volumetric changes over time, involving
mainly the cerebellar, occipital and superior part of the par-
ietal cortices. This may be an effect of the postulated cerebral
oedema that occurs immediately after a brain injury, which
would have subsided during the follow-up imaging. Whether
these grey matter changes have a significant effect on the
neurocognitive outcome is an important question that needs
to be answered.

0332 Psychological distress affects cognitive
functioning in family caregivers of patients with
disorders of consciousness: Preliminary data

Pasquale Morettaa, Orsola Masottaa, Emanuela Crispinoa,
Gioacchino Castronovob, Stefania Ruvolob, Carmen
Montalbanob, Vincenzo Loretoa, Luigi Trojanoa,c, and Anna
Estraneoa

aDOC Research Laboratory and Neurorehabilitation Unit for
DOC patients, Maugeri Clinical Scientific Institutes, Telese
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ABSTRACT
Introduction: Patients affected by Disorders of
Consciousness (DOC) need intensive and continuous assis-
tance for their extremely severe motor and functional dis-
abilities (1). In this respect, the crucial role played by
family caregivers (2) may be associated with high levels
of psychophysiological distress (3). Literature on caregivers
of patients affected by neurodegenerative disorders has
shown that analogous levels of psychological distress
could be associated with reduced cognitive efficiency,
mainly affecting executive functions, working memory
and attention (4).
Objectives: Our study aimed to analyse the possible pre-
sence of reduced cognitive efficiency in association with
psychological distress in caregivers of patients with chronic
DOC.
Methods: We assessed 27 caregivers (18 females; mean age =
49.84 ± 10.9 years) of 25 patients affected by prolonged DOC
(18 females; mean age = 51.9 ± 22.2 years); Vegetative State =
13, Minimally Conscious State = 12; anoxic aetiology n = 8,
vascular n = 12, traumatic n = 5; mean time from onset = 9.4
months, range 5–24 months) admitted to the Severe Brain
Injury Units of Maugeri Scientific and Clinical Institutes
(Institutes of Telese Terme and Sciacca). We assessed several
aspects of psychological distress, such as anxiety (State Trait
Anxiety Inventory, Form Y, STAI-Y), depression (Beck
Depression Inventory-II, BDI-II), psychophysiological symp-
toms (Cognitive Behavioral Assessment—Psychophysiological
Questionnaire, CBA-PF), prolonged grief disorder (PGD-12),
psychological burden (Family Strain Questionnaire) and qual-
ity of life (WHOQOL-BREF). Moreover, we evaluated cogni-
tive functions by means of standardized neuropsychological

tests assessing short- and long-term memory, executive func-
tions and attention. Scores on neuropsychological tests were
compared with those achieved by a group of 15 age-, educa-
tion- and gender-matched healthy subjects.
Results: A high proportion of caregivers (19/27; 70.3%)
showed clinically relevant depressive symptoms (BDI-II
score > cut-off 13), and high level of anxiety (15/27; 55.5%;
STAI-Y score >40). Moreover, 13 of 21 caregivers whose
relative had duration of DOC >6 months were affected by
PGD syndrome (61.9%). Family caregivers had scores signifi-
cantly lower than matched controls (p < .001) on tests for
divided attention (Trail Making Test), verbal fluency (FAS)
and long-term spatial memory (supra-span learning Corsi
Test).
Discussion: Family caregivers of patients affected by prolonged
disorders of consciousness display high levels of psychophy-
siological distress, with high rates of clinically relevant depres-
sion, anxiety and a complex syndrome called PGD.
Caregiver’s burden is associated with a significant reduction
in efficiency of the frontal executive functions and long-term
memory abilities. These preliminary data are of paramount
importance in consideration of the delicate role of caregivers
directly involved in clinical decision-making and in care of
their relatives with DOC [4], confirming the need to support
family caregivers with appropriate psychological and cognitive
therapies.

0333 Plasma exosomal biomarkers for mild TBIs and
post-concussive syndrome

Jessica Gill

National Institutes of Health, Bethesda, MD, USA

ABSTRACT
Background: Identifying biomarkers in the peripheral blood
that relate injury processes following traumatic brain injury
(TBI) may provide insights into pathophysiology, and provide
diagnostic information to guide clinical management.
Objectives: We studied a cohort of military personal to deter-
mine if mild TBIs (mTBIs) and post-concussive syndrome
(PCS) could be predicted using exosomal concentrations of
tau, and amyloid beta (Aβ) 40 and Aβ42.
Methods: Peripheral blood samples from military personnel
with a mTBI (n = 40) were compared to controls with no
TBIs. A subgroup analysis further divided those within the
mTBI group to compare military personnel with a mTBI and
PCS, to those with only a mTBI and non-TBI controls.
Concentrations of neuronal-derived, exosomal markers
including: quantification of cluster of differentiation (CD)
81, tumour susceptibility gene (TSG)101 and apoptosis-linked
interacting protein X (ALIX), as well as protein levels of tau,
Aβ40 and Aβ42 were measured.
Results: The two groups significantly differed in concentra-
tions of tau F1, 59 = 10.50, p < 0.05), and Aβ42 (F1, 59 = 5.31,
p < 0.01), such that the mTBI group had significant elevations
compared to the non-TBI group, and these differences
remained significant after controlling for symptoms of
depression and post-traumatic stress disorder. The concentra-
tion of TSG101 was significantly lower in the mTBI group
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compared to controls as well (F2, 65 = 7.73, p = 0.07). Area
under the curve (AUC) indicates that tau (AUC = 0.79,
p < 0.05) and Aβ42 (AUC = 0.73, p < 0.05), and TSG101
(AUC = 0.75, p < 0.05) were sensitive in distinguishing mTBIs
from controls. Comparing the mTBI/PCS group to the mTBI
group without PCS shows significant elevations of exosomal
tau and Aβ42, and lower concentrations of TSG101 in the
mTBI/PCS group (p’s < 0.05).
Conclusions: Our findings indicate that chronic symptoms
related to mTBI may reflect development of tau and Aβ
pathology and that exosomes may serve as peripherally avail-
able, diagnostic biomarkers of identifying mTBI patients at
risk for developing PCS.

0334 Towards developing a cognition endpoint:
Evaluating cognition battery summary scores for
traumatic brain injury research

Magdalena Wojtowicza,b,c, Grant Iversona,b,c, Rael Langed,e,
and Noah Silverbergf,g
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National Military Medical Center, Bethesda, MD, USA;
eNational Intrepid Center of Excellence, Bethesda, Bethesda,
MD, USA; fUniversity of British Columbia, Vancouver, BC,
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Canada

ABSTRACT
Background: There is a need to develop and evaluate a global
cognition endpoint that can be used in traumatic brain injury
(TBI) clinical trials.
Objectives: This study compares the distributional character-
istics and effect sizes of four cognition battery summary
scores in a sample of patients with perceived cognitive deficits
following TBI and orthopaedic trauma controls.
Method: The total sample included 154 individuals with a
diagnosed TBI (i.e., 62.3% uncomplicated mild TBI; 24.7%
complicated mild TBI; and 13% moderate-severe TBI) and
83 orthopaedic trauma controls. We selected two subgroups
for comparison, TBI with subjectively experienced cognitive
deficits (n = 79) and trauma controls with no perceived
cognitive deficits (n = 64) based on self-report of moderate
or greater (3+) symptoms on one or more of cognitive
items on the British Columbia Post-concussion Symptom
Inventory (BC-PSI). All participants were tested with the
Neuropsychological Assessment Battery (NAB) approximately
6 weeks after injury. Four cognition battery summary scores
[i.e., overall test battery mean (OTBM); global deficit score
(GDS); number scores below the 16th percentile; and neurop-
sychological deficit score (NDS)] were derived from the 24
primary demographically adjusted T scores from the NAB.
Receiver operating characteristic (ROC) curves and effect
sizes (Cohen’s ds) were calculated as measures of group
discrimination.
Results: Participants with TBI and perceived cognitive com-
plaints performed significantly worse than controls on all
composite scores [p’s<.05] Small-to-medium group mean

differences were observed for all four composite scores
(Cohen’s d=.34-.41). The area under the curve (AUC) for
each composite score was as follows: OTBM, AUC=.60; num-
ber of scores below the 16th percentile, AUC=.60; GDS,
AUC=.62; and NDS, AUC=.61. There were no significant
differences between these AUC values (p >.05). All were in
the ‘poor’ classification range (AUC=.60-.70).
Conclusions: Patients with subjectively experienced cognitive
deficits after TBI performed modestly worse on neuropsycho-
logical testing than trauma controls, but there was consider-
able overlap between the two group distributions. The four
candidate cognition composite scores had very similar discri-
minatory power. The present study did not provide evidence
to favour one composite score over another for sensitivity
to TBI.

0335 Impact of clinical complications on long-term
outcome in prolonged disorders of consciousness

Angelo Pascarellaa, Vincenzo Loretoa, Luigi Trojanob, and
Anna Estraneoa

aDoc Research Laboratory and Neurorehabilitation Unit For
Doc Patients, 9+ (bn), Italy; bDepartment of Psychology,
Second University of Naples, Caserta, Italy

ABSTRACT
Objectives: Patients with prolonged disorder of consciousness
(DOC) might develop several and severe clinical complica-
tions (CC) [1,2]. The present prospective longitudinal study
aimed at: 1) investigating the occurrence of CC in patients
with prolonged DOC within 6 months after traumatic, vascu-
lar or anoxic brain injury; 2) evaluating the impact of CC on
long-term clinical-functional outcome [3].
Methods: Subjects: One hundred and fifty-six inpatients (95
males, mean age: 57.1 ± 17.8), with prolonged (≥1 months
post onset) DOC (118 were in vegetative state, VS and 38 in
minimally conscious state, MCS), following traumatic (n =
33), vascular (n = 64) or anoxic (n = 56) brain injury.
Procedure: We recorded CC arising in the 6 months post
injury from medical reports and family information during
the acute phase and from direct observation during rehabili-
tation stay. CC were grouped in 10 categories with respect to
the organ system involved (e.g. respiratory system) or pre-
sence of clinical manifestations (e.g. seizures), and classified
them in three levels of severity (mild, moderate and severe).
Patients’ demographic data, medical history and clinical con-
ditions at study entry (level of responsiveness assessed by
CRS-R, level of disability assessed by DRS) were also gathered.
All enrolled DOC patients were clinically followed up until 30
months post onset.
Results: We found at least 1 CC in 155/156 patients and more
than 3 CC in 70% of them. Respiratory and osteomuscular CC
were the most frequent (≥70%) and severe CC (30% and 27%,
respectively). The majority of patients (76.2%) developed at least
1 severe CC. Occurrence and severity of CC did not differ as a
function of patients’ age, clinical diagnosis and aetiology.
Paroxysmal sympathetic hyperactivity occurred more frequently
in younger (p <.001) and anoxic (p =.001) patients, whereas
metabolic, cardiovascular and respiratory CC occurred more
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frequently in older patients (p <.05). Presence of metabolic and
respiratory CC significantly impact patients’ mortality at 12 or
30 months post-brain injury (p <.001 and p =.001, respectively).
Presence of CC did not influence recovery of consciousness and
disability level at 12 and 30 months post onset.
Conclusions: High number of prolonged DOC patients devel-
oped at least 1 severe CC, regardless of clinical diagnosis,
aetiology and age. Presence of some CC significantly impacted
on patients’ mortality, but not on recovery of consciousness
or disability at long-time post injury. Occurrence and severity
of CC in patients with DOC calls for appropriate levels of
care.
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ABSTRACT
Introduction: In 1979, an episode of food intoxication by rice
oil contaminated with dioxin-like chemicals occurred in
Taiwan called Yucheng (oil-syndrome in Chinese). The chil-
dren born to exposed women suffered from skin manifesta-
tions, tooth problems, reduced neurocognitive capability, etc.
We aim to determine whether children born to Yucheng
mothers had changes in functional MRI imaging signatures.
Methods: The fMRI study was performed using a 3T MRI
scanner. Gradient-echo echo-planar imaging (EPI) was used
to acquire BOLD signal. Two different paradigms for fMRI,
N-back task and picture rotation task, were used to simulate
coding and object assembly subtest. All data were processed
using SPM8 (www.fil.ion.ucl.ac.uk/spm) implemented on
MATLAB.
Results: We recruited 10 men born to Yucheng mothers and
11 community controls, with mean age of 29 years. The
Yucheng and control groups were similar in age, percentage
of smoking and alcohol drinking, and years of education. The
accuracy and response time of the N-back test and the picture
rotation task between these two groups were similar. In the
paradigm of the N-back test, the Yucheng men had increased

BOLD signal in bilateral cingulate gyrus, dorsal medial pre-
frontal gyrus and inferior occipital gyrus. For the picture
rotation task, bilateral parietal cortex, occipital cortex and
dorsolateral prefrontal cortex were activated in the picture
rotation task, while the medial frontal cortex, bilateral sub-
cortical nuclei and right temporal lobe were deactivated.
Yucheng men showed reduced activation over the anterior
cingulate gyrus, right inferior frontal gyrus and medial tem-
poral lobe in the picture rotation task. In the two-back task,
Yucheng men had stronger activations over the dorsal medial
prefrontal cortex and cingulate gyrus. Furthermore, these
areas showed significant deactivations during the execution
of the tasks. These results implied different image signatures
between the two groups, less deactivations in the Yucheng
subjects during the task. Similarly, the activation difference
between the Yucheng men and their controls in picture rota-
tion task could be attributed to stronger deactivations in the
Yucheng descendants in the anterior cingulate gyrus, right
medial temporal lobe and inferior frontal gyrus. Default
mode network (DMN) on resting fMRI was obtained using
the posterior cingulated cortex (PCC) as a seed, the PCC in
the Yucheng group had increased connectivity with bilateral
caudate nuclei, the right thalamus and left parahippocampal
gyrus but decreased connectivity with the precuneous, right
medial temporal gyrus and left superior temporal gyrus.
Conclusion: Yucheng men prenatally exposed to dioxin-like
chemicals had reduced DMN deactivation nodes, as well as
alterations in task-induced deactivations, implying that differ-
ent brain networks were used for the Yucheng group to
achieve similar levels of neurocognitve functions. Further
follow-up of neurocognitive functioning is warranted due to
potential of mental decline found to associate with the current
fMRI findings.

0337 Improvement rate of patients with severe
brain injury during rehabilitation

Rita Formisanoa, Marta Aloisia, Marianna Contradaa,b, Erinda
Dollakua, and Marco Iosac

aIRCCS Santa Lucia Foundation, Post-Coma Unit, Rome,
Italy; bDepartment of Psychology, La Sapienza, Rome, Italy,
cIRCCS Santa Lucia Foundation, Clinical Laboratory of
Experimental Neurorehabilitation, Rome, Italy

ABSTRACT
Introduction: Patients with severe acquired brain injury
(SABI) may evolve towards prolonged disorders of conscious-
ness (DoC) or consciousness recovery. Thus, early predicting
clinical factors have a crucial role in decision-making and
information to the caregivers.
Aim: The primary aim was to evaluate the clinical evolution of
a large population of patients with SABI admitted to a Post-
Coma Unit from 2001 to 2016, diagnosed with SABI (GCS ≤
8) in the acute phase and a coma duration of at least 24 hours.
The secondary aim was to evaluate the possible changes
between the admission time to a post-acute rehabilitation
hospital and the discharge time, measured by means of
Glasgow Outcome Scale (GOS) (Jennett and Bond, 1975),
Level of Cognitive Functioning (LCF) (Hagen et al., 1979)
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and Disability Rating Scale (DRS) (Rappaport et al., 1982).
The final aim of the study was to correlate the improvement
rate with some sociodemographic and clinical features of the
individuals enrolled.
Methods: All patients with SABI were admitted to
Rehabilitation directly from Intensive Care Units or
Neurosurgical wards, as first rehabilitation admission.
Statistical Analysis: Two regression analyses identified the
dichotomized independent variables influencing an outcome
improvement of GOS score and DRS score, and reporting
results in terms of odds ratio (OR), 95% confidence interval
(95% CI) and p -values significant if <0.05.
Results: Data of 890 patients were analysed (age = 39.82 ±
16.79 years, 67% males, 54% TBI, length of stay = 162±186
days, GCS = 7.46 ± 1.28). Time from the acute event (OR =
0.246,CI95% = 0.181–0.333), scores at admission of LCF (OR
= 2.243,CI95% = 1.492–3.73), GOS (OR = 0.138,CI95% =
0.071–0.266), DRS (OR = 0.457,CI95% = 0.330–0.632) and
aetiology (OR = 2.273,CI95% = 1.676–3.084) played a signifi-
cant role (p < 0.001, explained variance 69.9%) for improving
GOS score. Time from the event (OR = 0.300,CI95% = 0.179–
0.501, p < 0.001), length of stay (OR = 2.808,CI95% = 1.694–
4.653, p < 0.001) and aetiology (OR = 1.769, CI95% = 1.095–
2.857, p = 0.020) led to an improvement in DRS (explained
variance 91%), whereas age (p = 0.283), coma duration (p =
0.810), sex (p = 0.450) and scores at admission of LCF (p =
0.168), GOS (p = 0.252), DRS (p = 0.475) did not.
Conclusion: The most significant predictive factors for the
outcome of patients with SABI, either with or without persis-
tent disorder of consciousness, were aetiology, length of stay
in the rehabilitation hospital and time interval from acute
event to admission in a rehabilitation hospital. The influence
of time interval from acute phase to Rehabilitation may be
due to the efficacy of early rehabilitation or delay in the
transfer to rehabilitation wards, because of the medical, neu-
rological or neurosurgical complications in the acute phase
(Formisano et al., 2016). Longer stays in post-intensive reha-
bilitation wards may be of benefit for persons with SABI.

0338 Preliminary feasibility of smartphone
technology to assess participation following
traumatic brain injury

Kristin Grahama, Lauren Terhorstb, Elizabeth Skidmoreb,
William Shadelb,c, and Michael McCueb

aVirginia Commonwealth University, Richmond, VA, USA;
bUniversity of Pittsburgh, Pittsburgh, PA, USA; cRAND
Corporation, Pittsburgh, PA, USA

ABSTRACT
Background: Participation is an important outcome in health,
disability, and rehabilitation research and practice. However,
the breadth of available measures and the scope of participa-
tion domains assessed make choosing an appropriate measure
difficult. Current measures of participation have been criti-
cized for their discrepancies in operationalization, the mea-
surement of multiple constructs, variability of domains
assessed and the static measurement of a dynamic construct.

Moreover, the reliance on retrospective recall and self-report-
ing is a concern for disability populations, such as traumatic
brain injury (TBI), for whom accurate and reliable recall may
be impaired. Ecological momentary assessment (EMA) meth-
odologies allow for the dynamic assessment of participation in
the environment in which the individual lives, functions and
participates. Recent advances in smartphone application tech-
nology provide new opportunities for the efficient and effec-
tive ecologically valid assessment of a variety of outcomes.
While EMA paired with smartphone application technology is
a promising, novel approach to assess participation, examin-
ing the feasibility of EMA methodologies in individuals with
TBI is a necessary first step in determining the utility of this
approach.
Methods: The present study assessed the feasibility of using
smartphone application technology to assess participation
following TBI. A prospective, repeated measures design was
used to examine compliance, usability and acceptability with
EMA of participation via a smartphone application over 4
weeks, four times per day. The primary outcome measure,
the Mobile Participation Assessment Tool (mPAT), was
developed to assess participation utilizing EMA methodolo-
gies. The mPAT consists of five items to assess frequency and
importance of participation, and satisfaction with participa-
tion. Feasibility was assessed in working-age adults, living in
the community following TBI (n = 10).
Results: Participants completed 82.9% of all scheduled assess-
ments. Compliance rates varied by week (80.4–90.6%), and
time of day (79.4–84.61%). Despite observed variability, rates
remained indicative of good compliance. On a scale of 1–5,
participants reported that the mPAT (M = 4.5, SD = 0.53) and
smartphone application (M = 4.5, SD = 0.71) were easy to use.
Participants agreed that the mPAT was an acceptable way to
measure their participation (M = 4.30, SD = 1.06), and
reported being satisfied with the mPAT as a measure of
their participation (M = 4.2, SD = 1.03). Additionally, parti-
cipants reported feeling comfortable answering questions
using the application (M = 4.60, SD = 0.52), and that it was
an acceptable way to answer questions (M = 4.60, SD = 0.52).
Conclusion: Participants demonstrated good compliance, and
supported the usability and acceptability of the mPAT and
smartphone application. Findings provide preliminary sup-
port of the feasibility of using smartphone application tech-
nology and EMA to assess participation following TBI. The
mPAT paired with smartphone application technology is a
promising, novel approach to assessing the important rehabi-
litation outcome of participation.

0339 Effect of circadian rhythm optimization on
behavioural and event-related potential responses in
prolonged disorders of consciousness

Kudret Yeldena,b, Sophie Duporta, Leon Jamesc, Agnieszka
Kempnya,b, Simon Farmerd, Diane Playfordb, and Alex Leffb,d

aRoyal Hospital for Neuro-disability, London, UK; bUniversity
College London (UCL), London, UK; cBUPA Cromwell
Hospital, London, UK; dUniversity College London Hospital,
London, UK

846 ABSTRACTS



ABSTRACT
Background: Patients with prolonged disorders of conscious-
ness (PDOC) show none or minimal signs of awareness of
themselves and their environment but appear to have sleep-
wake cycles. However, these patients have abnormal sleep
patterns and sleep structures as shown by the polysomno-
graphic studies (PSG). This suggests that circadian rhythm
of patients with PDOC is impaired. It was also shown that the
more structured sleep was highly correlated with clinical
scores and was associated with positive clinical outcomes.
Furthermore, several research studies have shown that it is
possible to detect the presence of higher-level cerebral func-
tions in such patients by utilizing electrophysiological meth-
ods such as event-related potential (ERP) studies in cases
where clinical assessments are unable to detect any beha-
vioural sign of awareness.
Objective: The objective of this study was to examine the effect
of circadian rhythm and sleep optimization on behavioural
and electrophysiological responses in PDOC patients.
Methods: Ten people with PDOC, 2–8 years after brain injury
were included in the study (5 female, age 30–71). CRS-R, 24-
hour PSG and 4-hourly saliva melatonin measurements, mis-
match negativity (MMN) and subject’s own name (SON)
experiments were performed twice at baseline and following
intervention. Intervention was consisting of melatonin treat-
ment at night and blue light and caffeine treatment in the
morning for 5 weeks. The PSG data were collected using an
ambulatory EEG system, and sleep staging was done.
Melatonin results were analysed with cosinor analysis. For
the MMN studies, the presented stimuli were 1000 pure
tones of 1000 Hz (80% standard) and 1200 Hz (20% deviant),
with an intensity of 70 dB and duration of 60 ms (rise time 10
ms), delivered binaurally through headphones. Interstimulus
interval was 500 ms. In the SON study, three different types of
stimuli—subject’s own name (deviant), four other people’s
names and four time-reversed names (standards) were used.
Interstimulus interval was 1200 ms. The stimuli were deliv-
ered binaurally via headphones.
Results: Baseline sleep architecture was abnormal in all
patients. With intervention, improvement of sleep stages
and/or sleep-wake patterns were detected in 8/10 patients.
Cosinor analysis of saliva melatonin results revealed that
averaged baseline % rhythmicity was low (Mean: 31%,
Range: 13–66.4%, SD: 18.4). Increase in %Melatonin
Rhythm following intervention was statistically significant
(p = 0.012). Seven patients had improvement of CRS-R scores
with intervention. Paired samples T-test revealed statistically
significant improvement of CRS-R scores (p = 0.034). All the
patients who had improvement of clinical scores also had
statistically significant improvement of neurophysiological
responses on MMN and SON experiments (p = 0.001).
Conclusions: Sleep and circadian rhythms are severely
deranged in PDOC. Optimization of circadian rhythms and
sleep with melatonin, caffeine and blue light treatment led to
the improvement of all physiological parameters measured
and most importantly of CRS-R scores and event-related
potentials.

0340 Family members’ experience with in-hospital
health care after severe traumatic brain injury

Unn Sollid Manskowa,b, Cathrine Arntzenb, Elin Damsgaardb,
Mary Brainec, Solrun Sigurdardottird,e, Nada Andelicf, Cecilie
Roee,f, and Audny Ankea,g
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Norway, Tromsø, Norway; bFaculty of Health Sciences,
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and Society, Research Centre for Habilitation and
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ABSTRACT
Family members’ experience with in-hospital health care after
severe traumatic brain injury
Background: Family members’ experiences and satisfaction with
healthcare services is an important indicator of the quality of
care provided. There is a lack of longitudinal studies investigat-
ing relatives’ experiences during the different phases of severe
TBI patients’ in-hospital treatment and rehabilitation.
Objectives: To describe family member experiences of the
health care provided in acute care and inpatient rehabilitation
settings to patients with severe traumatic brain injury (TBI)
and assess predictors of a poor care experience.
Methods: Prospective national multicentre study of family
members of patients with severe TBI covering all regions of
Norway. Self-report data from 122 family members were
collected 12 months post injury. To assess the family mem-
ber’s experience of health care, the recently validated instru-
ment Family Experience of Care Questionnaire in severe
Traumatic Brain Injury (FECQ-TBI) was applied. FECQ-TBI
consists of six subscales: Organization and information acute,
organization rehabilitation, information rehabilitation, dis-
charge, hospital facilities family member and hospital facilities
patient. Data on the patients’ demographic variables, func-
tional independence and rehabilitation pathway were assessed
in a parallel national multicentre study.
Results: The highest scores representing good experiences
were reported in the FECQ-TBI scales representing organiza-
tion and information during the acute phase (mean 4.1),
whereas the lowest scores were related to discharge from
inpatient rehabilitation (mean 3.1). A significantly higher
FECQ-TBI total score was reported in the acute phase com-
pared with the rehabilitation phase (p < 0.05). Poorer experi-
ences in some scales (p <0.05) were found in family members
of patients with moderate disability and patients discharged to
non-specialized rehabilitation pathway. Lowest score (mean
2.3) of all FECQ-TBI items was found regarding ‘economical
needs’ (77% poor experience) followed by an item on ‘the

BRAIN INJURY 847



long-term consequences of TBI’ with a mean of 3.0 (60% poor
experience).
Conclusions: Better care experiences were reported in the
acute phase compared with the rehabilitation phase. The
poorest care experience was seen in the discharge phase.
Patient’s dependency level and transferral to non-specialized
rehabilitation pathway were predictors of a poor care experi-
ence. By understanding family members’ experiences of health
care, particularly within the rehabilitation field, this study
may direct healthcare providers to improve future healthcare
delivery provided to family members and individuals with
severe TBI.

0341 Neurocognitive and neuroaffective profiles of
young adult offenders with self-reported traumatic
brain injury

Miriam Cohena, Ian Penton-Voakb, Marcus Munafòb, Anke
Karla, Huw Williamsa, and Natalia Lawrencea

aUniversity of Exeter, Exeter, UK; bUniversity of Bristol,
Bristol, UK

ABSTRACT
Background and Rationale: High prevalence of TBI has been
reported in those involved with the criminal justice system,
which has been associated with higher rates of recidivism,
increased violence in offending, earlier age of first offending
and greater numbers of infractions. A causal association of
TBI has been suggested, and this may be attributable in part
to consequences of injury. We investigated the neuroaffective
and neurocognitive profiles of young offenders with a ‘sub-
stantial dosage’ of self-reported TBI to examine whether there
is evidence to support this, with a primary focus on facial
affect recognition. The findings from two studies will be
presented, one conducted in a sample of adolescents with
offending behaviour in a rural community setting (n = 35),
and one conducted with young adults with offending beha-
viour in an urban community setting (n = 89).
Methodology: Both studies used a semi-structured question-
naire to derive self-reported histories of injury and post-con-
cussion symptomology and investigated performance on a
novel facial affect recognition task. Criminal histories were
recorded, and a neuropsychology assessment was completed.
The second study included a more comprehensive assessment
battery, using CANTAB Research Suite assessment, mental
health and substance use screens and measures of aggression,
personality traits and early life trauma.
Results: High prevalence of lifetime head injury was reported
in both samples (relative to estimated general population
prevalence), with a substantial proportion of injuries invol-
ving a loss of consciousness (LoC) and injuries classified as
‘severe’ (with a reported LoC elapsing 60 minutes) in the
adolescent sample. Self-reported post-concussion symptomol-
ogy was higher among those with substantial injury relative to
those with no or minor injury, for both offender samples.
There was no evidence for impairment in neurocognitive
measures or differences in criminal profiles for those with
injury in the adolescent sample or the young adult sample,
with the exception of one attentional demand measure.

Interestingly, impairment in affect recognition was observed
in the young offender sample, with no evidence of this asso-
ciation in the young adult offender sample. There were, how-
ever, differences observed in self-report measures for
psychopathy and alexithymia.
Conclusion: High levels of self-reported TBI have been identi-
fied in both adolescent and young adult community offending
samples, associated with increased TBI sequelae. Our data do
not suggest differential neurocognitive profiles in those with
substantial injury versus those without, with the exception of
affect recognition impairment in the adolescent sample.
However, there are indications of differences in affective
self-report measures, which may tap into more complex con-
structs than the neuropsychology tests used. We discuss rea-
sons why the differences observed in affect recognition may
have arisen including participant age, environment and task
parameters.

0342 Late recovery of responsivity after Intrathecal
Baclofen pump implantation: The case of Alexandru

Rita Formisanoa, Marta Aloisia, Marianna Contradaa,b,
Francesca Spaneddaa, Sara Schiattonea, Sylwia Niedbalaa,
Maria Rosaria Cobianchic, Gianni Colinic, and Maria
Gabriella Buzzia

aIRCCS Santa Lucia Foundation, Rome, Italy; bDepartment of
Psychology, La Sapienza, Rome, Italy; cPain Therapy Unit S.
Giovanni-Addolorata Hospital, Rome, Italy

ABSTRACT
Introduction: Patients with severe brain injury and prolonged
disorder of consciousness (DoC) may present with severe spas-
ticity and diffuse pain, which might impair any motor output,
thus impeding any possible behavioural responsivity. For these
persons, the definition of functional locked-in has been pro-
posed (Bruno et al., 2001; Formisano et al., 2011, 2013).
Case Report: A 26-year-old young man was affected by fronto-
parietal haemorrhage due to the rupture of an arteriovenous
malformation. Neurosurgical interventions consisted of haema-
toma evacuation and decompressive craniectomy on 13 April
2015; coma persisted for 1 month, and cranioplasty and ven-
triculo-peritoneal shunting (Hakim at 170-mm H2O rate)
because of secondary hydrocephalus was performed on 7
August 2015. The diagnosis at admission to our post-acute
rehabilitation (September 2015) was of vegetative state/unre-
sponsive wakefulness syndrome (VS/UWS) according to Coma
Recovery Scale Revised (CRS-R = 6) (Giacino et al., 2004).
CT scan at admission (cerebral MRI was incompatible with the
muscular spasms and crying episodes and the presence of ven-
triculo-peritoneal shunting) showed the sequelae of cranioplasty
and ventriculo-peritoneal shunting; left fronto-parieto-temporo-
lenticular bilateral frontal and right cerebral peduncle hypoden-
sities, associated with moderate cortical and subcortical atrophy.
The patient was admitted to our Post-Coma Rehabilitation
Unit around 5 months after the acute event and presented
with severe spastic quadriplegia and sub-continuous crying,
likely because of diffuse and intensive pain. This latter symp-
tomatology and the presence of the ventriculo-peritoneal
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shunting did not lead the diagnostic support of neuroimaging
and neurophysiological advanced techniques.
At the same time, the pharmacological therapy with oral anti-
spastic drugs, pain killers, Gabaergic drugs and benzodiazepines
was of no efficacy, as well as the rehabilitation treatment. The
implantation of intrathecal baclofen pump 14 months after the
acute event, even at low rate dosage (60 µg/daily), dramatically
improved the behavioural responsivity of the patient (CRS = 12),
with intentional motor responses at the upper and lower left
limbs and functional communication recovery by means of the
eyelids closure and limbs movements, together with a significant
reduction of the crying episodes. Video recordings before and
after baclofen pump implantation are available.
Discussion: The high misdiagnosis rate up to 40% of the pro-
longed DoC (Schnakers et al., 2009) may be caused by several
factors, such as severe motor impairment, often associated with
intractable spasticity, not responsive to common pharmacolo-
gical treatment. Before a definitive diagnosis of chronic VS/
UWS, interfering factors should be taken into account.

0343 International academy of hope: A proposed
model for the education and rehabilitation of
children with acquired brain injury

Deborah Whitcomb, Nia Mensah, Leon Kirschner, Linda
Sanchez, and Tara McAllister

The International Academy of Hope, New York, NY, USA

ABSTRACT
Background: Severe brain injuries, especially those acquired
early in life, produce challenges that face the individual,
family, friends and the larger community. These challenges
are multifaceted and require the involvement of a team of
caregivers who are committed to understanding the com-
plexities of the childa. However, the literature is replete
with discussions about the paucity of services and interven-
tions for children with severe disabilities due to brain
injuryb.
Research Design: This presentation is designed to describe an
innovative programme that provides integrated educational
and rehabilitative services to children with acquired brain
injury: The International Academy of Hope. This private
school model provides rehabilitative and medical services
that extend beyond those provided in traditional public, pri-
vate or charter schools. Occupational therapy, physical ther-
apy, and speech and language therapy are a part of every
child’s school day, always in 1-hour blocks of time to accom-
modate the children’s need for greater response time, recovery
time, proper positioning and transfers. Often therapy is pro-
vided 5 days/week; this level of intensity is similar to an acute
rehabilitation setting. In addition to these services, vision
services are provided to those who require it. The school
also provides one-to-one teaching with the classroom teacher,
conductive education (based on the Hungarian model devel-
oped by Andras Peto), hearing education, nursing care and
one-to-one paraprofessionals assigned to each student. The
school runs on an extended day which allows children to
get all the services that they require each school day. It also
eliminates the need for parents to find after school care, which

decreases the stress and expense that parents may experience
trying to find adequate care.
Discussion: This presentation will include a description of our
interdisciplinary model of service delivery as well as our
evaluation process. We will discuss programme development
and the evolution of our school from 6 to 51 children in 3
years. We will address the deficiencies in the current system in
the United States and discuss how our programme bridges the
gap in services and how we have attempted to respond to the
recommendations made by the children’s special interest
group meetings of the International Brain Injury Association
that have been summarized in the recent article by McKinlay
et al. (2016) 2.
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ABSTRACT
Objectives: To test and describe a family-centred rehabilitation
intervention in families with traumatic brain injuries (TBI)
developed to improve family functioning and dynamics and
to help family members and the family as a whole to over-
come the challenges they are facing in daily life.
Methods: A pilot study comprising two families, six people,
related to an RCT to be performed at Oslo University
Hospital (OUH), Norway. The pilot study is conducted from
October to December 2016 in close collaboration with the
municipal healthcare service. The registration in
Clinicaltrials.gov is in process, and the registration number
will be provided. Inclusion criteria: Home dwelling indivi-
duals with TBI, with a Mini-Mental State Examination >23
points who have been at home for 6–18 months after primary
rehabilitation, and their family members. Sixty-six patients
between 18 and 65 years and family members between 16
and 65 years will be included. In arm 1 that is tested in the
pilot study, the participants will receive a multi-professional
theoretically based family-centred rehabilitation programme,
Traumatic Brain Injury Family System Intervention (TBIFSI).
This intervention consists of 8 weekly 90-minute session.
Participants in arm 2 will receive treatment as usual defined
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as an individually tailored multidisciplinary approach. Family
members will attend one ongoing psychoeducational session
of 2.5 hours provided at OUH. The injury-related data of the
patient will be collected from the medical records, whereas
different self-report questionnaires will be applied for all
participants at baseline, after 8 weeks and 6 months after the
completion of the intervention. The primary outcome mea-
sures are the SF-36 Mental Component Summary and per-
ceived caregiver burden using the Caregiver Burden Scale
(CBS). Secondary measures are Quality of Life after Brain
Injury (QOLIBRI) and family dynamics using FACES IV.
Other measures are Resilience Scale for Adults (RSA), The
TBI-Self-Efficacy Scale, Patients Health Questionnaire-9
(PHQ-9) and Generalized Anxiety Disorder-7 (GAD-7).
Results: Results from the pilot study testing the intervention
on two families will be presented regarding the process of
intervention and change in family functioning from baseline
and after the 8-week intervention. The feasibility of the inter-
vention will be discussed.
Conclusion: The conclusion will pertain to the observed
changes in family functioning and the feasibility of the
intervention.
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ABSTRACT
Background: Management and care of patients with prolonged
disorders of consciousness (DOC) has clinical, economic and
ethical implications. A better understanding of DOC patients’
outcome and the identification of reliable prognostic markers
would allow clinicians and patients’ relatives to make appro-
priate decisions concerning treatment and care. To date, the
majority of prognostic markers for DOC patients are collected

in relation to outcome within 1 year. Reliable prognostic
markers for patients who will experience a late recovery
have not been identified yet. In addition, prognostic informa-
tion for minimally conscious state (MCS) patients is lacking.
The IBIA DOC-SIG diagnosis/prognosis subgroup therefore
proposed an international multicentric project on a large
group of prolonged DOC patients.
Material and Methods: Subjects: Patients in a Vegetative State/
Unresponsive Wakefulness Syndrome (VS/UWS) and in a
MCS will be recruited in the post-acute phase, consecutively
admitted to ICU and neurorehabilitation units within 3
months post injury. Etiologies such as traumatic, vascular or
anoxic brain injuries will be included.
Procedure: We will collect information from: 1) medical his-
tory (such as aetiology, in- or out-of-hospital resuscitation
setting), 2) patients’ clinical condition at study entry [level
of consciousness measured by the Coma Recovery Scale—
Revised (CRS-R), and level of disability assessed by the
Disability Rating Scale (DRS), 3) neurophysiological findings
[standard EEG resting state and EEG reactivity, and various
evoked potentials such as somatosensory, mismatch negativ-
ity, or P3] and 4) neuroimaging exams (e.g. MRI or PET-
scan). All enrolled DOC patients will be clinically followed for
short-term outcome (until discharge and 6 months post
onset) as well as for long-term outcome (12 and 24 months
post injury).
A detailed version of the project, already approved by ethical
committee, has been posted to the LISTSERV platform of the
DOC-SIG (http://groupspaces.com/IBIADOCSIG/), in order
to discuss the methodology of the study and to promote
further consensus among DOC-SIG members before enrol-
ment begins on 1 December 2016.

0346 The hull-ellis concussion and research rapid
access clinic: Preliminary analysis of balance recovery
using symptom, observational and posturographic
measures

Elizabeth Innessa,b, Michelle Sweenya,c, Mark Bayleya,d,
Tharshini Chandraa, Paul Compera,c, Cynthia Danellsa,b,
Olinda D. Habib Pereza,c, Alice Kama, Laura Langera, David
Lawrencea,e, Ryan Lyna, Lesley Ruttana,f, Cristina Saverinoa,
Deborah Tanga,g, Catherine Wiseman-Hakesa,c,h, George
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ABSTRACT
Introduction: Although much sport-related concussion research
exists, there is a lack of research relevant to individuals with
acute concussion among the general public. In response, the
Hull-Ellis Concussion and Research Rapid Access Clinic at the
Toronto Rehabilitation Institute was developed to prospectively
understand and characterize the trajectory of recovery related to
concussion among the general population, while simultaneously
providing routine medical care, monitoring and follow-up.
Balance impairments post concussion are common, and clinical
practice guidelines recommend screening for balance
dysfunction1 .The purpose of the present study was to character-
ize balance impairments and recovery across symptom-based,
observational and posturographic measures among the general
population with concussion.
Methods: Patients were referred to the Clinic within 72 hours
of Emergency Room visit and admitted within 1 week. Each
patient received physician care and was additionally
approached to participate in a prospective research study,
collecting data specific to balance, cognition, psychosocial
variables and symptoms, outwards to 16 weeks post concus-
sion. Participants with complete balance-related data at
Weeks 1, 2, 4 and 8 were included. Symptom Evaluation
Severity (SCAT3—balance;/6), BESS (Balance Error Scoring
System) total score (/60), and centre-of-pressure root mean
square and velocity (anteroposterior and mediolateral) during
45 seconds of quiet standing with eyes open and closed on
force plates characterized self-perceived, observer and pos-
turographic measures of balance, respectively. Mean (SD) or
median (range; SCAT3-balance) was used to describe central
tendencies. The proportions of participants at each time point
exceeding the 95% confidence limit of age-matched healthy
reference values2,3,4 for each outcome were determined.
Results: Fifteen participants were included in the analysis (10
female). Mean age was 34.6(13.8) years. Across time points,
median SCAT3-balance severity was 1(0–3), 0(0–4), 0(0–5)
and 0(0–5); proportionately, 53%, 47%, 23% and 13% of
participants reported balance problems. At Weeks 1, 2, 4
and 8, mean BESS scores were 19.6(9.2), 19.0(10.0), 18.6(9.4)
and 16.3(8.4), respectively. In parallel, the proportions of
participants with BESS scores exceeding reference values
were 80%, 73%, 67% and 53%. Across all posturographic
measures, 20–53%, 13–60%, 13–47% and 13–67% of indivi-
duals, at Weeks 1, 2, 4 and 8, respectively, fell outside of
reference values.
Discussion: The Clinic model enabled collection of balance-
related data in the general population over the first 8 weeks of
recovery post concussion. The number of individuals self-
reporting balance problems reduced over time; whereas,
BESS and posturographic data identified the persistence of
balance impairment 8 weeks post injury. These preliminary
results differ from existing knowledge related to balance
impairment and recovery after sport-related concussion.
Data collection and analyses are ongoing.

References

1. Marshall S, et al. Brain Inj 2015;29(6):688–700.
2. Iverson G, et al. Rehab Res Pract 2013;2013:1–5.

3. Prieto T, et al. IEEE T Bio-Med Eng 1996;43(9):956–66.
4. Zimmer A, et al. Appl Neuropsychol 2015;22(2):132–40.

0347 Improving paediatric concussion care through
knowledge translation and confidence building in
paediatric emergency room nurses

Heather Godfreya,b, Tina Samuela,b, and Karen Barlowa,b,c,d

aUniversity of Calgary, Calgary, AB, Canada; bAlberta Health
Services, Calgary, AB, Canada; cAlberta Children’s Hospital
Research Institute (ACHRI), Calgary, AB, Canada; dHotchkiss
Brain Institute (HBI), Calgary, AB, Canada

ABSTRACT
Background: Paediatric concussion is a growing international
health concern. By 10 years of age, one in five children have
had at least one head injury requiring medical attention. An
estimated 750 000 children are seen in the emergency depart-
ment (ED) annually in the United States. Teaching and
resources in the ED are imperative. Despite the vast amount
of concussion research and literature available, a lack of con-
sistency in concussion teaching and resources leaves patients
and families questioning what advice to follow and where to
go for accurate information. A knowledge translation gap
exists in frontline healthcare staff, specifically, paediatric
emergency room nurses. Nurses are key providers in assessing
symptoms and providing education about mild traumatic
brain injury in children; however, they may experience a
lack of knowledge about and confidence in this area.
Objective: The goal of this project is to assess knowledge gaps
and equip paediatric emergency room nurses with consistent,
up-to-date concussion teaching and resources, thereby ensur-
ing all families at the Alberta Children’s Hospital ED receive
consistent, accurate post-concussion teaching.
Methods: All emergency room nurses at the Alberta Children’s
Hospital were surveyed prior to a teaching session on ED
concussion education. Nurses complete bi-annual education
days, and this presentation was a component of their manda-
tory education. Ten questions assessed nurses’ confidence in
recognizing, treating, and educating patients and families
experiencing concussion. Resources were handed out to
emphasize what all families should receive during their emer-
gency visit.
Results: One hundred and seventeen nurses completed the
pre-survey prior to the teaching session. Over the next few
weeks, the 1-month post-teaching session survey is being sent
to all nurses. This survey assesses confidence level 1 month
later, how often resources are being handed out and how valid
the nurses felt the session was. Following survey retrieval,
post-survey data will be analysed, comparing pre- and post-
survey results and assessing the impact the teaching presenta-
tion had on nursing practice. Problems were encountered, and
proffered solutions will be summarized. Qualitative analyses
will focus on subjective themes the nurses identified as gaps
and look at implementing suggestions for the department.
Conclusion: The project is in progress. Feedback from an
emergency nursing perspective shows an overwhelming posi-
tivity on relevance and length of teaching session.
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0348 Effect of peroneal nerve functional electrical
stimulation on gait in post-stroke patients:
Community-based vs. outpatient approach

Jakub Jenicek, Zuzana Drábová, and Olga Svestkova
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ABSTRACT
Background: Peroneal nerve functional electrical stimulation
(FES) can be used in stroke patients with drop foot syndrome
as an alternative to ankle-foot orthoses. Its main advantage is
facilitation of active dorsal flexion of the foot during the swing
phase of gait. Evidence supports its ‘orthotic’ effects, which
include increased gait speed, gait symmetry, stability and
reduced energy cost. Further ‘therapeutic’ effects of intense
FES are expected, even when the stimulator is off—namely
restoration of lost motor function and walking ability improve-
ment resulting from neuroplastic changes. Majority of the stu-
dies suggests daily, community-based stimulation, which is not
always feasible, as cost and lack of insurance coverage can be
prohibitive. In current practice, FES mostly takes place at spe-
cialized outpatient medical facilities. Therefore, the purpose of
this study is to examine whether both approaches can be com-
paratively effective.
Aims: To test whether the effect of peroneal nerve functional
electrical stimulation on gait is not unacceptably less effica-
cious when used within intense outpatient therapeutic ses-
sions at specialized medical facility than on a daylong
community-based ambulation basis.
Methods: A parallel group randomized non-inferiority trial.
Individuals at least 6 months post stroke were randomized to
group A (n = 13; daylong community-based ambulation with
FES) or group B (n = 17; daily outpatient intense and dose-
matched gait training sessions with FES at specialized medical
facility). Outcomes including functional gait measurements
(Emory Functional Ambulation Profile; 2MWT) and GRACIE
examination of spastic paresis were assessed in both the groups
after 4 weeks of intervention.
Results: Twenty-seven patients (nA = 13; nB = 14) finished the
study. The results are processed statistically for non-inferior-
ity of group B approach and will be available at the time of
poster presentation.
Funding: The study was supported by the Charles University
in Prague, project GA UK No 940214.
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ABSTRACT
Introduction: Dopaminergic drugs (i.e. amantadine) seem to
promote clinical recovery in patients with disorder of con-
sciousness (DOC) [1,2], but might show severe side effects
(e.g. seizure and QT enlargement). Selegiline, a selective
monoamine oxidase type B inhibitor used to activate dopa-
minergic system in early Parkinson’s disease [3], is usually
well tolerated. Selegiline can also improve cognitive perfor-
mance in patients with traumatic brain injury [4,5]. We aimed
at evaluating effectiveness of selegiline administration in
patients in stabilized and prolonged clinical condition of
Minimally Conscious State (MCS).
Materials and Methods: Subjects: Four patients in an MCS (2
females; mean age: 41 ± 23.6 years; 3 with vascular and 1 with
post-anoxic aetiology; mean time post-onset: 11 ± 2.4
months)—2 patients were in MCS Plus(MCS+) and two in
MCS Minus (MCS-) status.
Procedure: Treatment protocol: selegiline 5 mg/day for 1
week, followed by selegiline 10 mg/day for 8 weeks. Clinical
evaluation (by Coma Recovery Scale Revised, CRS-R and
Disability Rating Scale, DRS) was performed at baseline,
once a week during the treatment, and once a week for 1
month after the end of treatment.
Results: No side effects were observed. We found relevant
clinical improvements in 3/4 patients after 19.25 ± 19.3 days
of 10 mg selegiline administration. The two vascular MCS-
patients (case 1, CRS-R = 9, DRS = 18 and case 2, CRS-R = 9,
DRS = 18) improved to MCS+ (CRS- R = 15; DRS = 13 and
CRS-R = 15; DRS = 15, respectively). Case 3 (vascular MCS+,
CRS-R = 9; DRS = 20) recovered functional communication,
meeting criteria for emergence from MCS (CRS-R = 17; DRS
= 12). The clinical improvement persisted during the entire
period of selegeline administration and in the 1-month fol-
low-up.
Conclusions: Despite the very small sample, these preliminary
results suggest that selegiline might promote clinical recovery
in brain-injured patients in prolonged stabilized non-trau-
matic MCS. Controlled trials are necessary to confirm the
positive effect of Selegiline in improving state of conscious-
ness and reducing the level of disability.
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people with acquired brain injury in the Czech
Republic (from the point of view of occupational
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ABSTRACT
Background: Institutional care in the Czech Republic has still
very strong position. There is lack of systemic and organiza-
tional solutions of community rehabilitation for people with
acquired brain injury (ABI). Facilitators are reimbursed from
four sources: 1) Health insurance companies, 2) Long-term
social support and services, 3) Long-term support in school
system for students with special needs, 4) Prevocational and
vocational rehabilitation, support for employees with disabil-
ities. Community rehabilitation obtains outpatient depart-
ment, daily centre for patients with ABI and visiting services
at home [occupational therapists (OT), physiotherapists (PT),
speech therapists, etc.]. Outpatient services are sufficient.
There is lack of visiting home service and only one daily
centre at the Department of Rehabilitation Medicine in
Prague Charles University, The First Faculty of Medicine.
Objective: The aim of the project is to determine the quality of
life of people with ABI and to describe interprofessional
collaborative practice in coordinated community-based
rehabilitation.
Process and Methods: We are establishing the system based on
interprofessional cooperation, especially physician, OT, PT
and social worker. There is a key role of OT in linking social
and health components, because of ADL and evaluation of the
flat/house and indication of facilitators. We have created
project, ‘Coordinated rehabilitation for people with acquired
brain injury’, granted by the Grant Agency of University of
South Bohemia in Ceske Budejovice (abbr. GAJU, Grant No.
138/2016/S). It contains 30 case studies of people with ABI,
providing 3-month community interprofessional intervention.
Objective methods of respondents functional evaluation are
International Classification of Functioning, Disability and
Health (ICF, WHO, 2001) and Functional Independence
Measure (FIM system® Version 5.2, Uniform Data System
for Medical Rehabilitation). Respondent subjective status is
assessed by using World Health Organization Disability
Assessment Schedule 2.0 (WHODAS 2.0).
Expected Main Results: Methodical handbook of home/flat
evaluation, methodical manual of community-based occupa-
tional therapy for people with ABI, educational material for
people with ABI for better orientation in systems of health
and social services and facilitators (especially compensatory
aids).
Conclusions: Collected data of the project should be the basis
for implementation coordinated community-based rehabilita-
tion for people with ABI, including definition of OT, PT and
social worker roles (enhanced by results of the project in the
form of methodical manuals for these professionals).
Identifying facilitators (according ICF), analysis of environ-
mental factors and providing social community-based rehabi-
litation can help people to improve their independent way of
life in community.

0351 The role of neurotrophic factors in the
ultrastructural preservation of neuron-glial network
under the influence of stress factors
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Irina Mukhinaa,b, and Maria Vedunovaa
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ABSTRACT
Background: The search for a new neuroprotective substance
is one of the most topical issues in neuroscience.
Neurotrophins are important regulatory proteins which are
playing a key role in the functioning of central nervous system
and can be used for the development of new therapeutic
strategies for brain cells protection to hypoxic damage.
However, the questions concerning the neuroprotective
mechanisms of neurotrophins remain unclear.
Aim: The aim of the investigation was to study the antihy-
poxic and neuroprotective properties of BDNF and GDNF at
the ultrastructural level under hypoxic condition in vitro.
Methods: The ultrastructural characteristics of intercellular
contacts in the neuronal network of embryonic hippocampal
dissociated culture (Е18) were performed on Day 14 in vitro.
Hypoxia model was carried out according to the previously
developed protocol by replacing the normoxic cultural med-
ium with a medium containing low oxygen for 10 minutes.
Ultrastructural analysis was conducted 24 hours after
reoxygenation.
Results: Hypoxia causes a decrease in the number of mature
synaptic contacts and dendritic spines as well as negation of
mixed contacts typical for this stage of culture development.
We observed a significant decrease in the number of symmetric
synapses compared to the control group. Mitochondria in the
most cases had normal morphology in the medium-sized den-
drites and axons. However, in large dendrites and cells bodies,
mass destructive damages were found. There were various forms
of swelling, violation in cristae spatial organization, enlighten-
ment of matrix, a large number of watered mitochondria and
myelin-likes structures. Preventive application of GNDF (1 ng/
ml) almost completely preserved the structure of synapses, glial
contacts and dendritic spines, but did not protect from ultra-
structure changes in mitochondria. On the other hand, the
morphological structure of mitochondria in neural processes in
cultures with BDNF injection was comparable to the control
group. In the cell bodies, the changes in the spatial organization
of cristae were observed. The number of synaptic contacts was
significantly (p < 0.05) lower than in cultures with GDNF appli-
cation, but higher than in ‘Hypoxia’ group.
Conclusion: Thus, antihypoxic and neuroprotective properties
of GDNF and BDNF at the ultrastructural level were con-
firmed. We identified the differences in BDNF and GDNF
effects on the ultrastructure of neurons, glial cells and intra-
cellular contacts.
Funding: The work was supported by the Federal Target
Program ‘Research and development in priority areas of the
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post-acute brain injury school produces positive
functional outcomes
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ABSTRACT
Background: The effectiveness of interdisciplinary rehabilita-
tion has been shown to improve functional outcomes in
adults with acquired brain injury1. Late onset rehabilitation
has shown improved gains in functional mobility for both
adults and children2. No study has examined the effects of
increased interdisciplinary therapeutic intensity in a school
setting for children with brain injury. We hypothesized that
interdisciplinary and intense rehabilitation in an academic
setting can improve mobility, communication, cognitive func-
tioning and health-based outcomes for students with severe
disability as a result of acquired brain injury.
Results: This poster will present the results of a retrospective
review of students with chronic brain injury (greater than 3 years
post insult). Outcome measures include Cortical Visual
Impairment Range (CVI Range), Preschool Language Scale-5
(PLS), BRIGANCE Inventory of Early Development III (IED
III), Pediatric Evaluation of Disability Inventory (PEDI), atten-
dance records, health records and parent satisfaction.
Conclusion: Preliminary results support our hypothesis. There
was a statistically significant improvement in CVI range as
well as the Social Functioning domain of the PEDI.
Improvement in overall communication performance as indi-
cated by the PLS and IED III. Intensive interdisciplinary
rehabilitation in the school setting facilitates positive func-
tional change in children with severe disabilities due to brain
injury. These results will be updated with the latest data.
Research comparing traditional post-acute care to an inter-
disciplinary intensive educational environment is needed.
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ABSTRACT
Objective: The existence of persistent cognitive impairments
after moderate–to-severe traumatic brain injury (TBI) is well
known. Most research has focused on cognitive recovery in
the first year following TBI but the long-term recovery is less
well documented. This study aimed to examine trajectories
and predictors of cognitive recovery over the first 5 years
following moderate-to-severe TBI. A hierarchical linear
model (HLM) examined cognitive domains over 3 months, 1
and 5 years post-TBI using time, age, gender, education, pre-
injury employment, severity of injury (GCS scores), post-
traumatic amnesia (PTA), Abbreviated Injury Scale
(AIShead), and Glasgow Outcome Scale-Extended (GOSE)
to predict cognitive recovery trajectories.
Methods: A longitudinal prospective study was used to fol-
low up 77 patients (23% female) with moderate (39%) or
severe (61%) TBI. Patients were admitted to the Norway’s
largest trauma referral centre, Oslo University Hospital, and
enrolled in the initial study from May 2005 to May 2007.
Socio-demographic and injury characteristics were assessed
at the acute hospitalization. Thirteen neuropsychological
tests within memory, processing speed, verbal fluency and
reasoning were administered at 3 months, 1 and 5 years post
injury.
Results: Three cognitive domains were derived by factor ana-
lysis: Verbal Memory/Speed; Fluency/Reasoning; and Visual
Memory/Planning. A summary T-score was calculated for
each domain and entered as the dependent variable into the
HLM. Results showed significant cognitive recovery over time
for all three domains (p <.001). The greatest cognitive recov-
ery occurred between 3 months and 1 year, with recovery
stabilizing at 1 year. The Verbal Memory/Speed domain was
most affected. Predictors significantly associated with poorer
cognitive recovery included: lower education, unemployment
at injury, female gender, greater length of PTA, and lower
functional levels (GOSE) at 3 months. Those with lower
education had poorer recovery over time in the Fluency/
Reasoning domain (p <.001). Those who were unemployed
pre-injury had poorer recovery in the Verbal Memory/Speed
(p <.01) and Visual Memory/Planning (p <.05) domains.
Females had lower scores within the Visual Memory/
Planning domain (p <.01). Those with greater length of PTA
had worse recovery on both Memory domains (ps<.01). Those
with lower functional outcomes had poorer recovery on
Verbal Memory/Speed and Fluency/Reasoning domains
(ps<.05). Neither age, injury severity group (moderate vs.
severe TBI) nor the AIShead was associated with cognitive
recovery trajectories.
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Conclusions: Cognitive recovery was greatest during the first
year and remained stable between 1 and 5 years post TBI.
Recovery appeared to be similar for both the TBI groups. Pre-
existing and injury-related factors played different roles in the
longitudinal cognitive recovery over the first 5 years.
Employment pre-injury and PTA were associated with
domains of memory, and education with verbal and reasoning
abilities. Those being unemployed pre-injury and having
longer duration of PTA might require greater length of stay
in specialized brain injury rehabilitation units.

0355 Transcranial direct current stimulation in
prolonged disorders of consciousness: A randomized
controlled pilot study
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ABSTRACT
Objective: In last years, transcranial direct current stimula-
tion (tDCS) has been proposed as a novel noninvasive ther-
apeutic approach modulating activity of cortical networks in
patients with disorder of consciousness [1,2], but no study
reported a systematic follow-up of patients’ conditions over
the weeks after stimulation. This randomized sham-con-
trolled double-blind crossover, single-centre pilot study
aimed at: 1) evaluating the effects of a series of five tDCS
stimulation sessions (run on consecutive days) on clinical
status and EEG background activity in patients with pro-
longed DOC; 2) ascertaining whether specific patients’ char-
acteristics, clinical conditions and EEG features at baseline
are associated with positive response to the tDCS
stimulation.
Methods: Seven patients in vegetative state (VS) and 6 in
minimally conscious state (MCS), at ≥3 months after brain
injury, were randomized into two groups: group 1 received 1
week of active tDCS and 1 week of sham stimulation, sepa-
rated by 1 resting week; in group 2, the order of active and
sham stimulation was reversed. We performed clinical and
EEG evaluations before and after the first stimulation session,
2 hours after the last weekly stimulation, twice during the
resting week, and during a 3-month follow-up.
Results: We observed small changes of patients’ conditions
after the first tDCS session and immediately after the five
active stimulations. Substantial clinical and EEG changes
were observed in 5/13 patients (3 in MCS and 2 in VS)
starting 2–4 weeks after active tDCS and further progressing
during the next months. No baseline features distinguished
‘responders’ from ‘non-responders’ significantly.
Conclusions: tDCS might exert a long-term positive effect on
clinical recovery in brain-injured patients with prolonged
MCS and VS, and could represent a useful adjuvant strategy
in neurorehabilitation.
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ABSTRACT
Objective: The Traumatic Brain Injury Model Systems
(TBIMS) was established in 1987 among civilian hospitals,
with a parallel database established in 2008 within Veterans
Affairs (VA). The civilian and VA TBIMS databases may offer
a comprehensive perspective of TBI in the USA across private
and federal healthcare systems. Greater understanding of the
comparability between these databases is needed to inform if
unique TBI sequelae exist for military and veteran cohorts.
This study compared the characteristics of civilian and VA
TBIMS participants.
Methods: The sample included 550 VA and 5270 civilian
TBIMS participants enrolled between 8/1/2009 and 7/31/
2015. The two groups were compared on pre-injury demo-
graphics, socio-economic factors, military history variables,
pre-injury mental health treatment and substance use, injury
characteristics and rehabilitation treatment variables.
Comparisons across these variables were also made within
injury aetiology subgroups.
Results: Compared to civilians, the VA sample was younger
(p < 0.001), had a greater majority of male participants (p <
0.001), had fewer black/African American participants (p <
0.001), obtained higher education levels (p < 0.001), and had
a greater proportion of participants employed/in school (p <
0.001). Violent injury mechanism was more common in the
VA cohort, while Falls were more common for civilians. Prior
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to injury, more VA participants had utilized mental health
services (p < 0.001), but more civilians used illicit or non-
prescription drugs (p < 0.001). VA participants were more
severely injured, as evidenced by lower GCS (p < 0.001),
more abnormal neuroimaging (p < 0.001), and longer time
spent in post-traumatic amnesia (p = 0.008). VA participants
took longer to get to inpatient rehabilitation (p < 0.001), had
longer acute (p < 0.001) and rehabilitation (p < 0.001) lengths
of stay, and were admitted and discharged with higher motor
and cognitive FIM scores (p < 0.001) and lower DRS scores (p
< 0.001). A slightly larger proportion of VA participants died
during hospitalization (p = 0.007). Notably, 13% of civilian
participants had served in the military. Comparisons by TBI
aetiology subgroup revealed that VA participants were younger
than civilians in the Falls (p < 0.001) and Violence (p < 0.001)
groups. Regardless of injury aetiology, the VA cohort consis-
tently showed longer time to rehabilitation admission, longer
rehabilitation length of stay, and higher admission and dis-
charge functional scores. Within the MVA and Falls groups,
VA participants had lower GCS (p < 0.05, p <.05, respectively),
and longer duration of post-traumatic amnesia (p < 0.001);
however, in the Violence subgroup, there were no differences
between VA and civilian participants regarding GCS but VA
participants had shorter PTA duration.
Conclusions: The VA and civilian TBIMS participants are
considerably different, making direct comparison of the
cohorts difficult. Differences in injury characteristics and
rehabilitation variables likely reflect unique aspects of military
injury and pathways to care. Implications for health services
research of VA participants across civilian and military/VA
settings will be described.

0359 Outcomes, supports and barriers related to
intensive exercise participation for adults with
chronic moderate-to-severe acquired brain injury

Ann Charrettea,b, Laura Lorenzb,c, Jeffrey Fongd, Therese M.
O’Neil-Pirozzib,e, and Michelle Demore-Taberb,f

aSchool of Physical Therapy, MCPHS University, Worcester,
MA, USA; bSupportive Living Inc, Brain Injury Wellness
Center, Lexington, KY, USA; cBrandeis University; Heller
School for Social Policy and Management, Waltham, USA;
dMCPHS University, School of Pharmacy, Worcester, MA,
USA; eNortheastern University, Department of
Communication Sciences and Disorders, Boston, MA, USA;
fAdvocates, Brain Injury Services Program, Woburn,
MA, USA

ABSTRACT
Background and Purpose: Effects of high-intensity group exer-
cise on the endurance, advanced mobility, and gait speed of
adults with chronic severe acquired brain injury (ABI) living
in brain injury group homes were investigated. In a subse-
quent qualitative study, supports and barriers related to par-
ticipation in exercise from the perspectives of participants,
residential staff and family members were investigated.
Participants: Fourteen adults with chronic severe ABI in
supported independent living who could stand with minimal
or no assist and walk with or without ambulation device

were studied. Initially, eight presented with low ambulatory
status, six with high ambulatory status. Interviews were
conducted with all 14 intervention subjects, one person
who dropped out, four family members and four residential
staff.
Methods: Participants received a 6-week high-intensity exer-
cise group intervention for 60–90 minutes, 3 days/week
assisted by personal trainers under physical therapist super-
vision. Measures (6-Minute Walk Test, High-level Mobility
Assessment Tool and 10-Metrer Walk Test) were collected at
baseline, post intervention and 6 weeks later. Analysis
included repeated measures T-test and the Wilcoxon Signed
Ranks Test. The qualitative study involved a brief survey and
semi-structured interviews, conducted 2–6 months after the
intervention, audio-recorded and transcribed verbatim.
Analysis used preexisting and emerging codes (concepts),
and data were double-coded using qualitative data analysis
software (atlas.ti).
Results: Significant post-intervention group improvements
were achieved on all three outcome measures (6 MWT,
HiMAT and 10MWT) and were greater than the minimal
detectable change (MDC) for this population. 10MWT
outcomes indicate that three participants transitioned
from low to high ambulatory status and maintained the
change 6 weeks later. Qualitative findings identified envir-
onmental and personal barriers and supports.
Environmental barriers to participation included transpor-
tation (inconsistent, delayed), group format (not always
person-centred) and negative family attitudes towards pro-
gramming developed in-house. Personal barriers to parti-
cipation were physical (vision, balance, incontinence),
cognitive (memory, executive function, lack of self-aware-
ness), behavioural (anxiety) and tendency towards a
sedentary lifestyle (watching television). Environmental
barriers to being physically active between exercise ses-
sions included: staff fear for participant safety, broken
equipment and lack of access to supportive affordable
fitness opportunities for this population. Environmental
and personal supports for participation included enthu-
siasm of trainers, group format (encouraged mutual sup-
port), investments in transportation, pre-injury
participation in sports and motivation to do something
meaningful that involved interacting with others.
Discussion and Conclusion: People living with chronic ABI
can improve endurance, demonstrate ability to do advanced
gait, and improve ambulatory status with 6 weeks of intensive
exercise. Challenges to sustainability of exercise programmes
for people with chronic severe ABI include costs and trans-
portation. Efforts to support better lifestyle choices (improved
nutritional choices, increased physical activity between ses-
sions) are needed to enhance functional benefits of the
intervention.

0361 mTBI telehealth in Europe: Meeting the
geographic challenges with innovative technology
and treatment

Kendra Jorgensen-Wagersa, Leigh Crainb, George Smolinskib,
and Steve Cainc
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Regional Medical Center, Landstuhl, Germany; bLandstuhl
Regional Medical Center, Landstuhl, Germany; cRegional
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ABSTRACT
Background: This presentation outlines a performance
improvement project highlighting the results of a multidisci-
plinary outcomes project in which innovative telehealth tech-
nology facilitated improved identification, evaluation and
assessment of mTBI for a geographically dispersed patient
community. Concussion or mild traumatic brain injury
(mTBI) is a pernicious problem in both the civilian and
military sectors of society affecting an estimated 823.7 per
100 000 annually in the US civilian population 1 and over
352 000 in the US Armed Forces between 2000 and 2015, with
mild traumatic brain injury (mTBI) affecting over 82% of
those military members injured. 2) Concussion is a highly
prevalent and under-recognized condition. 3) The estimated
economic cost of TBI in 2010, including direct and indirect
medical cost, is estimated to be approximately $76.5 billion. 4)
While most symptom sequelae from mTBI resolve quickly,
the condition in the military remains significantly under
reported, unrecognized and untreated. Landstuhl Regional
Medical Center serves geographically dispersed active duty
personnel, their families, dependents, retirees, civilian support
personnel as well as contractors. Therefore, developing a
technological interface where patients can self-direct their
care through telehealth builds responsive, innovative medical
care across Europe.
Methods: An analysis of telehealth encounters for mTBI
patients demonstrated an effective and innovative way to
capture assessment metrics and facilitate treatment as well as
rehabilitation outcomes for patients participating in multi-
disciplinary mTBI care needs. While mTBI specialty care
providers are located throughout Europe, focus is on a revo-
lutionary change to both the technology platform and the
policies that support medical readiness. A subjective review
of provider feedback demonstrated not only ease of use, but
the ability to minimize time away from military duties and
facilitate return to duty.
Results: Record reviews indicate improved medical readiness
and improved cost savings to telehealth implementation.
Results were matched in a chi-square analysis to correlate
patient-perceived benefit to provider-perceived effectiveness.
The statistical significance level was set at p < 0.05. The record
review revealed that patients valued the efficiency and perso-
nalization of the telehealth platform and found the encounters
comparable to an in-clinic visit, noting the responsiveness of
the provider to their needs. Providers found the platform easy
to deploy and efficient.
Conclusion: Technology offers a creative and responsive way
to address this complex problem. By using this telehealth
capability, medical providers can facilitate a more patient-
centric and responsive medical treatment plan that potentially
screens for and evaluates the possible impact of a concussive
event in a very dynamic way. Use of telehealth for evaluation,
assessment and treatment may also increase patient compli-
ance in medical treatment as well as significantly personalize

treatment for the patient in their own environment; given the
facility with which telehealth can be deployed to meet patient
care needs.

0362 Training with adaptive body-controlled virtual
reality following acquired brain injury for improving
executive functions

Rotem Eliava,b, Debbie Randa, Yifat Schwartzb, Barak
Blumenfeldc, Alit Stark-Inbarc, Sivan Maozc, Son Premingerc,
d, and Yaron Sacherb

aDepartment of Occupational therapy, Tel Aviv University,
Tel Aviv, Israel; bTraumatic Brain Injury department,
Loewenstein Rehabilitation Center, Raanana, Israel; cIntendu
Ltd, Herzliya, Israel; dSchool of Psychology, Interdisciplinary
Center Herzliya, Herzliya, Israel

ABSTRACT
Background: Deficits in executive functions (EF) are common
following traumatic brain injury (TBI). Computerized soft-
ware for cognitive training is becoming more popular as a
rehabilitation tool for TBI; however, there is limited evidence
that transfer of the improvements to real-life performance
occurs. Cognitive training using motion-interaction software
offers a training environment that is more realistic and nat-
ural, and may facilitate transfer to everyday life performance.
Cognitive software that adapts in real time to the patient’s
behaviour may potentially enhance usability by these
individuals.
Objectives: The goal of this study was to assess the experience
and safety of the training with dynamically adaptive motion-
interaction cognitive training software, and its potential ben-
efits for improving EF following TBI.
Methods: Fourteen participants with moderate-severe TBI and
EF deficits were recruited from an inpatient facility.
Participants were randomly assigned to Intervention (n = 8)
or Control (n = 6) group. Intervention included 10 compu-
terized training sessions over 4–5 weeks using motion-based
adaptive video games designed to train behavioural control,
initiation, response inhibition, working memory, shifting and
attention. Control group played commercial iPad games for
the same duration. Pre- and post-standardized assessments
were conducted by a clinician blinded to the study arm, and
included the Dysexecutive Questionnaire (DEX),
Computerized Neuropsychological EF assessments
(WebNeuro), functional EF assessments (EFPT), Functional
Independence Measure (FIM), Trail Making Task (TMT) and
a measure of dual task (Walking While Talking). Participants
filled in a satisfaction questionnaire once they completed the
intervention. Performance within the games was recorded
throughout the training sessions.
Results: Preliminary results show that participants who per-
formed the experimental intervention were gradually able to
perform games involving higher EF challenge, also reflected
by significantly higher performance levels in the last session
than in the first session. Participants did not show adverse
effects and reported enjoyment from the training. Preliminary
analysis of the executive assessments shows a trend for larger
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improvement in EF in the intervention group than in the
active control group following training.
Conclusions: The findings demonstrate the potential of using
motion-based adaptive cognitive training with individuals
with TBI. We are currently recruiting and training additional
participants to assess the effectiveness of this training for
improving EF in individuals TBI and the transfer of training
into daily life functioning.

0363 Sensitivity and responsiveness of
multidimensional outcome measures after mild TBI

Nicole von Steinbüchel, Ruben Real, Amra Covic, and
Anastasia Gorbunova

University Medical Center Göttingen, Göttingen, Germany

ABSTRACT
Background: To improve research and clinical care in the field of
traumatic brain injury (TBI), international observational and
multicenter clinical trials are mandatory, which aim at the inclu-
sion of multidimensional outcomes with high psychometric qual-
ity. However, only few instruments have been translated and
linguistically validated by accepted and comparable procedures.
Center-TBI (www.center-tbi.eu) is the first study to simulta-
neously translate and linguistically validate open access CDE-
recommended Patient-Rated Outcome (PRO) and Performance-
Based Outcomes (PERBOS) into 18 European languages (English,
Dutch, French, Danish, Finnish, German, Hungarian, Italian,
Lithuanian, Norwegian, Romanian, Serbian, Slovakian, Spanish,
Swedish, Russian, Hebrew and Arabic).
Aims: The Center-TBI study aims to include 5000 patients
with TBI. A selection of data on sensitivity and responsiveness
from outcome assessments at 3 and 6 months after mild,
moderate and severe TBI will be presented for the following
PROs and constructs: amnesia (GOAT), post-concussion
symptoms (RPQ), depression (PHQ), anxiety (GADS), post-
traumatic stress disorder (PCL), functional recovery (GOSE),
and TBI specific Quality of life after Brain Injury (QOLIBRI).
Psychometric characteristics, sensitivity and responsiveness
will also be reported for the following PERBOS assessing
verbal memory (Rey Auditory Verbal Learning Test—
RAVLT), and executive functions (Trail Making test—TMT).
Discussion: The ability of the presented tests and their transla-
tions to detect differences in outcome, e.g. concerning differ-
ent grades of TBI severity and change over time, will be
determined. This represents the first step in the development
of a comprehensive yet short multidimensional outcome mea-
surement system after TBI which will be internationally
applicable to research, acute clinical and rehabilitation
settings.

0365 The health system benefit of traumatic brain
injury care in Europe

Stephanie Maxfield Pankera, Ruby Kitchena, Lorrie
Cappellinoa,b, Kendra Jorgensen-Wagersc

aUS Army - Regional Health Command Europe, Sembach,
Germany; bTraumatic Brain Injury Specialty Clinic,
Landstuhl Regional Medical Center, Landstuhl, Germany;
cDefense and Veterans Brain Injury Center, Landstuhl
Regional Medical Center, Landstuhl, Germany

ABSTRACT
Background: Over the past decade, the US Army has spent
significant time and resources to better understand, identify,
treat and track traumatic brain injury in service members and
their beneficiaries. Recent efforts were initiated in 2007 after a
TBI Task Force recommended that clinical capabilities be
stood up across Army Medicine. The Army Medical
Command implemented a strategy to promote education
and training to increase early identification and treatment
for those who have sustained a TBI. Across Europe, three
clinics with specialty care capability were resourced with
primary care, specialty and rehabilitation providers, and an
additional ten sites were identified as facilities where mild TBI
could be managed on an outpatient basis. In this overview, we
highlight the contributions of TBI-funded providers at three
Army specialty care clinic sites in Europe.
Methods: Education and training data were compiled by the
Regional Nurse Educator. Workload and encounter data for
fiscal years 2013–2016 were pulled for Army TBI-funded
providers by name using Department of Defense systems
(M2 database). Estimated costs for purchased care were pro-
vided by the Tricare Management System. Planned and exe-
cuted TBI budgets were compared across specialty and by
number of encounters.
Results: During fiscal year 2016, there were over 4000 indivi-
duals trained through face to face education and training from
November 2015 to October 2016. Of these, 1854 service
members were trained, 2559 continuing education hours
were offered to TriService healthcare providers, 256 veterans
and 951 school beneficiaries were educated. In addition to
face to face education, over 64 000 individuals were reached
through media outlets and family groups.
A total of $11.36M was budgeted for TBI specialty care in
fiscal years 2013–2014 [$7.05M at Landstuhl Regional Medical
Center (LRMC), $2.84M at Vilseck Army Health Clinic, and
$1.46M at Vicenza Army Health Clinic]. During the same
timeframe, the TBI specialty care providers saw a total of 43
637 encounters (21 995 of them with TBI diagnostic codes). A
total of $8.55M was obligated for TBI specialty care in fiscal
years 2015–2016 ($5.19M at LRMC, $2.22M at Vilseck,
$1.14M at Vicenza). For the past two fiscal years, TBI speci-
alty care providers saw a total of 38 840 encounters (19 460 of
them with TBI diagnostic codes). Overall, providers earned a
total of 119 922 relative value units during this time period.
Interestingly, the costs from FY15–16 are 25% lower than
those budgeted for FY13–14, while the number of encounters
only decreased by 11%, perhaps indicating an increase in
clinic efficiency across the three sites.
Conclusion: Providers and educators supported with specific
Army Medicine TBI funds have provided significant contri-
butions to the military health system in Europe.
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0366 Do concussion dosage, gender or reported
symptoms affect long-term cognitive performance
and stop-signal reaction times following sports-
related concussion/mTBI in university rugby players?

James Broughton, Huw Williams, and Philip Yates

University of Exeter, Exeter, UK

ABSTRACT
Objective: The longer-term cognitive effects of mild traumatic
brain injury (MTBI) and sport-related concussion (SRC) are
not always clear. Higher-level cognitive difficulties can indi-
cate enduring neurological damage, as part of a post-concus-
sion syndrome (PCS). This UK-based study aimed to
investigate whether cognitive performance and self-reported
PCS symptoms of athletes (university-level rugby players)
relate to SRC, and whether gender moderates these effects.
Method: Eighty-six participants completed a questionnaire
detailing SRC history (frequency and severity) and self-rated
any enduring symptoms using the Sport Concussion
Assessment Tool 3 (SCAT3) symptom evaluation scales,
before completing the CogState Brief Battery and a stop-signal
response inhibition task, ‘STOP-IT’.
Results: No significant relationships were identified between
historical SRC dosage (frequency or severity), self-reported
PCS symptoms and cognitive test performance. A greater
proportion of males reported SRC compared to females, but
no effect of gender was found on any of the cognitive out-
come measures or self-reported PCS symptoms.
Conclusions: The results present evidence that SRC has no
observable longer-term effects on cognitive test performance
or PCS symptom self-reports in young adults. However, the
analysis may have lacked power to detect small effects.
Analysis of individual performance over time against baseline
scores may be more relevant for accurate diagnosis than
relying on normative test scores.

0368 Mild TBI, processing speed and age
considerations

Frank Sparadeoa,b, Dmitry Meyersonb, and Michael
Meyersonb

aCenter for Community Integration, Revere, MA, USA; bDr.
Sparadeo & Associates, West Warwick, RI, USA

ABSTRACT
Background: Mild TBI (mTBI) is often referred to as a young
person’s affliction; however, many people in the older age
ranges also experience TBI for various reasons (falls, MVA
and other accidents). Research on the occurrence of TBI in
older people have pointed out the resilience of older people in
recovering from TBI. Some studies have indicated that
although older people with TBI are resilient, they seem to be
hospitalized longer and recover over a longer period of time.
Objectives: This investigation examined 407 mTBI survivors
and compared them to 209 non-injured controls on measures
of processing speed, attention span, reasoning and reaction
time. This investigation further divided both groups into age
groups by decade beginning at adolescence to 70+ years old.

Statistical analyses indicated, as expected, that the mTBI
group were significantly worse than normal controls on all
measures 1 year following the injury.
Results: Analysis of the age factor indicated ageing effects
seem to be present for processing speed beginning in the
4th decade (40s). These effects became much more prominent
in the 6th decade to a greater extent for mTBI survivors than
normal controls. While reaction time differences were signifi-
cant overall, no age differences were found in either the mTBI
group or the normal controls. Older mTBI survivors seemed
to be resilient on reasoning measures and while their overall
performance was worse than normal controls early in the
recovery process, there were no ageing effects and there
were no differences in performance between groups 1 year
following the injury.
Conclusion: This investigation indicates that age and mTBI
should be a factor in reporting neuropsychological findings.
Individuals over the age of 40 appear to experience greater
impairment in processing speed which appears to worsen in the
sixth decade. This age variable does not seem to be an issue on
reaction time and reasoning testing until the age of 70 or greater.

0369 Accelerated changes in cortical thickness in
military service members with traumatic brain injury

Brian Taylora,b, Ricky Savjania,b,c, Laura Acionb,d, Elisabeth
Wildea,b, and Ricardo Jorgea,b

aMichael E DeBakey VA Medical Center, Houston, TX, USA;
bBaylor College of Medicine, Houston, TX, USA; cTexas A&M
Health Science Center College of Medicine, Bryan, TX, USA;
dUniversidad de Buenos Aires, Beunos Aires, Argentina

ABSTRACT
Objectives: One challenge in the care of Operation Enduring
Freedom/Operation Iraqi Freedom/Operation New Dawn
(OEF/OIF/OND) Veterans is to find quantitative markers
of traumatic brain injury (TBI) using noninvasive techni-
ques. Even with advancing imaging studies, machine learn-
ing algorithms derived from these studies have only modest
discriminative value and yield prediction accuracies below
70%. An alternative approach is to see if patterns of struc-
tural brain metrics can predict demographics, such as age.
Recent work has revealed a significant discrepancy between
the predicted and chronological ages of civilian TBI subjects
compared to controls. In this work, we sought to examine a
similar pathology in military TBI and determine for the first
time which cortices are driving the altered prediction of age
in TBI.
Methods: Seven hundred and sixty-two healthy control subject
data (36.32 ± 12.54 years old; 373 males) were used to train
our models in order to predict age from cortical thickness
measures. The TBI test set consisted of 92 participants (29.67
± 7.02 years [range: 22–57]; 88 males) with TBI (89 mild, 3
severe by VA/DoD criteria). We used Advanced
Normalization Tools (ANTs) to derive the cortical thicknesses
in sixty-two areas for all subjects. Using the healthy control
data, we built four regression models to predict age from
cortical thickness, gender and total intracranial volume: linear
regression (LR), support vector regression (SVR), Gaussian

BRAIN INJURY 859



process regression (GPR) and random forest regression
(RFR). All four models were trained on the full healthy con-
trol training data. The models were then used to predict age
for participants with TBI and for participants without TBI.
We then computed the predicted age difference (PAD) by
subtracting the predicted age from the patient’s actual age
and compared between groups.
Results: The fully trained models were then used to predict age
in the military population. The predicted age difference
(PAD) was significantly (p < 0.05, two-sample, two-sided
t-tests) greater for participants with TBI compared to those
without for three of the models (LR, SVR, and GPR)
(Figure 6). The LR, SVR and GPR models had mean PAD at
close to zero for participants without TBI, and mean PAD
scores greater than zero for participants with TBI (range of
3–5 years, p < 0.05). In the LR model, significant (p < 0.05)
beta weights that drive the regression with negative correla-
tion were the left caudal middle frontal, left isthmus cingulate,
left precentral, left rostral anterior cingulate, left transverse
temporal, right pars orbitalis, and right precuneus cortices
and three regions had cortical thickness that correlated posi-
tively with age (left medial orbitofrontal, right inferior tem-
poral, right superior parietal).
Conclusions: TBI in military personnel is associated with accel-
erated changes in cortical thickness over time. Accelerated
thinning includes several frontal cortical structures.

0370 Using virtual health to increase access and
ease for patients in Europe

Robert Lucaniaa, Stephanie Maxfield Pankerb, Ronald Keenb,
and Kendra Jorgensen-Wagersc

aVilseck Army Health Clinic, Vilseck, Germany; bUS Army -
Regional Health Command Europe, Sembach, Germany;
cDefense and Veterans Brain Injury Center, Landstuhl
Regional Medical Center, Landstuhl, Germany

ABSTRACT
Background: Telehealth has been used to successfully facilitate
care for a geographically dispersed patient community.
Traumatic brain injury (mTBI) has been diagnosed in over
352 000 in the US Armed Forces between 2000 and 2015, with
mild traumatic brain injury (mTBI) affecting over 82% of
those military members injured. (1) While most patients
recover completely within weeks, a small percentage may
have ongoing symptoms. In addition, there is a significant
percentage of patients with post-concussive symptoms who
also have concurrent pain and behavioural health diagnoses.
Landstuhl Regional Medical Center (LRMC) is the only mili-
tary medical centre in Europe, serving geographically dis-
persed active duty personnel, their families, dependents,
retirees, civilian support personnel as well as contractors. It
is cost- and time-effective for LRMC specialty providers to
evaluate and treat patients in outlying areas who may not be
able to travel to LRMC for operational or logistical reasons.
These patients are then followed by the specialists via
telehealth.
Methods: Providers from LRMC coordinated with the TBI
Program at Vilseck Army Health Center to provide specialty

pain and physical medicine and rehabilitation services onsite.
Patients generally had a diagnosis of mTBI with a chronic
pain or musculoskeletal comorbidity. Two specialty providers
travelled to Viseck from LRMC (4.5 hours each way) six times
from January to October, 2016.
Results: Two PM&R providers travelled from LRMC to
Vilseck Army Health Clinic every 6–8 weeks, resulting in
six 2-day visits from 27 January to 19 October 2016. A total
of 82 patients were seen face to face during these visits, and
a total of 31 medical procedures were completed. The
estimated travel cost for these six visits was $3000. The
savings in patient time, travel, and lost training/operational
time was estimated at $34 010. Patients were followed after
their face to face visits with the provider via telehealth
encounters.
Conclusion: By using this hybrid approach, providers were
able to engage in face to face evaluation and treatment of
patients over geographically disperse areas, and follow-up
using telehealth capability. In this way, medical providers
can facilitate a more patient-centric and responsive medical
treatment plan that is also cost-effective. The next step is to
conduct an analysis of telehealth encounters for these patients
in order to review patient and provider feedback and the
positive impact on military readiness and decreased time
away from military duties.
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0371 ‘Brain glue’ for the acute treatment of severe
traumatic brain injuries
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ABSTRACT
Background: Severe traumatic brain injuries (TBIs) lead to
devastating disabilities and poor prognosis for the affected
individuals. Although this form of TBI accounts for only
15–20% of all TBIs, they contribute to >90% of the clinical
costs incurred. There are currently no effective treatments to
counter the significant brain tissue loss and functional impair-
ments caused by TBI.
Objectives: In order to address these deficits, we have engi-
neered a novel Chondroitin Sulfate Glycosaminoglycan (CS-
GAG) matrix that can enhance the efficacy of both trans-
planted and host Neural Stem Cells (NSCs) to promote endo-
genous repair of damaged brain tissue post TBI.
Hypothesis: We hypothesize that engineered CS-GAG
matrices administered acutely after TBI will help maintain
the undifferentiated state of transplanted and host NSCs and
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attract neuroprotective factors necessary to prevent wide-
spread brain tissue loss, and promote brain repair and func-
tional recovery chronically post TBI.
Methods: We tested this hypothesis in a preclinical rat with
severe TBI defect. We induced a severe TBI to the rat motor
cortex using a pneumatically actuated Controlled Cortical
Impact (CCI) after inducing a 5-mm diameter craniotomy.
The depth of the impact was restricted to 2 mm in a repea-
table manner, using an impact velocity of 2.25 m/s, and a
dwell time of 250 ms. Two days post-TBI, animals were
injected intraparenchymally with 20-µl CS-GAG matrix pre-
loaded with allogeneic PKH26GL labelled NSCs (n = 7),
trophic factors (100 ng each of FGF-2 and BDNF) (n = 7),
or a combination of both NSCs and trophic factors (n = 7).
Noninvasive MRI and histological analysis of brain tissue 4
and 20 weeks post injury shows a significant reduction (p <
0.001) in lesion volume of brain tissue from CS-GAG matrix-
treated animals when compared to TBI-only controls. Results:
Phase Gradient Mapping (PGM) studies indicate a significant
(p < 0.001) increase in regional Cerebral Blood Flow (rCBF)
in CS-GAG matrix-treated animals when compared to con-
trols 20 weeks post-TBI. Quantification of the NSC presence 4
and 20 weeks post injury shows a significant increase in
PKH26GL+ NSCs when delivered via CS-GAG matrices
when compared to cells transplanted without matrix encapsu-
lation (p < 0.05). A majority of the transplanted NSCs remain
self-renewing, and a significantly (p < 0.001) greater number
of host NSCs were found to infiltrate into the CS-GAG matrix
implant when compared to surrounding brain tissue.
Functional recovery of animals as determined by the beam
walk and rotarod tests demonstrate the significantly enhanced
(p < 0.05) motor function recovery in CS-GAG matrix-treated
animals when compared to controls.
Conclusion: In summary, our results indicate that CS-GAG
matrices function as a neuroprotective ‘glue’ to prevent
chronic brain tissue loss, and promote functional repair and
regeneration of damaged brain tissue chronically after a severe
TBI. Ongoing studies in large animal pig TBI deficits will
determine the potential for future clinical translation of this
technology.

0372 Psychological outcomes at 6 years following
traumatic brain injury in occupationally injured
workers in Taiwan

Judith Shiao, Sherri Yeh, Weishan Chin, Shih-Cheng Liao,
and Leon Guo

National Taiwan University and NTU Hospital, Taipei,
Taiwan

ABSTRACT
Introduction: Psychological and psychiatric conditions have
been reported as results of traumatic injuries. More severe
psychological effects have been reported after traumatic brain
injuries (TBIs). Objective: The purpose of this study was to
determine whether occupational TBIs resulted in more severe
psychological conditions than other types of occupational
injuries (OIs).

Methods: Our study candidates were injured workers who
were hospitalized for longer than 3 days in Taiwan. TBI
were defined as having such diagnoses by the Authority of
Workers’ Compensation. Questionnaires were sent to these
workers at 3 months, 12 months and 6 years after injury. The
questionnaire contained demographic characteristics, descrip-
tion of the OI, post-traumatic stress symptoms as assessed by
post-traumatic symptom checklist (PTSC) and psychological
symptoms assessed by the Brief Symptom Rating Scale (BSRS-
5). Logistic regression was used to determine whether the
severity score by BSRS-5 and PTSC were different between
those with TBI or non-TBI, adjusting for gender, age, educa-
tion, length of hospital stay and physical deformity due to
injury.
Results: A total of 570 workers completed the 6-year ques-
tionnaires, and either 3- or 12-month questionnaire. Among
the workers completed the follow-up, 54 (9.5%) sustained TBI
and 516 (90.5%) non-TBI. Severe BSRS-5 scores and for PTSC
were found in 40.0% and 17.5% of participants, respectively.
When compared to non-TBI group, workers sustaining TBI
had higher risk (odds ratio = 2.0, 95% confidence interval 1.1–
3.6) of having severe BSRS-5, and higher risk of severe PTSC
(odds ratio = 2.0, 95% confidence interval 1.0–3.8) at 6 years
after injury, after adjusting for covariates.
Conclusions: The TBI patients tended to experience more
severe general psychological symptoms, and post-traumatic
stress after OI at 6 years after injury. Development of pre-
ventive measures especially for those sustaining TBI is
warranted.

0373 Differences in concussion rates across National
Collegiate Athletic Association soccer divisions

Melissa M. Bakera, Erin Wassermana, Sara Daltona, Thomas
Dompiera, and Zachary Kerrb

aDatalys Center for Sports Injury Research & Prevention, Inc.,
Indianapolis, IN, USA; bUniversity of North Carolina-Chapel
Hill, Chapel Hill, NC, USA

ABSTRACT
Objectives: The National Collegiate Athletic Association
(NCAA) has three divisions or competitive levels in men’s
and women’s soccer. Each division has varying rules, scholar-
ships and other resources. These differences may lead to
variations in the frequency and rate of concussion. To date,
little is known about the differences in concussion rates by
division in NCAA men’s and women’s soccer. The purpose of
this study was to compare concussion rates by division in
NCAA men’s and women’s soccer.
Methods: Concussion data from the NCAA Injury
Surveillance Program (ISP) during the 2009/2010 to 2013/14
academic years were used for this descriptive epidemiology
study. We examined concussion incidence rates by soccer
division [i.e., Division I (DI), Division II (DII), Division III
(DIII)]. Concussions and athlete exposures (AEs) were
reported by athletic trainers (ATs). In lieu of local guidance
or legislation, ATs were encouraged to follow the definition of
concussion provided by the Consensus Statement on
Concussion in Sport. Rate Ratios (RRs) and 95% Confidence
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Intervals (CIs) compared rates across divisions, for both
men’s and women’s soccer.
Results: Overall, 38 men’s soccer teams (86 team seasons)
contributed data with 55 reported concussions in 159 724
AEs [Rate = 3.44/10 000 AEs, (95% CI:2.53, 4.35)]. Broken
down by division, there were 25 concussions in DI, 5 in DII
and 25 in DIII. Concussion rates were highest in DI [4.10/10
000AEs (95%CI:2.49, 5.70, and lowest in DII [1.70/10 000 AEs
(95%CI:0.21, 3.19)] with the DIII concussion rate falling in
the middle [3.61/10 000 AEs (95%CI:2.19, 5.02)]. However,
none of the rate ratios comparing divisions were statistically
significant [DI vs. DII RR = 2.41 (95%CI:0.92, 6.28); DI vs.
DIII RR = 1.14 (95%CI:0.65, 1.98); DII vs. DIII RR = 0.47
(95%CI:0.18, 1.23)]. Fifty-six women’s teams (137 team sea-
sons) contributed data with 136 reported concussions in 215
489 AEs [6.31/10 000 AEs, (95%CI:5.25, 7.37)]. Broken down
by division, there were 51 concussions in DI, 21 in DII and 64
in DIII. The concussion rate was highest in DIII [7.59/10 000
AEs (95%CI:5.73, 9.45)] and lowest in DII [4.99/10 000 AEs
(95%CI:2.86, 7.13)], with the DI concussion rate falling in the
middle [5.72/10 000 AEs (95%CI:4.15, 7.29)]. Again, none of
the rate ratios comparing divisions were statistically signifi-
cant [DI vs. DII RR = 1.15 (95%CI:0.69, 1.91); DI vs. DIII: RR
= 0.75 (95%CI:0.52, 1.09); DII vs. DIII RR = 0.66 (95%
CI:0.40, 1.08)].
Conclusions: There are no statistically significant differences
by division in men’s and women’s NCAA soccer, but this may
be due to a low number of concussions reported within some
divisions (e.g. only five concussions in men’s DII). Further
research is needed to determine whether the concussion rate
in DII men’s soccer is truly lower or a result of underreport-
ing by the athletes and/or ATs. Similarly, rates appeared
higher in DIII women’s soccer. If these differences truly
exist, further research is needed to identify mechanisms to
reduce the instances of concussions.

0374 Defective methionine metabolism in the brain
after repeated blast exposures might contribute to
increased oxidative stress

Peethambaran Arun, William Rittase, Donna Wilder, Ying
Wang, Irene Gist, and Joseph Long

Walter Reed Army Institute of Research, Silver Spring,
MD, USA

ABSTRACT
Blast-induced traumatic brain injury (bTBI) is one of the
major disabilities in Service Members returning from recent
military operations. The neurobiological underpinnings of
bTBI, which are associated with acute and chronic neuro-
pathological and neurobehavioral deficits, are uncertain.
Increased oxidative stress in the brain is reported to play a
significant role in promoting neuronal damage associated
with both brain injury and neurodegenerative disorders. In
this study, brain regions of rats exposed to repeated blasts in a
shock tube underwent untargeted profiling of primary meta-
bolism by automatic linear exchange/cold injection GC-TOF
mass spectrometry and revealed acute and chronic disruptions
in the metabolism of amino acids and antioxidants. Closely

coupled repeated blast exposures (19 psi peak total pressure, 8
msec duration) affected the metabolism of the essential amino
acids tryptophan, phenylalanine and methionine. Tryptophan
levels decreased on Day 1, whereas phenylalanine showed a
significant increase in the brain at Day 28 after blast exposure.
Methionine sulfoxide, the oxidized metabolite of methionine,
showed a sustained increase in the brain after blast exposure
which was associated with a significant decrease in cysteine,
the amino acid derived from methionine. Glutathione, the
antioxidant synthesized from cysteine, similarly decreased as
also did the antioxidant ascorbic acid. Reductions in ascorbic
acid were accompanied by increased levels of its oxidized
metabolite, dehydroascorbic acid and other metabolites such
as threonic acid, isothreonic acid, glycolic acid and oxalic
acid. In view of the fundamental importance of glutathione
in the brain as an antioxidant, including its role in the reduc-
tion of dehydroascorbic acid to ascorbic acid, the disruptions
in methionine metabolism elicited by blast might prominently
contribute to neuronal injury by promoting increased and
sustained oxidative stress. Increasing the levels of cysteine in
the brain by dietary supplementation of cysteine or adminis-
tration of N-acetyl cysteine could be a potential therapeutic
strategy against bTBI.

0376 Neurometabolites alteration in the very early
phase of mild traumatic brain injury (mTBI)—an in-
vivo proton magnetic resonance spectroscopy (1h-
MRS) study

Vairavan Narayanana, Vigneswaran Veeramuthua, Poh Choo
Seowb, Aditya Tri Hernowoa, Li Kuo Tanb, Jeannie Wongb,
and Norlisah Ramlib

aDivision of Neurosurgery, Faculty of Medicine, University of
Malaya, Kuala Lumpur, Malaysia; bFaculty of Medicine,
University of Malaya Research Imaging Centre, University of
Malaya, Kuala Lumpur, Malaysia

ABSTRACT
Introduction: Magnetic resonance spectroscopy (MRS) using
1H(proton) allows quantification of neurometabolite changes
associated with brain injury in-vivo. We hope to identify
specific neurometabolite biomarkers that will allow us to
quantitatively grade early alteration occurring in mild trau-
matic brain injury in a more objective manner.
Objective: To evaluate the very early alteration of neurometa-
bolites in complicated (cmTBI) and uncomplicated (umTBI)
mild traumatic brain injury (mTBI) patients in comparison to
control subjects using proton magnetic resonance spectro-
scopy (1H MRS).
Methods: Fifty subjects (28 cmTBI patients, 7 µmTBI patients
and 15 controls) underwent MRI scan with additional single
voxel spectroscopy (SVS) sequence where a single voxel was
placed close to the contusion site of cmTBI or at the frontal
deep white matter of the umTBI patients and control subjects.
The MRI scans for patients were done at an average of 10
hours (SD 4.26) post injury. The brain spectra were processed
using LCModel to obtain the absolute and relative neurome-
tabolite concentrations. One-way ANOVA was performed to
compare the neurometabolite concentrations of the three

862 ABSTRACTS



groups (cmTBI, umTBI and control), and a correlation study
was done between the neurometabolites concentration and
the Glasgow Coma Scale (GCS).
Results: On assessment of the neurometabolites between the
groups, significant results were obtained for the relative con-
centration of N-acetylaspartate (NAA). The ratio of total NAA
to total creatine (tNAA/tCr) was found to be lowest in cmTBI,
followed by umTBI and highest in the control group [F (2, 43)
= 3.815, p = 0.03]. However, only cmTBI and control groups
showed significant difference (p = 0.035). The tNAA/tCr had a
significant but mild correlation with the injury complexity
(ρ=0.377, p = 0.01) and GCS scores (ρ=0.439, p = 0.002).
Conclusion: Neurometabolite alterations were already appar-
ent at the early phase or onset of a brain injury. The tNAA/
tCr ratio may be a potential biomarker that reflects injury
severity, both in terms of complexity and admission GCS, in a
more quantifiable and objective manner in patients with trau-
matic brain injury.

0377 Predicting paediatric post-concussive
symptoms with brain-related salivary microrna

Steven Hicksa, Jeremiah Johnsona, Harry Bramleyb, Andrea
Loeffertb, Neal Thomasa,c, and Robert Olympiad
aDepartment of Pediatrics, Penn State College of Medicine,
Hershey, PA, USA; bDepartment of Neurology, Penn State
College of Medicine, Hershey, PA, USA; cDepartment of
Public Health Sciences, Penn State College of Medicine,
Hershey, PA, USA; dDepartment of Emergency Medicine,
Penn State College of Medicine, Hershey, PA, USA

ABSTRACT
Purpose: Three million traumatic brain injuries occur in the
USA each year. The vast majority are mild traumatic brain
injuries (mTBIs) occurring in children. Yet, the bulk of
research and clinical guidelines are based on adult data, limit-
ing the ability of paediatricians to predict clinical outcomes
for children with mTBI. Some children with mTBI have only
transient headache, while others have months of physical,
cognitive and emotional changes. This study investigated the
utility of salivary micro-ribonucleic acids (miRNAs) for pre-
dicting the duration of paediatric mTBI symptoms. MiRNAs
are non-coding, single-stranded nucleotides that post-tran-
scriptionally regulate gene expression in response to environ-
mental influences (such as mTBI). They are resistant to
RNAse degradation, have the ability to cross the blood-brain
barrier and are easily measured in peripheral biofluids such as
saliva. We hypothesized that: 1) levels of individual salivary
miRNAs would change following paediatric mTBI, 2) these
levels would reflect changes in cerebrospinal fluid (CSF) fol-
lowing paediatric severe traumatic brain injury (sTBI) and 3)
salivary miRNA profiles would have prognostic accuracy for
the duration of mTBI symptoms.
Methods: High-throughput RNA sequencing was used to
quantify salivary miRNA in 14 children (aged 11–20 years)
presenting with clinical mTBI symptoms within 10 days of
injury. Symptoms were assessed with the Sports Concussion
Assessment Tool (SCAT-3) at enrolment and 4 weeks post
injury. Salivary miRNA profiles were compared with 14

healthy age- and sex-matched controls using Mann–Whitney
testing with Benjamini–Hochberg False Detection Rate (FDR)
correction. The miRNAs ‘altered’ in saliva were interrogated
in cerebrospinal fluid (CSF) longitudinally collected from
seven paediatric patients with sTBI using quantitative real-
time PCR. A partial least squares discriminant analysis
(PLSDA) and logistic regression analysis using salivary
miRNA profiles were employed to model mTBI status and
symptom duration.
Results: There were 16 miRNAs with differential expression (p
< 0.05, FDR < 0.1) between mTBI and control groups. Two of
the miRNAs (miR-92a and miR-30d) were among those
altered in adult TBI studies of human serum. A partial least
squares discriminant analysis of salivary miRNA profiles
accurately modelled mTBI status in two dimensions. Logistic
regression analysis involving miR-30d showed predictive
accuracy (AUC = 0.822) for differentiating children with
mTBI symptoms beyond 4 weeks. Levels of miR-30d were
also correlated with a child’s number of previous concussions
(R = 0.96; p = 1.0E-7, FDR = 1.6E-6). Both miR-30d and miR-
92a were present in the CSF following sTBI and demonstrated
a trend of decreasing levels following injury.
Conclusions: Individual salivary miRNAs are altered in pae-
diatric mTBI, show utility for predicting symptom duration
and reflect CSF miRNA profiles following sTBI. MiR-30d may
also play an important role in the pathophysiology of repeat
head injury.

0378 The influence of traumatic brain injury severity
on health-related quality of life in caregivers of a
service member or veteran with traumatic brain
injury

Tracey Brickella,b,c,d, Rael Langea,b,c,e, Louis Frencha,b,c,d,f,
Bridget Cotnerg,h, Danielle O’Connorg, Risa Nakase-
Richardsona,g,h, and Noelle Carlozzii

aDefense And Veterans Brain Injury Center, Bethesda, MD,
USA; bWalter Reed National Military Medical Center,
Bethesda, MD, USA; cNational Intrepid Center of
Excellence, Bethesda, MD, USA; dUniformed Services
University of the Health Sciences, Bethesda, MD, USA;
eUniversity of British Columbia, Vancouver, BC, Canada;
fCenter for Neuroscience and Regenerative Medicine,
Bethesda, MD, USA; gJames A. Haley Veterans Hospital,
Tampa, FL, USA; hUniversity of South Florida, Tampa, FL,
USA; iUniversity of Michigan, Ann Arbor, MI, USA

ABSTRACT
Background: Little is known about the effect of TBI severity
on the family member providing care to a service member or
veteran (SMV) following a TBI.
Objective: The purpose of this study was to examine the
impact of TBI severity on the family caregiver’s health-related
quality of life (HRQOL) for those providing care to a SMV
following a TBI.
Methods: Participants were 31 caregivers (90.3% female; 71%
spouse; age: M = 39.8 years, SD = 10.6) of SMVs who had
sustained an equivocal (n = 9), mild (n = 11), moderate (n =
3), severe (n = 3) or penetrating (n = 5) TBI during a combat
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or non-combat incident. Caregivers were recruited through
community outreach initiatives and multiple DoD Medical
Treatment Facilities nationwide. Caregiver’s participated in
one of six focus groups (approx. 90 mins) designed to elicit
information regarding HRQOL and access to services.
Caregivers were classified into three groups based on the
SMV’s TBI severity: (a) equivocal, (b) mild and (c) mod-
severe/penetrating TBI. Thematic analysis using a constant
comparative approach was conducted with qualitative analysis
software to identify common themes across the three severity
groups.
Results: The most commonly endorsed themes for all care-
givers were poor physical health (80.7%), having no time for
themselves (71.0%) and increased stress/anxiety (64.5%).
When stratified by TBI severity group, a greater proportion
of the mod-severe/penetrating TBI group reported having no
time for themselves (100%) and increased stress/anxiety
(100%), compared to the equivocal TBI (55.6% for both
themes) and mild TBI groups (54.6% and 36.4%, respectively).
Similarly, a greater proportion of the mod-severe/penetrating
TBI group reported being depressed (45.5%), exhausted
(45.5%), having poor sleep (81.8%) and negative impacts on
family life (63.6%), compared to the equivocal TBI (22.2%,
11.1%, 11.1% and 22.2%, respectively) and mild TBI groups
(27.3%, 18.2%, 18.2% and 9.1%, respectively). Approximately
one-quarter (25.8%) of all caregivers reported a lack of access
to services (e.g., health care/support groups). However, a lack
of access to services was predominantly reported by the equi-
vocal TBI group (66.7%) when compared to the mild TBI
(18.2%) and mod-severe/penetrating groups (0%).
Conclusions: These results suggest that reduced HRQOL (e.g.,
depression, stress, exhaustion, poor sleep and negative effects
on family life) is commonly reported among family caregivers
providing care to SMVs following a TBI. Although worse
overall HRQOL was associated with caring for a SMV who
had sustained a TBI in the higher end of the severity spec-
trum, some caregivers of SMVs with less severe injuries are
also at risk of poor HRQOL. While the importance of provid-
ing care for an injured SMV is routinely acknowledged, it is
also critical that similar care is provided to family members
who adopt the caregiver role. These preliminary results
demonstrate a need to increase healthcare provision for family
members who care for injured SMVs.

0379 Inhibition of mammalian target of rapamycin
(mTOR) improves neurobehavioral deficit and
modulates inflammatory response after traumatic
brain injury

Salvatore Cuzzocrea, Irene Paterniti, Michela Campolo,
Marika Cordaro, and Emanuela Esposito

University of Messina, Messina, Italy

ABSTRACT
Background: Traumatic brain injury (TBI) induces primary
and secondary damage on endothelium and brain

parenchyma, leading neurons die rapidly by necrosis. The
mammalian target of rapamycin signalling pathway (mTOR)
mediates many aspects of cell growth and regeneration and is
up-regulated after moderate-to-severe TBI. The significance
of this increased signalling event for recovery of brain func-
tion is presently unclear.
Objectives: Here, we used two different selective inhibitors of
mTOR activity to explore the functional role of autophagy in
a validated model of TBI, the controlled cortical impact
injury (CCI).
Methods: We treated animals with KU0063794, a dual
mTORC1 and mTORC2 inhibitor, and with Rapamycin, a
well-known inhibitor of mTOR, 1 and 4 hours after TBI.
Results: Our results demonstrated that mTOR inhibitors,
especially KU0063794, significantly improve motor and cog-
nitive recovery after controlled cortical impact, as well as
reduce lesion volumes. Moreover, we observed that mTOR
inhibitors treatment ameliorate the neuroinflammation asso-
ciated to TBI and showed that this acute treatment signifi-
cantly diminished the extent of neuronal death, astrogliosis
and apoptotic process after trauma.
Conclusions: Our findings suggest that the neuronal
mTORC1/2 activity after TBI is deleterious to brain function,
and that acute intervention with mTORC1/2 inhibitor after
trauma may represent an effective therapeutic strategy to
improve recovery after brain trauma.

0380 Influence of brain-derived neurotrophic factor
polymorphism on white matter microstructural
recovery in mild traumatic brain injury—a
radiogenomic study

Vairavan Narayanana, Vigneswaran Veeramuthua, Annuar
Azlina Ahmadb, Li Kuo Tanc, Aditya Tri Hernowoa,
Norlisah Ramlic, Dharmendra Ganesana

aDivision of Neurosurgery, Faculty of Medicine, University of
Malaya, Kuala Lumpur, Malaysia; bDepartment of Biomedical
Science, Faculty of Medicine, University of Malaya, Kuala
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Centre, Faculty of Medicine, University of Malaya, Kuala
Lumpur, Malaysia

ABSTRACT
Introduction: Cognitive outcome following mild traumatic
brain injury (mTBI) is very heterogeneous despite the simi-
larity in injury mechanisms. Polymorphism of neural repair
and plasticity genes is postulated as one of the reasons for this
outcome.
Objectives: To analyse the role of brain-derived neurotrophic
factor (BDNF) genetic polymorphism (Val66Met) on cerebral
white matter integrity as seen with diffusion tensor imaging
(DTI) and examine its effect on the cognitive outcomes of
patients with mTBI over a 6-month period.
Methods: Sixty-one patients with mTBI [(mean age = 27.08);
standard deviation (SD, 8.55)] underwent MR imaging at an
average of 10h (SD, 4.26) post trauma along with the
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assessment of neuropsychological performance at an average
of 4.35 hours (SD, 7.08) upon full Glasgow Coma Scale
recovery. Results were then compared to 19 healthy control
subjects (mean age = 29.05; SD, 5.84), both in the acute stage
and 6 months post trauma
Results: The independent t-tests results of the acute perfor-
mance reveal significant changes of domain-specific neuro-
cognitive functions (attention, language, memory,
visuospatial, executive function and overall) in patients with
mTBI against the healthy control subjects. The Met carriers
had significantly poorer performance in comparison to
healthy controls in all domains except the visuospatial func-
tion (t(52)= 0.780, p = 0.49). Individuals with the Val/Val
genotype had significantly lower performance in the attention
domain (t(52)= 4.197, p = 0.000) only. Intragroup analysis
between Met carriers and Val/Val group revealed significant
difference in the language domain (t (52)= 2.173, p = 0.04)
with the Met carriers performing poorly compared to Val/Val
acutely. Temporal analysis of the DTI parameters against
genetic allele status revealed lower FA values at 6 months
post trauma in Met carriers in comparison to the control
group. Similarly, the mTBI patients with the Val/Val genotype
were also noted to be significantly different from the Met
carriers, but to a lesser degree. In the Val/Val group, the
temporal Δ (delta) within the attention, memory and execu-
tive function domain standard scores (SS) were strongly asso-
ciated with the Δ in various DTI parameters of the WM.
Alternatively in the Met carriers group, the Δ of attention
and memory SS strongly associated with mostly the Δ of MD
and RD values.
Conclusion: We show that Met substitution of BDNF gene
(rs6265) results in detrimental influence on the white matter
integrity and neurocognitive performance, specifically in the
domains of memory and executive function both acutely and
over time. This effect is due to a downregulation of BDNF
expression in Met carriers, thus causing a negative effect on
neuronal survival and repair. The combination of DTI metrics
and BDNF (Val66Met) polymorphism provides a clearer
prognostic picture for patients with mTBI.

0381 The relationship between PTSD symptoms and
tau and amyloid levels in US military service
members with and without mild-moderate traumatic
brain injury

Sara Lippaa,b,c, Jessica Gilld,e, Rael Langea,b,c,f, Tracey Brickella,
b,c,g, Louis Frencha,b,c,g,h

aWalter Reed National Military Medical Center, Bethesda,
MD, USA; bNational Intrepid Center of Excellence,
Bethesda, MD, USA; cDefense and Veterans Brain Injury
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Health, Bethesda, MD, USA; eNational Institute of Nursing
Research, Bethesda, MD, USA; fUniversity of British
Columbia, Vancouver, BC, Canada; gUniformed Services
Univeristy of the Health Sciences, Bethesda, MD, USA;
hCenter for Neuroscience and Regenerative Medicine,
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ABSTRACT
Background: The purpose of this study was to examine the
relationship between levels of tau and amyloid-beta 42 with
self-reported symptoms of Post-traumatic Stress Disorder
(PTSD) in participants with and without mild-moderate trau-
matic brain injury (TBI).
Methods: Participants included 55 US military service mem-
bers with and without mild-moderate TBI prospectively
enrolled in a longitudinal study at Walter Reed National
Military Medical Center. Participants with PTSD at baseline
(n = 12) were matched on TBI severity and time since injury
with participants without PTSD (n = 36). All participants
completed a baseline assessment with the PTSD Checklist
(PCL) and blood draw an average of 5.4 months post injury
(SD = 3.8; median = 4.0). An ultra-sensitive immune assay
was used to measure levels of tau and amyloid-beta 42.
Thirty-six participants were similarly evaluated at 1-year fol-
low-up (12 PTSD-Present, 24 PTSD-Absent). Participants
were excluded if their responses on the MMPI-2-RF were
considered invalid. Thirty-two participants had complete
and valid data at both baseline and follow-up.
Results: ANOVA revealed that PTSD was not significantly
related to tau or amyloid-beta 42 at baseline (ps>.05), but
there was a medium effect size of PTSD status on tau
(d=.42), with higher levels in the PTSD-Present group.
Linear regression showed that tau and amyloid-beta 42 were
not significant predictors of PCL total score, nor to scores on
the re-experiencing, avoidance, and hyperarousal subscales at
baseline (ps >.05). At follow-up, PTSD status was not signifi-
cantly related to amyloid-beta 42 (p >.05), but was related to
higher total tau (p =.047). There was a large effect size of
PTSD status on tau (d=.75), with levels higher in the PTSD-
Present group at follow-up. There was also a medium effect
size of PTSD status on amyloid (d=.55); however, amyloid-
beta 42 level was higher in the PTSD-Absent group. Tau was
significantly related to PCL total score (F (1.34)=7.73, p =.009)
and all three PCL subscales (all ps <.022). Amyloid-beta 42
was not significantly related to PCL total score or subscales.
However, a preliminary longitudinal examination of tau and
amyloid-beta 42 levels from baseline to follow-up showed that
change in PTSD symptoms over time was not consistently
associated with changes in tau or amyloid levels.
Conclusion: These results suggest that 1 year post injury,
patients with PTSD may have higher peripheral levels of tau.
To a lesser extent, there was some evidence suggesting that
some patients with PTSD may have lower levels of amyloid 1
year post injury and higher levels of tau 4–5 months post
injury.

0382 Contribution of wave propagation and head
acceleration to the development of brain’s tissue
responses under blast

Hesam Sarvghad Moghaddama, Ashkan Eslaminejadb,
Mariusz Ziejewskib, and Ghodrat Karamib

aHarvey Mudd College, Claremont, CA, USA; bNorth Dakota
State University, Fargo, ND, USA
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ABSTRACT
Blast-induced traumatic injury (bTBI), defined as the dys-
functionality of brain as a result of exposure to blast shock-
waves, have risen many concerns during the past decade due
to the increase of explosive devices, particularly among mili-
tary members. Development of preventive strategies for bTBI
requires in-depth understanding of the injury mechanisms.
Several mechanisms such as rapid acceleration of head, pro-
pagation of shockwaves inside the cranium, and skull defor-
mation have been suggested as possible deteriorating causes of
bTBI. While it is certain that the ultimate injury occurs as a
combination of all the mentioned mechanisms, understanding
the individual contribution of each could be beneficial for
developing effective protection tools such as helmets. To this
end, a finite element (FE) study was performed using the
North Dakota State University FE head model
(NDSUFEHM). Three different models were developed to
examine the individual contribution of wave propagation
and head acceleration to the tissue responses of the brain. In
the first model, both mechanisms were included (Inclusive
model). For the second case, combined effects of wave pro-
pagation and linear head accelerations were considered
(Linear-acceleration model), and finally for the third model,
skull was considered rigid to consider only the acceleration
effects (Rigid-skull model). LS-DYNA transient and non-lin-
ear FE solver was used to perform all the simulations. All the
head components were considered to be linear elastic, except
for the brain tissue which was modelled as a hyper-viscoelastic
material to account for the viscoelastic and non-linear beha-
viour of biological tissues under large deformations. The blast
was modelled using a coupled multi-material Arbitrary
Lagranigan Eulerian (ALE) method along with the penalty-
based algorithm. A blast overpressure of 520 kPa was gener-
ated in front of the head by exploding 70 grams of TNT at a
distance of 60 cm from the head. Our primary results sug-
gested that the Inclusive model predicted higher tissue
responses in terms of both intracranial pressure (ICP) and
shear stress. While the Rigid-skull model predicted an ICP
level (152 kPa) less than half of that predicted by the Inclusive
model (334 kPa), Linear-acceleration model’s ICP (264 kPa)
was about 80% of the Inclusive model’s. Both Linear-accel-
eration and Rigid-skull models predicted similar shear stresses
(2.97and 3.15 kPa, respectively) and the Inclusive model’s
shear stress was 4.5 kPa. Based on the case study analysed
here, we concluded that both wave propagation and head
accelerations had significant effects on the tissue responses
of the head with wave propagation having a little more con-
tribution. However, it was shown that the pressure response
was more influenced by the exclusion of the wave propaga-
tion. Further analyses such as those conducted at different
blast intensities and directions, as well as longer blast dura-
tions can help better understand the contribution of different
mechanisms.

0383 Spasticity investigation by electromyography
in patients with disorders of consciousness

Géraldine Martensa, Aurore Thibauta,b, and Steven Laureysa

aComa Science Group, GIGA Research, University and
University Hospital of Liège, Liège, Belgium; bSpaulding
Rehabilitation Hospital/Harvard Medical School, Spaulding
Neuromodulation Center, Boston, MA, USA

ABSTRACT
Context: Spasticity assessment and care for patients with dis-
orders of consciousness is still poorly studied while this motor
trouble may lead to severe pain, loss in range of motion and
ability to express sign of consciousness which could lead to
misdiagnosis.
Aim: Our aim is to compare the severity of using the Modified
Ashworth Scale (MAS) with neurophysiological measures
using the Hmax/Mmax ratio and to MRI data.
Methods: A cross-sectional study was performed on severely
brain-injured adult patients with unresponsive wakefulness
syndrome (UWS), minimally conscious state (MCS) or emer-
gent from the MCS (EMCS). Upper and lower limb spasticity
for each joint was assessed using the MAS and the Hmax/
Mmax ratio with 14 patients (mean age = 43±8 years; 8 men;
7 traumatic etiologies). The results were then compared to
clinical and neuroimaging data.
Results: Electromyographic measures showed that patients with
disorders of consciousness had hypertonicity (70%) rather than
spasticity (28.5%), such as described in the upper motor neuron
syndrome. We did not identify any significant correlation
between the MAS score and the increase in Hmax/Max ratio.
11 patients had lesions involving the pyramidal tract but it
doesn’t always correlate with the MAS either.
Conclusion: This study demonstrates that patients with dis-
orders of consciousness are more hypertonic than spastic. In
addition, MAS and Hmax/Mman do not seem to be the more
suitable tools for assessing spasticity in these patients.

0384 Cortical morphometry of the language areas in
patients with mild traumatic brain injury—an acute
radiological assessment
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ABSTRACT
Background: Mild traumatic brain injury has been shown to
adversely affect language performance in patients, both
acutely and over time. However, not much has been explored
about the physical structural changes in the language-related
cortical areas of the cerebral hemispheres.
Methods: Twenty-one patients with mTBI were recruited on
admission. MRI brain with 3 T using T1, T2, and diffusion
tensor imaging (DTI) were acquired within 6 hours of pre-
sentation, and a second similar sequence was acquired 6
months post trauma. Cortical reconstruction was done to
allow for extraction of the thickness, area, and volume of the
language-related cortices (opercular and triangular parts of
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the inferior frontal gyrus (IFG), and the planum temporale of
the superior temporal gyrus (STG)).
Results: The mean age of mTBI patients was 27.08 ± 8.55
years. Pairwise statistical test (Wilcoxon’s signed rank)
showed an increase in cortical thickness (0.034 mm) and
volume (107 mmc) over time in the opercular part of the
IFG (p < 0.05). No statistically significant differences were
identified on the triangular part of the IFG and on the STG.
Conclusion: The cortex of the opercular segment of the IFG or
commonly known as the Broca’s area, experienced volumetric
expansion over time after mTBI in our cohort of patients.
This was contrary to our expectation in the literature that
generally reveals a contraction of volume across the cerebral
hemispheres. One postulation for this increase in thickness
and volume might be due to reactive astrogliosis, which
occurs as a repair mechanism in patients with mTBI-related
microstructural damage. Further study, including DTI and a
correlation with language function may help to improve the
prognostic accuracy in this group of patients.

0385 Sphingosine 1-phosphate receptor subtype 1
(S1PR1) as a new therapeutic target for brain trauma

Daniela Salveminia, Salvatore Cuzzocreab, Michela Campolob,
Irene Paternitib, and Emanuela Espositob

aSaint Louis University School of Medicine, Saint Louis, MO,
USA, bDepartment of Chemical Biological Pharmaceutical
and Environmental Science, University of Messina, Messina,
Italy

ABSTRACT
Traumatic brain injury (TBI) provokes secondary pathological
mechanisms, including dynamic interchange between ischae-
mic, cytotoxic and inflammatory processes. The advance in
sphingosine 1-phosphate (S1P) receptor modulators such as
the S1PR1 functional antagonist FTY720 (Gilenya®) which
was FDA approved for the treatment of multiple sclerosis in
2010, has opened the door for a novel and effective mechan-
ism of reducing central nervous system (CNS) inflammatory
lesion activity. Moreover, it has been shown that S1PR1 is
expressed in the CNS playing an important role in neural
development, regulation of neural stem cells, protection
against apoptosis and modulation of proinflammatory pro-
cesses (shift in the balance between proinflammatory cyto-
kines such as IL1β towards the potent anti-inflammatory and
neuroprotective cytokine, IL10). Thus, the aim of this study
was to characterize the immunomodulatory effect of the func-
tional S1PR1 antagonist siponimod in Phase III clinical trials
for autoimmune disorders and of the competitive S1PR1
antagonist TASP0277308 in pre-clinical development in an
in vivo model of TBI in mice. We used the well-characterized
model of TBI caused by controlled cortical impact (CCI).
Mice were injected intraperitoneally with siponimod or
TASP0277308 (1 mg/Kg) at 1 and 4 hours after trauma. Our
results demonstrated that these agents exerted significant
beneficial effects on TBI pre-clinical scores in terms of anti-
inflammatory and immunomodulatory effects in particular
attenuation of astrocyte activation and rescue of the reduction
of adhesion molecules (i.e. occludin and ZO-1). Moreover

these were able to decrease T-cell activation visible by reduc-
tion of CD4 and CD8, reduction in lesion area (measured by
TTC staining) and preservation of tissue architecture.
Altogether, our results showed that blocking the S1PR1 axis
is an effective therapeutic strategy to mitigate neuropatholo-
gical effects engaged in the CNS by TBI.

0389 Not all that bleeds is abuse

Paige Culotta, Angela Bachim, and Marcella Donaruma-Kwoh

Baylor College of Medicine, Houston, TX, USA

ABSTRACT
This workshop will illustrate traumatic, medical and congenital
diagnoses that may be mistaken for abusive head trauma in the
clinical setting. Through the review of unique case examples and
with elicited audience participation, various organic and
mechanical processes that create signs and symptoms similar
to those seen in inflicted neurotrauma will be explored.
Emphasis will be placed on the key points of history, physical
and diagnostic testing that can help clinicians differentiate
between AHT and its mimics.
Objectives:
1. Consider the pathophysiology of the common clinical find-
ings in children suffering from abusive head trauma

2. Examine alternative mechanical and medical causes of the
central nervous system findings typically seen in abusive
head trauma victims

3. Develop a broad differential diagnosis for findings com-
monly seen in victims of abusive head trauma

0392 Local diffusion imaging connectometry in us
service members with mild TBI and PTSD

David Tatea,b, Erin Biglerc, Jeffrey Lewisd, Jonathan Kinie,
John Rittere, and Gerald Yorkf

aUniversity of Missouri-St. Louis, Berkeley, MO, USA; bBaylor
College of Medicine, Houston, TX, USA; cBrigham Young
University, Provo, UT, USA; dUniformed Services University
of the Health Sciences School of Medicine, Bethesda, MD,
USA; eAustin Radiological Associates, Austin, TX, USA;
fAlaska Radiology Associates, Anchorage, AK, USA

ABSTRACT
Connectomics refers to methods where imaging data are used
to map structural or functional connections between distinct
regions of the brain. Individual connectometry, a new way of
examining structural connectivity, examines the degree of
connectivity between adjacent voxels using the density of
diffusion spins. This tracks the local connectivity patterns
along the length of fibre tracts and avoids the potential signal
reliability issues of dMRI near grey matter targets often used
in other end-to-end connectivity methods. Currently, there
are no studies using this method in patient cohorts with mild
TBI or post-traumatic stress disorder (PTSD). Thus, the pur-
pose of this study is to use this potentially more reliable
method to examine a cohort of US Service Members with
mild TBI and PTSD.
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A sample of 33 mild TBI, 20 PTSD-only (no head injury), and
50 orthopaedic injured (OI)-only (no head injury, no PTSD)
US Service Members were included in this study. Participants
were between the ages of 18 and 60, recently (3–24 months)
returned from combat deployment, and were not on sched-
uled narcotics for pain. Each participant was assessed using
the same SIEMENS Verio scanner with a standardized 64
direction (TE = 85 ms, and TR = 1270 ms, b-value = 1000
seconds/mmb) diffusion scheme. The dMRI data were then
reconstructed in the MNI space using q-space diffeomorphic
reconstruction to obtain the spin distribution function. The
spherical diffusion function (sdf) values were used in the
connectometry analysis to study the effect of diagnosis. A
multiple regression model was used to consider diagnosis
accounting for age, sex and education. The local significant
connectomes were determined using permutation statistics
that allow for estimation and correction Type-1 error inflation
due to multiple comparisons.
Connectometry analyses demonstrated significant results for
several regions of interest (i.e. frontal, cerebellum, more right
hemisphere than left) where PTSD had decreased connectivity
compared to either the OI-only or mTBI groups. The mTBI
group also demonstrated significant decreased connectivity in
the frontal and cerebellar regions when compared to the
PTSD-only or OI-only groups though the number of tracts
generated was significantly reduced compared to the other
findings.
Results from this preliminary study show that both mTBI and
PTSD have measurable dMRI signal abnormalities along the
length of various white matter tracts that are detectable using
this localized connectometry method. Importantly, PTSD
appears to have a more consistent coherent signal (more
right hemisphere than left) and is an important co-morbidity
requiring consideration when examining Service members
with mTBI. This finding appears to confirm other studies by
our lab that use different methods of dMRI analyses. Future
studies are required that give special consideration to addi-
tional common co-morbidities (pain) and clinical variables
(sleep, loss of consciousness, time since injury).

0394 Evaluation of patient engagement and
acceptability, goals and outcomes in a newly
developed low-intensity community-based group
neuropsychological rehabilitation programme

Emma Hepburn and Maggie Whyte

NHS Grampian, Aberdeen, UK

ABSTRACT
Introduction: This paper presents a pilot study of a newly
developed group-based low-intensity community neuropsy-
chological rehabilitation programme. It outlines the develop-
ment of this programme and presents a preliminary analysis
of data collected from two completed programmes.
Intervention: A 12-week community-based neuropsychologi-
cal rehabilitation programme was developed to meet the
identified needs of ABI post-acute patients in NHS
Grampian, one of Scotland’s 14 health boards. The group
ran for 5 hours/day, meeting weekly over 12 weeks, with a

follow-up session 3 months later. Family members were also
invited to attend one session. The group covered the following
topics: Understanding Brain Injury, cognitive rehabilitation
including Memory, Attention, planning and organization
and managing emotions. Time was also allowed for social
interaction between peers.
Participants: Two groups were completed including 20 parti-
cipants (10 per group), 15 males and 5 females. Reasons for
brain injury included TBI, stroke and other medical
conditions
Outcome Measures: Up to three goals were identified by each
patient and measured, using a specifically designed goal action
plan, at four time points (start, mid, end of group and follow-up).
Standardized outcome measures were completed by partici-
pants at three time points: start, end and follow-up. Proxy
measures were completed at the same time points.
Patient acceptability and engagement was assessed with Likert
scales, patient attendance records and qualitative feedback.
Results: 87% of goals improved with a mean 4.6-point
improvement (on a ten point scale) across patients.
Patient engagement and acceptability for the programme was
very high. The programme had a 0% dropout rate and a 93%
overall session attendance rate. 100% of patients said they
would recommend the group to others, and 95% said the
group increased their confidence, on Likert scale ratings.
Patients reported that they found the programme very helpful
and that they had experienced positive changes in their lives.
Our conference presentation includes a video with qualitative
patient feedback.
Standardized measures showed significant improvement in
psychological aspects of Quality of Life (WHOQOL-BREF)
and significant reduction in anxiety symptoms (DASS21)
after completion of the group. Significant improvements in
depression, impulsivity and core symptoms of Brain Injury
were shown on the EBIQ. Proxy measures showed significant
improvements in participants’ social relationships (SPRS).
Conclusion: The initial analysis of this newly developed group
showed high patient acceptability and engagement, positive
moves towards goals and a number of significant changes on
standardized measures. The next steps are to carry out a
waiting list controlled trial. If this shows similar significant
improvements we plan to run an RCT using the group mate-
rials, which will also look at the economic impact of the
group, and develop the materials for publication to make
these more widely available.

0395 Health-related quality of life following severe
and penetrating traumatic brain injury in US military
service members

Sara Lippaa,b,c, Louis Frencha,b,c,d,e, Rael Langea,b,c,f, Jason
Bailieb, and Tracey Brickella,b,c,d

aWalter Reed National Military Medical Center, Bethesda,
MD, USA; bDefense and Veterans Brain Injury Center,
Silver Spring, MD, USA; cNational Intrepid Center of
Excellence, Bethesda, MD, USA; dUniformed Services
University of Health Sciences, Bethesda, MD, USA; eCenter
for Neuroscience and Regenerative Medicine, Bethesda, MD,
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USA; fUniversity of British Columbia, Vancouver, BC,
Canada; gNaval Medical Center San Diego, San Diego, CA,
USA; hNaval Hospital Camp Pendleton, Oceanside, CA, USA

ABSTRACT
Objective: Traumatic brain injury (TBI) can lead to lifelong
challenges that may affect a person’s health-related quality of
life. Although health-related quality of life following TBI is
extremely important to understand, few studies have examined
this construct. The purpose of this study was to examine self-
reported health-related quality of life in service members in the
chronic stage of recovery following severe and penetrating TBI.
Methods: Participants were 117 US military service members
(Mean Age = 35.3, SD = 8.9; 90.6% male) prospectively enrolled
from the Walter Reed National Military Medical Center who
passed symptom validity testing. Participants completed the TBI
Quality of Life (TBI-QOL) questionnaire at least 12 months post
injury (Mean = 61.9 months, SD = 43.9, range = 12–159).
Participants were classified into three groups: 18 severe TBI, 18
penetrating TBI, 81 trauma controls (TC).
Results: The three groups did not significantly differ in terms of
age, time since injury, gender or ethnicity (all ps >.05).
Compared to the TC group, the severe TBI group had worse
scores on 12 of the 14 TBI-QOL scales (d=.38–1.1). In contrast,
compared to the TC group, the penetrating TBI group hadworse
scores on TBI-QOL scales of Grief/Loss (d=.84), Positive Affect
and Well-Being (d=.42), Cognitive Complaints (d=.50-.74) and
Self-Evaluation (d=.50). Compared to the penetrating TBI
group, the severe TBI group reported more symptoms on scales
of Anger (d=.45), Anxiety (d=.66), Depression (d=.59) and Pain
(d=.57). When considering all 14 scales simultaneously, the
severe TBI group had a higher number of TBI-QOL scales that
reflected ‘poor outcome’ (i.e. scores >1SD from the normative
mean) compared to the TC group and the penetrating TBI group
(e.g. percent with 3 or more scales >1SD: Severe = 66.7%,
Penetrating = 44.4%, TC = 34.6%).
Discussion: In the chronic stage of recovery, service members
and veterans with a history of severe TBI reported worse
outcomes in many areas compared to TCs. Those with a
history of penetrating TBI reported more cognitive com-
plaints and grief/loss, and lower self-esteem and positive affect
than TCs. Compared to penetrating TBI patients, severe TBI
patients reported more anxiety, depression, pain and anger.
These results suggest that there are long-term consequences
following severe and penetrating TBI, with particularly worse
global outcome following severe TBI. It is possible these
findings reflect the neurological underpinnings of these dif-
ferent types of TBI, as severe TBI tends to be the result of
diffuse damage whereas penetrating TBI is often the result of
focal damage. Continued research on severe and penetrating
military TBI is necessary to elucidate factors that contribute to
and moderate outcomes.

0396 Mild neurocognitive disorder and diffusion
tensor imaging in military service members following
mild traumatic brain injury

Sara Lippaa,b,c, Tracey Brickella,b,c,d, Louis Frencha,b,c,d,e, P Yeha,b,c,
T Oakesa,b,c, and Rael Langea,b,c,f

aWalter Reed National Military Medical Center, Bethesda,
MD, USA; bDefense and Veterans Brain Injury Center,
Silver Spring, MD, USA; cNational Intrepid Center of
Excellence, Bethesda, MD, USA; dUniformed Services
University of the Health Sciences, Bethesda, MD, USA;
eCenter for Neuroscience and Regenerative Medicine,
Bethesda, MD, USA; fUniversity of British Columbia,
Vancouver, BC, Canada

ABSTRACT
Background: Brain white matter integrity has been shown to
be negatively affected by traumatic brain injury (TBI), yet less
is known about the relationship between white matter integ-
rity and neurocognitive performance. The purpose of this
study was to examine the relationship between white matter
integrity of the brain, as measured by diffusion tensor imaging
(DTI), and Mild Neurocognitive Disorder (MNCD) following
mild TBI.
Methods: Participants were 84 US military service members
(Age: M = 31.9, SD = 8.9; 89.3% male) who sustained a
complicated (n = 26) or uncomplicated (n = 58) mild TBI,
prospectively enrolled from Walter Reed National Military
Medical Center, Bethesda, MD. Participants completed a 5–6-
hour neuropsychological test battery and Diffusion Tensor
Imaging (DTI) of the whole brain, on average, 28.1 months
post injury (SD = 31.5). From a larger neuropsychological test
battery, 24 measures were selected to create six cognitive
domain summary scores: (1) attention, (2) processing speed,
(3) immediate memory, (4) delayed memory, (5) executive
functioning and (6) visuospatial functioning. Participants
were divided into two groups based on DSM-5 symptom
criteria for MNCD: (a) MNCD-Present (n = 53) and (b)
MNCD-Absent (n = 31). Participants were classified in the
MNCD-Present group if at least two out of four performances
in a single neurocognitive domain were ≥1 SD below the mean
from a control sample (n = 10). For DTI, fractional anisotropy,
mean diffusivity, radial diffusivity and axial diffusivity were
calculated across 18 regions of interest (ROIs). The 18 ROIs
included the (a) Corpus Callosum—forceps major, (b) Corpus
Callosum—forceps minor, and (c) two unilateral symmetrical
ROIs (left/right) each for the Anterior thalamic radiation,
Cingulum–angular (infracallosal) bundle, Cingulum–cingulate
gyrus (supracallosal) bundle, Corticospinal tract, Inferior long-
itudinal fasciculus, Superior longitudinal fasciculus—parietal
bundle, Superior longitudinal fasciculus—temporal bundle,
and Uncinate fasciculus.
Results: When examining the 18 regions of interest (ROIs)
individually, axial diffusivity and fractional anisotropy values
were significantly lower in the left and right corticospinal
tracts of participants in the MNCD-Present group compared
to participants in the MNCD-Absent group (Cohen’s d=.50-
.87). Additionally, measures of axial diffusivity in the right
superior longitudinal fasciculus parietal bundle and fractional
anisotropy in the left anterior thalamic radiation were both
lower in the MNCD-Present group compared to the MNCD-
Absent group (d=.47-.50). Mean diffusivity was significantly
higher in the right uncinate fasciculus in the MNCD-Present
group (d=.44). There were no significant differences in mea-
sures of radial diffusivity in all 18 ROIs.
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Conclusions: These results suggest that overall there is little
relationship between MNCD and white matter integrity.
There were, however, multiple signs of reduced white matter
integrity of corticospinal tract in patients with MNCD
compared to patients without MNCD, suggesting that,
the integrity of the corticospinal tract may be related to
cognitive performance. However, replication of these results
is necessary.

0397 Subdural haematoma associated with an
arachnoid cyst in juvenile rugby players: Two case
reports

Yu Hiramoto, Haruo Nakayama, Nozomi Hirai, Satoshi
Fujita, Junya Iwama, Norihiko Saito, Morito Hayashi,
Kazuya Aoki, and Satoshi Iwabuchi

Toho University Ohashi Medical Center, Ohashi, Meguro-ku,
Japan

ABSTRACT
Aim: Arachnoid cyst (AC) is a cyst covered by the dura mater.
AC is almost asymptomatic, and followed up conservative.
Previous reports showed that AC is ruptured due to head
injury.
We present two cases of Subdural Haematoma Associated
with an Arachnoid Cyst.
Case 1: 16-year-old male, rugby player.
It was pointed by a previous CT scan that he has AC in the
right middle cranial fossa and posterior cranial fossa. He hit
the parietal region in a rugby match, and felt headache. This
symptom continued for 3 days, and he visited the Toho
university Ohashi medical centre. His brain CT showed that
AC was volume loss, and high density. The subdural space of
middle fossa and inter-hemispheric fissure were larger. MRI
showed that AC was communicate with subdural space. We
diagnosed that Subdural Haematoma Associated with an
Arachnoid Cyst .
AC is ruptured by head injury. We followed up conserva-
tively, his symptom was improved and imaging findings was
no change. He was discharged on day4.
Case 2: 15-year-old male, rugby player.
He felt headache 2 weeks ago. This symptom continued, and
he visited a hospital. His brain CT showed that the right
subdural space was larger, and the edge of bone with AC
become thinning. MRI showed that the intensity of subdural
space is haematoma’s signal (T1 high intensity, T2 high
intensity), and SWI showed cyst’s coat. We diagnosed that
AC was present before head injury, and Subdural Haematoma
Associated with an Arachnoid Cyst. We follow him conserva-
tively in hospital visiting .
Conclusion: There is few reports that acute subdural haema-
toma associated with AC. Association is not clear of contact
sports and ruptures of AC. These two cases suggest that it is
necessary to prepare guidelines for contact sports players with
arachnoid cysts.

0398 Validation of the paediatric family needs
questionnaire—a partnership approach across five
countries

Caron Gana, Virginia Wrighta, Ingrid Van Hooftb, Naomi
Brookesc, Audrone Prasauskiened, Carolyn Dunforde, and
Sarah Sheffea

aBloorview Research Institute, Holland Bloorview Kids
Rehabilitation Hospital, Toronto, ON, Canada; bAstrid
Lindgren’s Children’s Hospital, Stockholm, Sweden; cSydney
Children’s Hospital, Sydney, Australia; dChildren’s
Rehabilitation Hospital, Kaunas, Lithuania; eThe Children’s
Trust, Tadworth, UK

ABSTRACT
Background and Objective: The need for family support after
paediatric acquired brain injury (ABI) is well documented.
However, there is currently no standardized way to assess the
extent to which family needs are met after a child sustains an
ABI. Identifying families’ priorities is critical given evidence of
the strong relationship between unmet family needs and
increased family burden. Research further identifies a bidirec-
tional relationship between child and family outcomes after
ABI. We adapted the well-validated adult Family Needs
Questionnaire to create a paediatric version [Family Needs
Questionnaire (FNQ-P)]. Validation of the FNQ-P is under-
way with paediatric rehabilitation partners in Sweden,
Australia, UK and Lithuania. Here, we report initial results
from the Canadian site.
Methods: A convenience sample of 21 caregivers of children
with ABI (ages 2–19 years, mild to severe injury) were
recruited at the Canadian site for test-retest evaluation of
the FNQ-P (1 week retest interval; target ICC > 0.80).
Associations between FNQ-P score and age, injury severity
and time post injury were evaluated to assess ability to predict
family needs post ABI. Construct validity was assessed using
Family Burden of Injury Inventory (FBII; short form) and
Strengths and Difficulties Questionnaire (SDQ) (target r >
0.60 with the full study sample).
Results: Analysis of Canadian data [n = 21, mean age 12.1
years (SD = 5.8) and mean time since injury = 3.5 years (SD =
4.5)] revealed mean total FNQ-P scores of 68.2% (SD = 14.4)
and 65.4% (SD = 14.9) on test and retest, respectively (higher
scores indicate greater needs met), and excellent test-retest
reliability (ICC 0.86, 95%CI 0.68–0.94). There was suggestion
of a weak positive association between injury severity and
FNQ-P score (r = 0.22, p = 0.32), but no evidence of associa-
tion between time since injury or age and FNQ-P score (r < |
0.10|, p = 0.66).
Conclusions: Preliminary single centre FNQ-P results indi-
cated a wide range of needs, with the average ‘needs’ score
lying in the FNQ-P’s mid-range. The FNQ-P demonstrated
excellent test-retest reliability. Lack of relationship between
FNQ-P scores and injury severity suggests assumptions
should not be made about needs met based on severity.
Presence of no more than a weak inverse association between
time since injury and needs met may reflect shifting family
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needs over time as one set of priorities is met and a new set
emerges. More definitive association conclusions will be pos-
sible once data collection at all sites is finalized (final total
sample size goal = 75). This larger ‘n’ will also support
reporting results of the FBII and SDQ construct validity
evaluation. Assuming psychometric adequacy, we anticipate
that the FNQ-P will be valuable in partnerships with families
as a roadmap of family needs over the course of a child’s
development.

0399 Patients’ ways of knowing: Narrative truth in
the accounts of families of vegetative and minimally
conscious patients after serious brain injury

Fiona Webstera, Jennifer Christianb, Laura E. Gonzalez-Larac,
Sarah Munced, Adrian M. Owenc, and Charles Weijere

aInstitute of Health Policy Management and Evaluation,
University of Toronto, Toronto, ON, Canada; bCentre for
Addiction and Mental Health, Toronto, ON, Canada; cThe
Brain and Mind Institute, Western University, Toronto, ON,
Canada; dUniversity Health Network-Toronto Rehabilitation
Institute, Toronto, ON, Canada; eRotman Institute of
Philosophy, Western University, London, Canada

ABSTRACT
Objectives: We conducted qualitative interviews with family
members of patients in a vegetative, minimally conscious or
locked-in state as part of a larger research study. Our objec-
tives were to gain insight into families’ knowledge of the
patient’s medical condition, including their beliefs about the
patient’s preserved cognitive function and prognosis. This
presentation will focus on family members’ ways of knowing
and how these at times conflicted with the logic of the current
medical model as well as impacted interactions with clinical
staff.
Methods: Using a constructive grounded theory design, we
interviewed the surrogate decision-makers of patients in a
vegetative, minimally conscious or locked-in state at two
time points, before and after receiving test results from func-
tional MRI, or electroencephalography (EEG) or both. A
semi-structured interview guide was designed to capture
experiences of the original precipitating event, experiences of
care delivery, understanding of the family member’s con-
sciousness, and reasons for participating in the study.
Results: We interviewed 11 family members, at two time
points, for a total of 22 in-depth interviews. Each interview
lasted 1 hour or longer and was mostly conducted by tele-
phone. Families often described poignantly how they main-
tained a sense of relationship with the patient despite their
medical state. They described the myriad ways in which they
believed their family member communicated with them, fre-
quently attributing some degree of consciousness to them. At
the same time, families perceived that health care workers
often treated patients with brain injuries as non-persons. In
sociology, epistemic privilege refers to a certain type of knowl-
edge that can only be gained through direct experience of a
phenomenon. We apply this concept in order to theorize the
differences in perspective between caregivers and clinicians
that remain respectful of family’s ways of knowing.

Conclusions: Our team has identified points of tension
between clinician and family member’s understanding of the
patient’s condition and specifically the different meanings of
consciousness they assign. Families often believe they have
specialized knowledge of the patient and express this as a
form of communication that may sometimes be more sym-
bolic than literal. While families’ claims are not legitimized in
the hierarchy of medical knowledge, they provide important
insight into the social meaning of consciousness and the role
this plays in families’ decision-making.

0400 A novel eeg-based biomarker for mild
traumatic brain injury (mTBI) in adolescents

Offir Laufera, Jonathan Ellisb,c, Kim Barber Fossb,d, Maayan
Ettingera, Yaki Sterna, Amir Gevaa, Todd Aurthure, Amit
Rechesa, and Gregory Myerb,d,f,g,h

aElmindA Ltd, Herzliya, Israel; bDivision of Sports Medicine,
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Orthopaedic Surgery, University of Cincinnati, Cincinnati,
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ABSTRACT
Objective: There is a growing interest in examining mild trau-
matic brain injury (mTBI) and seeking diagnostic biomarkers
in adolescents. This population is relatively underexplored
compared to adults, is more susceptible to the effects of
mTBI due to the immaturity of the developing brain and is
characterized by large variability of physiological, psychological
and behavioural measures. Electroencephalography (EEG) has
been proposed as a diagnostic tool due to its objectivity and
cost-effectiveness. However, no sensitive and specific applica-
tion of EEG has been determined for this age group. To address
this, we utilized a large age- and gender-specific healthy control
database to generate an age-specific biomarker for adolescents.
This novel biomarker, based on a frontal, late-latency sensory
evoked potential component in healthy adolescents and
described in a recent case study by Kiefer et al., showed
increased negativity in a post-mTBI 15-year-old hockey player
relative to the healthy population. The current study is aimed
to investigate changes in this negative component in a large
group of healthy and concussed adolescent athletes to see if this
effect is reproducible and consistent within this population.
Methods: EEG activity was recorded in 107 healthy participants
and 36 mTBI patients, while they performed an auditory odd-
ball task. The EEG was processed using the Brain Network
Analysis (BNA) algorithm reported in Stern et al. BNA features
of all participants were extracted and included in repeated
measures analyses of variance (ANOVA) with EEG session
gain (2nd vs. 1st, 3rd vs. 2nd), interval between sessions (<2
months, >2 months) and group (healthy, mTBI) as factors.
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Results: During the baseline EEG recording sessions of both
experimental groups (concussed and healthy controls), a large
negative evoked potential component in frontal-central regions
was observed at ~200–500 ms following the standard stimulus.
While the average negative amplitude decreased in the healthy
control group’s 2nd EEG recording session, it remained steady
in the concussed group’s 2nd (post-mTBI) session, and was
significantly different from healthy controls’ (Group by Session
ANOVA, interaction p -value = 0.01). The pre- to post-mTBI
gain in amplitude was correlated with the time interval between
recording sessions (r=-0.47, p -value < 0.05).
Conclusions: These current results indicate that the negative
component’s amplitude gains are associated with mTBI expo-
sure in adolescent athletes. Specifically, this component, pos-
sibly indicative of a neural plasticity process prevalent in the
adolescent brain, is sensitive to potential disruption of such
processes by mTBI, thus making it a potential biomarker for
mTBI diagnosis and monitoring in adolescents.
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ABSTRACT
Introduction: The Parkwood Program for Rehabilitation
Innovations in Movement Enhancement (PRIME) system is a
clinical decision support system for the integration, and optimal
use of available therapeuticmodalities customized to individuals.
The creation of this programme was in response to the problem
that modalities for locomotor training are often studied in iso-
lation, whereas practice typically involves a unique combination
of practices guided by patient goals, therapist experience and
preferences, and resource availability/feasibility. Acquired brain
injury (ABI) adds further complication to the feasibility of such
therapies at the patient level. This challenge could relate to a
patient’s cognition level or behavioural concerns. We have
explored the feasibility of such a programme focused on loco-
motor training within an inpatient ABI programme, evaluating
the appropriateness of 20 consecutive patients.
Methods: 20 consecutive patients were assessed for their appro-
priateness of the PRIME training programme, determined by
present functional status, cognition level, behavioural concerns
and co-morbidities that could act as contraindications for thera-
pies such as robotic or therapist-assisted overground or treadmill
training. This included the use of the Canadian Standing and

Walking Assessment Tool as a staging tool to categorize patients
by function—an approach previously employed in persons with
spinal cord injury. Also collected was their length of stay, admis-
sion and discharge FIM scores, and the presence of pain, as well
as pain intensity and impact on activities.
Results: Of all 20 patients, 10 were deemed appropriate for the
PRIME programme (included group) and 10 were deemed not
appropriate (excluded group). From those who were not appro-
priate, 5 were excluded due to co-morbidities, 4 were excluded
due to various cognitive difficulties, and 1 patient was excluded
due to behavioural concerns. Length of stay between the two
groups was not significantly different (p = 0.12). The FIM
admission and discharge scores for the included group were
significantly higher than that of the excluded group (p = 0.04
and p = 0.03, respectively). The change in score for FIM
admission and discharge was slightly higher for the included
group, although not significant (p = 0.2). At admission, pain
was present in more patients from the excluded group (8 of 10)
than the included group (6 of 10), although the intensity and
impact of pain did not differ. Moreover, pain was no longer an
issue by discharge for three of the six patients originally report-
ing pain in the included group.
Conclusion: Overall, the PRIME programme is feasible in the
inpatient ABI context, but the appropriateness for patient
inclusion needs to be evaluated on a case-by-case basis. Next
steps include examining this in a larger group of patients and
also evaluating the effectiveness of various approaches to
locomotor training in a case series of patients.

0402 Psychological mechanisms underlying post-
concussion syndrome following mild traumatic brain
injury

YermiHarela,b, Gal Fradkinc, Einat Yehenec, and Yaron Sachera,b

aLewenstein Rehabilitation Hospital, Bet-halevi, Israel;
bSackler Faculty of Medicine, Tel-Aviv Yniversity, Tet-Aviv,
Israel; cSchool of Behavioral Sciences, The Academic College
of Tel Aviv – Jaffa, Israel

ABSTRACT
Background: Mild traumatic brain injury (mTBI) is the most
frequent type of traumatic head injury. Most people who
sustain mTBI return to their previous level of functioning
within 3 months. However, a significant percentage of
patients continue to report cognitive and emotional symp-
toms long after the injury (also known as Post-Concussion
Syndrome—PCS), despite the objective severity level of
the injury. The aim of the present study was to explore the
underlying psychological mechanism of PCS, by testing the
relationship between several personality characteristics and
different clinical symptoms reported by the patient, while
the patient’s subjective perception of his injury served as a
mediating variable.
Method: Participants were 30 patients between the ages 21 and
57, all being at least 3 months past the diagnosis of mild head
injury. Participants underwent a psychiatric clinical interview
in which anxiety, depression, Post-Traumatic Stress Disorder
(PTSD) and quality of life were assessed. Additionally, sub-
jects completed questionnaires assessing `self-efficacy`;

872 ABSTRACTS



`coping style`; personality traits-`big five`; `perfectionism`
and ‘Acceptance of Disability’ to evaluate their perception of
injury.
Results: Analysis of the linear regression showed full media-
tion of the variable ‘acceptance of disability’ in the correla-
tions found between the psychological aspects: ‘self-efficacy’,
personality trait ‘agreeableness’ and perfectionism character-
istic ‘concern over mistakes’ and each of the predicted clinical
outcome (depression, anxiety, PTSD and quality of life),
separately.
Conclusions: These findings identify psychological traits
affecting `self-acceptance` post injury and that the patient`s
subjective perception of this injury accounts more for rehabi-
litation outcome than the objective disability per se.

0403 Brain injury and serious mental illness: An
overview of the complexities and treatment
considerations for improving outcomes

Lindsey Jasinski, Jessica Pettigrew, and Tiffany White

Eastern State Hospital/University of Kentucky, Lexington,
KY, USA

ABSTRACT
Individuals with a history of psychiatric illness have been
found to be nearly twice as likely to suffer a brain injury
(Fann et al., 2002; Liao et al., 2012). In addition, nearly half
of individuals who sustain a moderate to severe brain injury
experience psychiatric symptoms following injury (Fann et al.,
2004). Olver et al. (1996) found that there was a higher
incidence of emotional, cognitive and behavioural changes at
5 years post injury, suggesting treatment of psychiatric symp-
toms is a lengthy process. Thus, clinicians are often faced with
the challenge of treating psychiatric and neurobehavioural
symptoms than can significantly impede engagement in
necessary therapies, resulting in poorer overall outcomes.
In addition to the heterogeneity of the physical and cognitive
deficits following an acquired brain injury, the complexities of
psychiatric symptoms add another variable, arguably primary,
to the rehabilitation process. Barriers to treatment can include
poor engagement, decreased motivation, sabotaging beha-
viours, difficult family dynamics, frustration intolerance, cog-
nitive side effects of medication, and lack of trust in providers.
Psychiatric symptoms contributing to barriers in treatment
can include depression, apathy, paranoia, psychosis, anxiety,
identity diffusion, personality pathology, and suicidality.
These barriers can result in rehabilitation facilities feeling ill
equipped to treat this population, inappropriate institutiona-
lization, caregiver burnout and poor community reintegra-
tion. Moreover, psychiatric co-morbidities have been found
to increase the overall expenditures in this population (Wei
et al., 2005).
Unfortunately, there is a dearth of literature for clinicians to
rely upon in conceptualizing and treating these individuals. In
the absence of yet-established empirically supported methods
for intervention, this presentation aims to increase knowledge
and provide clinicians with general guidelines for providing
best practice care for individuals with co-morbid brain injury

and mental illness, particularly in inpatient or residential
settings.
Best practice guidelines to consider include understanding the
function of behaviour as primary to development of appro-
priate and effective behavioural interventions. Further, we will
discuss the ways in which mental health professionals have a
unique role on the treatment team, with further delineation of
the ways in which all team members can enhance therapeutic
benefit with every patient interaction. Moreover, the impor-
tance of both person-centred care and maintaining a thera-
peutic milieu are discussed using a trauma-informed
perspective. We will also review the distinctions between
lack of psychiatric symptoms and overall mental and psycho-
social well-being, particularly as it relates to intervention and
outcomes.
Specific case studies, behavioural interventions, behaviour
tracking methods, and non-violent crisis intervention strate-
gies will be reviewed. Example case studies include treatment
of severe apathy with structured behaviour planning and
relevant reinforcers, as well as utilizing patients’ psychological
needs and developing intrinsic motivation as a mechanism of
change. Will also include case studies addressing treatment of
impulsivity, mania and psychosis.

0404 The accumulation of subconcussive impacts
across a single season of Division I football

Alexa Waltera, Katie Finellia, Madeleine Scaramuzzoa, Tim
Breama, Pete Seidenberga, Xiaoxiao Baia, Thomas Talavageb,
Hans Breiterc, David Zhud, and Semyon Slobounova

aThe Pennsylvania State University, University Park, PA,
USA; bPurdue University, West Lafayette, IN, USA;
cNorthwestern University, Chicago, IL, USA; dMichigan
State University, East Lansing, MI, USA

ABSTRACT
The cumulative effect of multiple high-intensity hits on brain
structure and function is still largely unknown. Collision sports,
particularly football, have been previously shown to accumulate
thousands of impacts across a single season. However, unlike
concussion, these cumulative impacts, or subconcussive
impacts, do not get diagnosed and the long-term cognitive,
motor and psychiatric deficits are poorly understood.
Therefore, we investigated the effects of the accumulation of
subconcussive impacts across a single season of Division I foot-
ball using advanced biomechanical technology on various cog-
nitive processes (via virtual reality), blood biomarkers, and
structural and functional integrity (via magnetic resonance ima-
ging (MRI)). Data from 24 Penn State football players were
collected before preseason, during the season and after the
season on various modalities. Before the season, data were
collected on virtual reality (VR; balance, reaction time, spatial
navigation), blood biomarkers (GFAP, UCH-L1, S100-B) and
MRI (functional MRI (fMRI), arterial spin labelling (ASL), dif-
fusion tensor imaging (DTI) and susceptibility weighted ima-
ging (SWI)). During the course of the season, subjects wore
helmet accelerometers (BodiTrak System) for 53 total practices.
Accelerometer data were collected during each practice; if the
subject met specific thresholds of 1 hit ≥ 80G or ≥ 28 hits of ≥
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25G, additional VR testing was done. After the season, the VR,
MRI and blood biomarker protocols were repeated. Results
revealed that there were a total of 129 hits at 80G and 3557
hits at 25G. However, during preseason (12 practices), 78.3% of
the 80G hits were obtained, and during the season (43 practices)
67.4% of the 25G hits were obtained. Additionally, when broken
down by position, the offensive and defensive lines had the
majority of both 80G and 25G impacts. Virtual reality results
revealed that before season versus post-season score significantly
decreased post season for spatial navigation (p < 0.05) while
balance significantly increased post season (p < 0.05). MRI
analysis revealed there were no significant differences before
and post season on DTI metrics or cortical volumes. SWI
analysis revealed that 8 of 18 subjects exhibited significant
abnormalities in focal regions (p < 0.05). ASL data showed a
significant overall increase of cerebral blood flow (CBF) at
cortical regions over the season (p < 0.05). Additionally, func-
tional connections to the right ICC (isthmus of cingulate cor-
tex), left ICC and left hippocampus seed regions were
significantly changed over the season (p < 0.05). Blood biomar-
ker data are currently in the process of being analysed. These
cumulative results show that there are spatial memory and
multi-modal imaging abnormalities after one season of football.
So, even in the absence of clinical symptoms and a concussion
diagnosis, these subconcussive impacts can cause physiological
and cognitive changes in collegiate football players.

0405 Efficacy of an intervention to promote
resilience and adjustment after traumatic brain
injury

Jennifer Marwitz, Jeffrey Kreutzer, Herman Lukow, Nancy
Hsu, Ana Mills, Adam Sima, and Abigail Welch

Virginia Commonwealth University, Richmond, VA, USA

ABSTRACT
Objective: Brain injury researchers have recently turned their
attention to resilience, an individual characteristic that
allows persons who experience trauma to successfully adjust,
adapt and, in many cases, thrive despite adversity. Resilience
is not viewed as a trait, but rather as a set of skills which can
be developed and enhanced. A number of studies involving
children, adolescents and adults with anxiety disorders,
depression, PTSD and learning disabilities have demon-
strated the efficacy of resilience-based interventions.
Clinical researchers have suggested that adults experiencing
the lingering consequences of brain injury may also benefit
from resilience-based intervention approaches. The primary
purpose of the present investigation was to evaluate the
efficacy of a structured, curriculum-based intervention to
promote post-injury resilience and adjustment following
traumatic brain injury (TBI).
Methods: The Resilience and Adjustment Intervention was
designed to address post-TBI needs, concerns and chal-
lenges, emphasizing education, skill-building and psycholo-
gical support. 160 outpatients with mild to severe TBI were
assigned to either a treatment or wait list control group. The
manualized treatment focused on highly relevant topics (e.g.

common injury effects, coping with loss and change, one’s
role in recovery, problem solving, communication, and stress
management) and was delivered in seven 1-hour sessions
with outcome measurement pre and post treatment.
Outcome measures included the Connor-Davidson
Resilience Scale (CD-RISC), Mayo-Portland Adaptability
Inventory-4 (MPAI-4) and the Brief Symptom Inventory-18
(BSI-18).
Results: Treatment group participants showed a significant
improvement in CD-RISC scores, whereas controls did not.
The group’s pre-treatment score climbed from a mean of
21.14 (SD = 8.1) to 28.44 (SD = 6.9) following intervention,
while the control group mean was 23.35 (SD = 9.0) at first
baseline and 23.74 (SD = 8.1) at second baseline. In addi-
tion, the treatment group showed improvements on the
MPAI-4 Ability scale as well as BSI-18 Somatic,
Depression and Anxiety scales, while the control group
did not. The treatment group’s pre-treatment MPAI
Ability score dropped (improved) from a mean of 55.01
(SD = 9.7) to 50.99 (SD = 8.3) following intervention, while
the control group score went from 53.55 (SD = 10.8) at first
baseline to 54.23 (SD = 9.5) at second baseline. BSI-18
results were similar with greatest changes observed for the
Depression subscale; a treatment group pre-treatment mean
of 63.48 (SD = 12.4) and post-treatment mean of 56.83 (SD
= 10.7), and control group means of 62.06 (SD = 11.9) and
61.11 (SD = 11.3), respectively. No differences were
observed for the MPAI-4 Adjustment and Participation
scales.
Conclusions: Investigation provided evidence that a curricu-
lum-based education, skill-building and support intervention
can benefit individuals with TBI. Additional research is
needed to ascertain the longer term benefits of intervention
and the efficacy of alternative delivery methods (e.g. via tele-
phone and the Internet).

0406 Comparison of symptomology, symptom
resolution time and return to play time between
concussions sustained in the same academic year

Sara Daltona, Erin Wassermana, Melissa M. Bakera, Thomas
Dompiera, and Zachary Kerrb

aDatalys Center for Sports Injury Research and Prevention,
Indianapolis, IN, USA; bUniversity of North Carolina, Chapel
Hill, NC, USA

ABSTRACT
Objectives: Heightened awareness regarding sport-related con-
cussions has garnered increasing concerns around multiple
concussions sustained by one athlete. Previous research shows
that, among those with a history of previous concussions,
outcomes for a recurrent concussion are worse.
Furthermore, the latter of two concussions that occur within
2 weeks of each other results in worse outcomes. Although
there is an abundance of research on multiple concussions,
there has been little investigation into concussions that occur
in the same academic year. The purpose of this study is to
examine symptomology, symptom resolution time and return
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to play (RTP) time between concussions sustained in the same
academic year.
Methods: Concussion data from the National Collegiate
Athletic Association (NCAA) Injury Surveillance Program
(ISP) during the 2009/10–2013/14 academic years and the
National Athletic Treatment Injury and Outcomes Network
(NATION) during the 2011/12–2013/14 academic years were
examined. Concussions were reported by athletic trainers
(ATs) and were included if the student-athlete sustained mul-
tiple concussions in the same academic year. In lieu of local
legislation or guidance, ATs were encouraged to use the
definition provided by the Consensus Statement on
Concussion in Sport to diagnose concussions. Proportions
and means of symptoms, symptom resolution time and RTP
time were calculated, and chi-square tests and Wilcoxon rank
sum tests were used to compare these between the first and
second concussions.
Results: Overall, 128 student-athletes (70 intercollegiate and
58 secondary school) sustained 256 concussions across 14
different sports. Of these, 131 (51.1%) occurred in football.
The mean number of symptoms experienced was similar
between the first and second concussions (5.15 vs. 4.89,
respectively; p = 0.42). No differences were observed in the
types of symptoms experienced between first and second
injuries. The RTP time associated with the second concussion
was greater: 30.8% of second and 11.5% of first concussions
resulted in participation restriction of 30 or more days (p =
0.01). Symptom resolution time did not differ from the first to
the second concussion (8.6% of first and 11.9% of second
concussions took > 28 days to resolve; p = 0.40).
Additionally, ATs reported a symptom resolution time within
1 day in 21.4% of first concussions and 14.7% of second
concussions (p = 0.19).
Conclusions: Although the RTP time was greater in second
concussions compared to first, symptom resolution time did
not differ. This suggests that there may be a difference in AT
management of second concussions, with a more conserva-
tive, extended RTP progression. This is consistent with the
management of recurrent injuries of different types and body
parts. This is also consistent with previous research examining
concussions in the same athletic season among secondary
school athletes. Further research is needed to examine second
concussions in student-athletes in which the first concussion
took less than 1 day to resolve.

0408 Neuroinflammation following traumatic brain
injury: A positron emission tomography study

Mehrbod Mohammadiana,b, Jouni Tuiskua,c, Jussi Hirvonena,
b,c, Riitta Parkkolaa,b,c, Pekka Jokinenb,c, Eero Rissanena,b,c,
and Olli Tenovuoa,b

aUniversity of Turku, Turku, Finland; bTurku University
Hospital, Turku, Finland; cTurku PET Centre, Turku, Finland

ABSTRACT
Objective: To study microglial activation as a biomarker for
neuroinflammation in patients with traumatic brain injury
(TBI) compared to healthy controls, using positron emission
tomography (PET).

Methods: In this study, 20 patients with TBI (age 44 ± 15) and
8 healthy controls (age 50 ± 8) underwent dynamic PET scan
with translocator protein ligand [11C]-PK11195. For TBI
patients the PET imaging was performed using GE Advance
PET scanner (General Electric Medical Systems, Milwaukee,
WI, USA) 507 days post injury on average and High-
Resolution Research Tomograph (HRRT) PET scanner was
used for the healthy controls. Correspondingly the brain MR
imaging was performed using 3T Achieva (Philips Medical
Systems, The Netherlands) for TBI patients and with Philips
Gyroscan Intera 1.5 T Nova Dual scanner (Philips, Best, the
Netherlands) for healthy controls. Regions of interest were
extracted using Freesurfer (v5.3.0). Image analysis was then
done using MATLAB (R2011a) and PMOD (version 3.4, 2013
PMOD Technologies Ltd, Zurich, Switzerland) software.
From the PET images, distribution volume ratio (DVR) and
binding potential (BPnd) of [11C]-PK11195 ligand were cal-
culated for evaluation of microglial activation by using super-
vised clustering method to find a reference region with no
specific binding. DVR was estimated using Logan’s method
within time interval 20–60 minutes and BPnd was estimated
with simplified reference tissue model (SRTM). Statistical
analysis was performed using SPSS (versoin 23, SPSS IBM,
New York, NY) and 95% confidence interval was considered
as statistically significant for the results.
Results: We observed that patients with TBI had statistically
significantly higher TSPO binding than controls in almost all
regions of the brain studied. Patients showed higher binding
potentials in the amygdala (p = 0.002), brain stem (p <
0.0001), caudate (p < 0.001), cerebellum (p < 0.0001), hippo-
campus (p = 0.001), left cerebral white matter (p = 0.008),
lateral temporal cortex (p < 0.001), medial temporal lobe (p <
0.0001), occipital cortex (p = 0.003), pallidum (p = 0.001),
posterior cingulate cortex (p = 0.021), putamen (p = 0.026),
thalamus (p < 0.0001) and diencephalon (p < 0.001).
We also observed that in most patients the thalamus and
brain stem had the highest binding potentials.
Conclusions: Our results indicate that patients with TBI have
higher level of microglial activation compared to healthy
controls in most of the brain regions studied. Thalamus and
brain stem showed the highest binding potential in most
subjects. This suggests that patients with TBI may have
chronic neuroinflammation.

0410 A clue to consciousness? Significance of
circadian rhythms in severe brain injury

Christine Blumea,b,c, Julia Lechingera,b,c, Nayantara Santhid,
Renata del Giudicea,b,c, Maria-Teresa Gnjezdaa,c, Gerald
Pichlere, Monika Scarpatettie, Gabriele Michitschf, Johann
Donisf, and Manuel Schabusa,b,c

aUniversity of Salzburg, Department of Psychology, Salzburg,
Austria; bCentre for Cognitive Neuroscience, Salzburg,
Austria; cLaboratory for Sleep, Cognition & Consciousness
Research, Salzburg, Austria; dSurrey Sleep Research Centre,
Faculty of Health and Medical Sciences, Guildford, UK;
eGeriatric Health Centres of the City of Graz, Graz, Austria;
fPflegewohnhaus Donaustadt Wien, Vienna, Austria
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ABSTRACT
Background: Physiological and psychological functions
extending from cellular processes to higher cognitive func-
tions have been shown to vary rhythmically with a period
length of about 24 hours (i.e. a circadian rhythm). In healthy
individuals, consciousness also varies with a circadian pattern
paralleling the sleep-wake cycle. From a clinical perspective,
misalignment of circadian rhythms, that is when the sleep-
wake schedule is at odds with the light-dark cycle, can cause
considerable stress, impair cognitive abilities such as attention
and learning and have detrimental effects on the immune
system. Moreover, the temporal disorganization of circadian
rhythms, that is the uncoupling of different rhythms, has been
attributed pathological significance in critically ill patients and
may even hinder recovery.
Methods: Here, we investigated the integrity of circadian tem-
perature rhythms in n = 18 patients suffering from disorders
of consciousness (i.e. vegetative state/unresponsive wakeful-
ness syndrome (VS/UWS), minimally conscious state (MCS)
or minimally conscious state plus [(MCS+)] following severe
traumatic or non-traumatic brain injury. Variations in body
temperature were analysed using Lomb-Scargle periodograms.
The association between the circadian rhythms and results
obtained from neuropsychological assessment using the
Coma Recovery Scale-Revised (CRS-R) was evaluated with
correlation analyses. Beyond this, we piloted in a subsample
of n = 8 patients whether bright light stimulation has a
beneficial effect on circadian rhythms.
Results: Interestingly, analyses revealed that all patients still had a
significant circadian temperature rhythm (range 23.5–26.3
hours). Furthermore, we found that especially scores on the
arousal subscale of the CRS-R were closely linked to the integrity
of circadian variations in body temperature. Finally, we found
positive evidence for bright light stimulation being able to sup-
port circadian rhythmicity in two out of eight patients.
Conclusions: In conclusion, this study provides first evidence
for an association between circadian body temperature
rhythms and patients’ arousal levels. Intriguingly, sufficient
arousal levels are a precondition for consciousness suggesting
that the integrity of circadian rhythmicity may be crucial for
the emergence of consciousness in severely brain-injured
patients. Thereby, our findings also make a case for circadian
rhythms as a target for treatment as well as the application of
diagnostic and therapeutic means at times when cognitive
performance is expected to peak.

0411 Violence-related TBI in justice-involved women

Kristi Walla, Kimberly Gorgensa, Terri Davisa, Jennifer
Gaffordb, and Judy Dettmerc

aUniversity of Denver, Denver, CO, USA; bDenver Sheriff
Department, Denver, CO, USA; cDepartment of Human
Services, Colorado Brain Injury Program, Denver, CO, USA

ABSTRACT
Background: Research has shown elevated rates of TBI among
justice-involved individuals, including higher rates of vio-
lence-related TBI (Shiroma, Ferguson, & Pickelsimer, 2010;
Wall, Gorgens, Yeo, & Alexander, 2016). Additionally, several

studies have demonstrated poorer outcomes for those with
violence-related TBIs (Gerhardt, Mellick, & Weintraub, 2003;
Schopp et al., 2006; Bushnik, Hanks, Kreutzner, and
Rosenthal, 2003). To date, few studies have examined vio-
lence-related TBIs among justice-involved women in particu-
lar (O’Rourke, Linden, Lohan, & Bates-Gatson, 2016). A
better understanding of the prevalence of these injuries and
the associated vulnerabilities will help providers tailor and
deliver services to mitigate the personal and societal impact
of these injuries.
Method: This study used archival data from the TBI
Implementation Grant database, DU IRB Protocol #674894-2.
409 individuals, 135 females and 274 males were included.
Prevalence and incidence of violence-related TBI, violence-
related multiple TBIs, and all multiple TBIs were compared for
men and women using Pearson chi-Square tests. Men and
women were compared on total number of TBIs and youngest
age of TBI using a Kruskall-Wallace one-way ANOVA. Women
were grouped by presence or absence of violence-related TBI
and compared on multiple potential vulnerabilities such as phy-
sical health problems, mental illness and length of incarceration.
Women were then re-grouped into violence-related multiple
TBI, violence-related single TBI and non-violence-related TBI
and compared on the same variables.
Results: 1190 total TBIs were reported, 781 by men, 409 by
women. 66.7% of women reported violence-related TBI, com-
pared to 62.8% of men. 38.4% of TBIs reported by women and
36.6% reported by men were violence-related. These differ-
ences were not significant.
Gender was significantly associated with multiple TBIs
(10.330, df = 1, p = .001, odds ratio = 2.2, N = 348), and
multiple violence-related TBIs (7.074, df = 1, p = .008, odds
ratio = 7.7, N = 49). History of violence-related TBI was
significantly associated with physical health problems (7.902,
df = 1, p = .005, odds ratio = 4, N = 106) and length of
incarceration (p = .022, N = 97). There were significant
differences between the multiple violence-related TBIs, a sin-
gle violence-related TBI, and non-violence-related TBI groups
on length of incarceration (p = .001, N = 100).
Discussion: These results demonstrate elevated rates of violence-
related TBI among women compared to the general population,
as well as an increased prevalence of multiple TBIs and violence-
related multiple TBIs among justice-involved women compared
to justice-involved men. These violence-related injuries are asso-
ciated withmore physical health diagnoses and longer incarcera-
tion times. This study supports the importance of screening for
violence-related injuries among women. Clinicians can use this
information to tailor services for women with the goal of
improving personal outcomes and reducing care and cost bur-
dens to justice systems.

0412 The Scandinavian guidelines for initial
management of minimal, mild and moderate
traumatic brain injury in adults: A prospective
validation study

Teemu Luotoa,b, Grant Iversonc, Satu-Liisa Pauniahod, Ville
Mattilaa,e,f,g, Terho Lehtimäkib,h, Olli Tenovuoi,j, and Juha
Öhmana,b
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ABSTRACT
Objectives: The Scandinavian Guidelines for Initial
Management of Minimal, Mild and Moderate Traumatic
Brain Injury in Adults (Scandinavian guidelines) were pub-
lished in 2013. The guidelines are evidence and consensus-
based and for the first time incorporate serum S100B mea-
surement as part of emergency department (ED) triage of
head injury (HI) patients. These guidelines intend to reduce
unnecessary head trauma computed tomography (CT) scan-
ning. This study evaluated the Scandinavian guidelines.
Methods: The Scandinavian guidelines were implemented into
clinical practice in the ED of the Tampere University
Hospital, Tampere, Finland (November 2015-November
2016). The Tampere University Hospital is the sole neurosur-
gical referral hospital in the hospital district. All consecutive
adult HI patients (N = 2612; mean age = 56.4 years, SD = 23.2;
men = 54%) that were treated at the ED were eligible for
inclusion. An injury-ED admission delay of over 24 hours was
considered an exclusion criterion. This validation study
enrolled 297 patients (mean age = 60.8 years, SD = 22.6;
men = 50.5%). Head CTs were performed according to the
on-call physician’s evaluation. The Scandinavian guidelines
recommend S100B only with mild-low risk HI patients within
6 hours of injury. However, for this study venous blood for
S100B sampling was drawn from all HI patients. For the
clinical validation part of the study, only the samples collected
within 6 hours after injury were used. One week following
injury, a phone call and medical record review were con-
ducted to identify possible HI-related complications (e.g. hos-
pital/ED re-admission, repeat head CT, or death).
Results: The enrolled HI patients (n = 297) were distributed to
the Scandinavian guidelines’ severity groups as follows: mini-
mal = 28.7% (n = 86), mild-low risk = 29.7% (n = 88), mild-
medium risk = 13.2% (n = 39), mild-high risk = 26.7% (n =

79) and moderate = 1.7% (n = 5). Compliance to the guide-
lines on head CT scanning was 71.3% (n = 211); overall 66.3%
(n = 197) of the cases were scanned. Acute traumatic lesions
were detected on 9.5% (n = 19) of the scans, and three of these
findings resulted in neurosurgery. One of the CT-positive
patients (n = 19) was scanned without a guideline-based
indication. Nonetheless, this lesion did not demand any spe-
cific treatment or repeated imaging. Of the mild-low risk
patients, the S100B level was under 0.1 microgram/litre (<6
hours post-HI) in 25.3% (n = 19). Although the S100B result
was negative (<0.1 microgram/litre), 10 patients (52.6%)
underwent head CT. None of these scans showed a traumatic
lesion. Four mild-low risk patients (9.3%) with a positive
S100B results (≥0.1 microgram/litre) had a traumatic lesion
on CT. Of the entire sample, 15 patients (5.1%) were re-
admitted to the ED and 2 patients (0.7%) died 1 week after
the primary HI. None of these adverse events were directly
caused by a primarily undiagnosed intracranial injury, which
could have been prevented by initial CT scanning.
Conclusions: The Scandinavian guidelines have potential to
reduce unnecessary head CT scanning. Additional large-scale
validation studies are warranted.

0413 Violence-related traumatic brain injury

Teemu Luotoa,b, Tuomas Mäntykoskib, Juuli Renkob, Grant
Iversonc, and Juha Öhmana,b

aDepartment of Neurosurgery, Tampere University Hospital,
Tampere, Finland; bSchool of Medicine, University of
Tampere, Tampere, Finland; cDepartment of Physical
Medicine and Rehabilitation, Harvard Medical School;
Spaulding Rehabilitation Hospital; MassGeneral Hospital for
Children™ Sport Concussion Program; Home Base, A Red Sox
Foundation and Massachusetts General Hospital Program,
Boston, MA, USA

ABSTRACT
Objectives: A substantial number of traumatic brain injuries
(TBI) are caused by violence-related incidents. The purpose of
this study was to determine the unique characteristics of
violence-related TBIs with an emphasis on possible preventa-
ble risk factors.
Methods: All consecutive patients who underwent head CT
due to an acute head injury (N = 3023) at the Emergency
Department (ED) of Tampere University Hospital (Aug 2010-
Jul 2012) were included. Data collection consisted of socio-
demographics, injury-related data and clinical information
from the ED. In the ED, a non-contrast head CT scan was
performed for all patients with a 64-row scanner. Patients
with a violence-related TBI were identified (n = 222, 7.3%).
A detailed retrospective data collection was performed on
these patients.
Results: Violence-related TBI patients (n = 222) were com-
pared to patients who sustained a TBI by other mechanisms
(n = 2801). Statistically significant differences between the
groups were found on the following factors: (i) age (violence:
mean = 35.4, median = 34.1, SD = 12.9; versus other: mean =
56.5, median = 59.1, SD = 23.9, p < 0.0001), (ii) gender (males:
78.4%; versus 54.7%, p < 0.0001, OR = 3.0), (iii) prior
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circulatory system disease (8.1% versus 41.9%, p < 0.0001, OR
= 0.1), (iv) prior mental or behavioural disorders (43.7%
versus 24.4%, p < 0.0001, OR = 2.4), (v) chronic detrimental
alcohol usage (34.2% versus 17.2%, p < 0.0001, OR = 2.5), (vi)
regular substance abuse (18.5% versus 2.4%, p < 0.0001, OR =
9.2), (vii) regular medication (31.1% versus 54.0%, p < 0.0001,
OR = 0.4), (viii) alcohol-intoxicated while injured (59.5%
versus 21.7%, p < 0.0001, OR = 5.3), (ix) narcotics-intoxicated
while injured (2.7% versus 0.7%, p = 0.001, OR = 4.1) and (x)
acute traumatic lesion on head CT (13.1% versus 19.6%, p =
0.017, OR = 0.6). The groups did not differ on clinical TBI
signs (GCS, loss of consciousness, amnesia or disorientation),
TBI severity (mild, moderate-severe) or on the need for neu-
rosurgery. In adjusted logistic regression, lower age (p < 0.001,
OR = 0.96, 95% C I=0.95–0.97), male gender (p = 0.002, OR =
1.68, 95% C I=1.24–2.50), alcohol intoxication (p < 0.001, OR
= 3.55, 95% C I=2.61–4.83), and mental or behavioural dis-
orders (p < 0.001, OR = 1.79, 95% C I=1.31–2.43) were all
independent risk factors for violence-related TBI. Among the
violence-related TBI patients, hitting with a fist or kicking
were the most common (61.7%) ways of assault and in most
of the incidents (72.9%) the assaulter was unknown. Nearby
municipalities and suburban areas were the most common
(63.6%) places for injury. These injuries happened more often
on the streets (30.6%) than in homes (15.8%) or restaurants/
bars (12.6%). Over half (53%) of all the violence-related TBIs
occurred between 10 pm and 4 am.
Conclusions: Young adult males with premorbid mental health
history (including chronic alcohol abuse) are most prone to
sustain a TBI due to a violence-related incident. These incidents
are often related to alcohol intoxication, and occur at night-time
on streets. However, violence was not associated with more
severe TBIs than other mechanisms of injury. Preventive mea-
sures should be focused on alcohol consumption.

0415 Predictors for return to work and post-
concussion symptoms in subjects with mild traumatic
brain injury

Eirik Vikanea, Torgeir Hellstrømb, Cecilie Roeb,c, Erik Bautz-
Holterb,c, Jörg Aβmusd, and Jan Sture Skouena,e

aDepartment of Physical Medicine and Rehabilitation,
Haukeland University Hospital, Bergen, Norway;
bDepartment of Physical Medicine and Rehabilitation, Oslo
University Hospital, Oslo, Norway; cFaculty of Medicine,
University of Oslo, Oslo, Norway; dCentre for Clinical
Research, Haukeland University Hospital, Bergen, Norway;
eDepartment of Global Public Health and Primary Care,
University of Bergen, Bergen, Norway

ABSTRACT
Objectives: A substantial group of patients are reporting symp-
toms and disability after a mild traumatic brain injury
(MTBI). Several authors underline the need for a greater
focus on the management of persistent post-concussion
symptoms (PCS) to improve return to work (RTW).
However, the majority of patients who RTW still present
symptoms, and recently published re-views found different
predictors for functional recovery in general as compared to

RTW. Identifying predictors for delayed RTW and PCS may
help to identify those who may benefit from a follow-up
rehabilitation programme.
The aim of this study was to identify if there are different
clinical characteristics that predict RTW and PCS at 12
months for patients with persistent PCS 6–8 weeks post
MTBI.
Methods: A prospective cohort study of 151 patients, 15–55
years with MTBI who either were sick-listed or at risk to be
sick-listed with persistent PCS symptoms at 6–8 weeks post
MTBI admitted consecutively to outpatient clinics at two
University Hospitals in Norway, from January 2009 to
January 2012. MTBI was defined as Glasgow Coma scale
13–15, uncon-sciousness less than 30 minutes and post-trau-
matic amnesia less than 24 hours. Exclusion criteria were
other significant diseases or conditions that impact their
working skills.
Preinjury-, injury- and post-injury-related clinical variables
presented at 6–8 weeks post MTBI together with some rele-
vant clinical data from the emergency stay at hospital were
used to find any significant associations with RTW and PCS
12 months post MTBI. Rivermead Post Con-cussion
Symptoms Questionnaire measured PCS. Sick leave data
from 1 year before to 1 year post MTBI were obtained from
The Norwegian Labour and Welfare Service. Self-report ques-
tionnaires were used to obtain demographic and symptom
profiles. We used a logistic regression model to assess the
predictors for RTW where we stepwise reduced the dimen-
sion. To determine predictors for PCS we conducted a linear
regression analysis.
Results: PCS 6–8 weeks post MTBI (OR 1.72 (1.2, 2.3)),
expectation of a favourable outcome (OR −5.80 (-11.0,
−0.7)) and having been sick-listed within the last year before
injury (OR 4.31 (0.1, 8.5)) were predictive of PCS at 12
months. There was a significant negative association between
RTW at 12 months and psychological distress (HAD), (OR
1.14 (1.1, 1.2)), severe and moderate disability at 2 months
post MTBI (GOSE), being sick-listed at 2 months post MTBI
(OR 6.84 (2.3, 19.9)) and having been sick-listed within the
last year before injury (OR 7.29 (2.6, 20.3)). None of the
injury-related variables such as CT findings and different
measures of pain were significantly associated with RTW
or PCS.
Conclusions: We found different predictors for RTW and PCS
after a MTBI, which may have clinical implications when
considering vocational outcome in future rehabilitation
models.

0416 Assessing traumatic brain injury via cortical
metrics

Eric Franciscoa, Mark Tommerdahla,b, and Oleg Favorovb

aCortical Metrics, LLC, Semora, NC, USA; bUniversity of
North Carolina, Chapel Hill, NC, USA

ABSTRACT
Mild traumatic brain injuries are difficult to diagnose or assess
and are particularly difficult to assess in circumstances where
triage decisions are necessary. Themajority ofmethods currently
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proposed to solve this problem are either costly, non-portable,
extremely slow, often invasive and/or in many cases fail to
definitively (and quantitatively) diagnose the condition or have
the resolution to assess treatment efficacy . Direct measures of
brain health are difficult to achieve because of both the cytoarch-
itectural complexity of the brain and the resolution necessary to
detect subtle changes in function. This problem provided the
motivation for the development of a new system for assessing
brain health that employs a portable computer peripheral to
enable high-resolution tests of within-brain connectivity. The
system delivers tactile (skin) stimulation to the fingertips, and
leverages the neuroanatomical complexity that exists between
the adjacent cortical areas that are activated by fingertip stimula-
tion. The observed sensory percepts are highly influenced by
interactions between adjacent brain areas and effectively provide
a potentially very high-resolution metric of functional connec-
tivity. The protocols that were both designed and validated from
in vivo studies of cerebral cortical dynamics in non-human
primates to target a number of information-processing mechan-
isms are called cortical metrics. These have been demonstrated
in multiple independent studies to be sensitive to alterations in
brain health. Viability of the method as an effective tool for
tracking recovery from traumatic insult has been established in
sports concussion studies (99% confidence level (p <.01) for
differentiating individuals with and without concussion).
Studies in military populations have been initiated. There are
several major components of the current effort, three of which
will be described, including the practical implementation of the
method in the field, and delivery of easily interpretable results to
end users. The second major effort involves implementation of
an animal model that evaluates parallel responses evoked in the
cerebral cortex. The third major effort is a physiologically realis-
tic neuro-computational model that bridges results from the first
two efforts. A series of case studies, as well as formal research
findings from the human subjects effort, and interpretations
extrapolated from the computational and animal experimental
work, will be presented.

0418 Detonations of small spherical explosive
charges disrupt synaptic integrity and NMDA
receptor-cofilin signalling in the absence of
neurodegeneration in hippocampal slices

Morgan Paita, Heather Rominea, Thuvan Piehlerb, Richard
Benjaminb, Karen Farizattoa, Michael Almeidaa, Lyndsie
Elliotta, Cary Mundella, Vladimir Ghukasyanc, and Ben Bahra

aBiotechnology Research and Training Center, University of
North Carolina-Pembroke, Pembroke, USA; bU.S. Army
Research Laboratory, Aberdeen Proving Ground, USA;
cDepartment of Cell Biology and Physiology, Neuroscience
Center, University of North Carolina-Chapel Hill, Chapel
Hill, NC, USA

ABSTRACT
Primary explosive blast waves cause common types of mili-
tary-related traumatic injuries. A novel procedure was devel-
oped that generates distinct blast waves from 1,3,5-
Trinitroperhydro-1,3,5-triazine (RDX), explosive (Zander
et al., 2015 J Neurosci Res 93:1353; Smith et al., 2016 Exp

Neurol 286:107). To study direct effects of detonated RDX
spherical charges on brain tissue, rat hippocampal slice cul-
tures were sealed in serum-free medium, lowered into a
water-filled tank and RDX assemblies detonated outside the
tank. Compared to mock-treated slice cultures, the RDX blasts
caused a dose-dependent reduction in pre- and post-synaptic
markers. GluR1 was reduced by 25–40% after two consecutive
blasts 4 minutes apart, and further reduced by 60–70% after
three RDX blasts. The degree of synaptic marker loss corre-
lated with increased levels of HDAC2, a histone deacetylase
implicated in stress-induced reductions in glutamatergic
transmission and recognition memory (Wei et al., 2016 J
Neurosci 36:2119). The blast-induced loss of GluR1,
NCAM180 and synaptophysin was rapid, with 40–50%
declines evident 24 hours after multiple detonations, followed
by further decline at 45 hours post blast, and no indication of
recovery at 72 hours. Interestingly, while protein accumula-
tion events (e.g. tau, TDP-43) are often common features of
TBIs (Blennow et al., 2012:Neuron; Goldstein et al., 2012: Sci
Transl Med; Smith et al., 2013: Nature Rev Neurol; Zhang
et al., 2015:J Cereb Blood Flow Metab), the synaptic decline
temporal profiles induced by the small 1.7-g RDX explosives
aligned much closer to synaptic decline profiles from excito-
toxic hippocampal slices than to the declines in protein accu-
mulation stress studies. However, the RDX blast-induced
disturbances in synaptic integrity were observed in the
absence of calpain-mediated cytoskeletal damage and neuro-
nal death, events tightly associated with synaptic marker loss
after hippocampal excitotoxicity (Bahr et al., 2002, Exp Neurol
174:37). Also, Fluoro-Jade B staining found no indication of
degenerating neurons in slices exposed to three RDX blasts,
suggesting that certain levels of military explosives produce a
unique type of pathology comprised of altered synaptic integ-
rity before cellular deterioration. The results suggest that, in
addition to serious brain damage from large explosions, pri-
mary blast impacts can cause synaptic compromise without
producing overt neurodegeneration, perhaps explaining the
cognitive and behavioural changes in blast-induced TBI suf-
ferers with no detectable neuropathology. The monitoring of
individuals’ cumulative blast exposures is a critical issue in the
light of this study. Also, this work will help understand how
military blasts might increase the risk of Alzheimer’s disease.
Support: This material is based upon work primarily sup-
ported by the US Army Research Laboratory and the US
Army Research Office under grant number W911NF-14-2-
0087 (BAB), and by DOD grant W911NF-15-1-0432 (BAB),
NIH RISE grant 5R25GM077634-04 (UNCP), and postdoc-
toral and technical assistance for the collaborative study and
sample analyses.

0419 The role of physics in irreversible
psychological phenomena: Quantum neurology and
psychology

Jose Leon-Carriona,b and Umberto León-Domimguezc

aHuman Neuropsychology Laboratory, Department of
Experimental Psychology, Seville, Spain; bCenter for Brain
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Injury Rehabilitation (CRECER), Seville, Spain; cUniversity of
Monterey, Monterey, Mexico

ABSTRACT
In the physical universe as we know it, we are only in contact
with what we are allowed to see or observe within a much
broader spectrum. We are not addressing the world as such,
because the physical reality we perceive from the outside
world does connect us with the final reality, but with symbolic
transformations of what we perceive through human con-
sciousness, transcending physical possibilities. Mental work
and activity is what gives us the capacity to transcend.
Indeed, to reach deeper to the finer-scale of quantum physics,
the psychology and neurology of today should be approached
as quantified physics and neurology. The theory of quantum
physics posits that the mind and consciousness derive from
neuronal activity in the brain on a subatomic or quantum
scale. One specific moment which produces objective reduc-
tion to a quantum state is carried out fundamentally by
microtubules inside neurons. A quantum of energy is the
lowest amount of energy that can be transmitted on any
wavelength in the world, in the universe.
The application of quantum physics to psychology and neu-
rology will change our view and our place in the world.
Currently, a number of scholarly texts are focusing on brain
plasticity and synaptic regulation via microtubules. Research
is being done on improved psychoactive drugs, including anti-
depressants and anxiolytics, or on the anaesthetic effects of
neuronal microtubules. Similarly, cognition studies have
reported that different memory processes are carried out via
microtubules which use synaptic messengers for phosphoryla-
tion. In short, the mental and physical quantum moment is no
more than the quantum state maintained during a certain
period of time: what is mental is physical..

0420 Depression, cognition and dopamine genetics:
Piecing together the complicated puzzle of
behaviour following traumatic brain injury

Shannon Juengsta,b, John Myrgaa, Amery Treble-Barnaa,
Patricia Arentha, Yvette Conleyc, and Amy Wagnera,d

aSchool of Medicine, University of Pittsburgh, Pittsburgh, PA,
USA; bUniversity of Texas Southwestern Medical Center,
Dallas, TX, USA, cSchool of Nursing, University of
Pittsburgh, Pittsburgh, PA, USA; dSafar Center for
Resuscitation Research, Pittsburgh, PA, USA

ABSTRACT
Outcomes following moderate/severe traumatic brain injury
(TBI) vary widely and often include cognitive, emotional and
behavioural sequelae. Cognitive complaints have long been
associated with injury, and emotional and behavioural dys-
function is increasingly recognized as important following
injury . We aim to understand the interplay of these multiple
phenotypes and their relationship to the ANKK1 Taq1a poly-
morphism, a genetic marker in the dopamine system pathway.
We measured cognition with a battery of eight normed neu-
ropsychological tests, creating a global cognitive composite
t-score using methods we have previously published. We

defined cognitive dysfunction as 1 standard deviation or
more below the mean (t-score of 40 or below). We measured
behavioural dysfunction using the Functional Systems
Behavioral Scale (FrSBe), where a score of 2 standard devia-
tions above the mean was considered significant behavioural
impairment (t-score of 70 or higher). Finally, we evaluated
depression status based on the Patient Health Questionnaire-
9, following established criteria. These outcome data were
collected at 6 and 12 months post injury. Our study included
68 participants with complete data who were recruited from a
larger study examining long-term outcomes following TBI at
the University of Pittsburgh. We conducted descriptive ana-
lysis, based on a theoretical model of behavioural outcomes
after TBI that we have developed and which has been pub-
lished. In these descriptive analyses, we show that for those
with no depression or cognitive dysfunction, only 21% had
behavioural dysfunction compared to 33% of those who did
not have depression but did have cognitive dysfunction.
Among those with depression but with no cognitive dysfunc-
tion, 47% had behavioural dysfunction. Finally, among those
with both depression and cognitive dysfunction, 64% had
behavioural dysfunction. When examining ANKK1 Taq1a
genotype frequency among those with PTD, there was a sig-
nificant difference (p = 0.016) in A2/A2 homozygote fre-
quency by cognitive status. 86% of those who were in the
poor cognition group were A2/A2 carriers compared to only
45% of those without cognitive dysfunction. No significant
differences were noted in the no-PTD group, with A2/A2
frequency being 47% in the group with no cognitive dysfunc-
tion and 61% in the group with cognitive dysfunction.
Overall, there appears to be a pattern suggesting additive
effects of cognitive dysfunction and depression on behavioural
dysfunction. Personal genetic risk may also play a role, as
among those with depression and cognitive dysfunction, the
frequency of the A2/A2 homozygotes is significantly greater
than those without cognitive dysfunction. These preliminary
findings further support the complex interactions among cog-
nition, emotion, behaviour and personal genetics after TBI.

0421 Effect of P2X4R ablation after acute and
chronic ischaemia/reperfusion injury in middle
cerebral artery model of stroke in mice

Rajkumar Vermaa,b, Chunxia G. Croninb, Jacob Hudobenkoa,
Venugopal R. Vennac, Louise D. McCulloughc, and Bruce T.
Liangb

aUCONN Health, Farmington, Farmington, CT, USA;
bCalhoun Cardiology Center, UCONN Health, Farmington,
CT, USA; cUniversity of Texas Health and Science Center,
Houston, TX, USA

ABSTRACT
Background: P2X4 receptor (P2X4R), an ATP-activated ion
channel receptor, is an important neurotransmitter receptor
in the brain. Despite the known fact that excessive release of
ATP occurs from dying cells during stroke, the role of P2X4R
in its pathophysiology is not well understood. P2X4R-
mediated excessive influx of calcium leads to inflammasome
activation and excitotoxic cell death in the neurons of the
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affected brain region. Extracellular ATP-binding to the micro-
glial P2X4R receptor activation may initially cause brain
repair but can also increase microglial proliferation and secre-
tion of pro-inflammatory cytokines such as IL-1β, TNF-α. On
the other hand, these receptors also mediate BDNF release
from microglia, which is an essential neurotrophin in main-
taining synaptic plasticity, cognition and post-stroke beha-
vioural recovery. Therefore, we hypothesize that acute
blockade of the P2X4 receptor is beneficial while chronic
antagonism delays post-stroke rehabilitation.
Methods: Global P2X4R knockout mice and wild-type litter-
mates of both sexes (∼20–25g; C57BL/6) were randomized
and subjected to right middle cerebral artery occlusion
(MCAO-60 minutes) followed by 3-day (acute time point
cohort, used for infarct analysis) and 30-day (chronic time
point cohort, used for behavioural recovery) reperfusion.
Tissue infarct was quantified from 30-μicron-thick cresyl vio-
let-stained sections obtained from perfused mice brain. The
behavioural and functional endpoints in the chronic cohort
include sensorimotor, memory and cognitive functions start-
ing 2 days after surgery then weekly for Rotarod, Corner test,
OFT, ND score, and biweekly for the Y-maze test or terminal
analysis (NORT and TST). Data are expressed as mean ± S.E.
M. ANOVA was performed, and a p < .05 was set for statis-
tical significance.
Results: Mice with global P2X4Rs KO showed acute neuro-
protective effects in both male and female mice. P2X4R KO
mice showed approx. 50% and 26% decrease in hemispheric
infarct volume in male (54.9 ± 4.93 vs. 24.7 ± 17.4 mmc) and
female mice (50.14 ± 3.92 vs. 37.87 ± 3.18 mmc), respectively.
Parallel trends of protections were found in neurological
deficit score. We found early recovery in anxiety-like beha-
viour in female KO mice. Male P2X4R KO mice showed a
progressive recovery in motor-balance coordination test using
rotarod. We found a surprising but remarkable post-stroke
depressive behaviour phenotype in both male and female
global P2X4R KO mice.
Conclusion: These findings suggest that P2X4R deletion leads
to a differential effect of acute (anti-inflammatory) and
chronic (depressive) time points of post-stroke recovery. A
precise and time-sensitive approach should be considered
when targeting P2X4 receptors after stroke.

0422 Effect of fitting on the protection capacity of
ice hockey helmets: Analyses of headform kinematics
and brain tissue responses in the study of mild TBI

Hesam Sarvghad Moghaddama, Whitman Kwokb, Ghodrat
Karamic, and Mariusz Ziejewskic

aHarvey Mudd College, Claremont, CA, USA; bZAM Worx,
Foster City, USA; cNorth Dakota State University, Fargo,
ND, USA

ABSTRACT
Falls, checking and puck impacts are major causes of trau-
matic brain injury (TBI) among ice hockey players.
Accordingly, the major focus of researchers is on the devel-
opment of effective protective tools to reduce the risk of TBI.
A prevailing design consideration in this respect is providing

a perfect fit between the helmet and the player’s head for
maximum protection. The effectiveness of the fit can be
evaluated by monitoring the kinematic responses of the head
in terms of linear and angular accelerations. Current
researches on mild TBI (mTBI) mainly employ Hybrid III
50th percentile or other dummy head models conforming to
the EN 960:2006 standards. While this is beneficial for stan-
dardizing laboratory procedures, the one-size-fits-all mental-
ity results in an absence of an objective helmet fit guideline,
accommodations for different head shapes in the helmet
design, and inaccuracies of the embedded sensor’s readings.
To address these issues, for the very first time this study
proposes a quantitative framework for developing fit para-
meters that minimize linear accelerations associated with
mTBI. Three different controlled impact scenarios at a velo-
city of 4.5 m/s were performed using a custom monorail drop
tower, a Bauer Re-AKT helmet, and three custom head forms.
The first head form was fabricated to follow the exact con-
tours of the test helmet, while the remaining head forms were
systematically fabricated to vary along one axis in order to test
fit scenarios where a slack was present in lateral and long-
itudinal axes. Furthermore, in an attempt to better understand
the effect of helmet fitting on the brain injury risk, computa-
tional finite element (FE) simulations were conducted using
North Dakota State University’s (NDSU) validated finite ele-
ment head model. FE analyses can help determine kinematic
implications of varying the lateral and longitudinal gaps
between the head model and a fixed helmet contour while
significantly remove the needs for burdensome experimental
tests. Our preliminary results show that a tight, more form-
fitting helmet results in incrementally higher accelerations but
has a lower standard deviation in test results translating into
more consistent protection performance. Our simulation
results provide insights into the effect of helmet fit on the
brain’s dynamic responses such as intracranial pressure (ICP),
shear stress and strain. We believe that our results might help
to establish a framework for better comparing data from
helmets designed to fit the standard EN 960-specified head
form with those that are custom made for different head
shapes.

0423 Impact of gender and mood on relationship
between post-concussive symptoms and functional
impairment

Tahnae Tarkenton, Kristin Wilmoth, Munro Cullum, Bert
Vargas, and Kathleen Bell

UT Southwestern Medical Center, Dallas, TX, USA

ABSTRACT
Objective: Previous studies have shown gender differences in
symptom reporting following mild traumatic brain injury
(mTBI). Further, recent findings have suggested mood may
mediate the relationship between post-concussive symptoms
and recovery from mTBI. The purpose of this study was to
examine the impact of gender and mood on self-reported
functional impairment following mTBI in a large youth
sample.
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Participants: 79 males and 104 females aged 10–20 who con-
secutively presented 0–21 days after mTBI to one of four
outpatient concussion or sports medicine clinics participating
in the North Texas Concussion Network Prospective Registry
(Con-Tex).
Measures: Participants completed the General Anxiety
Disorder-7-Item Scale (GAD-7), Patient Health
Questionnaire-9 Items for Depression (PHQ-9), Pittsburgh
Sleep Quality Index (PSQI), and a Concussion Symptom
Log at their initial clinic visit. Self-report ratings of a)
school/work, b) home, and c) social functioning on a scale
of 1–10 at 3-month follow-up. A composite functional
impairment score was calculated using a sum of ratings within
these three domains.
Methods: Separate multivariate stepwise regressions were per-
formed for males and females to determine if age, total con-
cussion symptom score, GAD-7 score, PHQ-9 score and the
overall sleep quality item from the PSQI at initial clinic visit
predicted self-reported functional impairment at 3-month
follow-up.
Results: For females, concussion symptom score was a signifi-
cant predictor of functional impairment ratings; however,
once mood and sleep quality were entered into the model,
the total GAD-7 score was the only significant predictor for
functional impairment (b=.44, p =.01), explaining 18.2% of
the variance in females at 3-month follow-up. For males, the
PHQ-9 was the only significant predictor for functional
impairment (b=.59, p =.013), explaining 7.8% of the variance
in males’ reported functional impairment at 3-month fol-
low-up.
Conclusions: For females, severity of overall post-concussion
symptoms following mTBI did not predict self-reported func-
tional impairment 3–4 months post injury when the other
factors were taken into account. However, anxiety symptoms
did predict functional impairment. For males, only depres-
sion-related symptoms significantly predicted self-reported
functional impairment several months post injury. Although
larger samples with more detailed follow-up are needed, these
preliminary findings suggest gender differences in early post-
mTBI symptoms that may relate to clinical outcome. Thus,
screening for anxiety- and depression-related symptoms at the
time of clinical evaluation following mTBI in adolescents may
aid treatment and recovery prediction following mTBI.

0424 Dizziness and balance problems after
traumatic brain injury (TBI): Evaluation of an 8-week
vestibular rehabilitation (VR) programme

Ingerid Kleffelgaarda,b, Helene L. Soberga,b, Birgitta
Langhammera, and Are Hugo Prippa

aOslo And Akershus University College of Applied Sciences,
Oslo, Norway; bOslo University Hospital HF, Oslo, Norway

ABSTRACT
Background and Objective: Dizziness and balance problems
have an incidence of 30–80% in the TBI population. Studies
show that dizziness and imbalance have the potential to
restrict several aspects of personal and social life. Vestibular

rehabilitation (VR) is an accepted and frequently used treat-
ment for dizziness and imbalance. However, there is lack of
evidence about its effect on patients with TBI.
The objective of the study was to evaluate the effect of a VR
programme on patients with dizziness and balance problems
after traumatic brain injury.
Methods: A single-blind randomized controlled trial
study (RCT).
Participants: Sixty-five patients admitted to the Oslo
University Hospital with TBI (median GCS score: 15 range
7–15) and symptoms of dizziness and imbalance were
included 3 months after the injury. Thirty-nine (70.8%) were
women. Mean age was 39.2 (SD: 12.9) years. The patients
were randomized to the intervention group (IT) (n = 34), or
control group (CT) (n = 31).
Intervention: Both groups received multidisciplinary assess-
ment and evaluation at the Oslo University Hospital. The
intervention group in addition received an individually
adapted group-based VR programme twice a week for 8
weeks led by physiotherapists at the Oslo University College,
and a home exercise programme.
Measurements: Functioning was tested as self-report and clin-
ical tests at baseline and after the intervention period (8
weeks) and at 6 months after the injury. The primary outcome
measurement was the Dizziness Handicap Inventory (DHI).
Secondary outcome measures were Glasgow Outcome Scale-
Extended (GOSE), Rivermead Post-Concussion Symptoms
Questionnaire (RPQ), Vertigo Symptom Scale-sf (VSS-sf),
Hospital Anxiety and Depression Scale (HADS), Balance
Error Scoring System (BESS) and the High Level Mobility
Assessment Tool (HiMAT). Injury-related data were collected
from the medical records.
Statistical Analyses: A linear regression model comprising 63
patients using the baseline measure of the primary outcome as
covariate and type of intervention group as factor was used to
assess the treatment effect on the DHI at 8 weeks as outcome.
In addition, change from baseline to after the intervention
period (8 weeks) was assessed.
Results: Preliminary results show that the group-based VR
programme had significant benefits (p < 0.05) in terms of
dizziness-related disability measured by the DHI in favour of
the intervention group. Patients in the intervention group had
a mean change in DHI scores of 14.75 (15.85) whereas the
control group had a mean change in DHI scores of 5.09
(16.82) at 8 weeks after baseline. All participants improved
their scores on the secondary outcome measures. Further and
more advanced analyses will be presented at the congress.
Conclusion: The results indicate that a group-based VR pro-
gramme is beneficial for decreasing dizziness-related disability
after TBI.
Trial registration: (Clinical Trials # NCT01695577).

0425 Novel approaches for the identification and
support of justice-involved individuals with brain
injury

Judy Dettmera, Kimberly Gorgensb, and Drew Nagelec
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aColorado Brain Injury Program, Denver, CO, USA;
bUniversity of Colorado, Denver, CO, USA; cBeechwood
NeuroRehab, Langehorn, PA, USA

ABSTRACT
A disproportionate number of youth and adults with
Acquired Brain Injury (ABI) are involved in the criminal
justice system. Without appropriate screening, treatment and
community interventions, these individuals often end up re-
offending and their level of involvement in the criminal jus-
tice system escalates. Historically, criminal Justice reform has
focused on efforts to influence an individual’s thinking and
attitudes—to help them understand the consequences of their
behaviour, to make restitution, to learn pro-social behaviors.
However, such approaches generally fail to appreciate that
individuals may have differences in their capacity to benefit
from standardized interventions—especially if they have had
an acquired brain injury. This symposium will highlight the
progressive efforts in two states—Colorado and Pennsylvania
—to make traditional interventions more effective using iden-
tification, neuropsychological screening, specialty interven-
tions and community involvement. Epidemiology and
outcome data from two statewide models will be presented.

0426 Family caregiver proxy report of the impact of
deployment and traumatic brain injury on the health
and behaviour of children of US military service
members

Sara Lippaa,b,c, Rael Langea,b,c,d, Louis Frencha,b,c,e,f, Rachel
Gartnera,b,c, A Driscolla,b,c, M Wrighta,b,c, D Noraa,b,c, H
Mahatana,b,c, J Sullivana,b,c, B Yanosa,b,c, T Castilloa,b,c, C Simona,
b,c, N Pigforda,b,c, N Varbediana,b,c, and Tracey Brickella,b,c,e

aWalter Reed National Military Medical Center, Bethesda,
MD, USA; bDefense and Veterans Brain Injury Center,
Silver Spring, MD, USA; cNational Intrepid Center of
Excellence, Bethesda, MD, USA; dUniversity of British
Columbia, Vancouver, BC, Canada; eUniformed Services
University of the Health Sciences, Bethesda, MD, USA;
fCenter for Neuroscience and Regenerative Medicine,
Bethesda, MD, USA

ABSTRACT
Background: When a Service Member (SM) returns from
deployment following a traumatic brain injury (TBI), it can
place additional demands on the SM’s children already
strained from deployment. The purpose of this study was to
examine the impact of a SM’s deployment and injury on a
child’s overall health and behaviour as reported by the care-
givers of the SMs who sustained the TBI.
Methods: Participants were 112 caregivers (female = 96.1%) of
US military SMs who had sustained a mild, moderate, severe or
penetrating TBI. Caregivers were recruited from multiple DoD
Medical Treatment Facilities nationwide, and via caregiver
events and social media. Participants completed the Children’s
Health and Behavior Questionnaire (CHBQ), a measure
designed specifically for this study. Using the CHBQ, caregivers
were required to rate their children’s school grades, behaviour,
medical health, emotional health, and participation in social

activities at four time periods: (i) prior to the SMs first combat
deployment, (ii) in the month prior to the SMs TBI, (iii) within 2
years after the SMs TBI, and (iv) 2 or more years after the SMs
TBI. Ratings were obtained for 248 children; i.e. 1 child (n = 33
caregivers), 2 children (n = 40), 3 children (n = 28), 4 children (n
= 7), 5 children (n = 2) and 6 children (n = 2).
Results: Overall, caregivers reported that a substantial number
of the SM’s children had experienced a decline in emotional
health (79.1%), behaviour (70.9%), school grades (59.7%),
social activities (56.5%) and medical health (41.7%) following
the SM’s TBI. Of those children that had a decline, (a) 68.8%–
75.5% declined within the first 2 years post injury, followed by
improvement or stabilization, (b) 6.7%–15.6% declined only
after 2 or more years post injury, and (c) 15.6%–25.0%
declined within the first 2 years post injury and then again 2
or more years post injury. In addition, of those children that
experienced declines in these five areas, 16.9%–26.5% had
initially experienced a decline as a result of deployment,
followed by an additional decline after the SM’s TBI.
Conclusion: In this sample, both deployment and TBI had a
negative effect on a child’s school grades, behaviour, mental
health, emotional health, and participation in social activities.
However, the impact of the SM’s TBI was substantially higher.
Although the reasons for this decline are likely multi-factorial,
these results are alarming and call for much needed attention
to be focused on the impact of TBI and deployment on
children of US military SMs.

0428 Traumatic brain injury alters physiologic, but
not subjective, responses to emotional stimuli

Prin Amorapanth

Rusk Rehabilitation/Nyu Langone, New York, NY, USA

ABSTRACT
Impairments of emotional function are a common, yet
sub-optimally understood, sequelae of TBI. Current clinical
measures of assessing emotion rely largely on subjective
self-report measures. Converging lines of evidence from
behavioural and cognitive neuroscience have identified
neural systems for processing multiple aspects of emotion
that are independent of explicit awareness, such as invo-
luntary reflexive autonomic outputs or reflexive behaviors.
Thus, assessing autonomic activity may represent a novel
method of identifying objective changes in the emotional
function of TBI patients that are not otherwise captured by
current self-report measures. This study was performed to
test the hypothesis that alterations in emotional function
can be characterized by differences in autonomic activity
in patients with traumatic brain injury (TBI) compared
with controls. In this study, subjects watched a series of
film clips normed to elicit specific emotions. Surface elec-
trodes measured cardiac and respiratory signals, which
were used to compute heart rate variability (HRV), from
which measures of parasympathetic activity (RFA,
Respiratory Frequency Area) and sympathetic activity
(LFA, Low-Frequency Area) were derived. The subjective
intensity of the emotional response to the film clips was
also captured via questionnaires. Twelve healthy subjects,
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ranging in age from 21 to 67 years (mean ± SD = 35.8 ±
13.5 years), with no history of psychiatric disease or com-
plicating medical problems, such as uncontrolled hyperten-
sion, diabetes, neurological illness such as stroke, epilepsy
or demyelinating disease participated in the study. Six
of the subjects were female. Sixteen subjects with mild to
moderate traumatic brain injury (TBI), ranging in
age from 25 to 81 participated in the study.
Electrocardiographic and respiratory signals were sampled
at 250 and 50 Hz, respectively and collected using ANSAR
ANX 3.0 software while subjects watched emotional film
clips. HRV was computed every 0.25 seconds and time-
frequency spectral analysis was performed to quantify ANS
activity. Parasympathetic activity was assessed by obtaining
the RFA signal, which was measured from higher fre-
quency areas of the HRV spectrum. These higher fre-
quency areas are associated with respiratory sinus
arrhythmia, known to be a cardio-vagal response that is
reflective of parasympathetic activity. Sympathetic nervous
system activity was assessed by obtaining the LFA signal,
which is defined as the area under the heart rate spectral
curve over the lower limit of RFA range. By localizing and
omitting the parasympathetic influence from the low-fre-
quency range of HRV, LFA primarily corresponds to activ-
ity from the sympathetic nervous system. There was no
difference in subjective ratings of emotional intensity
between TBI and control groups across all emotional film
clips. However, when examining autonomic activity, the
TBI group displayed significantly decreased sympathetic
nervous system activity when viewing amusing stimuli
compared to controls, but significantly increased sympa-
thetic nervous system when viewing sad stimuli.

0429 Efficacy of incobotulinumtoxinA in treatment
of lower limb spasticity in adults

Bruce Rubina, David Simpsonb, Djamel Bensmailc, Astrid
Scheschonkad, Olivier Simond, and Jörg Wissele

aDesign Neuroscience Center, Doral, FL, USA; bIcahn School
of Medicine at Mount Sinai Medical Center, New York, NY,
USA; cRaymond-Poincaré Hospital, University of Versailles
Saint-Quentin, Garches, France; dMerz Pharmaceuticals
GmbH, Frankfurt, Germany; eVivantes Hospital Spandau,
Germany

ABSTRACT
Objectives: Use of incobotulinumtoxinA has been shown to be
safe and effective for the treatment of upper limb (UL) spas-
ticity in adults. In the TOWER study (NCT01603459), esca-
lating fixed total doses of incobotulinumtoxinA were used to
treat 155 adult subjects with spastic hemiparesis, including
both UL and LL clinical patterns. The objective of this post
hoc analysis from the TOWER study was to assess the effec-
tiveness of incobotulinumtoxinA for treating key clinical pat-
terns of lower limb (LL) spasticity (eg, pes equinovarus).
Methods: Subjects in the TOWER study received increasing
doses of incobotulinumtoxinA over three injection cycles
(400U; 600U and 600–800U, respectively). Muscle tone was
assessed using the Ashworth Scale (AS); additional outcome

measures included AS responder rates (defined as patients
with ≥1 point improvement at 4-weeks) and Resistance to
Passive Movement Scale (REPAS)
Results: A total of 109 subjects received treatment for any LL
clinical pattern in cycle 1. The most frequently treated pattern
was pes equinovarus (N = 100); however, 9 different LL clinical
patterns were treated over the course of the study. During the
first cycle, the mean ± standard deviation (SD) dose for pes
equinovarus was 166.3 ± 94.9 U. At 4 weeks post injection, the
mean improvement (± SD) in ankle joint AS score was 0.63 ±
0.76 among subjects treated for pes equinovarus, compared
with 0.16 ± 0.63 among subjects not treated for this pattern.
Multiple regression analysis (adjusting for AS baseline value)
revealed a significant effect of pes equinovarus dose on AS
improvement (p = 0.0096). AS responder rates were higher
for treated subjects compared with untreated subjects (55.0%
vs 12.7; p < 0.0001; Mantel-Haenszel Chi-Square test). At the 4-
week post-injection visit, the mean improvement (± SD) from
baseline in REPAS LL scores was 1.6 ± 2.0 in subjects recieving
LL treatment, compared with 0.3 ± 1.5 in subjects not recieving
treatment. Multiple regression analysis on LL REPAS baseline
value and LL dose demonstrated a significant effect of LL dose
administered (p = 0.0022).
Conclusions: Results suggest that incobotulinumtoxinA is safe
and effective for the treatment of LL spasticity.

0430 Escalating doses of incobotulinumtoxina
(400U–800U) lead to increasing improvements in
muscle tone and functional outcomes due to multi-
focal spasticity

Bruce Rubina, David Simpsonb, Djamel Bensmailc, Astrid
Scheschonkad, Olivier Simond, and Jörg Wissele

aDesign Neuroscience Center, Doral, FL, USA; bIcahn School
of Medicine at Mount Sinai Medical Center, New York, USA;
cRaymond-Poincaré Hospital, University of Versailles Saint-
Quentin, Garches, France; dMerz Pharmaceuticals GmbH,
Frankfurt, Germany; eVivantes Hospital Spandau, Berlin,
Germany

ABSTRACT
Objectives: Patients with severe multi-focal spasticity may
benefit from treatment using botulinum toxin at higher-
than-labelled doses. The objective of this study was to evaluate
the safety and efficacy of increasing incobotulinumtoxinA
doses (400–800U) for subjects with spasticity.
Methods: This prospective dose-escalation study (TOWER;
NCT01603459) included 155 subjects (18–80 years) with spas-
tic hemiparesis who were deemed to require up to 800U total
body doses of incobotulinumtoxinA. Subjects received treat-
ment with increasing incobotulinumtoxinA doses during three
injection cycles (ICs) (400U; 600U and 600–800U, respec-
tively). Each cycle was followed by 12–16 weeks of observation.
Outcomes measures included: Ashworth Scale (AS) responder
rate (≥1-point improvement 4 weeks post injection), Disability
Assessment Scale (DAS), Functional Ambulatory Classification
(FAC), and Investigators Global Efficacy Assessment (IGEA).
Adverse events were monitored throughout the study.
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Results: Escalation of incobotulinumtoxinA doses enabled
treatment of an increasing number clinical patterns of spasti-
city in each subject. A total of 364/608 (59.9%) treated pat-
terns responded to treatment in IC1 (N = 155 subjects), 431/
743 (58.0%) responded in IC2 (N = 152 subjects), and 537/811
(66.2%) responded in IC3 (N = 140 subjects). Reporting DAS
scores of 0 or 1 (corresponding to ‘no’ or ‘slight’ disability) for
the principal target domain increased after each treatment
(baseline: 0.7%; study end: 42.9%). The proportion of ambu-
lator-independent subjects (FAC level 5) also improved (base-
line: 24.5%; study end: 40.6%). The proportion of IGEA scores
of ‘good’ or ‘very good’ increased with escalating doses (IC1:
55.5%; IC2: 72.4%; IC3: 89.3%).
No increases in proportions of subjects reporting AEs overall
(IC1: 36.1%; IC2: 37.5%; IC3: 25.7%) or treatment-related AEs
(IC1: 4.5%; IC2: 5.3%; IC3: 2.9%) were observed with escalat-
ing doses of incobotulinumtoxinA. There were no treatment-
related serious AEs or cases of clinical non-responsiveness
due to antibodies.
Conclusions: Escalating doses of incobotulinumtoxinA (400–
800U) enabled treatment of an increasing number of spasti-
city patterns without affecting safety or tolerability. Increased
doses of incobotulinumtoxinA were also associated with
greater efficacy, determined on the basis of improved muscle
tone and physician global assessments, reduced upper limb
disability, and greater ambulator independence.

0431 Response inhibition deficits are associated
with disrupted intrinsic connectivity of the cortical
motor network after paediatric traumatic brain
injury

Stacy Suskauer, Jaclyn Stephens, Cynthia Salorio, Mary Beth
Nebel, and Stewart Mostofsky

Kennedy Krieger Institute and Johns Hopkins University
School of Medicine, Baltimore, MD, USA

ABSTRACT
Background: Poor response inhibition is a hallmark of paedia-
tric traumatic brain injury (TBI). The neural correlates of
response inhibition are relatively well established in uninjured
individuals, with the cortical motor network playing an impor-
tant role, but little research exists exploring the neural under-
pinnings of response inhibition deficits after paediatric TBI.
Methods: We compared 17 children (6 females; mean age: 16.0)
with chronic (>1 year post injury) mild, moderate or severe TBI
to 14 uninjured peers (3 females; mean age: 16.2). We assessed
response inhibition via commission errors on Simple (mini-
mized cognitive demands) and Motivation (monetary reward)
Go/No-Go tasks. Resting State fMRI (rs-fMRI) data were used to
assess intrinsic connectivity (IC) of the cortical motor network as
derived from the averaged time course of bilateral primary
motor cortex seeds. A motor network map was created for
each subject and used in between-group connectivity contrasts
in SPM 12 with voxel-level threshold p < 0.001, family-wise error
(FWE) correction, and cluster-level threshold of p < 0.05. The
location of peak activated voxels from significant between-group
clusters was used to identify regions of interest (ROI) for exam-
ining brain-behaviour relationships with motor network IC.

Independent sample t-tests compared Go/No-Go performance
and IC at the ROI level. Pearson correlations examined relation-
ships between IC at the ROI level and Go/No-Go performance.
Results: There were no significant between-group differences
in age (p = .74) or sex (p = .52). Children with TBI had poorer
performance on Simple (p = .02) and Motivation Go/No-Go
tasks (p = .03). In whole-brain contrasts, the TBI group
showed reduced cortical motor network IC with one cluster
which was located in the left caudate (p = .02). The TBI group
similarly had reduced functional connectivity between the
cortical motor network and left caudate ROI (p = .02) and a
trend towards lower connectivity between the cortical motor
network and right caudate ROI (p = .07). In the TBI group,
lower cortical motor network to left caudate ROI connectivity
was associated with higher commission errors on the Simple
Go/No-Go task (r = −56, p = .03), whereas lower cortical
motor network to right caudate ROI connectivity was asso-
ciated with higher commission errors on the Simple (r = −.67,
p = .01) and Motivation (r = −.60, p = .02) Go/No-Go tasks.
No brain-behaviour relationships existed among controls.
Conclusions: In this cohort of children with chronic TBI, we
observed that disrupted intrinsic connectivity of the cortical
motor network was associated with deficits in response inhi-
bition. If this finding is replicated in future work, rehabilita-
tion efforts towards optimizing motor network integrity, even
in individuals without gross motor deficits, may provide a
means of addressing disinhibition after paediatric TBI.

0432 Mild traumatic brain injury is associated with
reduced cortical thickness in those at risk for
Alzheimer’s disease

Jasmeet Hayesa,b, Mark Logueb, Naomi Sadeha,b, Jeffrey
Spielberga, Mieke Verfaelliea, Andrew Reaganb, Erika Wolfa,b,
Regina McGlincheyc, William Milbergc, Scott Hayesa, David
Salatc, and Mark Millera,b

aBoston University School of Medicine, Boston, MA, USA;
bNational Center for PTSD, Boston, MA, USA; cHarvard
Medical School, Boston, MA, USA

ABSTRACT
Moderate-to-severe traumatic brain injury is one of the
strongest environmental risk factors for the development
of neurodegenerative diseases such as late-onset
Alzheimer’s disease, although it is unclear whether mild
traumatic brain injury, or concussion, also confers risk.
This study examined mild traumatic brain injury and
genetic risk as predictors of reduced cortical thickness in
brain regions previously associated with early Alzheimer’s
disease, and their relationship with episodic memory.
Participants were 160 Iraq and Afghanistan war veterans
between the ages of 19 and 58, many who had mild trau-
matic brain injury and post-traumatic stress disorder diag-
noses. Whole-genome polygenic risk scores for the
development of Alzheimer’s disease were calculated using
summary statistics from the largest Alzheimer’s disease
genome-wide association study to date. Results showed
that mild traumatic brain injury moderated the relationship
between genetic risk for Alzheimer’s disease and cortical
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thickness, such that individuals with mild traumatic brain
injury and high genetic risk showed reduced cortical thick-
ness in Alzheimer’s disease-vulnerable regions. Among men
with mild traumatic brain injury, high genetic risk for
Alzheimer’s disease was associated with cortical thinning
as a function of time since injury. A moderated mediation
analysis showed that mild traumatic brain injury and high
genetic risk indirectly influenced episodic memory perfor-
mance through cortical thickness, suggesting that cortical
thinning in Alzheimer’s disease-vulnerable brain regions is
a mechanism for reduced memory performance. Finally,
analyses that examined the apolipoprotein E4 allele, post-
traumatic stress disorder, and genetic risk for schizophrenia
and depression confirmed the specificity of the Alzheimer’s
disease polygenic risk finding. These results provide evi-
dence that mild traumatic brain injury is associated with
greater neurodegeneration and reduced memory perfor-
mance in individuals at genetic risk for Alzheimer’s disease,
with the caveat that the order of causal effects cannot be
inferred from cross-sectional studies. These results under-
score the importance of documenting head injuries even
within the mild range as they may interact with genetic risk
to produce negative long-term health consequences such as
neurodegenerative disease.

0433 The influence of caregiver burden on health
status and perceived role efficacy in caregivers of US
military service members with traumatic brain injury

Tracey Brickella,b,c,d, Rael Langea,b,c,e, Sara Lippaa,b,c, Jason
Bailieb,g,f, Rachel Gartnera,b,c, A Driscolla,b,c, M Wrighta,b,c, D
Noraa,b,c, H Mahatana,b,c, J Sullivana,b,c, B Yanosa,b,c, T
Castilloa,b,c, C Simona,b,c, N Pigforda,b,c, N Varbediana,b,c,
and Louis Frencha,b,c

aWalter Reed National Military Medical Center, Bethesda,
MD, USA; bDefense and Veterans Brain Injury Center,
Silver Spring, MD, USA; cNational Intrepid Center of
Excellence, Bethesda, MD, USA; dUniformed Services
University of the Health Sciences, Bethesda, MD, USA;
eUniversity of British Columbia, Vancouver, BC, Canada;
fNaval Hospital Camp Pendleton, Oceanside, CA, USA;
gNaval Medical Center San Diego, San Diego, CA, USA

ABSTRACT
Background: Following a traumatic brain injury (TBI), some
family members assume the role of ‘caregiver’ for their loved
one who is injured. Caregivers often experience significant
burden from the demands placed on them in this role. The
purpose of this study was to examine the influence of caregiver
burden on overall health status and perceived efficacy of func-
tioning in caregivers of US military service members (SMs).
Methods: Participants were 283 caregivers (female = 96.1%) of
SMs who sustained a mild-severe or penetrating TBI. The
majority of the sample was Caucasian (92.6%) and was caring
for a spouse/partner (86.2%). The mean age was 38.7 years
(SD = 10.3) and the mean number of years of caregiving was
4.1 years (SD = 2.9). Caregivers were recruited through com-
munity outreach initiatives and from multiple DoD Medical
Treatment Facilities nationwide. Participants completed the

Caregiver Appraisal Scale (CAS) and the SF-36v2 Health
Survey (SF36) that included 11 measures of interest. The
sample was divided into three Caregiver Burden groups
using the CAS-Perceived Burden scale: High (n = 138);
Neutral (n = 106); Low (n = 139).
Results: The percentage of participants who reported that their
caregiving duties were a high burden was 48.8%. Caregiver
burden was not associated with age (p =.779), number of years
of caregiving (p =.924), or time post injury (p =.317). Using
ANOVA, there was a significant main effect across the three
Caregiver Burden groups on all 11 CAS and SF36 subscales (p
=.010 to p <.001). Pairwise comparisons revealed a significant
linear relation between caregiver burden and outcome on 7 of
the 11 measures (all ps <.05; i.e. High > Neutral > Low). As
caregiver burden increased, there were increasingly worse
scores on the SF36 Role Physical (d=.44–1.02), SF36 General
Health (d=.51–1.03), SF36 Vitality (d=.66–1.44), SF36 Social
Function (d=.54–1.31), SF36 Role Emotional (d=.53–1.15),
SF36 Mental Health (d=.64–1.40), and CAS Caregiver
Mastery (d=.33-.91) scales. In addition, participants in the
High Burden group had significantly worse scores (all p
<.05) on the SF36 Physical Functioning (d = 40 and .51),
SF36 Bodily Pain (d=.64 and .82) and CAS Caregiver
Satisfaction (d=.61 and .82) scales compared to the Neutral
Burden and Low Burden groups (i.e. High > Neutral & Low).
Using Stepwise Regression Analysis, the SF36 Social
Functioning, SF36 Vitality, CAS Caregiver Satisfaction, and
CAS Caregiver Mastery scales were significant predictors (p
<.001) of CAS Caregiver Burden total scores, accounting for
43.3% of the variance.
Conclusions: In this sample, there was a strong linear relation
between increased perceived burden and (a) poor overall
health status, and (b) negative self-appraisal of their efficacy
as a caregiver. These findings suggest that many caregivers
may benefit from training programmes designed to increase
their caregiving skills in addition to increased support allow-
ing them time to improve their physical, mental and social
functioning.

0434 Self-reported social communication of older
adults with traumatic brain injury

Lindsey Byoma,b, Melissa Duffc, and Lyn Turkstrab,d

aWilliam S. Middleton Memorial Veterans Hospital, Madison,
WI, USA; bUniversity of Wisconsin-Madison, Madison, WI,
USA; cVanderbilt University, Nashville, TN, USA; dMcMaster
University, Hamilton, ON, Canada

ABSTRACT
Objective: Traumatic brain injury (TBI) can result in chronic
social communication problems that negatively affect social,
vocational and quality of life outcomes. Older adults are at
particular risk for TBI, yet little is known about communica-
tion effects of TBI in this population, limiting the extent to
which individualized communication treatment approaches
can be developed. To address this gap, we examined self-
perceived social communication of older adults with TBI
and compared their reports to those of (a) older adults with
no history of TBI; and (b) younger adults with TBI.
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Methods: Participants were recruited as part of a larger study on
social communication after TBI and included 13 adults (8men, 5
women), aged 60 years and older, who had sustained a moder-
ate-severe TBI at least 6 months prior to study enrollment (TBI
Old); 13 adults matched for age, sex and education to the older
adults without TBI (TBI Comparison); and 13 younger adults
(aged ≤ 35 years) with moderate-severe TBI who were matched
to the TBI group for sex and education (TBI Young).
Participants completed the La Trobe Communication
Questionnaire, Self-Report version (LCQ-S; Douglas, Bracy, &
Snow, 2007), a 34-item questionnaire developed to measure
perceived frequency of cognitive-communication behaviours
and problems in daily life. We calculated Total LCQ-S scores,
with higher scores indicating more frequent communication
problems. We further examined LCQ-S responses by commu-
nication factors (Initiation/Conversational Flow, Disinhibition/
Impulsivity, Conversational Effectiveness, and Partner
Sensitivity; Struchen et al., 2000).
Results: The TBI Old group’s mean LCQ-S score was 61.69.
Across communication factors, the TBI Old group reported
that problems with Conversational Effectiveness and Emotion
Recognition occurred most frequently. The TBI Old group’s
LCQ-S Total scores were similar to those of the TBI Old (t(12)
= 1.63, p = 0.13) and TBI Young groups (t(12) = 0.32, p =
0.76). The TBI Old group was also similar to the Comparison
Old and TBI Young groups in all LCQ-S communication
factors, with the exception that the TBI Old group reported
more frequent emotion recognition problems than the
Comparison Old group (t(12) = 3.56, p < 0.01).
Conclusions: Results of this preliminary analysis suggest that
older adults with TBI report experiencing a similar frequency
of social communication problems as peers without TBI and
younger adults with TBI. This is in contrast to findings
reported by Struchen and colleagues (2011) that age was
negatively correlated with LCQ scores. This study’s small
sample size and relatively young older adult sample may
account for this difference. These early results also suggest
that older adults with TBI may have particular difficulty with
conversation and inferring communication partners’ emo-
tions. If replicated in larger samples, these aspects of commu-
nication may be important treatment targets for older adults
with TBI.

0435 Windows to the brain: Visual systems,
rehabilitation and research in concussion

Prin Amorapanth, John Ross Rizzo, Janet Rucker, and Meg
Waskiewicz

Rusk Rehabilitation/Nyu Langone, New York, NY, USA

ABSTRACT
In this presentation, we provide a functional overview of the
visual system and the unique ways in which vision may be
useful for evaluating, managing and understanding concus-
sion. We will expand on visual therapeutic measures for the
rehabilitation of visual dysfunction after concussion, as well as
present emerging research identifying the underlying

physiology of commonly used, as well as more novel, diag-
nostic measures. We will provide an interdisciplinary perspec-
tive, with lectures and perspectives from both clinicians
(occupational therapy, neuro-ophthalmology and physiatry)
as well as research investigators. Case reports will be pre-
sented to facilitate synthesis and retention of the presented
information.

0436 The hull-ellis concussion and research clinic:
The Sleep and Concussion Questionnaire©; a
preliminary longitudinal analysis of sleep and
daytime wakefulness

Catherine Wiseman-Hakesa,b, Mark Bayleya,c, Ryan Lyna,
Tharshini Chandraa, and Paul Compera,b

aToronto Rehab Institute, Toronto, ON, Canada; bRehabilitation
Sciences Institute, Faculty of Medicine, University of Toronto,
Toronto, ON, Canada, cFaculty of Medicine University of
Toronto, Toronto, ON, Canada

ABSTRACT
Background: Alterations in sleep and wakefulness are com-
monly reported symptoms following concussion. During the
acute stage, increased sleep need, complaints of less restful
sleep and reduced activity have been reported clinically while
objective measures of sleep have identified that acute concus-
sions are associated with daytime wakefulness problems rather
than sleep disturbances per se.
Objectives: We aimed to conduct: 1. A cross-sectional exam-
ination of sleep and daytime wakefulness during the acute
stage of concussion 2. A longitudinal examination of the
trajectory of sleep and daytime wakefulness throughout the
recovery period.
Methods: A prospective sample of 83 adults with acute con-
cussion completed the Sleep and Concussion Questionnaire©
(SCQ) at baseline (immediately post injury). Serial adminis-
tration of the SCQ continued at weeks 2: (N = 62), 3: (N = 50)
4: (N = 46), 8:(N = 33) and 12: (N = 19). Selective attrition
occurred as participants recovered. The SCQ is a self-report
measure designed to describe and quantify perceived changes
in sleep in response to injury.
Results: A. Acute stage: Greater than 80% of participants
reported immediate changes in sleep compared to pre-injury,
with 68% reporting mild-moderate change, and 15% reporting
significant change. 67% reported sleeping less than usual, 9%
reported sleeping the same amount but described their sleep
as ‘less restful’. 25% reported sleeping more than usual.
Greater than 90% reported feeling more tired during the day
and 78% needed to nap. The most commonly endorsed fac-
tors impacting sleep were pain and psychological symptoms
including feelings of restlessness, worrying, bad dreams and
mood. B. At week 2, 20% reported that sleep had returned to
normal and 43% that sleep was ‘returning to normal’, how-
ever, 10% reported deteriorations in sleep. The percentage of
those sleeping more decreased dramatically to < 2% and, 0%
by week 3. At week 4, 76% of remaining participants (N = 46)
reported their sleep was either returning or returned to
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normal. 19% reported their sleep was still different from pre-
injury, and 5% reported deteriorations in sleep. Feelings of
restlessness, worrying, mood and pain, continued to interfere
with sleep. 76% continued to report feeling tired and needing
naps. By weeks 8 and 12, our sample included a decreasing
subset of patients continuing to report disturbances, charac-
terized by poor sleep maintenance, daytime tiredness and
need for naps.
Conclusions: Objective 1: Our data endorse an immediate
change in sleep following concussion with increased sleep
need, daytime sleepiness and need for naps. By week 2, sleep
returned to normal for some. Pain and psychological symp-
toms are factors perceived as impacting sleep. Objective 2:
Over time, sleep improves with recovery; however, there con-
tinue to be a small subset whose sleep disturbance endures or
worsens. The SCQ was effective in describing and quantifying
changes in sleep following concussive events.

0437 Preliminary data of the first post-traumatic
brain-injured (TBI) cognitive rehabilitation
outpatient centre in Brazil (University of São Paulo,
School of Medicine)

Renata Areza-fegyveres, Jessica Natuline Ianof, Carla Guariglia,
Rafael Gustavo SatoWatanabe, Magali Taino Schmidt, Fabio Rios
Freire, Patricia Nadruz, Eduardo Oliveira, Diana Nascimento,
Amanda Vitoria Araújo, Fernanda Coelho, and Renato Anghinah

School of Medicine, University of Sao Paulo, Sao Paulo, Brazil

ABSTRACT
Background: The incidence of TBI is rising worldwide and it is
associated with the increased use of motor vehicles, particu-
larly in middle-income and low-income countries. Estimates
of TBI incidence show substantial variation between coun-
tries. Each year in the USA, 1.7 million people sustain a TBI.
In Brazil, this number is between 700 000 and 1.1 million
people.
Aim: To introduce and describe the layout and functioning of
the first post-TBI cognitive rehabilitation outpatient centre in
Brazil and to analyse the profile of a sample of patients
assisted.
Methods: Data were collected from patient charts retrospec-
tively. Basic statistics were done with Microsoft Excel® 10.0.
Results: There were 143 patients in our sample. Eighty percent
were men (115), in contrast to 28 women (20%). The age
ranged from 15 to 82 years (average 39.6 years). TBI type were
classified into civil (n = 135, 95%), sports and military. TBI
circumstances were divided into 12 categories and the most
frequent ones were: traffic accidents, where the patient was in
the car as a driver or a passenger, accounted for 31% (42
patients); domestic accidents (mainly falls), accounted for
21% (28 patients); hit by a vehicle, accounted for 13% (18
patients). The average interval of time the patient took to be
referred to our service after TBI was 7.6 years.
Conclusions: The main causes of our TBI sample are similar to
those of international literature: traffic accidents and falls. The
demand for Post-TBI Cognitive and Behavioral Rehabilitation
in Brazil is enormous, since the number of TBI patients grows
in geometric progression each day. In order to plan, organize

and enhance our centre, it is important that we know the
epidemiological characteristics of patients we receive.
Information about aspects of rehabilitation such as the use
of illicit drugs, medications used, neuropsychological evalua-
tions and other issues, will be brought in further congresses
and publications to complete the current analysis.

0438 The relationship between perceived burden
and health-related quality of life in caregivers of
military service members with traumatic brain injury

Tracey Brickella,b,c,d, Noelle Carlozzie, Louis Frencha,b,c,d,f,
Sara Lippaa,b,c, and Rael Langea,b,c,g

aWalter Reed National Military Medical Center, Bethesda,
MD, USA; bDefense and Veterans Brain Injury Center,
Silver Spring, MD, USA; cNational Intrepid Center of
Excellence, Bethesda, MD, USA; dUniformed Services
University of the Health Sciences, Bethesda, MD, USA;
eUniversity of Michigan, Ann Arbor, MI, USA; fCenter for
Neuroscience and Regenerative Medicine, Bethesda, MD,
USA; gUniversity of British Columbia, Vancouver, BC,
Canada

ABSTRACT
Background: Family members often assume the role of ‘care-
giver’ and bear primary responsibility for assisting a service
member (SM) with long-term physical, emotional and social
care following a traumatic brain injury (TBI). The purpose of
this study was to examine the influence of self-reported care-
giver burden on overall health-related quality of life in care-
givers of military SMs who have sustained a TBI.
Methods: Participants were 85 caregivers (female = 96.1%) of
US military SMs who sustained a penetrating, severe, moder-
ate or mild TBI. Caregivers were recruited from multiple DoD
Medical Treatment Facilities nationwide and by using com-
munity outreach initiatives and social media. The mean age of
the sample was 39.8 years (SD = 8.2) and the mean number of
years caregiving was 5.5 years (SD = 3.0). The majority of the
sample was Caucasian (95.3%) and caring for a spouse/part-
ner (88.2%). Participants completed 12 sub-scales from the
Patient-Reported Outcomes Measurement Information
System (PROMIS), four sub-scales from the TBI-Caregiver
Quality of Life (TBI-CareQOL) scale, and the Caregiver
Appraisal Scale (CAS). Using the CAS, the sample was divided
into three Caregiver Burden groups: High Burden (n = 40);
Neutral Burden: (n = 35); Low Burden: (n = 10).
Results: There were significant differences across the three
Caregiver burden groups on all 16 measures (p =.001 to p
<.001). Pairwise comparisons revealed significant differences
(p <.05) and large to very large effect sizes for the vast
majority of measures/comparisons. For all measures, higher
caregiver burden was consistently and significantly associated
with worse overall functioning (i.e. High > Neutral > Low).
The largest effect sizes were found when comparing High vs.
Low burden groups (d = 1.24–2.90), followed by Neutral vs.
Low (d=.79–2.16), and High vs. Neutral (d=.44–1.26) groups.
Using a series of regression analyses to determine whether
CAS-Perceived Burden total scores could predict each of the
16 measures separately, caregiver burden was a significant
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predictor of all measures (all ps<.001). Those measures
accounting for the highest variance were TBI-CareQOL
Feelings of Loss (58.3%), followed by TBI-CareQOL
Caregiver Strain (51.9%), TBI-CareQOL Feeling Trapped
(45.1%), PROMIS Anxiety (42.7%), TBI-CareQOL Specific
Anxiety (42.9%), PROMIS Ability to Participate in Social
Roles and Activities (39.6%), and PROMIS Global Health-
Mental Health (38.8%). When combined, these variables
account for 70.8% of the variance towards the prediction of
CAS-Perceived Burden total scores.
Conclusions: These results suggest that high caregiver burden
is associated with a substantial decline in overall physical,
mental and social functioning (i.e. anger, general anxiety,
caregiver worry, depression, fatigue, poor sleep, stress/strain,
social isolation, social dissatisfaction, feelings of being
trapped, feelings of grief and loss, and a lack of emotional
and informational support). Given that almost half of this
sample reported high caregiver burden (i.e. 47.1%), there is
an urgent need to increase attention and resources to help this
underserved population.

0439 Comparison of the buffalo concussion
treadmill test (BCTT) and buffalo concussion bike test
(BCBT) for the evaluation of exercise intolerance

Andrea Hinds, Barry Willer, Nicholas Anderson, Alexander
Macfarlane, Dylan Constantino, Brandon Brownell, and John
Leddy

University at Buffalo, Buffalo, USA

ABSTRACT
The Buffalo Concussion Treadmill Test (BCTT) is a tool that
provides an objective measure of exercise intolerance after
concussion. The BCTT has been used in the evaluation and
treatment of both acutely concussed patients and those with
post-concussion syndrome (PCS). Although the BCTT has
been successfully administered to a variety of patient popula-
tions, the nature of the test makes it infeasible for use with
patients with limited mobility, and in physiologic studies of
exercise intolerance requiring minimal core body movement.
We sought to develop an alternative to the BCTT using a
stationary bicycle—the BCBT—which would provide a com-
parable assessment of exercise intolerance, and be appropriate
for a broader patient base.
We created the BCBT by calculating the energy cost, or
metabolic equivalent (MET), expended at each stage of activ-
ity during the BCTT and calculating the resistance against
pedalling required during each stage of exercise on the sta-
tionary bike that would result in a comparable MET expen-
diture. Thirty-eight healthy participants (mean age, 19.2
years) completed both the BCTT and BCBT within 7 days.
Time to exhaustion was measured, and the rating of perceived
exertion (Borg RPE) and heart rate (HR) after each stage of
exercise intensity over the duration of both tests were com-
pared to determine if the tests were equivalent.
A repeated measures ANOVA found no significant difference
between the change in HR over 10 minutes of exercise on the
BCTT as compared to the BCBT (p > 0.05). A similar com-
parison of change in the rating of perceived exertion (RPE)

over the same 10 minutes of exercise approached significance
(p = 0.07). Sex of the participant was not a factor. Time to
exhaustion was significantly affected by participants’ age and
athlete status (p < 0.02), with older, non-athletic participants
reaching exhaustion significantly earlier. During the BCBT,
the average HR at point of exhaustion (RPE of 19) was
significantly lower during the BCTT (172 bpm for the BCTT
as compared to 155 bpm for the BCBT; p < 0.01).
The BCTT and BCBT are comparable in terms of the impact
of increased exertion on HR. This suggests that the BCBT
could provide an acceptable alternative to the BCTT. The bike
requires less full-body movement, which is ideal for patients
for whom the BCTT is contraindicated, or for the incorpora-
tion of physiological monitoring devices which require patient
stability for the purposes of research. However, the BCBT
appears to be more challenging for patients that do not
exercise regularly due to the dependence on lower body
strength; as a result, it is possible that some patients may
quit the test before reaching a HR that elicits exercise
intolerance.

0440 Comparative effectiveness of inpatient TBI
rehabilitation interventions: Impact of more time in
contextualized treatment

Jennifer Bognera, Cynthia Beaulieub, John Corrigana, Marcel
Dijkers, Kamie Gilchristc, Clare Giuffridad, Candace
Gustafson, Flora Hammonde, Susan Hornf, Christopher
Johnsonf, Aubrey Lash, Michelle Maust, Erin Montgomerya,
Carolyn Rocchio, Misti Timpsong, Marvel Vena, and Irene
Ziaya
aOhio State University, Columbus, OH, USA; bBrooks
Rehabilitation Hospital, Jacksonville, FL, USA; cIntermountain
Medical Center, Salt Lake City, UT, USA; dRush University
Medical Center, Chicago, IL, USA; eIndiana University,
Indianapolis, IN, USA; fUniversity of Utah, Salt Lake City,
UT, USA; gRocky Mountain University of Health Professions,
Salt Lake City, UT, USA

ABSTRACT
The benefit of acute rehabilitation has been the target of
research for several decades, but identification of the active
and effective ingredients has remained elusive. The difficulties
in conducting RCTs in this multidisciplinary environment are
widely acknowledged. Studying the effects of rehabilitation
using rigorous statistical methodologies for causal inference
including propensity score methods (PSMs), has been gaining
ground.
The current study utilizes PSM to identify inpatient rehabili-
tation approaches that may have the greatest impact on out-
comes within the year post discharge. It employs data from
the TBI Practice-Based Evidence database, a multi-centre
study of 2130 participants that includes detailed documenta-
tion of interventions, patients and injury characteristics.
Patient-reported outcomes, including community participa-
tion (Participation Assessment with Recombined Tools-
Objective, PART-O), functional independence (FIM-TM),
life satisfaction (Satisfaction with Life Scale), and depressed
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mood (Patient Health Questionnaire-9), were collected at 3
and 9 months post discharge.
The following hypothesis was tested in the current study:
‘Patients who receive a greater proportion of therapy that
consists of contextualized treatment (versus decontextualized)
will achieve better outcomes than similar patients who receive
a lesser proportion of time in contextualized treatment’.
Contextualized treatment involves tasks that are meaningful
to the patient, which can improve motivation and better
generalize to daily life. Contextualized treatment relies heavily
on procedural memory, which following TBI tends to be more
intact than explicit learning. Decontextualized treatment often
seeks to improve very specific impairments with tasks that can
systematically build and strengthen a particular function, and
oftentimes uses a trial and error approach to learning (with
feedback and guidance).
From analyses utilizing PSM to control for observed covari-
ates and multiple imputation for missing outcomes, we found
that provision of an increased percentage of contextualized
treatment (in occupational, physical and speech therapies)
during inpatient rehabilitation is significantly associated with
better community participation 3 and 9 months post dis-
charge, especially in regard to activities that involve being
out and about in the community. If contextualized treatment
were increased for a given participant by 30% points, it is
expected that the PART-O score would be increased by 0.12
(95% CI: 0.03, 0.18) and .09 (95% CI: 0.003, 0.17) at 3 and 9
months. The PART-O Out and About score would be
increased by .0.14 (95% CI: 0.03, 0.24) at 3 and 0.15 (95%
CI: 0.04, 0.26) at 9 months. Social relations would also be
significantly improved with more contextualized treatment,
though this effect is only observed at 3 months. The small
effects were consistent with important improvements that
consumers identified a priori. We also present findings on
the effects of quasi-contextualized treatment (training in the
use of compensatory strategies applied to simulated real-life
activities) and on the heterogeneity of treatment effects rela-
tive to level of disability at admission and age.

0442 Crocflame—chronic neuroinflammation and its
role for cognitive decline and long-term sequels
following traumatic brain injury

Katrin Rauena,b,c, Lara Reichelta, Barbara Schaepersa,
Friedemann Muellera, Klaus Jahna, and Nikolaus Plesnilac

aSchoen Klinik Bad Aibling, München, Deutschland,
Germany; bDepartment for Psychiatry and Psychotherapy,
University Hospital Zurich, Zurich, Switzerland; cInstitut for
Stroke and Dementia Research, University of Munich Medical
Center, Munich, Germany

ABSTRACT
Traumatic Brain Injury has been considered as an acute brain
injury for decades. Recent animal studies and a small number
of clinical case reports have brought up a new concept of
chronic neuroinflammation following TBI, which may last up
to 17 years. Cognitive decline and long-term sequels such as
chronic fatigue, post-traumatic stress disorders, anxiety,
depression, sleeping disorders and dementia are often

underdiagnosed in post-TBI patients, thereby restricting
patients´ quality of life, independency and daily activities.
Currently, it is assumed that the initial trauma abuts neuroin-
flammation by microglial activation resulting in consequent
neurodegenerative processes. So far, the underlying mechan-
isms are still insufficiently understood and indispensable for
the development of new and innovative treatment options. To
investigate the correlation between chronic post-TBI neuroin-
flammation and neurodegeneration, we analysed medical
records of 1266 patients, who suffered from mild, moderate
or severe TBI and were neurologically rehabilitated between
2005 and 2015 in Schoen Klinik Bad Aibling, Germany. 439 of
1266 patients were contacted due to our defined inclusion and
exclusion criteria. The response rate was 43% (n = 188). The
demographic data of our study population were representative
per age (45 ± 19 yrs. (mean ± SD)), gender (75% male, 25%
female), TBI severity (13% mild, 12% moderate, 37% severe
TBI, 39% no information) and aetiology (52% traffic acci-
dents, 38% falls). Neurorehabilitation significantly improved
functional outcome (mRS at admission/discharge: 4/3). 135 of
188 patients (72%) made disclosures on their current TBI-
specific quality of life (QOLIBRI) up to 10 years following
their mild, moderate or severe TBI. 65% indicated a reason-
ably good quality of life with a score of 61 out of 100. 120 of
188 patients (64%) gave consent to participate in the long-
itudinal observational study investigating post-TBI neuroin-
flammation, cognitive decline and long-term sequels.
Currently, data analysis on the influence of acute interven-
tions as tracheostomy, decompressive craniectomy, length of
ICU and neurorehabilitation treatment as well as patients’
functional outcome on the TBI-related quality of life up to
10 years after the acute brain injury is carried out. In conclu-
sion, most patients had a reasonably good quality of life up to
10 years after mild, moderate and severe TBI. This large and
representative study population allows the characterization of
chronic post-TBI neuroinflammation and its role for cognitive
decline, dementia and long-term sequels to further elucidate
the pathophysiology and the new paradigm shift from acute to
chronic TBI.

0443 Incidence of associated gastrointestinal
disorders and impact on outcome following
moderate to severe traumatic brain injury

CB Eagye, Jessica Ketchum, Robert Kowalski, and Gale
Whiteneck

Craig Hospital, Englewood, CO, USA

ABSTRACT
Background: Currently, traumatic brain injury (TBI) and the
human microbiome are two prominent but separate concerns
in research. There is a growing body of evidence that the gut
microbial ecosystem is linked to brain physiology and neuro-
chemistry via what the US National Institute of Mental Health
calls the ‘microbiome-gut-brain axis’. Research in this area is
still exploratory, and the incidence of coexisting gastrointest-
inal medical conditions and associations with TBI outcome
has not been well characterized.
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Objective: To assess incidence of acutely occurring gastroin-
testinal (GI) medical conditions associated with outcome for
survivors of TBI.
Methods: Patients with moderate to severe TBI enrolled in the
TBI Model Systems (TBIMS) National Database (NDB) were
evaluated. Medical conditions identified by ICD-9 code
recorded during the acute hospital phase of treatment were
selected and grouped in a total of 75 Healthcare Cost and
Utilization Project (HCUP) categories or groupings of cate-
gories. HCUP category 155 ‘Other Gastrointestinal Disorders’
(which included all gastrointestinal disorders except, for
example, Gastrointestinal Haemorrhage, Diverticulosis and
Diverticulitis, and Gastroduodenal Ulcer) was analysed.
Outcome measures included FIM™ and Disability Rating
Scale (DRS) at the time of inpatient rehabilitation discharge,
and rehabilitation length of stay (LOS). Predictors of outcome
were assessed using general linear models, controlling for age
at injury, sex, cause of injury (high vs. low velocity), Glasgow
Coma Scale motor score (following vs. not following com-
mands), subcortical damage, and intracranial mass effect
(Bonferroni alpha = 0.0007).
Results: For the study period from May 2007 to December
2013, there were 3686 patients with complete data. Seventy-
two percent were male, and 66% white/Caucasian, with a
mean age of 46.1 ± 20.6 years. Forty-four percent of injuries
were caused by high-velocity events, 46% of patients followed
commands at initial presentation, 20% had subcortical
damage, and 40% intracranial mass effect. Incidence of other
gastrointestinal disorders was 25%. Other GI disorders pre-
dicted worse outcomes by all measures (p < 0.0001) except
FIM™ Cognitive score (p = 0.0602).
Conclusions: Other gastrointestinal disorders were observed in
one-fourth of TBI patients at rehabilitation discharge and
predicted worse outcomes by almost all measures assessed.
The findings point to a need for further research on the gut-
brain axis in TBI survivors.

0444 Trajectory of caregiver’s service needs and
health status from inpatient to home in a sample of
caregivers of service members who have sustained a
traumatic brain injury

Tracey Brickella,b,c,d, Louis Frencha,b,c,d,e, Rael Langea,b,c,f, and
Sara Lippaa,b,c

aWalter Reed National Military Medical Center, Bethesda,
MD, USA; bDefense and Veterans Brain Injury Center,
Silver Spring, MD, USA; cNational Intrepid Center of
Excellence, Bethesda, MD, USA; dUniformed Services
University of the Health Sciences, Bethesda, MD, USA;
eCenter for Neuroscience and Regenerative Medicine,
Bethesda, MD, USA; fUniversity of British Columbia,
Vancouver, BC, Canada

ABSTRACT
Objectives: For many family members of US military service
members (SM) who have sustained a traumatic brain injury
(TBI), the adoption of the caregiver role begins while the
injured SM is an inpatient in hospital. The purpose of this
study was to examine long-term service needs and health

status in caregivers of SMs following TBI as they transition
from hospital to home.
Methods: Participants were 54 caregivers (90.7% female; 64.8%
caring for a spouse/partner) of US military SMs who had
sustained a mild (51.1%), moderate-severe (23.4%), or pene-
trating TBI (25.5%). Caregivers were recruited from multiple
DoD Medical Treatment Facilities nationwide, and via care-
giver events and social media. The mean time caregiving was
5.2 years (SD = 3.2; range 1–12 years). Participants completed
a questionnaire designed for this study that evaluated five
service needs and health status. At the time of the baseline
evaluation, participants were asked to retrospectively rate
their needs/health when [a] the SM was a hospital inpatient
(Time 1), [b] the SM first moved home from hospital (Time
2), and [c] ‘within the past 3 months’ (Time 3). A subgroup of
42 caregivers also completed a follow-up evaluation on aver-
age 8.2 months later (SD = 4.2, range = 3–20) and again rated
their needs/health [d] within the past 3 months (Time 4).
Results: Over time, there was a decrease in the proportion of
the sample that reported the need for [a] instruction and
coaching to be a caregiver (T1 = 61.1%, T2 = 50.0%, T3 =
27.8%, T4 = 33.3%; p <.05), [b] guidance with how to provide
emotional support (T1 = 66.0%, T2 = 62.3%, T3 = 49.1%, T4
= 51.2%; p <.05), [c] finding information about programmes
and services (T1 = 81.5%, T2 = 79.6%, T3 = 70.4%, T4 =
54.8%; p <.05), and [d] navigating the DoD/VA medical
system (T1 = 70.4%, T2 = 74.1%, T3 = 64.8%, T4 = 57.1%;
n/s). However, the need for these services remained high. Of
those that needed help, less than 50% received the help they
needed initially (25.7–54.5%), when they returned home
(20.9–40.7%), at Time 3 (6.7–47.4%), and at Time 4 (14.3–
34.8%). A large minority of the sample rated their emotional
health and medical health as fair/poor over time. From Time
1 to Time 4, there was a slight increase in ratings of poor
emotional health (T1 = 39.6%, T2 = 39.6%, T3 = 49.1%, T4 =
46.3%; n/s) and a more pronounced increase in ratings of
poor medical health (T1 = 20.4%, T2 = 24.1%, T3 = 35.2%, T4
= 42.9%; p <.05).
Conclusions: Overall, these results suggest that a substantial
number of individuals require help in their new role as care-
giver acutely, when the SM transitions home, and for many
years after the SM has returned home. Some caregivers report
adequate help initially and when they first return home, but
few caregivers receive this help in the long term. Long-term
follow-up of caregivers should be considered the norm, not
the exception.

0445 Anxiety symptoms and their correlates in
adolescents with mild traumatic brain injury

Lindsay Cirincionea, Amber Nelsona,b, Keith Slifera,b, and
Valerie Paascha,b

aKennedy Krieger Institute, Baltimore, MD, USA; bJohns
Hopkins University School of Medicine, Baltimore, MD, USA

ABSTRACT
Objective: The aim of the current study is to examine corre-
lates of anxiety symptoms in adolescents with mild Traumatic
Brain Injury (mTBI) receiving interdisciplinary care.
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Additionally, qualitative variables including demographics,
injury characteristics and observed symptoms of anxiety are
explored. This study serves to further the assessment and
understanding of anxiety in adolescents with mTBI, as
untreated psychological symptoms in this population are
known to contribute to protracted recovery.
Methods: A retrospective chart review of 78 adolescents (ages
13–18; M = 14.73) was conducted among those referred for
psychology services within an interdisciplinary urban paedia-
tric mTBI clinic. Demographics and injury characteristics
were gathered via clinical interview to provide an overall
context for the population. Anxiety symptoms were assessed
via clinical interview and the Revised Children’s Manifest
Anxiety Scale-2 (RCMAS-2, Reynolds & Richmond, 2008).
Results: Participants were primarily female (71.8%) and Caucasian
(74.4%). Most injuries were sports-related (61.5%). In 76.9% of
participants, mood concerns warranting psychological interven-
tion were identified at initial evaluation. Many (43.6%) denied
premorbid mental health diagnoses; however, 24.4% of partici-
pants endorsed a history of undiagnosed mood symptoms. Of
participants with premorbid mental health diagnoses, 33.3% had
anxiety disorders. Few were receiving outpatient psychiatric
(5.1%) or psychological (6.4%) services. On the RCMAS-2, cumu-
lative number of injuries was correlated with higher levels of
response defensiveness, lower report of total anxiety symptoms,
and lower report of somatic anxiety symptoms. Time since injury
was not correlated with self-report of anxiety symptoms. A sub-
stantial percentage of participants endorsed clinically significant
levels of overall anxiety (25.6%), somatic symptoms of anxiety
(29.5%), and socially related anxiety (16.7%).
Discussion:Within this sample, cumulative number of injuries was
significantly correlated with a lower report of anxiety, whereas
time since injury was not correlated with level of anxiety symp-
toms. Specifically, adolescentswho sustainedmore than one injury
were likely to respond defensively to the RCMAS-2, appearing to
underreport anxiety symptoms, particularly related to somatic
functioning. Adolescents with only one injury may be more likely
to endorse more anxiety complaints. One hypothesis is that those
with multiple injuries may be attempting to present themselves in
a more favourable light in order to quickly return to sports and
other activities. Conversely, given these findings, it could be
hypothesized that adolescents who are new to mTBI may be
more likely to attribute mood concerns to the mTBI itself as
opposed to pre-morbid anxiety. Regardless of the number of
injuries or time since injury, participants endorsed more symp-
toms of anxiety within the context of mTBI recovery than would
be expected when compared to normative peers, emphasizing the
need for psychology services in mTBI treatment. Overall, anxiety
and its correlates following injury warrant further study to clarify
symptomatology and unique risk factors associated with mTBI.

0446 Brain network analysis of eeg data in the
service of clinical assessment: Utilizing big data and
prior theoretical knowledge to make eeg accessible
to clinicians

Amit Rechesa, Hadas Or-Lya, Michal Weissa, Yaki Sterna,
Barak Laisha, Offir Laufera, Boaz Sadeha, Maayan Ettingera,

Galit Shahama, Orli Kehata, Revital Shani-Hershkovicha, Ziv
Peremena,b, Amir Gevaa,c, and Sarah Lorenzena

aElminda, Herzliya, Israel; bThe School of Psychology
Sciences, Tel Aviv University, Tel Aviv, Israel; cElect and
Comp Engineering, Ben Gurion University of the Negev,
Beersheba, Israel

ABSTRACT
For many years human electroencephalogram (EEG) and Event-
Related Potential (ERP) data are being collected and studied
around the world. However, extracting clinically meaningful
neuro-cognitive information remains extremely challenging.
EEG/ERP data suffer from substantial inherent variability and
instability compared to other physiological metrics, and are highly
sensitive to gender and age differences. Finally, EEG data are
extremely complex, hiding a theoretically endless number of pos-
sible measurable features, making it hard to be used as a stand-
alone clinical tool in the domain of cognitive function evaluation.
To overcome these challenges, we have developed a framework
which combines large datasets, novel signal processing technology
and academic knowledge, in the following steps: Initially, we
collected 15 100 EEG recording files of healthy individuals aged
12–50 years, performing various computerized cognitive tasks
during several visits. We then analysed the data and extracted a
large number of advanced spatiotemporal features in response to
the cognitive tasks (see Stern, Y., Reches, A., and Geva A. “Using
Spatiotemporal Features in the BrainNetworkActivationAnalysis
for Improved Data Classification”. Frontiers in computational
neuroscience, In Press). Next, using a ‘hybrid’ approach combin-
ing machine learning and prior knowledge from the wide ERP
literature, we assembled an optimal set of brain network models
from these features. We thus obtained a stable cohort of function-
ally meaningful networks representing the various cognitive func-
tions such as attention, memory, motor control and sensory
processing.
Finally, to render this method useful in the clinical setting, we
created a normative distribution for each cognitive function,
compared to which we can then score and graphically illus-
trate the functional network activity of individual participants.
Furthermore, since the brain develops substantially through-
out the aforementioned ages, and differently for men and
women, we used our large database to study and refine the
functional networks’ scoring process by delineating age and
gender bins with coherent neuronal network activity. The end
result of this process is an age- and gender-matched, litera-
ture-based, set of scores of a person’s neural-network activity,
which map the individual’s neuro-cognitive state across a
variety of important cognitive functions, in relation to the
norm. This map of functional brain network activity (BNA)
can assist clinicians as a general neural assessment tool when
evaluating a patient for neuropsychological functioning.

0447 Under-diagnosed traumatic brain injury in
traumatic spinal cord injury patients admitted to
acute rehab

Hossam Eldin Mohamed

Burke Rehabilitation Hospital, White Plains, NY, USA
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ABSTRACT
Background: Traumatic spinal cord injury (SCI) typically is
the product of high kinetic accidents. Such accidents have also
been a factor in the cause of Traumatic brain injury (TBI).
These neurotraumas can often be assumed to occur concomi-
tantly, but due to the enormous physical injury that is sus-
tained in a patient with SCI being the focus of concern, some
of the basic indicators of TBI may go undetected and there-
fore undiagnosed.
Objective: To investigate the occurrence of under-diagnosed
TBI in traumatic SCI patients who were admitted to an acute
rehab facility and how detection of cognitive impairments was
identified.
Design: Retrospective chart review
Setting: Acute rehabilitation hospital
Participants: Seventy-eight patients with SCI admitted to the
SCI unit in an Acute rehabilitation facility
Methods: A chart review was conducted of patients admitted
to the SCI unit in an acute rehabilitation facility with primary
diagnosis of SCI between November 2014 and August 2016.
Patients with a primary diagnosis of SCI and no prior history
of TBI or any cognitive deficits were included in the study.
Additionally, the medical record was also reviewed to identify
the personnel who identified the deficits (eg. physician,
therapist).
Results: Seventy-seven patients were admitted to the SCI unit.
15 (19%) patients did not meet the inclusion criteria. Out of
the remaining 62 patients who met the inclusion criteria, 7
(9%) patients were found to have a degree of cognitive deficits
that was not diagnosed in the acute care setting. Out of these
seven patients, three (4%) were found to have mild cognitive
deficits while four (5%) were found to have moderate cogni-
tive deficits. Out of the seven patients with newly identified
cognitive deficits, five (71%) were detected by the admitting
physician and two (28%) were detected by the therapists.
Conclusion: All patients with a traumatic SCI should receive a
cognitive evaluation by qualified personnel to identify any
potential co-occurring TBI.

0448 Dopamine imaging in traumatic brain injury
(TBI): Association with functional outcomes

Kyle Womacka,b, Librada Callenderc,d, Rosemary Dubielc,d,
Kathleen Bella,b, Simon Driverc,d, and Shahid Shafid

aUniversity of Texas at Southwestern Medical Center, Dallas,
TX, USA; bParkland Hospital, Dallas, TX, USA; cBaylor
Institute for Rehabilitation, Duncanville, TX, USA; dBaylor
University Medical Center, Dallas, TX, USA

ABSTRACT
Background: Drugs enhancing dopamine (DA) signalling are
widely used off-label in patients recovering from TBI in an
attempt to augment vigilance or accelerate cognitive recovery
and rehabilitation. Although there are anecdotal reports and
small case series supporting this practice, there is varied
effectiveness seen in studies of DA re-uptake inhibitors in
TBI, and only amantadine demonstrated efficacy in a single
clinical trial. One possible explanation for the variation in
outcomes is the heterogeneity of the injury and differential

injury to DA circuits. Direct knowledge of the integrity of DA
circuits in severely injured patients after TBI should allow
more targeted therapy to supplement DA neurotransmission.
To address this issue, we employed Single Photon Emission
Computed Tomography (SPECT) imaging of the presynaptic
DA transporter (DAT) as patients begin rehabilitation in
order to assess damage to the DA system.
Objectives:
1. To measure presynaptic DAT expression in severe TBI
upon admission to inpatient rehabilitation using SPECT ima-
ging with the DAT imaging agent 123I-Ioflupane.
2. To correlate the binding potential of 123I-Ioflupane in the
striatum with deficits and subsequent rehabilitation functional
outcomes.
Study Design: Prospective cohort
Methods: Thirteen subjects were consented by proxy and
participated with imaging and functional assessment.
Baseline SPECT imaging was performed within 2 weeks of
admission to rehabilitation and 3 hours after injection of 5
mCi 123I-Ioflupane tracer. Images were transformed into
common space and striatal binding potentials (SBP) calcu-
lated using a striatal template with whole extra-striate brain
used as a reference for non-specific binding. Baseline and 4-
week outcome measures included Functional Independence
Measure (FIM), Disability Rating Scale (DRS), Coma
Recovery Scale Revised (CRS-R), and Functional Assessment
Measure (FAM).
Results: Subjects were mostly male (n = 9, 69%), with mean age
of 31.32 ± 8.88 and severe TBI. At baseline imaging, SBP was
significantly associated with CRS-R Total (p = 0.006; r = 0.717),
Total FIM self-care items (p = 0.007, r = 0.707), Total FAM
communication items (p = 0.0003; r = 0.845), and Total FIM +
FAM cognitive items (p = 0.004; r = 0.740). There were no
correlations with FIM bladder/bowel control or FIM/FAM
mobility items. At the 4-week follow-up, SBP was significantly
correlated with DRS (p = 0.009; r = 0.687), FIM + FAM self-care
items (p = 0.006; r = 0.719), FIM + FAM communication items
(p = 0.006; r = 0.713) and FIM + FAM cognitive items (p = 0.008;
r = 0.684).
Conclusions: Baseline SBP is significantly correlated with a
number of rehabilitation functional measures at baseline as
well as outcomes achieved after 4 weeks of rehabilitation.
These data suggest that damage to the nigrostriatal dopami-
nergic system explains 50–70% of the variance seen in several
functional measures at baseline and 45–50% of the variance in
these functional measures achieved after 4 weeks of therapy. A
better understanding of dopaminergic dysfunction in TBI,
and how best to treat it, has the potential to make a large
impact on achievable outcomes.

0449 Factors affecting burden in family caregivers
of military service members with traumatic brain
injury

Rael Langea,b,c,d, Tracey Brickella,b,c,e,f, Louis Frencha,b,c,f, and
Sara Lippaa,b,c

aWalter Reed National Military Medical Center, Bethesda,
MD, USA; bDefense and Veterans Brain Injury Center,
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fCenter for Neuroscience and Regenerative Medicine,
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ABSTRACT
Background: Family members often assume the role of ‘care-
giver’ for a service member (SM) following a traumatic brain
injury (TBI) to help with rehabilitation and community rein-
tegration. Caregivers often experience significant burden from
the demands placed on them. This study aimed to identify
factors that increase caregiver burden.
Methods: Participants were 214 caregivers [95.8% female;
92.5% Caucasian; Age: M = 38.6 years (SD = 10.4)] of US
military SMs who sustained a penetrating, severe, moderate or
mild TBI. The majority of the sample was caring for a spouse/
partner (86%) and had been caregiving for 4.1 years (SD =
2.9). Caregivers were recruited from medical treatment facil-
ities nationwide and via community outreach. Participants
completed the Caregiver Appraisal Scale (CAS), Mayo-
Portland Adaptability Inventory (MPAI; significant other rat-
ings), and a structured interviewed designed to evaluate a
variety of caregiving issues (e.g. time spent caregiving, care-
giving responsibilities). Only select variables were included
that were hypothesized (a priori) to have an impact on care-
giver burden. Using the CAS Caregiver Burden subscale, the
sample was divided into two groups: High Burden (n = 138)
and Low Burden (n = 76).
Results: There were no significant group differences for age,
gender, household income, number of dependents living in
the household or the number of years caregiving (p >.05).
However, there were significant group differences on the
majority of remaining measures. High caregiver burden was
significantly associated with a decrease in the SMs (i) sensory-
motor and cognitive abilities; (ii) mood and interpersonal
interactions; and (iii) initiation and social contact/activities
[MPAI Ability, Adjustment, and Participation scales (all ps
<.001; d=.77 to d = 1.30)]. In particular, high caregiver burden
was associated with a SMs symptoms of anxiety, post-trau-
matic stress, depression, inappropriate behaviour in social
situations, and verbal and physical expressions of irritability,
anger, and aggression (all ps<.001; OR = 4.81 to 15.36). High
caregiver burden was further associated with the caregiver’s:
[1] lack of mastery in their role (CAS Caregiver Mastery, p
<.001; d=.77) and need for instruction/coaching to provide
care (p <.001, OR = 3.79); [2] loss of income due to lack of
employment or inability to work or find work (all ps <.006,
OR = 2.78 to 14.57); [3] need for help managing medical
appointments, navigating the medical health system, and find-
ing information about available services/programmes (all
ps<.001; OR = 3.70 to 10.32); and [4] providing care 7 days
per week for more than 80 hours p/week; and a lack of time to
devote to themselves (all ps<.001, OR = 3.74 to 10.36).
Conclusion: These results suggest that caregiver burden
among family caregivers providing care to SMs following

TBI is very high. There is a significant need for increased
focus on this population. In order to reduce burden, care-
givers would benefit from (a) education programmes, (b)
assistance with caregiving duties, (c) respite, (d) support
groups, and (e) increased financial support.

0450 Thalamocortical dysrhythmia following mild
traumatic brain injury: A working hypothesis

Riccardo Zuccaa, Xianghong Arakakib, Robert Goldweberc,
Michael Harringtonb, and Paul FMJ Verschurea,d

aUniversitat Pompeu Fabra, Barcelona, Spain; bHMRI,
Pasadena, CA, USA; cEmergency Department, HMRI,
Pasadena, CA, USA; dICREA, Barcelona, Spain

ABSTRACT
Traumatic brain injury (TBI) is one of the most common
neurological disorders affecting up to 500 000–1 000 000
individuals in Europe and US per year. Individuals with
mild TBI (mTBI) are characterized by great heterogeneity in
terms of aetiology, pathology and severity, with injuries that
can be elusive to standard clinical techniques, thus mTBI
diagnosis is a challenging problem. mTBI patients may suffer
from chronic disabilities that can progress over days, weeks
and even years. Previous electrophysiological studies reported
reductions in alpha band activity during resting state in mTBI
patients relative to healthy non-head trauma controls that can
be observed over extended periods of time after injury
(Arakaki, 2016). A reduction in alpha band power can be
attributed to mechanisms affecting the thalamocortical net-
work (Nuwer, 2005), possibly associated with deficits in cho-
linergic neurotransmission (Tenovuo 2006). Disrupted large-
scale intrinsic connectivity has been also observed following
TBI (Sharp, 2014). We have recently shown that stroke-
related cortical lesions induce pathological alterations to the
thalamocortical interactions, or thalamocortical dysrhythmia
(TCD); this arises by attenuating the cortical drive onto the
thalamus and driving it into a low bursting regime, which
further propagates to the neocortex through divergent
intrathalamic circuits (van Wijngaarden, 2016). This low-fre-
quency TCD dynamics can account for a variety of non-
specific symptoms (e.g. post-stroke pain and fatigue, mood-
related disorders) that are apparently dissociated from the
lesion’s site and temporal onset. Here we investigate whether
the same signatures of TCD emerge acutely following mTBI.
We examine the resting state EEG recordings of 12 mTBI
patients with those of non-head trauma controls within 1
week of injury. Preliminary results over aggregated data in
the acute phase show a pattern of increased delta band power
in the frontal areas relative to healthy controls with no differ-
ences in the alpha band. The patterns of spectral power dis-
tribution unmasked at the individual level show high
heterogeneity that depends on the lesion site and severity,
suggesting that diagnostically relevant EEG patterns could be
revealed taking into account those specific individualized
features.
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0451 Five-year headache trajectories after moderate
to severe traumatic brain injury

Jeanne Hoffmana, Sylvia Lucasa, Nancy Temkina, Sureyya
Dikmena, and Kathleen Bellb

aUniversity of Washington, Seattle, WA, USA; bUT
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ABSTRACT
Objective: To determine whether patterns or trajectories of
headache occur over 5 years following moderate to severe
traumatic brain injury (TBI) and to identify demographic
and injury characteristics that may be related to these trajec-
tories. In addition, we also examined whether trajectory was
related to employment and satisfaction with life at 5 years
post injury.
Methods: 316 individuals were enrolled during inpatient reha-
bilitation after moderate to severe TBI and were followed by
telephone at 3, 6, 12 and 60 months post injury. At each
follow-up, individuals who reported headache during the
prior 3 months were asked to rate their headache pain on a
0–10 scale (0 = no pain, 10 = worst pain) and to complete the
Headache Impact Test-6 items (HIT-6). Discrete mixture
modelling was used to estimate trajectory groups based on
both pain rating and impact score.
Results: Four different 5-year trajectories were found for head-
ache pain: minimal (25%), worsening (37%), improving (7%)
and chronic (30%) pain. Three trajectories were found for
headache impact: minimal (48%), worsening (27%) and
chronic (24%). The chronic pain trajectory membership was
higher for females, those injured by violence, those unem-
ployed prior to injury, and who had a history of headache or
mental health problems. Those in the chronic pain trajectory
had significantly lower satisfaction with life at 5 years post
injury compared to the other trajectory groups. Chronic
impact trajectory membership was higher for women, those
injured by violence, who had a history of headache, or were
unemployed at the time of injury. At 5 years post injury, the
chronic group was significantly more likely to be unemployed
and also significantly less satisfied with their lives compared
to the minimal or worsening trajectory groups. Those who
were employed before injury were more frequent members of
the worsening group for both pain and impact compared to
those who were not employed prior to injury. No relationship
was found between other demographic and injury

characteristics including age, post-traumatic amnesia or sub-
stance use prior to injury.
Conclusions: Trajectory analysis revealed a relatively large
(24–30%) group of individuals with chronic headache pain
and significant headache functional impact over 5 years post
injury. The identification of members within this group may
be important in targeting more intensive treatment to
improve satisfaction with life and post-injury employment
opportunity.

0452 Battered & brain injured: Identifying and
supporting brain-injured survivors of intimate
partner violence

Halina (Lin) Haaga,b, Nneka MacGregorc, Sandra Sokoloffb,d,
Dayna Jonesb,d, Tracey Josephb,d, Nora Cullend,e, Shirley
Broekstrac, Vivien Greenc, and Angela Colantoniob,d

aWilfrid Laurier University, Kitchener, ON, Canada; bToronto
Rehabilitation Institute - UHN; ABI Research Lab, Toronto,
ON, Canada; cWomenatthecentrE, Women’s Centre for Social
Justice, Toronto, ON, Canada; dUniversity of Toronto,
Toronto, ON, Canada; eWest Park Healthcare Centre,
Toronto, ON, Canada

ABSTRACT
Every year thousands of Canadian women experience intimate
partner violence (IPV), receiving injuries such as battery to
the face, head, and neck, a pattern of violence potentially
causing permanent traumatic brain injury (TBI). Despite pre-
liminary investigation identifying elevated rates (35–80%) of
potential TBI among women survivors of IPV, it remains a
connection left largely unexplored. We carried out a pilot
project that surveyed existing TBI-specific knowledge and
services in the Toronto IPV survivor support community to
better understand the current knowledge of TBI in the IPV
support community and identify ways to improve the health
and well-being of women survivors, and developed a knowl-
edge-to-practice network to address this issue. A scoping
review of existing literature was conducted prior to embarking
on the research project and the results of that review served to
inform project design. Phase one consisted of an online sur-
vey sent out to IPV service providers located within the
Greater Toronto Area asking about their understanding of
TBI in their client population and their ability to offer TBI-
sensitive services. Phase two expanded the project with a
networking/education workshop hosting both provincially
and nationally based service providers, brain-injured women
survivors of IPV, and other key stakeholders to disseminate
findings, generate recommendations for ‘next steps’ in
research and practice, and offer relevant TBI/IPV education.
This project is the foundation for an extensive programme of
research intended to significantly improve TBI/IPV survivors’
health and well-being. Results from the scoping review discuss
the limited body of existing literature, identify specific
research concerns, and highlight practice and policy recom-
mendations. Study data indicate a need for increased knowl-
edge and awareness of TBI among IPV service providers,
emphasizes the need for development of a TBI assessment
tool suitable for use in an IPV context, and identifies
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facilitating factors and barriers to service provision and
uptake. We present these findings and provide recommenda-
tions for future research agendas and service development.

0454 Epidemiology of head and face injuries in
national collegiate athletic association student-
athletes

Erin Wasserman, Melissa M. Baker, Sara Dalton, and Thomas
Dompier

Datalys Center for Sports Injury Research and Prevention,
Indianapolis, IN, USA

ABSTRACT
Objectives: The incidence of and outcomes from concussions
in National Collegiate Athletic Association (NCAA) student-
athletes is well studied. However, little is known about the
incidence of other head injuries among NCAA student-ath-
letes, especially those of greater severity. The objective of this
study was to determine the proportion of all head and face
injuries that are concussions and identify other head injuries,
especially those requiring emergency transport or surgery.
Methods: Data from the National Collegiate Athletic
Association (NCAA) Injury Surveillance Program (ISP) dur-
ing the 2009/2010 to 2013/14 academic years were used for
this descriptive epidemiology study. Athletic trainers reported
the incidence and characteristics of injuries and athlete-expo-
sures (AEs) from 145 schools across 27 sports and 1614 team-
seasons. All injuries to the head and face were examined.
Proportions of diagnoses for all injuries, those that required
surgery, and those that required emergency transport are
reported, as well as national estimates for the number of
each diagnosis per year.
Results: There were 2255 injuries to the head and face, for a
rate of 0.50/10 000 AEs [95% Confidence Interval (CI):0.48,
0.52]. Of these, 1678 (74.4%) were concussions, 263 (11.7%)
were facial lacerations, and 79 (3.5%) were facial contusions.
Only one subdural/epidural haematoma was reported [rate =
0.0027/10 000 AEs (95% CI:0.0, 0.0079)], for a national esti-
mate of 4/year across all sports, though this estimate is impre-
cise. Additionally, only one skull fracture was reported, and
only seven orbital fractures [rate = 0.0187/10000 AEs (95%
CI:0.0048, 0.0325); national estimate 57/year] were reported.
Thirty (1.3%) head and face injuries required surgery, 13
(43.3%) of which were facial lacerations, 4 (13.3%) were con-
cussions, 4 (13.3%) were scalp lacerations, and 4 (13.3%) were
orbital fractures. Sixty (2.7%) head and face injuries required
emergency transport, 44 (73.3%) of which were concussions.
Conclusions: Severe brain injuries are rare among NCAA
student-athletes. Among head and face injuries that required
surgery, the majority were lacerations. Further research is
needed into possible misclassification of diagnoses, as it is
unlikely that surgery was required for a concussion, and this
may represent more severe brain injuries that are misclassi-
fied. Additionally, most of the head and face injuries that
required emergency transport were concussions. This may
indicate that the severity of the brain injury is not clear at
the time of presentation. Further research is needed to

determine better ways to identify, triage and manage brain
injuries at the time of injury.

0455 A novel self-guided rehabilitation task reduces
somatosensory sensitivity and preserves cognitive
performance following experimental traumatic brain
injury

L. Matthew Law, Daniel Griffiths, and Jonathan Lifshitz

Barrow Neurological Institute at Phoenix Children’s Hospital,
Phoenix, USA; University of Arizona College of Medicine -
Phoenix, Phoenix, AZ, USA

ABSTRACT
Traumatic brain injury (TBI) is not a transient event from
which all people recover; the resulting damage can evolve into
neurological disease. In rats, TBI disrupts neural circuits, with
functional consequences such as cognitive impairment and
sensory sensitivity to whisker stimulation. Experimental reha-
bilitation strategies across TBI models, such as enriched envir-
onment and exercise, have reported varying levels of success
in alleviating a broad range of symptoms. The persistent
symptoms of TBI are heterogeneous and therefore require
therapies focused on specific symptoms and the associated
brain regions with the symptomology. Our model of brain
injury leads to sensory sensitivity and cognitive deficits at 28
days following a TBI; therefore, the current study sought to
establish a rehabilitation task that was effective in maintaining
somatosensory and cognitive function after diffuse TBI in
rats. The Peg Forest task takes place in a box with a peg
board floor (60 cm X 60 cm) that allows for 10-cm plastic
pegs to be inserted at 2.5-cm intervals anywhere across the
board. The random configuration of pegs promotes spatial
navigation and whisker stimulation as rats complete tactile
exploration of the environment. Rats were exposed to the
rehabilitation paradigm by allowing them to freely navigate
through a random peg-filled arena (92 pegs) or they were
exposed to an open field arena for 10 days over 2 weeks.
Additional groups of sham and injured rats served as caged
controls. All rats were then tested for sensory sensitivity on
the whisker nuisance task and cognitive performance in three
tasks: 1) novel object recognition (short-term memory), 2)
novel location recognition (long-term) and 3) temporal object
recognition (working memory) starting 28 days post injury.
Brain-injured animals exposed to the Peg Forest showed no
sensory sensitivity, performing similar to sham animals on the
whisker nuisance task. On all three object-recognition tasks,
these brain-injured animals exposed to the Peg Forest per-
formed at similar levels to sham rats. Brain-injured rats
exposed to the open field task also showed no sensory sensi-
tivity, but performed significantly worse than the sham ani-
mals on all three object-recognition tasks. As expected, brain-
injured caged control rats exhibited both sensory sensitivity
and impaired cognitive performance compared to uninjured
animals. The results indicate that self-guided, intermittent
rehabilitation personalized to specific neurological impair-
ments can mitigate symptomatology and that the Peg Forest
is a viable rehabilitation strategy to explore the cellular and

896 ABSTRACTS



molecular mechanisms that positively impact neurological
function after TBI.

0457 Brain deformation of youth athletes during
subconcussive head impact

Joel Stitzela,b, Logan Millera,b, Mireille Kelleya,b, Derek Jonesa,b,
Steven Rowsona,c, Jillian Urbana,b

aVirginia Tech - Wake Forest University School of Biomedical
Engineering and Sciences, Blacksburg and Winston-Salem,
NC, USA; bWake Forest University School of Medicine,
Winston-Salem, NC, USA; cVirginia Tech Biomedical
Engineering and Mechanics, Blacksburg, USA

ABSTRACT
Introduction: There are 1.6–3.8 million sport-related concus-
sions each year, the majority in football [1], but an increasing
interest in subconcussive impacts, particularly in the youth
population. Biomechanical factors like impact location and
direction and their relationship to brain motion and injury
must be well characterized. Brain response directional depen-
dence has been reported using animal and finite element (FE)
models [2]. For example, Zhang et al. (2001) observed
decreased brain tolerance to lateral impact versus frontal
impact.
Materials and Methods: On-field head impact data were col-
lected during practices and games for three youth teams over
four football seasons using the Head Impact Telemetry (HIT)
System. Each impact was characterized based on azimuth
from back to front of head (θ) and elevation from nose to
top of head (α). Six impact locations were studied: front
helmet, front facemask, side facemask, anterior side, posterior
side, and rear—A-F) [3, 4]. Normalized load curves for 5%,
50%, and 95% percentile magnitude impacts were created
using this data and previously measured six degree-of-free-
dom (6DOF) data. These drove a finite element simulation of
an anatomically accurate finite element model with gyri and
sulci, the atlas-based brain model (ABM) [5]. Brain deforma-
tion was analysed using maximum principal strain (MPS) for
each element. Decreasing peak MPS by element was used to
compute total brain volume exceeding five (5) percent MPS
threshold value.
Results and Discussion: A total of 40 538 impacts from 119
individual athletes were recorded. 50th percentile linear accel-
erations ranged between 14.8 and 31.2 g’s, rotational accel-
erations between 765 and 1269 rad/s2, and angular velocities
between 5.1 and 8.8 rad/s for the six locations A–F. Volume
percentage of brain exceeding 5% MPS ranged broadly
between impact severities and by location of impact within
each impact severity. For 5th percentile impacts it ranged
from 0% to 6%, for 50th percentile impacts it ranged from
6% to 53%, and for 95th percentile impacts it ranged from
80% to 97%.
Conclusions: This study demonstrates brain deformation var-
ies widely by impact location and by impact severity. The
location generally resulting in the largest brain deformation
was location B, frontal facemask. Locations resulting in lower
deformations were location A, a frontal top, and F, rear.
Broad variation in volume of the brain exceeding 5% strain

is worth extensive further investigation. This may have impor-
tant implications for quantifying concussion risk and long-
term exposure to subconcussive impacts. Quantifying the
relationship between impact location, magnitude and brain
deformation will aid researchers, equipment manufacturers
and rulemakers in head injury prevention and mitigation.
References: [1] Langlois, J.A., et al., 2006 [2] Zhang, L., et al.,
2001 [3] Rowson, S., et al., 2011 [4] Beckwith, J.G., et al., 2011
[5] Miller, L.E., et al., 2016

0460 Augmentative and alternative communication
intervention in patients with aphasia

Caroline Schnakersa,b, Sheila Rosenberga, Michelle Lama, Ellie
Bustamantea, James Divinea, Henry Milana, Emily Rosarioa
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ABSTRACT
Background: Over one million individuals in the USA are
affected by aphasia annually, in which approximately 180
000 of those cases are newly acquired. The development of
efficient and effective treatment is therefore crucial in such
population.
Objective: To determine whether an augmentative and alter-
native communication (AAC) intervention (i.e. GoTalk Now)
improves communicative abilities, quality of life and also
brain functioning in patients with aphasia.
Methods and Participants. Nineteen patients were recruited at
least 3 months post injury (age range: 29–78) and were given
6 hours of therapy with a Speech and Language Pathologist,
using GoTalk Now. Patients were evaluated prior to and after
intervention using the Western Aphasia Battery (WAB), the
Satisfaction and Success Questionnaires and also using an
electroencephalogram (EEG) at rest (for 5 minutes with eyes
closed). Data Analysis: Paired T-Test and Wilcoxon Signed
Rank were used to compare behavioural data pre and post
intervention. EEG power spectrum was also estimated pre and
post intervention for each patient.
Results: A positive mean difference was found across all sub-
jects of the WAB. Spontaneous speech scores increased sig-
nificantly for all three groups. We also saw an increase in the
aphasia quotient when excluding patients with global aphasia
(i.e. Broca/Other aphasia). Patients reported higher satisfac-
tion in their communication abilities after AAC therapy. In
parallel, they rated higher on the Satisfaction and Success
Questionnaires on their success of communicating medical
information after therapy. The power spectrum for six sub-
jects with artefact-free EEG data was estimated. All patients
with Broca showed a decrease in delta frequencies post inter-
vention at left temporal sites as compared to only half of the
patients with Global/Other aphasia.
Conclusions: The intervention significantly improved the
patients’ abilities and satisfaction in communicating with
their surroundings. An improvement in brain functioning
was also observed with decreased delta frequencies (particu-
larly in Broca’s aphasia), suggesting a reduction in aphasia
severity after intervention.
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ABSTRACT
Objectives: To capture the multiple roles family members of
patients in a vegetative state (VS), minimally conscious state
(MCS), or with locked-in syndrome (LIS) have while caring
for a loved one. Through qualitative interviews, we explored
the roles caregivers play and the potential for conflict among
them.
Methods: We conducted semi-structured qualitative inter-
views with twelve substitute decision-makers of individuals
who have been diagnosed to be in a VS, MCS or LIS. Using a
constructive grounded theory design, family members were
interviewed twice to capture the different roles they play, the
relationship among these roles, and the burdens experienced.
Results: Twelve family members participated in the interviews
for a total of 21 in-depth interviews to date. Family members
described undertaking a wide variety of different roles. The
roles include being a caregiver to the patient, caregiver to
other family members, advocate, household provider, and
financial and legal gatekeeper. The caregiver role included
unpaid health care work in caring for a loved one with a
severe brain injury, whose needs are often not met completely
by the health system. Family members described in detail the
physical, emotional, social and economic burdens experienced
by them and the impact of these burdens on personal rela-
tionships and family dynamics.
Conclusions: Family members caring for a loved one who has
been diagnosed to be in a VS, MCS or LIS undertake a variety
of roles. Prominent among these is the role as unpaid health
care provider, as families fill gaps in care that exist within the
health care system. The complex relationship among the roles
is a source of strain and burden for family members. Our
findings suggest an urgent need to improve the support family
members receive, including strategies to care for themselves.

0462 ISG15 required for BBB integrity and nutrient
homeostasis following TBI in young mice

Janet Rossia,b, Tracey Toddb, Thomas Swayzea, Ludmila
Belayevb,c, Nicolas Bazana

aLsuhsc Neuroscience Center of Excellenced, New Orleans, LA,
USA; bChildren’s Hospital, New Orleans, LA, USA; cLushsc-
Department of Neurosurgery, New Orleans, LA, USA

ABSTRACT
Introduction: Recently we have shown that ISG15, an ubiquitin-
like protein forms a protein-protein interaction with MLCK,
claudin5 and GLUT1. Here we show that ISG15 is also likely
responsible for the phosphorylation of GLUT1 (p-GLUT1).
ISG15 level is increased following focal ischaemia and is neuro-
protective. The significance of ISG15 TBI is still unclear.
Methods: PND21 and PND24 WT and ISG15 −/− mice were
anaesthetized with avertin, mechanically ventilated, physiolo-
gically regulated, and subjected to lateral closed-skull injury
model with impact depth of 2 or 2.25 mm (bregma level—
0.10 mm). Mice were sacrificed from T0, through 7D. ISG15,
GLUT1 and p-GLUT were analysed by Western blot, BBB
disruption with Fluorescein sodium salt and 4 Kda Dextran.
Wire Hand and Two Object Novel Recognition were per-
formed per protocol to evaluate motor strength and memory.
Results: Protein expression
PND21 Free ISG15 down-regulation: normalized to actin T <
2 minutes Sham: 14.83 2.00 mm:
9.83, 2.25 mm: 3.83 and T4h Sham: 4.5 2.00 mm: 5.5,
2.25 mm: 6.5, T6h Sham: 4.5, 2.00 mm: 9, 2.25 mm: 15. 72
hours Sham: 4.33, 2.00 mm: 6.883, 2.25: 15.5.
PND24 Free ISG15 up-regulation: T < 2 minutes Sham: 5.167,
2.00 mm: 9.167, 2.25 mm: 14.17 and T4 Sham: 4.5, 2.00 mm:
9.5, 2.25 mm: 14. 6 hours Sham: 6.83, 2.00 mm: 7.5, 2.25 mm:
14.83, 72 hours Sham: 6.87, 2.00 mm: 7.5, 2.25: 14.33.
PND21 p-GLUT1 decreases: T < 2 minutes Sham: 4 2.00 mm:
4 2.25 mm 3.33 and T 4 hours Sham: 7.167 2.00 mm: 10.33
2.25 mm: 11.00
PND24 p-GLUT1 increases: T < 2 minutes Sham: 4.5
2.00 mm: 9.5 2.25 mm 14.5 and T4h Sham: 6.5 2.00 mm:
8.33 2.25 mm: 15.17
ISG15 and p-GLUT1 develop protein-protein interactions on
co-immunoprecipitation at 4h following TBI.
Evaluation of the blood-brain barrier
PND21 mice brains 72 hours:
WT
TR- Sham: brains 3.50. 2.25 mm: 16.83.
FITC- Sham: 3.50, 2.25 mm: 12.67.
EB- Sham: 3.50, 2.25 mm: 21.
ISG15-/- 12.17, mice brains 72 hours: 19.50.
TR- Sham: 2.25 mm:
FITC- Sham: 16.17, 2.25 mm: 19.50.
EB- Sham: 11.50, 2.25 mm: 13.50.
Overall the amount of dyes in the brains are similar in the
shams of WT and ISG15 brains and there is no significant
difference in the ISG15-/- Sham and TBI brains.
Co-IP-ISG15 shows a protein-protein interaction between
ISG15 and P-Glut.
Motor and Neurocognitive Outcomes: The PND21 sham WT
mice show preference for the new object: 72.90 over the old
object: 34.40 and a decrease in the latency to fall between
sham: 20.33 and 2.25 mm: 3.50. The PND21 ISG15-/- shams
show a significant decrease in the preference for the new
object: 17.13 compared to the old object: 28.32 and no differ-
ence between the sham: 12.17 and 2.25 mm: 14 in latency to
fall.
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Conclusion: ISG15 appears to be developmentally regulated
and important for nutrient homeostasis and neurological
recovery following TBI.

0464 Molecular and functional biomarkers of mild
traumatic brain injury

Daria LaRoccaa, Christopher Nevillea, Andrew Brindleb, Brian
Riegera, Richard Uhligb, Frank Middletona

aSUNY Upstate Medical University, Syracuse, USA; bMotion
Intelligence Incorporated, Syracuse, USA

ABSTRACT
Traumatic brain injury (TBI) is a major cause of death and
disability worldwide, with at least 1.7 million individuals
affected annually in the USA. Mild TBI (mTBI) alone
accounts for 85% of total TBI cases and is associated with
serious long-term sequelae including second impact syn-
drome, post-traumatic epilepsy, and possibly chronic trau-
matic encephalopathy (CTE). mTBI often goes undiagnosed
due to under-reporting, delayed onset of symptoms and the
limited sensitivity of conventional assessment techniques in
detecting mild brain injury, thereby hampering diagnostic,
prognostic and therapeutic approaches. To overcome these
limitations, we have been evaluating the utility of
microRNAs (miRNAs) to serve as sensitive and specific per-
ipheral biomarkers of mTBI. miRNAs are small non-coding
RNAs that suppress protein expression and that have emerged
as useful biomarkers in cancer, diabetes, neurodevelopmental
and neurodegenerative disorders. Notably, although miRNAs
are made in all tissues and organs of the body, many of them
show tissue specificity. Moreover, miRNAs can act within the
cells that synthesize them or be released into the extracellular
space (EC) and travel in biofluids to affect other cells.
Numerous studies have shown that miRNA expression pro-
files differ between healthy and diseased states, and that the
release of miRNAs into the EC appears elevated following
tissue damage. Our goals in the present study were to estab-
lish the relationship between peripheral measures of miRNA,
objective assessment of likely mTBI severity, and sensitive
indices of balance and cognitive function. To this end, a
cohort of adult amateur MMA fighters was recruited for
testing. After obtaining informed consent, we obtained a
thorough medical history, blood and saliva samples, and base-
line performance of balance, cognitive function, and dual-task
performance using a newly developed inertial sensor system
that was worn during the assessment of 16 different tasks. The
blood and saliva samples and performance tests were obtained
pre and immediately post fight, and in the days and weeks
following each competition. miRNA profiling was performed
using next-generation RNA-sequencing. Using both tool sets,
we established that 1) several sets of miRNAs show acute
changes in expression after injury in the blood and saliva,
although the two biofluids differ in the specific biomarkers
that are released; 2) the miRNAs that are altered affect numer-
ous cellular pathways involved in inflammation or cell death
in putative concussion subjects; and 3) many of the miRNAs
in the two fluids show strong correlations with changes in
functional measures that occur in the short and longer term

interval following the MMA competition. We conclude that
specific subsets of miRNAs show strong preliminary evidence
of potential utility as sensitive and specific indicators of mTBI
in adult athletes. Ongoing studies are validating the changes
seen using more rapid techniques and also determining their
utility in replication cohorts.

0465 Subconcussive head impact history as a factor
in concussion onset

Brian Stempera,b, Alok Shaha,b, Rachel Chiarielloa,b, Melissa
Koschnitzkea, Steven Rowsonc, Stefan M. Dumac, Jaroslaw
Harezlakd, M. Alison Brookse, John DiFiorif, Christopher C.
Gizag, Jason Mihalikh, Steven P. Broglioe, Thomas McAllisterd,
Michael McCreaa

aDepartment of Neurosurgery, Medical College Of Wisconsin,
Milwaukee, WI, USA; bClement J. Zablocki Veterans Affairs
Medical Center, Milwaukee, WI, USA; cCenter for Injury
Biomechanics, Virginia Tech - Wake Forest, Blacksburg, USA;
dDepartment of Psychiatry, Indiana University, Indianapolis, IN,
USA; Department of Epidemiology and Biostatistics, Indiana
University, Bloomington, USA; eSchool of Kinesiology,
University of Michigan, Ann Arbor, MI, USA; School of
Medicine and Public Health, University of Wisconsin, Madison,
WI, USA; fDepartment of Family Medicine, University of
California, Los Angeles, Los Angeles, CA, USA; gDepartment of
Pediatrics, University of California, Los Angeles, Los Angeles, CA,
USA; hDepartment of Exercise and Sports Science, University of
North Carolina, Chapel Hill, NC, USA

ABSTRACT
The science of injury biomechanics often associates a single
event with injury onset. However, peak accelerations asso-
ciated with concussion in football players as measured using
the Head Impact Telemetry system are often associated with
low risk for concussion onset. This analysis focused on each
concussed player’s recent head impact history as a factor in
concussion onset. The current study enrolled 337 NCAA
Division I football players who sustained 147 800 recorded
head impacts. Seventeen players sustained concussion.
Significant head impact history was assessed as the number
of severe head impacts sustained by the player and the num-
ber of sessions (games/practices) with an elevated number of
head impacts until the injury date. Severe subconcussive head
impacts had a magnitude greater than the 75th percentile
linear (>31.9 g) or rotational (>1405 rad/s/s) acceleration for
all recorded head impacts (n = 147 800). An elevated number
of head impacts per session was defined as any session with
the number of head impacts exceeding the 75th percentile
(>17 impacts). Head impact exposure for each concussed
player was compared to his position- and team-matched con-
trols. There were an average of 4.2 controls for each con-
cussed player (range:2–7). Determination of the concussive
impact for each player was achieved by a group of researchers
incorporating head impact data, event video, and injury
report data from the local study staff. Seventeen concussive
impacts were captured, which were associated with linear
accelerations of 29–106 g’s and rotational accelerations of
1617–7805 rad/s/s. Peak linear and rotational accelerations
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from 16/17 concussive impacts were associated with <25%
risk and 8/17 were associated with <1% risk according to a
previously defined risk curve. In comparison to the average
head impact history until the day of injury from their posi-
tion- and team-matched controls, six concussed players had
greater than 75% more severe head impacts and an additional
three concussed players had greater than 35% more sessions
with an elevated number of head impacts. Five of those nine
concussed players had the most severe head impact history of
their team position group. The mean concussive impact for
this subset of nine players was 72.6 g’s and 4718 rad/s/s,
which is associated with less than 5% risk of concussion.
Over the entire collection period, non-concussed players sus-
tained 722 head impacts more severe than the mean concus-
sive accelerations of this subset, indicating that the concussive
impact event may not be the sole determinant of concussion
onset. This analysis highlighted a subset of concussed players
for which recent subconcussive head impact history appeared
to play a role in injury onset. While this represents a limited
sample, if replicated in a larger study, implications may
include the need to limit total head impact exposure during
the course of a football season to reduce concussion risk.

0466 Race/ethnicity predicts retention in traumatic
brain injury outcomes research: A traumatic brain
injury model systems national database study

Angelle M Sandera,b,c, Anthony Lequericad, Jessica Ketchume,
Flora Hammondf,g, Kelli Williams Garyh, Monique Pappadisi,
Elizabeth Felixj, Doug Johnson-Greenej, Tamara Bushnikk,l

aBaylor College of Medicine, Houston, TX, USA; bTIRR
Memorial Hermann, Houston, TX, USA; cHarris Health
System, Houston, TX, USA; dKessler Foundation, West
Orange, NJ, USA; eCraig Hospital, Denver, CO, USA;
fIndiana University School of Medicine, Indianapolis, IN,
USA; gRehabilitation Hospital of Indiana, Indianapolis, IN,
USA; hVirginia Commonwealth University, Richmond, VA,
USA; iUniversity of Texas Medical Branch, Galveston, USA;
jUniversity of Miami Miller School of Medicine, Miami, FL,
USA; kRusk Institute for Rehabilitation Medicine, New York,
USA; lNew York University Langone School of Medicine,
New York, USA

ABSTRACT
Objective: To determine the relationship between race/ethni-
city and retention in a longitudinal study at 1 or 2 years after
traumatic brain injury (TBI) in the Traumatic Brain Injury
Model Systems National Database (TBIMS NDB)
Design: Prospective data from a multi-centre national database
Methods: Participants were whites (n = 5548), blacks (n =
1347) and Hispanics (n = 790) enrolled in the TBIMS NDB
with dates of injury between 1 October 2002 and 31 March
2016. Follow-up was attempted via phone or mail at 1 (±2
months) and 2 years (±3 months) post injury. Retention was
defined as contact with and completion of at least one ques-
tion on the follow-up interview by the enrolled participant or
a proxy. The probability of being retained was initially mod-
elled as a function of race/ethnicity using logistic regression
unadjusted for other patient characteristics. Multivariate

logistic regression was then used to model the relationship
between race/ethnicity and retention status controlling for 12
patient characteristics (age, sex, marital status, education,
residence at rehabilitation discharge, pre-injury incarceration,
pre-injury problem substance use, violent versus non-violent
cause of injury, PTA, FIMTM motor and FIMTM cognitive
scores at the time of rehabilitation discharge, and job stability
for the year prior to injury). Significant interactions between
race/ethnicity and patient characteristics were also examined
and included in the adjusted model if significant.
Results: There was a significant interaction between race/ethni-
city and pre-injury problem substance use, such that Hispanics
were less likely to be retained in the TBIMS NDB among the
subset of persons with no history of problem substance use.
There was no difference in retention between whites and
blacks. Other variables associated with not being retained
included young age, low education, violent cause of injury,
and discharge to an institution versus private residence.
Conclusions: The findings emphasize the importance of look-
ing at retention rates among Blacks and Hispanics separately
rather than combining them or grouping either with other
races or ethnicities. Improving cultural sensitivity in research
staff may improve retention of Hispanics in longitudinal TBI
research.

0467 Age and gender effects in response to
repetitive mild TBI in hTau transgenic mice at two
weeks post injury

Scott Fergusona,b, Benoit Mouzona,b, Cillian Lyncha, Carlyn
Lungmusa, Fiona Crawforda,b, Michael Mullana,b

aRoskamp Institute, Sarasota, USA; bJames A Haley Veterans’
Hospital, Tampa, FL, USA

ABSTRACT
Introduction: Traumatic brain injury (TBI) is a serious illness
which on average strikes one person every 15 seconds in the
USA. Even mild TBI, which comprise as many as 75% of all
TBI cases, carries long-term consequences. In particular, repe-
titive mild TBI can result in chronic traumatic encephalopa-
thy, which is characterized by the deposition of
phosphorylated tau protein. We have investigated the effects
of repetitive mild TBI in young and aged hTau transgenic
male and female mice.
Objectives: This study examined the neurobehavioural and
neuropathological effects of age and gender on the outcome
from repetitive mild TBI in mice transgenic for human tau
(hTau). These mice express the six human isoforms of tau but
do not express endogenous murine tau and they develop tau
pathology and memory impairment in age-dependent man-
ner. We sought to determine whether the presence of estab-
lished tau pathology would significantly interact with the
pathological and behavioural effects of head injury.
Methods and Materials: Male and female hTau transgenic
mice at either 4 months or 1 year of age received 5 hits with
an inter-mTBI injury interval of 48 hours. Briefly, an electro-
magnetic impactor generated a midline mTBI on the mouse
scalp with a 5.0-mm-diameter flat face tip, at a 5 m/s strike
velocity, with a 1.0-mm strike depth, and a 200-msec dwell
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time. Anaesthesia controls were matched for time spent under
anaesthesia. In the week after the completion of all injury or
sham procedures, mice were assessed for motor performance
using the Rotarod. Spatial learning and memory were assessed
during the second post-injury week using the Barnes maze.
Two weeks after the final impact the mice were euthanized for
neuropathological analyses.
Results: Rotarod testing of hTau mice in the first week follow-
ing r-mTBI reveals no significant gender differences in young
mice, but a significant interactive effect of gender and injury
in aged hTau mice. Female r-mTBI mice exclusively show
significantly impaired rotarod fall times on days 1, 5 and 7
after injury compared to their sham counterparts by repeated
measures ANOVA (p < 0.05), and though we have not yet
found the pathological source of these differences, impair-
ments in motor and balance may be driven by brain regions
that have not yet been examined in our studies. Barnes maze
data show a similar differentiation between young and aged
mice, with young mice showing no significant effects between
genders. In aged mice, male sham mice did not learn the
Barnes maze task as well as female sham mice, obscuring an
injury effect in male shams (p > 0.05 by non-parametric
Mann-Whitney U test). Female mice showed the expected
injury effect, but there were no significant differences between
the two genders in the injured groups.

0469 Effect of cranberry oil supplementation
following traumatic brain injury, for
neurorehabilitation and health: A case report

Nikos Linardakis

Blossom Health Care Center, Kabul, Afghanistan

ABSTRACT
Objective: Case Report of a 23-year-old man with traumatic
brain injury, suffering neurologic symptoms, responding
with noticeable improvement following cranberry seed oil
supplementation.
Methods: Case study involved neuro-cognitive testing and
dietary supplementation with 500 mg of purified cranberry
seed oil softgel capsules. Dosage: 4 g/day or 1 g qid for 7
days; followed by 2 g/day or 1 g bid thereafter.
Neuropsychological tests completed and psychometric char-
acteristics recorded.
Results: Brain injuries are common in sports, combat,
assault, motor vehicle accidents, falls and in people with
substance abuse. Intracranial trauma can cause neurologic-
limiting and life-threatening conditions. According to the
CDC, the number of TBIs is estimated at 1.7 million adults
annually. In Afghanistan, incidence is unknown; treatment
and rehabilitation are not often available. There is an
increase in TBI-related emergency visits and hospitaliza-
tions due to falls, motor vehicle accidents and assault.
Cranberry seed oil is known for beneficial unique balance
of omega-3, −6 and −9 fatty acids, tocotrienols, tocopherols,
phosphatidyl choline and beta-sitosterols. This is the first
report of cognitive impairment from a street fight, in post-
war Afghanistan responding to cranberry seed oil. The
patient presented with 2-week impairment and reduced

neurologic assessment. Measurement of auditory-visual
response time and number recall forward-backwards were
part of cognitive function tests. Patient had a headache and
nausea the initial week post trauma. Imaging scans were
normal, no vertigo, no gait ataxia and no visual deteriora-
tion. Minor brain injury scaled by GCS: E4 + V4 + M5 =
13/15, with verbal confusion and difficulty with commands,
no cranial nerve palsies, no cerebellar signs, BP 120/76,
pulse 72/minute, temp 37°C. Following initial supplementa-
tion 4 g/day of cranberry seed oil for 1 week, then 2 g daily.
On post-exam day 5, patient showed some improvement in
cognitive function and headache free, and on 10th day
examination, noticeable cognitive improvement. Patient
was followed up monthly and in retest showed improve-
ments in attention, memory, reasoning and processing
speed. Family also reported subjective improvement in
brain function and response time.
Conclusions: Dietary supplementation with cranberry seed oil,
rich in omega fatty acids and anti-inflammatory phytonutri-
ents, is an option for patients with brain injury to improve the
recover providing improvement in cognitive performance and
neurologic deficits. Cranberry seed oil is a safe and affordable
adjunct therapy that can be provided globally to help in TBI
patient recovery. This study opens discussion for the health
benefits of cranberry oil strengthening neurologic health, with
suggestive anti-inflammatory effects, hypoxia protection and
cerebral blood flow as an immediate intervention and low-
cost approach for traumatic brain injury patients to attain
good health.
Pharmaceutical-grade cranberry seed oil softgel provided by
NUTRATIVA Global. Shipments to Afghanistan provided by
NATO-led ISAF, and a donation from United States Navy
Lieutenant Commander Stanley Ormbrek.

0470 An alternative approach to interpreting
baseline neurocognitive performance in high school
athletes with attention-deficit hyperactivity disorder
and learning difficulties

Magdalena Wojtowicza, Phil Schatzb, Nathan Cooka,c, Ross
Zafontea,b,d, Bruce Maxwelle, Peter Berknere, Grant Iversona,
b,c

aHarvard Medical School, Boston, MA, USA; bSaint Joseph’s
University, Philadelphia, USA; cMassachussetts General
Hospital, Boston, MA, USA; dSpaulding Rehabilitation
Hospital, Boston, MA, USA; eColby College, Waterville, USA

ABSTRACT
Background: Baseline preseason computerized cognitive test-
ing is often used as a component of sport concussion manage-
ment programmes. There is growing evidence that high
school students with attention-deficit hyperactivity disorder
(ADHD) or academic difficulties perform more poorly on
baseline computerized neurocognitive tests, which suggests
the need for separate normative data. We investigated an
alternative approach to interpreting cognitive performance
in these populations using multivariate base rate analysis
(i.e. considering multiple test scores simultaneously).
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Method: Participants were adolescent student athletes (ages
13–18 years) from the state of Maine who completed baseline
preseason testing using ImPACT® and had not sustained a
concussion in the past 6 months. Extreme outliers (i.e. > than
3 SD below the mean) for each composite score were removed
and only valid tests were used. Participants were divided into
four groups: ADHD only (n = 1496), ADHD and learning
difficulties (n = 751), learning difficulties only (n = 2837) and
healthy controls (n = 31 838). ImPACT® Online normative
data were used to identify percentile ranks for performance on
the four composite scores and to calculate multivariate base
rates. Rates of low scores were examined separately for girls
and boys.
Results: Means and standard deviations [M (SD)] of percentile
ranks for the entire sample were as follows: Verbal Memory
[48.0 (29.2)]; Visual Memory [47.2 (29.3)]; Visual Motor [34.3
(27.8)] and Reaction Time [39.9 (27.0)]. Of the control sub-
jects, 52.7.6–59.2% obtained one or more scores below the
16th percentile. Adolescents with ADHD had a higher fre-
quency of one or more scores below the 16th percentile
compared to healthy controls, regardless of age group and
gender (58–66.7%; p <.05). Similarly, high school students
with learning difficulties (73.7–80.2%; p <.001) and those
with learning difficulties plus ADHD (71.9–83.0%; p <.001)
obtained a higher frequency of scores below the 16th percen-
tile. Furthermore, low scores were more common in those
with learning difficulties, and those with learning difficulties
and ADHD, compared to high school students with ADHD
only (ps<.05).
Conclusions: This study used a multivariate base rate approach
to characterize performance on computerized neurocognitive
testing (i.e. ImPACT®). Using a large sample of high school
students from Maine, we found lower scores than expected,
overall, on the speed and reaction time composites of
ImPACT®. Healthy high school students obtained a larger
number of low scores than has been previously reported.
Furthermore, students with neurodevelopmental difficulties
obtained a higher frequency of low scores compared to
healthy controls. This study illustrates the utility of using a
multivariate approach to interpret neurocognitive test perfor-
mance (i.e. expected vs. obtained number of low scores) in
students with ADHD and/or learning difficulties.

0472 Endpoint scores of executive functioning for
acquired brain injury studies

Justin Karra, Douglas Terryb,c,d,e, Mauricio Garcia-Barreraa,
James Holdnackf, Noah Silverbergb,g,h, Grant Iversonb,c,d,e

aDepartment of Psychology, University of Victoria, Victoria,
Canada; bDepartment of Physical Medicine and Rehabilitation,
Department of Psychiatry, Harvard Medical School, Boston,
MA, USA; cSpaulding Rehabilitation Hospital, Boston, MA,
USA; dMassGeneral Hospital for Children Sports Concussion
Program, Boston, MA, USA; eHome Base, A Red Sox
Foundation and Massachusetts General Hospital Program,
Boston, MA, USA; fPearson, Bear, USA; gDivision of Physical
Medicine & Rehabilitation, University of British Columbia,

Vancouver, BC, Canada; hGF Strong Rehab Centre,
Vancouver, BC, Canada

ABSTRACT
Introduction: Deficits in executive functioning are common in
people with neurological problems and traumatic brain inju-
ries. This study examined two new cognition endpoint scores
that summarize deficits in executive functioning. These scores
were designed to overcome possible limitations associated
with the Global Deficit Score (GDS), such as ceiling effects,
restricted range, and reduced sensitivity to cognitive impair-
ment in people with above average intellectual abilities.
Compared to the GDS, it is hypothesized that the new com-
posite scores will have a greater distribution of values, less
skew and minimal ceiling effects.
Method: The sample consisted of 854 healthy individuals (ages
20–89; 47% male; 81.4% ≥12 years of education) from the
standardization sample for the Delis-Kaplan Executive
Function System (D-KEFS). A subsample (n = 707) was
administered the Wechsler Abbreviated Scale of Intelligence,
with the two-test FSIQ used to estimate intellectual ability.
Seven individual test scores from the Trail-Making Test,
Color Word Interference Test, and Verbal Fluency Test were
analysed. The GDS was calculated by converting age-adjusted
scaled scores (SS; M = 10, SD = 3) of 6 or less to deficit scores,
as follows: SS 6 = 1, 5 = 2, 3–4 = 3, 2 = 4, and 1 = 5. The
deficit scores were summed and divided by seven to derive the
GDS. Two new neuropsychological deficit scores were calcu-
lated by raising the ceiling for the deficit scores to scaled
scores of 10 or lower. The Neuropsychological Deficit Score
(NDS) starts at SS 10 and has seven gradations (SS 10 = 0.25,
9 = 0.5, 8 = 1.0, 7 = 1.5, 6 = 2, 5 = 3, 1–4 = 4), whereas the
Neuropsychological Deficit Score Extended (NDS-E) also
starts at SS 10 but has ten gradations to lower the floor effect
(i.e. SS 5–9 deficit scores were equivalent to the NDS, but SS 4
= 4, 3 = 5, 2 = 6, 1 = 7).
Results: The GDS, NDS and NDS-E increased with lower
levels of education and lower intellectual ability. The distribu-
tional characteristics of the GDS in the total sample were as
follows: M = 0.32, SD = 0.49, Skew = 1.94, Kurtosis = 3.70,
and percentage scoring zero = 51.8%. The distributional char-
acteristics of the NDS were as follows: M = 0.67, SD = 0.50,
Skew = 1.25, Kurtosis = 1.31 and percentage scoring zero =
6.3%. The distributional characteristics of the NDS-E were as
follows: M = 0.74, SD = 0.50, Skew = 1.54, Kurtosis = 2.29 and
percentage scoring zero = 6.3%. The percentages of people
with above average intelligence who obtained scores of zero
were as follows: GDS = 73.9%, NDS = 14.2% and NDS-E =
14.2%. The percentages of people with below average intelli-
gence who obtained scores of zero were as follows: GDS =
22.1%, NDS = 0% and NDS-E = 0%.
Discussion: The two new executive functioning composites
had a wider range of scores and more symmetric distribution
in healthy adults compared to the GDS, perhaps making them
better suited as clinical trial endpoints. The reliability, sensi-
tivity and specificity of these composite scores need to be
examined in future studies with people with acquired brain
injuries.
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0473 The prognostic value of the coma recovery
scale—revised

Caroline Schnakersa,b, Paul Vespaa, Martin Montia

aUniversity of California, Los Angeles, Los Angeles, CA, USA;
bCasa Colina Hospital and Centers for Healthcare, Pomona,
CA, USA

ABSTRACT
Objective: According to the American Congress of
Rehabilitation Medicine (2010), the Coma Recovery Scale-
Revised (CRS-R) meets the highest psychometric standards
for the evaluation of severely brain-injured patients.
Nevertheless, no data have yet been published on its prognos-
tic value. This study therefore aimed to provide psychometric
data as regards the prognostic validity of the scale.
Design: Prospective longitudinal study. Setting. Neurosurgery
unit of Ronald Reagan Hospital (University of California, Los
Angeles, CA, USA).
Interventions and Main Outcome Measure(s): Twenty-one
patients with severe traumatic brain injury (Age: 43y ± 19;
time post injury: 25d ± 11) have been assessed off-sedative
drugs using the CRS-R. The outcome has been documented in
each patient at 6 months post injury, using the Glasgow
Outcome Scale—Extended (GOS–E).
Results: A linear regression showed that the CRS-R explained
most of the variance of the outcome at 6 months (Beta: 0.79; t:
5.68; p <.001) as compared to other demographic variables
such as age and time post injury (Beta: 0.15; t: 1.05; p = 0.31).
A clear cut-off CRS-R score of 13 with a sensitivity of 93%
and a specificity of 100% has also been obtained for differ-
entiating patients with good outcome (mild to moderate dis-
abilities) from patients with bad outcome (severe disabilities).
Conclusions: Our results suggest that the CRS-R has excellent
prognostic value and could be used by clinicians to predict the
outcome of patients with severe brain injury, at 6 months.
These results have now to be confirmed in a larger sample.

0474 The effect of sleep disruption on mild
traumatic brain injury in an animal model

Michael Schwartz, Rachel Chiariello, Alok Shah, Brian
Stemper

Medical College of Wisconsin, Wauwatosa, USA

ABSTRACT
Introduction: Mild traumatic brain injury (mTBI) is one of the
most common injuries across all age groups. There is often
concern in the acute setting on whether interruption of normal
sleep cycles will have a lasting effect on neurological function. It
is common practice for a physician to keep a patient awake to
prevent a lapse into a coma, however it is believed the sleep
following a mTBI may aid in healing of brain function.
Objective: To determine the role sleep deprivation plays in
rodent neurological function following a mTBI via a unique
rotational model.
Methods: There are four groups of rodents each composed of
three animals: Sham with sleep deprivation (SD), mTBI with
SD, Sham with no SD and mTBI with no SD. The animals will

be given their treatment and then according to their assigned
group be kept awake for 48 hours in a shaker cage. Following
that SD they will be given 24 hours of rest and then tested for
neurological function in an elevated plus maze. They will be
tested on a weekly schedule to determine change in function.
Results: The results following 2 weeks after treatment showed
a mTBI-dominated response. The mTBI and mTBI with SD
each showed decreases of 50% in total open arm time follow-
ing the injury treatment. The decrease in open arm stabilized
heading into week 1 and week 2 post treatment. Meanwhile
the sham group showed a more consistent open arm response.
In addition the mTBI and mTBI with SD had the great
decrease in open arm entries following the treatment with
decreases in 33% and 37% respectively .
Conclusions: The decrease in open arm time is consistent with
increased neurological damage and anxiety in the rodents.
The dominant mTBI response in both open arm time and
entries may indicate that the injury process may have a
greater effect on neurological function than sleep deprivation.
However, because of the small sample sizes, more testing with
larger groups may better elucidate the effects on the brain
processes following treatment.

0475 Describing weight loss history among
individuals with TBI

Simon Drivera, Megan Reynoldsa, Megan Douglasb

aBaylor Institute for Rehabilitation, Dallas, TX, USA;
bUniversity of North Texas, Denton, USA

ABSTRACT
Objective: To describe the (1) weight loss history, (2) percep-
tions about making lifestyle changes and (3) reported physical
activity among a sample of individuals with a TBI prior to
starting a 12-month lifestyle change programme. TBI is a
critical public health issue, as individuals experience higher
incidence of obesity and increased risk for co-morbid condi-
tions compared to the general population; yet lifestyle beha-
viours remain largely understudied.
Methods: Participants included individuals who were enrolled
in a weight loss programme, ≥ 6 months post TBI, had body
mass index (BMI) ≥25, were between 18 and 64 years old, and
had physician’s clearance to participate. Self-report data were
collected prior to beginning the lifestyle change programme.
Participants answered quantitative and qualitative questions
related to their weight loss history, motivation and confidence
in losing weight, perceived benefits of lifestyle change and
physical activity behaviours.
Results: The final sample included 22 participants (M age = 46),
who were primarily Caucasian (68.2%), had completed post
high school education (86.4%), and experienced their injury a
median of 8 years ago. Mean weight was 208.5 lbs (SD = 40.2)
with an average BMI of 31.84 (SD = 4.4) which is considered
obese. The majority of participants (72.7%) reported prior
weight loss attempts and 50% reported gaining ≥10 pounds
since injury. All participants indicated they were highly moti-
vated and ready to make lifestyle changes (numeric rating scale
10 out of 10), although confidence to successfully make lifestyle
changes was lower (8 out of 10). The most frequently reported
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perceived benefits for making lifestyle changes included feeling
better or increasing one’s personal drive, improving overall
health, and being more active and energetic. The most com-
monly reported barrier to weight loss was physical health
complications. Typical types of physical activity completed
included walking (68% of sample) and swimming (32%),
although the duration of activity was only reported to be 180
and 79 minutes/month respectively.
Conclusion: Though the tenets of weight loss to eat less and be
more physically active are equally relevant for individuals with
TBI, they are less easily accomplished due to the myriad of
functional characteristics associated with TBI. Results indicate
that the majority of individuals have gained weight since
injury and attempted weight loss, demonstrating a need for
evidence-based lifestyle interventions. This is emphasized by
the finding that participants reported low activity levels and
health complications were a barrier to weight loss. Future
research is needed to determine if individuals with TBI are
able to achieve and maintain weigh loss using modified pro-
grammes and how weight loss affects chronic disease.

0476 Disorders of consciousness family education
materials: Information, gaps and dissemination

Susan Johnson, Christopher Carter, Katherine O’Brien, Amy
Rosenbaum
aShepherd Center, Atlanta, GA, USA; bSpaulding Rehabilitation,
Boston, MA, USA; cTIRR, Memorial Hermann Rehabilitation
and Research, Houston, TX, USA; dPark Terrace Care Center,
Rego Park, USA

ABSTRACT
Objective: The DOC-Family Education Committee identified
a need to get information out to families/caregivers
about Disorders of Consciousness and how to manage and
address the complex needs of these individuals. Three tasks
were selected:

a) Identify the materials being used currently by DOC
programmes nationally and internationally,

b) Identify gaps in the educational materials, and
c) Identify strategies for organizing and disseminating this

material to families effectively.

Data Sources: Over 1100 surveys went to National and
International CARF Accredited Brain Injury Programmes
and to 22 past and current TBI Model Systems Programmes.
37 programmes responded to the survey where services for
people in DOC ranged from acute to long-term care. 23/
37programmes said they had specific information about
DOC, and 15 said they would share their information for
purposes of this project. The number of patients served
from the 15 facilities ranged from 5 to 65 DOC patients per
year with the majority serving 15 patients per year.
Study Selection
Data Extraction: Programmes reported providing information
to families on the following topics: General Information,
Medical Complications, Pharmacology Management, Nursing-
Health and Safety Needs, Neuropathology/Brain Anatomy, the

Rehabilitation Process, Assessment and Treatment, Prognosis,
Extended Care Needs, Financial, Legal Guardianship/POA,
Family Adjustment, Self-care for caregivers, Family Interaction
with DOC, Resources and/or Local Supports. Copies of hand-
outs, web links, PowerPoint presentations, booklets and pamph-
lets were obtained from responding programmes.
Data Synthesis: Several challenges were identified in disseminat-
ing the assembled information to family members. An organiza-
tional model, Timing It Right, used in other diseases involving
chronic care described by Cameron et al. in working with stroke
family caregivers was proposed. This model encourages different
forms of informational, emotional, instrumental and training
support based on the phase of treatment/recovery of the patient
(Event/Diagnosis, Stabilization, Preparation, Implementation,
and Adaptation). The assembled informational material was
further organized into four headings: Body, Mind, Taking Care
of Myself, and Resources for more family friendly language.
Conclusions: There is an array of quality educational material
available to families and caregivers of severe TBI/DOC
patients; however there are gaps in the available information
that need development. It is also evident that the amount of
material can be overwhelming to families and the material
should be organized in a manner that makes it accessible as
needs for information evolves over the course of the patient’s
recovery. Also, noted were the organization and health literary
issues in the materials. The panel will discuss the above issues,
the challenges for family/caregivers, minimal guidelines for
programmes serving DOC patients in regard to family train-
ing and the need for ongoing review and study.

0477 Hormonal alterations and outcome following
stroke in women

Jessica Ashley, Lisa Kreber, Grace Greisbach

Centre For Neuro Skills, Bakersfield, CA, USA

ABSTRACT
Introduction: Hormonal alterations have been demonstrated to
play a substantial role in functional recovery following stroke.
The objectives of this study were to determine the incidence of
neuroendocrine dysfunction in female stroke survivors and to
determine if these alterations had an influence on disability and
responsiveness to rehabilitation following stroke.
Methods: Hormone levels were evaluated in 54 female stroke
survivors (mean latency: 98.8 days, SEM ± 23.06). Age differ-
ences in hormone levels and disability were evaluated accord-
ing to younger (Y; M = 39.3, SEM ± 1.5) and older (O; M =
58.4, SEM ± 1.2) age categories. Additionally, 49 women were
evaluated for insulin growth factor 1 (IGF1) and growth
hormone (GH) deficiency. GH levels were evaluated via glu-
cagon stimulation testing. Functional ability was assessed with
the Disability Rating Scale (DRS), Independent Living Scale
(ILS) and the Mayo-Portland Adaptability Inventory IV
(MPAI). All patients underwent post-acute rehabilitation.
Results: The Y group had significantly higher levels of estra-
diol, prolactin and IGF1 compared to the O group.
Alternatively, follicle-stimulating (FSH) and luteinizing hor-
mones were higher in the O group (p < 0.05). No differences
between GH were observed between Y and O groups. Forty
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percent of women showed a GH deficiency (20%: ≤3.0 ug/L;
20%: 3.1–5 ug/L). The Y group had significantly lower dis-
ability according to DRS, MPAI and ILS (activities of daily
living subscale). High levels of prolactin were correlated with
better performance in ADL’s. Estradiol correlated with lower
disability as measured by MPAI. High values of FSH were
associated with lower initiation as assessed by a subscale of
the ILS. Analysis of changes in outcome measures before and
after rehabilitation showed that both Y and O groups bene-
fited equally.
Conclusions: Hormones are predictive of levels of disability
and independence in ADL’s. Sex hormone levels in post-
stroke patients should be considered for prognostication. In
spite of hormonal differences both Y and O groups benefit
from rehabilitation.

0478 Modulation of er stress and oxidative stress
improves outcome after traumatic brain injury

Raghavendar Chandrana, Suresh L. Mehtaa, Venkat P. Nakkaa,
TaeHee Kima, Larry O. Boddena, Eshwar Udhob, Vishal
Chananab, Pelin Cengizb, Raghu Vemugantia, Robert J.
Dempseya

aDepartment of Neurological Surgery, University of Wisconsin-
Madison, Madison, WI, USA; bDepartment of Pediatrics,
University of Wisconsin-Madison, Madison, WI, USA

ABSTRACT
Endoplasmic reticulum (ER) stress and oxidative stress are
major contributors to the secondary neuronal damage and in
turn the neurological deficits associated with traumatic brain
injury (TBI). In our study, we have shown that treatment with
salubrinal and TBHQ/apocynin helps in the inhibition of ER
stress and oxidative stress thereby improving outcome after
traumatic brain injury. Following a moderate controlled cor-
tical impact (CCI) injury in adult mice, an increase in the
phosphorylation of PERK and eIF2α and the expression of the
downstream CHOP and ATF4 were observed indicating the
activation of PERK signalling pathway contributing to ER
stress that leads to neuronal cell death. We further show
that treating mice with salubrinal (an inhibitor of PERK path-
way) leads to a significant decrease in the contusion volume
with an effective time window of efficacy (5 minutes to 4
hours after injury). Also, mice treated with salubrinal at 2
hours after TBI showed a significant improvement in the
motor function based on the performance in the rotarod
and beam walk test. Oxidative stress also plays a major role
in TBI pathophysiology through the action of NADPH oxi-
dase subunit NOX2 (gp91phox) which promotes formation of
reactive oxygen species and the transcription factor Nrf2
which induces downstream anti-oxidant enzymes. This was
demonstrated by testing the action of apocynin (an inhibitor
of NOX2) and TBHQ (an activator of Nrf2) on post-TBI
outcome. We treated mice subjected to CCI injury with apoc-
ynin (10 mg/kg) and TBHQ (25 mg/kg) alone or in combina-
tion. The results indicated that either apocynin or TBHQ

treatment alone significantly improved the motor function
after TBI compared to vehicle control. The drug-treated
mice stayed longer on rotarod and made fewer foot faults in
beam walk test between day 1 and 7 after injury. A combina-
tion of both the drugs (apocynin + TBHQ) also significantly
improved the post-TBI motor function compared to vehicle
control, but there was no additive effect of the two drugs. The
combination of both the drugs also significantly increased the
time spent in the platform quadrant with higher frequency in
comparison with the vehicle-treated control mice when tested
for cognition by Morris water maze test at 3 weeks after
injury. The cortical contusion volume was also significantly
lower in the combo therapy group compared to vehicle con-
trol. In conclusion, these studies show that modulation of ER
stress or oxidative stress significantly improves the functional
outcome and attenuates tissue damage post TBI.

0479 Psychological symptom course from the acute
to post-acute phases of concussion in patients
referred from the emergency room: Preliminary data
from the Hull-Ellis research and concussion clinic at
the Toronto Rehabilitation Institute

Lesley Ruttana,b, Paul Compera,c,d, Tharshini Chandraa,
Deborah Tanga, Cristina Saverinoa, Ryan Lyna, Laura
Langera, Mark Bayleya,c,e

aToronto Rehabilitation Institute, University Health Network,
Toronto, ON, Canada; bGraduate Department of
Psychological Clinical Science, University of Toronto,
Toronto, ON, Canada; cRehabilitation Sciences Institute,
Faculty of Medicine, University of Toronto, Toronto, ON,
Canada; dFaculty of Kinesiology and Physical Education,
University of Toronto, Toronto, ON, Canada; ePhysiatry,
Faculty of Medicine, University of Toronto, Toronto, ON,
Canada

ABSTRACT
Introduction: Assessment of psychological symptoms is impor-
tant in the acute post-concussive period given that level of
psychological symptoms immediately post injury has been
found to predict poorer outcomes1 and moreover, the presence
of psychological difficulties may in turn exacerbate symptoms
in other domains2 and impede recovery3. In order to assess for
psychological symptom course in the acute to post-acute phases
of concussion, the Brief Symptom Inventory-18 (BSI-18), a
brief screen of psychological distress with a Global Severity
Index (GSI) and three clinical subscales (Somatization,
Anxiety and Depression), was administered at repeated time
points post concussion in order to monitor recovery.
Methods: An ongoing prospective cohort of individuals with
physician-confirmed concussion diagnosed in the Emergency
Report was enrolled in the project within 1 week of injury.
Participants were not eligible if there was evidence of skull
fracture, haemorrhage or contusion on CT scan. All partici-
pants were tested on the BSI, as part of a larger battery of
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demographic, clinical and neuropsychological measures at 2,
4, 8, 12 and 16 weeks post concussion.
Results: N = 81 acute concussion patients (44 females and 37
males with average ages of 33.2 (SD = 14.0) and 33.1 (SD =
3.69), respectively) were recruited from the Hull-Ellis
Concussion Clinic at Toronto Rehabilitation Institute. This
study is ongoing with preliminary results demonstrating
scores on all BSI subscales showing steady decline across the
acute to post-acute concussive period from moderately high
to lower levels. Symptomatic individuals (i.e. requiring
ongoing physician follow-up) at week 4 demonstrated higher
albeit still declining levels on all BSI subscales than those
deemed recovered and discharged at that point.
Significance: Results suggest that at least some psychological
gains are made even in those judged still symptomatic. This
finding is a first step in better understanding the acute to
post-acute psychological symptom recovery trajectory. The
next step in this line of research is to more closely define
the associated course of other symptoms (e.g. cognition, pain,
sleep) and possible pre-disposing factors (e.g. pre-injury psy-
chological history, adverse child events) between patients that
recover and those who go on to develop long-term disability.
Better understanding in this regard can help to better inform
appropriate treatment options and timing.
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0480 Comprehension of legal language and legal
concepts by individuals with and without traumatic
brain injury: Implications for the US legal system and
public policy
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ABSTRACT
Traumatic brain injury (TBI) is increasingly associated with an
elevated risk of arrest and incarceration (Elbogen et al., 2012;
Schofield et al., 2015), but navigating criminal proceedings
requires advanced communication abilities (Wszalek &
Turkstra, 2015), an area of impairment for many individuals

with TBI (Catroppa & Anderson, 2004; Ferstl, Guthke, & von
Cramon, 2002; McDonald, 2007). Additionally, linguistic and
conceptual themes associated with legal processes may be par-
ticularly challenging to understand (Wszalek, 2016; Rogers
et al., 2013); in order to better understand the nexus between
TBI and the comprehension of these themes, we developed a
testing battery to broadly assess three legally relevant skills: (1)
legal-language comprehension, operationalized as the compre-
hension of language stimuli modelled on judicial colloquies (2)
legal-concept comprehension, operationalized as the compre-
hension of legal rules modelled on the social-exchange task
(Ermer et al., 2010) and (3) working knowledge of the US
legal system, operationalized as a structured interview.
Preliminary data suggest that individuals with TBI have poorer
comprehension of legal language and of legal rules and require
longer time to complete the tasks, trends that pose worrisome
questions about fundamental legal rights under US law. We
also obtained structural MRI scans to examine the relationship
between white matter integrity in anatomical network likely
recruited during language comprehension (Ferstl et al., 2008)
and the language-comprehension behavioural data. I will dis-
cuss the results of this analysis and the importance for future
TBI research. In addition, I will discuss the relationship
between language comprehension and other measures of cog-
nitive function (working memory and executive functioning,
e.g.), and I will identify implications that these findings have
for the US legal system and for public policy.

0481 Do children and youth with concussion really
follow return to school and return to activity
guidelines?

Carol DeMatteoa,b, Chia-Yu Linb, Everett Claridgea

aSchool of Rehabilitation Science, McMaster University,
Hamilton, ON, Canada; bCanChild Centre for Childhood
Disability Research, Mcmaster University, Hamilton, ON,
Canada

ABSTRACT
Objectives: Mild Traumatic Brain Injury, also known as con-
cussion, is a serious public health issue in the paediatric
population. A key component of evaluating the effectiveness
of Return to School (RTS) and Return to Activity (RTA)
guidelines is being able to determine if children and youth
with concussion are adhering to guideline recommendations.
Paediatric-specific, evidence-based concussion management
guidelines on RTS and RTA were developed in 2012 at
CanChild. The primary objective is to explore the rates and
predictors of adherence to these RTS and RTA guidelines for
children and youth diagnosed with concussion.
Methods: Children and youth aged 5–18 diagnosed with con-
cussion were followed for up to 6 months post recruitment in a
prospective cohort. Children’s self-reported Post-Concussion
Symptom Scale (PCSS) scores, stage of RTS and RTA guide-
lines, level of cognitive and physical activity, were collected
every 48 hours. At study completion the children and parents
completed a quiz evaluating their knowledge of the guidelines.
Research personnel also rated their perception of the child’s
adherence to guidelines using symptom profiles and the child’s
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and parents’ ratings of stage advancement and actual knowl-
edge of the guidelines. Pearson correlations were used to exam-
ine the total PCSS score versus RTS and RTA stage of
guidelines. Logistic regression was used to determine which
factors significantly contributed to adherence to guidelines.
Results: Eighty-five youth, mean age of 13.4 years with 46% (n =
39) male, were included in this analysis. The correlation between
the total PCSS score and the stage of RTS guideline (r = −0.448, p
< 0.005) and the stage of RTA guideline (r = −0.389, p < 0.005)
indicated that lower symptom scores were correlated with higher
stages guidelines. Overall, approximately 50% of children and
youth adhered to each guideline. This proportion appeared to
increase with time post injury. More children appeared to have
adhered to the RTA guideline than the RTS guideline. Children’s
scores on the knowledge quiz at 1 week for the RTS guidelines
was the only variable able to significantly predict adherence. For
every one-point improvement in children’s scores on the knowl-
edge quiz, the odds of a child adhering to the RTS guidelines at 1
week increased by a factor of 1.995 (p = 0.049, 95% CI = 1.004 to
3.965). Parents’ knowledge was not a significant predictor.
Conclusions: As symptoms go down stages are advanced, RTA
more than RTS suggesting that children are following guide-
lines to a degree. Further investigation is needed, to confirm
these findings and to triangulate with accelerometry readings
of activity. Children’s knowledge of guidelines may be more
important than parent knowledge in predicting adherence to
guideline recommendations during recovery from concussion.

0482 Binocular occlusion turns the head of a patient
with severe right-facing postural deviation after an
acquired brain injury

Shannon Motisia, Christina Cordinga, Tiffany DeVitoa,
Katherine DeTataa, Irene Warda,b, Neil Jaseya,b, Peggy
Chenb,c

aKessler Institute for Rehabilitation, West Orange, NJ, USA;
bRutgers-New Jersey Medical School, Newark, USA; cKessler
Foundation, West Orange, NJ, USA

ABSTRACT
Background and Objective: Following a brain injury, patients
may present with spatial neglect and severe postural impairment,
making it difficult to engage in rehabilitation activities. This
poses a significant barrier to progress. Research has shown that
eliminating visual input may increase attention towards the
contralesional side. This case study illustrates the use of binocu-
lar occlusion as a treatment technique.
Case Description: A 53-year-old female, K.L. was admitted to
an inpatient rehabilitation facility (IRF) 16 days after a hae-
morrhagic stroke with lesions involving the right basal ganglia
and subcortical areas in the right inferior frontal lobe. K.L.
presented with poor function from IRF admission to dis-
charge (FIM = 18 to 29), spasticity in the left extremities,
severe right gaze preference, and an asymmetrical resting head
position due to a flexed and right-rotated cervical spine.
Methods: A series of measures were administered to investigate
potential sources of K.L.’s presentation and facilitate treatment
planning. Passive range of motion of the neck was normal.
Integrity of the visual field was inconclusive due to

impairments in communication and cognition. Contraversive
Pushing was ruled out (SCP = 0). Spatial neglect was severe at
IRF admission and improved to moderate at discharge (KF-
NAP = 27/30 to 12.5/30). To examine the effect of binocular
occlusion, K.L. was seated at the edge of a mat and the follow-
ing measures were administered including visual inspect of
trunk posture and head position and left-right asymmetry in
sitting surface contact and weight distribution. Right-sided bias
was noted with a positive sign, and left-sided with negative.
Results: Observed and recorded with photographs in four ses-
sions over 32 days, K.L. showed no apparent change in trunk
posture before, during or after blindfolding. However, changes
of head position were noticeable: K.L. faced towards her right
shoulder before blindfolding, and once blindfolded, she almost
immediately faced forwards in all four observations and even
turned to the left side in two observations. In the last observa-
tion, 69 days post stroke, her head position (nose relative to
sternum in degrees) was +35 before blindfolding (BB), −6
during blindfolding (DB), +6 immediately after removing
blindfold (imA) and +14 three minutes after removing blind-
fold (3minA). Within a single session, buttock-mat surface
contact bias changed: BB= +5%, DB= −5%, imA = no differ-
ence and 3 minutes A= +6%; weight distribution (indexed by
average pressure) changed: BB= +20 mmHg, DB= −18 mmHg,
imA = no difference and 3 minutes A= +23 mmHg.
Discussion: Binocular occlusion demonstrated an immediate,
albeit transient, improvement in the patient’s head position,
weight and pressure distribution in a seated position. We
hypothesize that the technique helped disengage attention
from ipsilesional visual information and led to the observed
change, which could facilitate therapy activities as many require
patients to sit up straight or face forward, independently.

0483 Internalizing behaviour problems and sleep
disturbances follow unidirectional pathways
following traumatic injury

Jesse Fischera, Candice Alfanoa, Paul Swankb, Linda Ewing-
Cobbsa,b

aUniversity of Houston, Houston, TX, USA; bUniversity of
Texas Medical Center at Houston, TX, Houston, TX, USA

ABSTRACT
Rationale: Paediatric traumatic brain injury (TBI) and extra-
cranial bodily injury (EI) are glaring public health concerns.
Although sleep disturbances (SDs) are one of the most com-
mon complaints following TBI, the association between pae-
diatric TBI, EI and SD is vastly understudied. Importantly, SD
in children and adolescents has been linked independently to
a number of adverse health outcomes, such as internalizing
behaviour problems, which also occur after injury.
Objective: The current study aimed to investigate links
between internalizing behaviour problems and chronic sleep
disturbance (SDs) after TBI and (EI) in children and adoles-
cents, and to better characterize longitudinal relations
between such sequelae.
Participants and Methods: Participants (N = 87) aged 8–15
included those with TBI, EI and typically developing children
(TD) who were assessed at pre injury/baseline, 6 and 12
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months. Internalizing behaviour problems were measured via
the parent-report subscale in the Child Behavior Checklist.
The parent-report Sleep Disturbance Scale for Children was
used to assess overall SD. Orthogonal planned comparisons
examined longitudinal relations of internalizing and sleep
scores in 1) both injury groups versus the healthy group and
2) the TBI versus the EI group.
Results: Internalizing problems and SD were comparable
across all three groups at the preinjury assessment.
Controlling for age, the combined TBI and EI group experi-
enced significantly higher levels of SD (p =.042) and inter-
nalizing problems (p =.024) than the TD group across the
1-year follow-up, but injured groups did not differ from each
other. Injury severity was not significantly related to SD or
internalizing problems in the TBI group, but was positively
associated with SD at 6 months and internalizing behaviour
problems at 6 and 12 months in the EI group. Cross-lagged
panels examining longitudinal relations between internalizing
and SD identified unidirectional paths in which internalizing
predicted later SD but not vice-versa. Mediation analyses
demonstrated 6-month internalizing significantly mediated
level of SD 1 year after injury for both injury groups.
Conclusions: Traumatic injury predicted higher SD and inter-
nalizing problems. Injury severity was only positively signifi-
cantly associated with SD and internalizing problems in the EI
group after injury. Although bidirectional relations between
SD and internalizing disorders have been reported, the cur-
rent study only identified significant pathways from interna-
lizing to SD. Longitudinally, early internalizing problems
predicted chronic SD. This study provides further evidence
that internalizing problems should be a focus of intervention
and highlights the importance of injury comparison groups in
TBI study design. R01NS046308

0485 The utility of computerized neurocognitive
testing and symptom evaluation in predicting
outcomes for children following concussion

Stephen Hearpsa, Michael Takagia,b, Franz Babla,c, Gavin Davisa,
Cathriona Clarkea, Vanessa Rausaa, Emma Thompsona, Melissa
Doylea, Kevin Dunnec, Vicki Andersona,b,c

aMurdoch Childrens Research Institute, Parkville, Australia;
bUniversity of Melbourne, Parkville, Australia; cRoyal
Children’s Hospital, Parkville, Australia

ABSTRACT
Introduction: Computerized neurocognitive tests (CNTs) are
increasingly used to assess cognition post concussion. This
includes baseline testing, assessment during the acute period,
and also assessing cognitive change to determine recovery.
These data are often used to help clinicians determine when
an individual has recovered from their injury and can return
to school and return to sport. The clinical utility of CNTs has
been examined in adult populations, with fewer studies con-
ducted in paediatric samples. The aim of the present study
was to observe CNT performance in a paediatric sample from
the acute period (1–4 days post injury) through recovery (2
weeks and 3 months post injury) and to examine whether

CNT performance in the acute period can predict delayed
recovery at 2 weeks post injury.
Method: Participants were recruited through the Emergency
Department for the Take CARe (Concussion Assessment and
Recovery Research) study, a paediatric concussion study based
at the Royal Children’s Hospital in Melbourne, Australia.
Data were collected 1–4 days, 2 weeks and 3 months post
concussion. Measures include the Post-Concussion Symptom
Inventory (PCSI), and CogSport (now Axon Sports), a com-
puter-based neurocognitive assessment. The sample consisted
of 139 paediatric concussion ED patients (mean age = 10.4
yrs, range = 5–17 yrs). Concussion recovery, determined at 2
weeks, was established via two methods: clinician diagnosis (n
= 28, 21%), or by the Post-Concussion Symptom Inventory
with 2 or more items with worsened severity from pre injury
(n = 79, 57%).
Results: Linear latent growth models showed no significant
difference in log-transformed RT trajectories between recov-
ered and symptomatic groups. Moreover, no significant dif-
ferences were found between groups in mean RT at 1–4 days
post concussion, or at 2 weeks post concussion (adjusting for
baseline). Negative binomial models similarly found no sig-
nificant differences between groups in number of errors, nor
error count trajectories over time. Given that the PCSI cut-off
errs on the side of inclusion, a sensitivity analysis using
clinically determined symptom/recovery status was carried
out. Results were not different from PCSI cut-off models.
Discussion: The present study did not identify any significant
difference in CNT performance from the acute period
through recovery. Further, CNT performance in the acute
period did not predict recovery at 2 weeks post injury. The
findings of the present study raise questions about the poten-
tial clinical utility of CNTs in younger children and adoles-
cents. Considering the widespread adoption of CNTs in
schools and sporting clubs around the world specifically for
concussion management, additional research is necessary.

0486 Do we need to rethink screening for post-
traumatic hypopituitarism (PTHP)?

Alasdair Fitzgerald, Andre Des Etages, Edwin Jesudason

NHS Lothian, Edinburgh, Scotland

ABSTRACT
Introduction: PTHP has a reported prevalence of 15–68% [1]
after traumatic brain injury (TBI) [2–4]. We established a
screening protocol based on consensus guidelines [5] and eval-
uated its impact after 3 years.
Methods: Protocol required screening within 3–12 months to
include serum sodium; thyroid function; short-synacthen test
(SST) or early-morning cortisol (EMC); FSH/LH; testosterone
and prolactin. From a referrals database, we identified
patients, diagnosis and screening outcomes.
Results: Between March 2013 and May 2016, 132 patients were
referred for admission to our service. 20 cases were excluded
from analysis: 5 were mis-coded; 9 had pre-existing TBI; 6
transferred to units local to home. Of the remainder: 24 were
discharged home; 15 to other specialist services in our region;
we admitted 73.
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36 of 73 admissions were screened: Of the 37 whose total (acute
plus rehabilitation) inpatient stay exceeded 90 days, 28 were
screened; 5 of 7 whose stay was in range 60–89 days were
screened; 3 of 29 whose stay was less than 60 days were screened.
Of the 37 not screened, 15 had some endocrine assay performed,
3 as a partial compliance to screening protocol.
Of the 24 discharged home, 2 were screened, and 6 had other
endocrine assay. Of the 15 discharged to other services, 1 was
screened, and 6 had other assay. With one exception, all
screenings were performed within 12 months of injury
Of the 39 deemed to have a complete screen, 15 had SST, and
24 had EMC. EMC was intended for primary care if dis-
charged prior to 3 months post injury, but was used for
inpatients following synacthen production shortage.
Two patients developed clinical features of PTHP in their acute
post-injury phase. 7 others had abnormalities requiring further
assessment, 4 having low testosterone (1 resolved sponta-
neously), 2 with other deficit subsequently deemed insignifi-
cant, and 1 with an unrelated TSH rise. As testosterone
replacement in patients older than 50 was not proposed, we
have not recorded low values in this age group in our analysis.
Conclusion: PTHP screening revealed treatable testosterone
deficits in 3 of 39 cases. The prevalence of PTHP was much
lower than suggested in literature [1]. This challenges the
value of screening, particularly in a patient group in which
screening compliance would be difficult.
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ABSTRACT
Background: Traumatic brain injury (TBI) leads to 2.2 million
annual emergency department visits and 20 000 admissions to
inpatient rehabilitation in the US. Incidence of coexisting
medical conditions, acute treatment complications and asso-
ciations of these factors with outcome, in a general TBI
rehabilitation population have not been well characterized.
Objective: To estimate the extent of co-occurring medical
conditions and acute hospitalization complications, and their
role in short-term outcomes, in a population of patients with
a full range of injury severities who receive inpatient rehabi-
litation following TBI.
Methods: Data for patients with moderate to severe TBI
enrolled in the TBI Model Systems National Database
(NDB) were evaluated for patient, injury, coexisting medical
condition, and outcome characteristics. Medical conditions
recorded by ICD-9 codes during the acute hospital phase of
treatment, were grouped in a total of 75 Healthcare Cost and
Utilization Project (HCUP) categories for analysis. Outcome
measures were FIM™, Disability Rating Scale (DRS), and
rehabilitation length of stay (LOS). The NDB data set was
raked and weighted according to annual population charac-
teristics obtained from UDSMR and eRehabData to produce
estimates that are more representative of the overall popula-
tion of TBI patients admitted for rehabilitation in the US.
Predictors of outcome were assessed using general linear
models, controlling for age at injury, sex, cause of injury
(high vs. low velocity), Glasgow Coma Scale motor score
(following vs. not following commands), sub-cortical damage
and intracranial mass effect (Bonferroni alpha = 0.0007).
Results: For the study period (05/2007–12/2013), there were
3686 patients with complete data; 63% were male, 79% white/
Caucasian, with a mean age of 60.3 ± 22.4 years. One-third of
patients had high-velocity injuries, 66% followed commands
at initial presentation, 17% had sub-cortical damage, and 37%
intracranial mass effect. Mean outcome scores were 61 ± 17
for FIM™ total score, 6.5 ± 3.5 for DRS, and 18 ± 16 days for
LOS. Commonly co-occurring medical conditions were: other
nervous system disorders (44%), fluid and electrolyte disor-
ders (30%), respiratory failure (27%), crush injuries (24%),
hyperlipidemia (23%), and gastrointestinal disorders (22%).
Predictors of worse outcome and extent of effect on FIM™

total score (β) include: aspiration pneumonia (-13.3), acute
myocardial infarction (-10.8), paralysis (-9.6), pneumonia
(-9.1), spinal cord injury (-8.1), nutritional deficiency (-7.6)
and diabetes mellitus (-7.5).
Conclusions: Coexisting medical conditions and treatment
complications are estimated to occur frequently in TBI survi-
vors receiving inpatient rehabilitation, based on a weighted
analysis. Trauma-related injuries such as paralysis and spinal
cord damage predict poorer functional outcome, as do general
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conditions such as diabetes mellitus and conditions poten-
tially related to treatment such as aspiration pneumonia. The
findings point to the value of incorporating associated medi-
cal conditions and treatment complications in TBI outcome
models.

0488 Evaluation of time-varying aspects of head
impact exposure in youth athletes

Jillian Urban, Mireille Kelley, Logan Miller, Derek Jones, and
Joel Stitzel

Wake Forest School of Medicine, Winston-Salem, NC, USA;
Virginia Tech-Wake Forest University School of Biomedical
Engineering and Sciences, Winston-Salem, NC, USA

ABSTRACT
There is increasing evidence demonstrating a potential link
between subconcussive head impacts and brain alterations
related to neurodegenerative diseases. Associations between
changes in pre- to post-season imaging and cognitive mea-
sures and subconcussive head impact exposure over a single
season of play have been observed. In order to better char-
acterize cumulative exposure to subconcussive head impacts
and understand the critical windows of exposure with respect
to clinical outcomes, it is important to understand how head
impacts are accumulated over the course of the season.
Head impact exposure was measured by instrumenting the
helmets of youth football players (age 9–13) participating in a
single youth football organization with the Head Impact
Telemetry System (HITS) over four seasons of data collection.
Head impact data were collected at each practice and game
during the 3–4-month football season. Data were grouped
into pre-season, regular season and playoffs based on the
respective team’s season. Mean number of impacts and
mean 95th percentile linear and rotational acceleration were
computed within each time frame and compared using a non-
parametric Wilcoxon test of each pair. Next, aggregate expo-
sure data, including number of head impacts and summed
linear and rotational acceleration, was quantified on a daily
and weekly basis to capture how exposure changes as the
season progresses. Athletes were grouped into four quartiles
(Q1–Q4) representing a range of high and low-exposure
groups based on the respective exposure metric to examine
the variability observed in head impact exposure measured at
this age.
Sixty-seven (67) seasons of head impact data were evaluated
with 4023 impacts measured during pre-season, 18 585
impacts measured during regular season and 4085 impacts
measured during playoffs. The lowest exposure group (Q1)
had significantly great impacts per practice measured during
pre-season compared to playoffs (p = 0.0394), while the high-
est exposure group (Q4) had significantly greater impacts per
game measured during playoffs compared to pre-season and
regular season (p = 0.0015, p = 0.0362, respectively). The
mean 95th percentile linear acceleration measured during
practice did not differ greatly between the four exposure
groups, however there was a trending increase in the mean
95th percentile linear acceleration measured between the four
exposure groups, with values decreasing from pre-season to

playoffs for Q1–Q3, and increasing for the highest exposure
group (Q4). Additionally, the highest exposure group (Q4)
resulted in 4× the number of impacts per week and summed
linear acceleration compared to the lowest exposure
group (Q1).
These data demonstrate wide variations in head impact fre-
quency and magnitude measured throughout the season
within the youth population. Studying the time-based mea-
sures of head impact exposure or late-season exposure is
potentially important when studying the effects of head
impact exposure on pre-to-post season imaging/cognitive
changes.

0489 Development of a curriculum for concussion
management training in schools

Arthur Maerlendera, Jonathan Lichtensteinb, Jennifer Parent-
Nicholsc, Kate Higginsa, and Peggy Reisherd

aUniversity of Nebraska, Lincoln, NE, USA; bGeisel School of
Medicine, Dartmouth, Hanover, NH, USA; cFranklin-Pierce
COllege, Ringe, USA; dBrain Injury Alliance of Nebrasdka,
Lincoln, NE, USA

ABSTRACT
All 50 states have laws stipulating that those involved in
concussion assessment and management for youth sports
must undergo some form of training. However, there are no
specific curricula for directing such training and education.
Based on previous work creating school-based concussion
management programmes, we developed a set of specific
content areas (competencies) were identified to guide train-
ings and an assessment tool for assessing the effectiveness of a
training curriculum was developed. The objectives of this
study were to provide initial validation of specific domains
of knowledge, and to assess the relevance of those domains for
concussion management in schools. Additionally, the project
provided an opportunity for initial validation of test questions
for assessing knowledge regarding concussion management
from a non-medical (behavioural) perspective.
The ten competencies were: basic neuro-anatomy, biomecha-
nics of injury/definition, concussion basics, risk factors, pre-
vention, evaluation what and when, assessment practices,
treatment approaches, individual recovery and programmatic
concussion management.
Trainings were conducted at four schools (public and private
schools, all grades). 99 school personnel with various levels of
self-reported experience and knowledge of concussions parti-
cipated in the full training. No demographic factors accounted
for test score variance.
A pool of test questions were developed that reflected the
important knowledge from these competencies. A pre-post
test design was used to determine knowledge gain regarding
the identified competencies. A repeated measures within-sub-
jects ANOVA found significant pre- to post-test difference in
percent score change with medium effect size: F (1, 94) =
67.48, p <.001, η2=.418. Relative to self-report rating of per-
ceived knowledge of concussion management (group by
change score) showed a linear trend in improvement, with
those self-reporting the least pre-training knowledge
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improving by 7%, those with medium knowledge improving
by 6%, and those with the highest knowledge levels improving
by 4%.
Participants’ rankings of competencies were completed imme-
diately after training (‘How important is each topic to your
work?’), and then 5 months later (‘In retrospect, how impor-
tant has each topic been to your work?’). The top four com-
petencies from each rating were: individual recovery,
concussion basics, risk factors and treatment approaches.
General feedback and satisfaction surveys showed that 92% of
participants endorsed agreeing or strongly agreeing that the
presentations improved their understanding of concussion
management, with overall satisfaction a 4 out of 5.
As a first step in defining an effective training curriculum, this
study supports the use of a set of topic areas (competencies),
and provides validation for questions regarding knowledge
needed in this domain. Results from the test of knowledge
and ratings of topic importance will inform a standardized
test of concussion knowledge.

0490 Investigation of neuroinjury and inflammatory
biomarkers after sport-related concussion: From the
subacute phase to clinical recovery

Alex Di Battistaa,b, Shawn Rhindb,c, Andrew R. Bakera,d,e,f,
Rakesh Jetlyg, Jeff Debadh, and Michael Hutchisonc,e
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ABSTRACT
The pathophysiology of sport-related concussion (SRC) is not
well defined. While experimental animal studies suggest
inflammation is an important contributor to secondary injury,
scarce evidence exists in humans. Blood biomarkers have
emerged as a viable, non-invasive tool to evaluate the experi-
mental findings in human injury, and have potential utility in
mild brain trauma. This study characterized a number of
circulating biomarkers of inflammation and neurological injury
in athletes with SRC, from the subacute phase through to
medical clearance. Participants included 38 inter-university
athletes from 16 sports (n = 19 SRC; n = 19 healthy matched
controls). Blood samples were taken within 1 week of SRC and
again at medical clearance. Blood was also sampled from 88
healthy athletes before the start of the competitive season as a
baseline control group. Twenty-eight immunoinflammatory
and 11 neuroinjury biomarkers were analysed using commer-
cially available V-PLEX® and prototype MULTI-ARRAY®
Human Immunoassay Kits. At both the subacute and medical
clearance time points, circulating peroxiredoxin (PRDX)-6

concentrations were elevated in SRC athletes compared to
healthy matched controls. Interferon gamma-induced protein
(IP)-10 and total-tau were higher at medical clearance com-
pared to matched controls. In addition, neuron-specific enolase
(NSE), PRDX-6, monocyte chemoattractant protein (MCP)-1,
macrophage inflammatory protein (MIP)-1β and eotaxin were
inversely correlated with total reported symptoms subacutely in
athletes with SRC. Lastly, total-tau, PRDX-6, neurogranin
(NRGN), von Willebrand Factor (vWF), tumour necrosis factor
(TNF)-αα, interleukin IL-16, MCP-4, MIP-1β, thymocyte and
activation-regulated chemokine (TARC) and eotaxin, varied in
healthy athletes throughout the academic year. Collectively,
blood biomarkers may be useful in elucidating secondary injury
pathophysiology after SRC. However, their implementation
requires mindfulness of extracranial factors, such as academic
stressors and exercise training, as well as the inherent hetero-
geneity of concussive injury. Our findings are consistent with
others who have found physiological perturbations at clinical
recovery, and further support continued use of blood biomar-
kers in elucidating the biology of brain restitution after SRC.

0491 Hippocampus and cingulate gyrus volume
reductions are associated with neurobehavioural
dysfunction in former NFL players
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ABSTRACT
Background: Chronic traumatic encephalopathy (CTE) is a
neurodegenerative disease associated with exposure to repeti-
tive head impacts. Neuropathological studies have shown that
as the disease progresses atrophy is pronounced in limbic
brain structures. Furthermore, CTE is related to life-altering
dysfunction in mood, behaviour and cognitive functioning,
and may progress to dementia. The aim of this study is to
investigate the volumes and neurobehavioural correlates of
the amygdala, hippocampus and cingulate gyrus in sympto-
matic, former National Football League (NFL) players.
Methods: With high-resolution structural 3 T Magnetic
Resonance Imaging, we contrasted the volumes of the amygdala,
hippocampus and cingulate gyrus between former NFL players
(n = 86) and same-aged control subjects who had no history of
contact sport involvement or history of brain injury (n = 22).We
contrasted the groups’ neurobehavioural functioning across four
neurobehavioural domains: mood and behaviour, attention and
psychomotor speed, verbal memory, and visual memory.Within
the NFL group, we examined the associations between neurobe-
havioural functioning and regional limbic brain volumes.
Results: The NFL group evinced volume reductions in the
bilateral amygdala, hippocampus and cingulate gyrus, relative
to the control participants (all p < .05). Additionally, the NFL
group demonstrated significantly lower scores for mood and
behaviour, as well as reduced attention and psychomotor speed
(both p < .05). Within the NFL group, reduced volumes of the
bilateral cingulate gyri were associated with impairments in
attention and psychomotor speed, while volume reductions
within the right hippocampus were associated with impair-
ments in visual memory performance (both p < .05).
Conclusions: Our findings demonstrate that reduced volumes
in the amygdala, hippocampus and cingulate gyrus may serve
as candidate biomarkers of CTE. Overall, limbic system struc-
tures seem especially sensitive to repetitive head impact in
living, former NFL players, which is consistent with neuro-
pathological studies of CTE.

0492 Concussion recognition and management in
the paediatric urgent care setting

Deena Berkowitza,b, Gia Badolatoa, Sean Gillena, Robert
Grellb, Rhana Alghamdib, and Shireen M. Atabakia,b
aChildren’s National Medical Center, Washington, DC, USA;
bThe George Washington University School of Medicine and
Health Sciences, Washington, DC, USA

ABSTRACT
Purpose of Study: Historically, the evaluation and manage-
ment of concussion in the paediatric urgent care setting has
been inconsistent, and concussion often goes unrecognized. In
2010 the Acute Concussion Evaluation- ED (ACE-ED) and
ACE–ED Care plan, a psychometrically validated concussion
diagnostic tool and management plan, were developed and
integrated into the electronic health record (EHR) at a level 1
urban paediatric emergency department (PED) and onsite

urgent care. Our objective is to assess the effect of integration
of these diagnostic and management tools into the EHR.
Methods: Patients <21 years old presenting with a chief com-
plaint of head injury were included in this analysis. Patients
triaged to the PED had the ACE-ED diagnostic tool utilized
by the nursing staff at the time of triage. Patients triaged to
onsite urgent care had the ACE-ED completed by their clin-
ician during the assessment. This electronic decision support
tool uses built-in conditional logic in order to generate an
ICD-10 code and recommendation. For patients meeting
diagnostic criteria for a concussion, the tool launched a
brain icon on the patient tracking board to inform staff that
the patient has been diagnosed with a concussion and should
receive the ACE-ED Care Plan upon discharge.
Results: In 2015, 2326 patients presented with chief complaint
related to head injury and 18.1% were diagnosed with con-
cussion. Of the 2326 patients, 443 (19%) were seen in the
urgent care and subsequently 13.4% were diagnosed with a
concussion. We were more likely to diagnose concussion in
the PED. (OR 1.5 (95%CI: 1.1–2.1) A quality improvement
(QI) intervention to facilitate workflow decision support to
improve the diagnosis and management of concussions in the
paediatric urgent care population is warranted. Future analy-
sis will include the adherence rates in urgent care to utiliza-
tion of the diagnostic tool and management plan in pre- and
post-QI intervention. We will evaluate the percentage of ICD-
10 codes generated as well as the rate of receipt of the ACE-
ED Care Plan to patients discharged home from urgent care
with a diagnosis of concussion.
Conclusions: The clinical decision support tool for concussion
diagnosis (ACE-ED and Care Plan) is feasibly integrated into
the electronic health record for urgent care. This clinical
decision support tool results in fewer concussion diagnoses
in the urgent care setting when compared to the emergency
department. Quality improvement for provider education and
workflow integration may increase the number of patients
correctly diagnosed with a concussion, decrease practice pat-
tern variation, and improve patient education for concussion
management after discharge from urgent care.

0493 Vestibular and vision deficits following
concussion in children under 12

Kristy Arbogast, Christina Master, Allison Curry, Ronni
Kessler, Melissa Pfeiffer, and Matthew Grady

Children’s Hospital of Philadelphia, Philadelphia, PA, USA

ABSTRACT
Vestibular and oculomotor visual (VOM) deficits are emer-
ging as key characteristics of youth concussion. Reported rates
of these deficits following concussion in older children can be
as high as 80% for balance and 69% for gaze stability. These
vestibular oculomotor deficits can have a significant impact
on children in return to school and activities in that presence
of such deficits has been associated with longer return to
school and sports compared to those without these deficits.
However, since most studies of paediatric concussion focus on
adolescents, little is known about the extent to which younger
children experience this deficit. To address this gap, we
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utilized an electronic health record (EHR) system across a
large paediatric health care network to quantify the presence
of VOM deficits following concussion in patients under
age 12.
Data were collected from all primary (n = 31) and specialty
care (n = 4) settings within the health care network. We
identified all patients aged 5–11 years who had >=1 clinical
visit for concussion at a network primary or specialty care site
from 1 July 2014 through 30 June 2015. We included 82% of
these patients for whom a concussion electronic clinical deci-
sion support tool within the EHR was used during their initial
visit. All patients had a vestibulo-oculomotor vision examina-
tion performed as part of their routine clinical care for
concussion. Deficits assessed included balance, saccades,
gaze stability, dysmetria, smooth pursuits, nystagmus and
convergence.
871 patients were included [median (IQR): 10 [8, 11] years].
On physical examination, 58% had at least one VOM deficit.
44% had balance abnormalities, 39% had saccadic dysfunc-
tion, 13% had deficits in gaze stability, 11% had dysmetria,
10% convergence insufficiency, and 2% had nystagmus.
In conclusion, vestibular oculomotor visual deficits following
concussion in young children were common. Improved
recognition of the deficits will lead to timely diagnosis and
appropriate management, including school accommodations
for oculomotor visual challenges and vestibular therapy for
balance and motion sensitivity issues.

0494 Improving the clinical management of
traumatic brain injury through the pharmacokinetic
modelling of peripheral blood biomarkers

Aaron Dadasa,b, Jolewis Washingtona,c, Nicola Marchid, and
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ABSTRACT
Background: Blood biomarkers of neurovascular damage are
used clinically to diagnose the presence, severity or absence of
neurological diseases, but data interpretation is confounded
by a limited understanding of their dependence on variables
other than the disease condition itself. These variables include
half-life in blood, molecular weight, and marker-specific bio-
physical properties, as well as the effects of glomerular filtra-
tion, age, gender and ethnicity. To study these factors, and to
provide a method for markers’ analyses, we developed a
pharmacokinetic model that allows the integrated interpreta-
tion of these properties.
Methods: The pharmacokinetic behaviours of S100B (mono-
mer and homodimer), Glial Fibrillary Acidic Protein and
Ubiquitin C-Terminal Hydrolase L1 were modelled with rele-
vant chemical and physical properties, using MATLAB soft-
ware; modelling results were validated by comparison with
data obtained from healthy subjects or individuals affected by

neurological diseases. Brain imaging data were used to model
the passage of biomarkers across the blood-brain barrier.
Results: Our results show the following: 1) changes in biomarker
serum levels due to age or disease progression are accounted for
by differences in kidney filtration; 2) a significant change in the
brain-to-blood volumetric ratio, which is characteristic of infant
and adult development, contributes to variation in blood con-
centration of biomarkers; 3) the effects of extracranial contribu-
tion at steady state are predicted in our model to be less
important than suspected, while the contribution of blood-
brain barrier disruption is confirmed as a significant factor in
controlling markers’ appearance in blood, where the biomarkers
are typically detected; 4) the contribution of skin to the marker
S100B blood levels is directly correlated with pigmentation,
rather than ethnicity; the contribution of extracranial sources
for other markers requires further investigation.
Conclusions: We developed a multi-compartment, pharmaco-
kinetic model that integrates the biophysical properties of a
given brain molecule and predicts its time-dependent concen-
tration in blood, for populations of varying physical and
anatomical characteristics. This model emphasizes the impor-
tance of the blood-brain barrier as a gatekeeper for markers’
blood appearance and, ultimately, for rational clinical use of
peripherally detected brain protein.

0495 Appraisal of knowledge-to-practice gaps to
facilitate the implementation of a clinical practice
guideline for adults with moderate-to-severe
traumatic brain injury

Bonnie Swainea, Judith Gargarob, Anabèle Brierec, Corinne
Kaganb, Catherine Truchonc, Mark Bayleyd, Shawn Marshalle,
Pascale Marier-Deschenesf, and Marie-Eve Lamontagnef
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ABSTRACT
Introduction: Clinical practice guidelines (CPG) derived from
scientific knowledge are more likely to be implemented if they
fill practice gaps deemed important by clinical teams.
Through a collaborative partnership, the Institut national
d’excellence en santé et en services sociaux du Québec and
the Ontario Neurotrauma Foundation developed a CPG
aimed at supporting the rehabilitation of adults with moder-
ate-to-severe traumatic brain injury. In order to promote
implementation of a CPG, the first step in the process must
be identification of knowledge-to-practice gaps which high-
light areas for improvement.
Methodology: An email survey was conducted with acute and
rehabilitation sites (N = 55) across each province (Quebec
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(QC) and Ontario (ON)). For the 109 fundamental and prior-
ity CPG recommendations, clinical teams were asked to 1)
indicate the actual level of implementation of the recommen-
dations in their site; 2) prioritize recommendations not yet
implemented and 3) indicate the feasibility for recommenda-
tions considered priority. Respondents also identified per-
ceived obstacles for those recommendations not fully
implemented.
Results: The survey was completed by 44 sites (26 from QC
and 18 from ON). Overall, a vast majority of recommenda-
tions (82% in QC and 93% in ON) were rated as at least
‘partially implemented’ by the majority of facilities, while only
four 4% in Québec and 5% in Ontario were rated as ‘occa-
sionally’ or ‘not implemented’.
In both provinces, recommendations related to education of
patients and the public were the most likely to be perceived as
implemented. However, in Québec, respondents identified
practice gaps relating to dysphagia and nutrition as these
recommendations were less likely to be rated as implemented,
while in Ontario the practice gaps related to the use of
medication for arousal and attention problems and heteroto-
pic ossification, and the use of strategies to enhance reasoning
skills.
In Québec, two recommendations relating to coordinating the
management of co-morbid conditions were rated as high
priority and feasible by both acute and rehabilitation respon-
dents. In Ontario there were differences observed between the
acute and rehabilitation sites with regard to recommendations
not fully implemented that were a priority and feasible, and
notable the rehabilitation sites were more similar to the QC
findings. There were two recommendations in common
across the ON acute and rehabilitation respondents: consis-
tent training in behaviour management skills and access to
specialized oral and dental care.
Discussion: The knowledge-to-practice gap analysis highlights
that clinical teams generally believe many recommendations
are already adopted in their clinical settings. It also identifies
areas where improvement is deemed important and feasible.
Despite the same clients and federal health care system in
these two provinces there are different perceived priorities,
and this work shows the importance of considering clinical
settings’ perception when designing implementation.

0496 The effect of augmentative and alternative
communication display type on the theme
identification abilities of adults with TBI

Amber Thiessena and Jessica Brownb
aUniversity of Houston, Houston, TX, USA; bUniversity of
Minnesota, Minneapolis, MN, USA

ABSTRACT
Purpose: Adults with who have sustained severe traumatic
brain injuries (TBI) may present with motor speech disorders
that limit their ability to functionally communicate through
speech. In these instances augmentative and alternative com-
munication (AAC) supports are often implemented to allow
these individuals to functionally communicate. A variety of
visuographic aids are utilized as AAC supports; however,

limited research is available to guide speech-language pathol-
ogists as they select and design these supports. The purpose of
the current study was to compare the speed, accuracy, pre-
ference, and cognitive processing necessary for adults with
severe TBI to identify two types of AAC displays: grids com-
posed of decontextualized images and visual scene displays
composed of a single contextual image.
Method: Seven adults with severe TBI viewed 20 AAC displays
(i.e. 10 grids and 10 visual scenes) presented individually on
an eye-tracker monitor. Content between images was matched
such that each visual scene contained the same content as its
matching grid display. Accuracy and speed of theme identifi-
cation were both measured. Eye-tracking technology was also
employed to measure the number of visual fixations and
average visual fixation duration (i.e. two measures that have
been shown to reflect both on the interest and difficulty of
processing level of image regions; Poole & Ball, 2004) neces-
sary to process each of these image types. After completing
the eye-tracking portion of the experiment, participants com-
pleted a brief survey and participated in discussion regarding
their preferences for and opinions relating to visual scenes
and grids.
Results: Participants accurately identified all displays pre-
sented. Data analysis revealed a significant difference for
average fixation duration, F(1, 6) = 31.003, p = 0.001, and
number of fixations, F(1, 6) = 40.394, p = 0.001, between grids
and visual scenes. Inspection of these results revealed that
participants required significantly greater numbers of fixa-
tions and lengthier fixation durations to identify grids as
compared to visual scene images. In addition, participants
reported greater ease of identification of visual scene displays
than grid displays.
Discussion: The results of the current study are preliminary in
nature; however, analysis of the existing data indicates that
individuals with TBI do differ in the manner in which they
interact with and make meaning from visual scene displays
composed of contextualized images and grid-based displays
composed of decontextualized photographs. Clinicians work-
ing with individuals with TBI should consider these differ-
ences when determining which types of displays will be most
effective for their clients.

0497 Understanding neonatal hydrocephalus using
an ex vivo model of pressure-induced neural injury

Michael Smith and Ramin Eskandari

Medical University of South Carolina, Charleston, SC, USA

ABSTRACT
Objectives: Neonatal hydrocephalus is a progressive disorder
of pathologic elevation of intracranial pressure (ICP) and
ventriculomegaly, which frequently produces devastating neu-
rological deficits. The diverse initial injuries associated with
neonatal hydrocephalus (infection, inflammation, haemor-
rhage, or congenital abnormalities) are well documented,
and seldom preventable. The secondary injury of neonatal
hydrocephalus is related to the pathophysiology of elevated
ICP, and is responsible for ongoing, long-term damage. These
secondary mechanisms are poorly understood. To date, the
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lack of a model to study the cellular pathways associated with
elevated ICP-induced cellular injury has impeded progress.
Identifying the cellular biomarkers associated with elevated
ICP will advance our understanding of the pathologic
sequence of events leading to brain injury, and may
provide earlier and greater predictability of patient outcomes
and potential therapeutic targets for the treatment of
hydrocephalus.
Methods: To simulate pressure-induced brain injury, we
developed an ex vivo model of neonatal hydrocephalus,
which combines 3D neural cell cultures and a newly devel-
oped Pressure Controlled Cell Culture Incubator (PC3I).
Human cells (microvascular endothelial cells, astrocytes and
neurons) maintained in 3D peptide-conjugated alginate
hydrogels were subjected to pressures that mimic both phy-
siologic and pathologic conditions of untreated hydrocepha-
lus. Culture media bathing the cell-laden hydrogels were
analysed for injury/inflammatory biomarkers (bioluminescent
ATP assay, and magnetic bead–based multiplex assays for
cytokines, chemokines, and growth factors), while cellular
viability was determined using an assay that measured intra-
cellular esterase activity and plasma membrane integrity.
Results: Intracellular release of ATP following exposure to
pathologic pressure was dependent on the time of exposure,
amount of pressure, and type of exposure (sustained v. pulsa-
tile) when compared to control conditions. Inflammatory
biomarkers were measurable in the media bathing the 3D
cellular constructs following both sustained and pulsatile pres-
sure exposures. We demonstrated the ability to maintain
greater than 50% cellular viability in 3D alginate hydrogels
for up to 4 weeks. The percent of viable cells exposed to
different pressure paradigms was not different from controls.
Conclusions: Using a novel ex vivo model of neonatal hydro-
cephalus, these data indicate the cellular release of ATP is an
important signal associated with elevated pressure, and may
be a key early secondary injury response to elevated ICP in
the developing neonatal brain. Further experiments using this
model system will be valuable to determine other cellular
biomarkers associated with pathological ICP.

0498 Characterizing head impact exposure in youth
female soccer

Logan Millera, Elizabeth Pinkertona, Lyndia Wub, Katie
Fabiana, David Camarillob, Joel Stitzela, and Jillian Urbana

aWake Forest University School of Medicine, Winston Salem,
NC, USA; bStanford University, Stanford, CA, USA

ABSTRACT
Objective: While many research efforts have focused on the
consequences of concussion and head impact exposure at the
professional level of female soccer, there have been few studies
characterizing sub-concussive impacts in youth female soccer.
The aim of this study is to characterize the head impact
exposure for youth female soccer players and investigate the
differences in impact sources and ball delivery methods.

Methods: Seven athletes from a local soccer organization were
enrolled in an IRB-approved study. Polyvinyl acetate (PVA)
dental impressions were collected from the upper dentition of
each athlete. Dental moulds were poured from each PVA
impression and used to create a custom-fit instrumented
mouthguard. Each mouthguard features a tri-axial acceler-
ometer and gyroscope embedded within a rigid retainer mate-
rial for improved coupling and measurement of head impact
kinematics during practices and games. To obtain head kine-
matics at the head centre of gravity (CG), the raw mouth-
guard output was transformed from the sensor location using
subject-specific measurements.
Detailed video analysis was conducted to identify impact time
and characteristics of head impact events that were paired
with the kinematic data. Impact characteristics describing
impact source (last contact the ball had before the observed
header) and ball delivery method (details describing how the
ball was delivered for the header) were collected for each
impact. Possible impact sources include: bounce from ground,
as well as headed, kicked, and thrown from another athlete.
Possible ball delivery methods include: bounce from kick,
short kick, long kick, overhead throw, and underhand
throw. A non-parametric Wilcoxon test of multiple compar-
isons was used to assess differences in impact source and ball
delivery method in the associated linear accelerations and
rotational velocities.
Head impact data were collected over 32 practices and 9 games
and a total of 764 mouthguard impacts were paired with video
analysis and used to evaluate the differences in impact source
and ball delivery methods. The median/95th percentile linear
accelerations and rotational velocities of all collected head
impacts were 9.32/19.91 g and 4.09/10.11 rad/s, respectively.
Pairwise comparisons resulted in statistically significant differ-
ences in mean linear acceleration and rotational velocity among
impact source. Significantly greater mean linear acceleration and
mean rotational velocity were measured when the ball was
headed from a kicked ball compared to when the ball was headed
after another headed ball (p = 0.0001, p < 0.0001, respectively).
Also, significantly greater mean linear acceleration and mean
rotational velocity weremeasured when the ball was headed after
a long kick compared to after a short kick (p < 0.0001, p < 0.0001,
respectively). This is the first study to evaluate head impact
exposure in adolescent girls’ soccer using an instrumented
mouthguard. This study also quantified differences in head
linear acceleration and rotational velocity when heading the
ball based on impact source and ball delivery method.

0499 Expression profiling of tau-positive cholinergic
neurons within the nucleus basalis of meynert in
brains from veterans and athletes with a postmortem
diagnosis of chronic traumatic encephalopathy: A
chronic effects of neurotrauma consortium study

Sylvia Pereza, Bin Hea, Ann McKeeb, Sang Han Leec, Eva
Petkovac, Helen Chaoc, Stephen Ginsbergc, and Elliott
Mufsona
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aBarrow Neurological Institute, Phoenix, AZ, USA; bVA
Boston Health Care System, Boston, MA, USA; cNathan
Kline Institute, Orangeburg, NY, USA

ABSTRACT
Objectives: Military personnel in the battlefield and athletes in
contact sports (e.g. boxing, American football and hockey) are
exposed to mild repetitive traumatic brain injury, which can
result in chronic traumatic encephalopathy (CTE). The neuro-
pathology of CTE is characterized by the intracellular accumu-
lation of abnormally phosphorylated tau proteins (p -tau), the
main constituent of neurofibrillary tangles (NFTs) in
Alzheimer’s disease (AD) and related tauopathies. Recently,
we found that cholinergic basal forebrain (CBF) neurons within
the nucleus basalis of Meynert (nbM), which provide the major
cholinergic innervation to the cortical mantle and their degen-
eration results in memory impairments in AD display an
increasing number of NFTs across the pathological stages of
CTE. However, molecular mechanisms underlying CTE neuro-
degeneration within CBF neurons remain unknown.
Method: Here, we assessed the genetic signature of cholinergic
neurons within the nbM containing the p -tau pretangle
maker pS422 obtained from subjects who came to autopsy
and received a neuropathological staging assessment for CTE
[Stages II (n = 7), III (n = 5), and IV (n = 6)] using a
combination of laser capture microdissection and custom-
designed microarray analysis.
Result: Quantitative assessment revealed that between CTE
Stages II and III there was a significant downregulation of
select genes associated with cholinergic [nicotinic acetylcho-
line receptor subunit beta-2 (Chrnb2)] and catecholaminergic
neurotransmission [Catechol-O-methyltransferase (Comt)]
and dopa decarboxylase (Ddc), intracellular signalling
(Prkca), and tau/apoptosis [calpain 2 (Capn2) and dipepti-
dyl-peptidase 10 (Dpp10)]. By contrast, comparing Stage II to
IV, we found upregulation of select genes associated with
autophagy (Atg4c) and tau [microtubule-associated protein 2
(Map2)] and downregulation of transcripts related to cell
homeostasis/neurotransmission [chloride channels (Clcn4
and Clcn5)], endocytosis [Caveolin1 (Cav1)], mitochondrial
biogenesis/transcript factor (Ssbp1) and intracellular signal-
ling [adenylate cyclase 3 (Adcy3)], as well as Dpp10.
Comparing Stage III to IV revealed downregulation of
Clcn5, Cav1, Adcy3 and cortical development/intracellular
signalling lissencephaly 1 (Lis1) transcripts, as well as upre-
gulation of Capn2.
Conclusion: These data suggest genes related to cell home-
ostasis, intracellular signalling, endocytosis and tau biology
are differentially regulated within p -tau-containing vulner-
able cholinergic nbM neurons during the pathological pro-
gression of CTE. Based on these single population microarray
findings, a molecular signature of CTE is emerging that may
be exploited for therapeutic interventions. These data support
CTE drug discovery related to the molecular pathogenesis of
cholinergic nbM neurons, and that drug targets should
emphasize neuronal homeostasis/neurotransmission therapies
and concomitantly reducing pathological tau.

0500 Obesity among individuals with moderate-
severe traumatic brain injury: A large-scale
examination of weight classification prevalence and
factors associated with problem weight across 1, 2, 5,
10, 15 and 20 years post-TBI using the TBI model
systems national database

Laura Dreera, Jessica Ketchumb, Jennifer Bognerc, CB Eagyeb,
Doug Johnson-Greened, Elizabeth Roy Felixd, John Corriganc,
Dave Mellickb, and Thomas Novacka

aUniversity of Alabama at Birmingham, Birmingham, AL,
USA; bCraig Hospital, Englewood, CO, USA; cThe Ohio
State University, Columbus, OH, USA; dUniversity of
Miami, Miami, FL, USA

ABSTRACT
Objective: Obesity has become one of the USA’s most signifi-
cant public health problems. Results from the National Health
and Nutrition Examination Survey in 2010 revealed that
among Americans, the mean Body Mass Index (BMI) was
28.7, which is classified as overweight. Furthermore, the pre-
valence of individuals classified by the Centers for Disease
Control (CDC) as overweight or obese is 70.7% among adults.
These statistics refer to able-bodied person; an understanding
of problems with weight management among people with a
traumatic brain injury (TBI) is noticeably lacking. Such stu-
dies are needed given research showing that persons with
disabilities are at greater risk for obesity, sedentary lifestyles
and unhealthy behaviours. Thus, this study aims to examine
the distribution of weight classifications and factors related to
obesity/overweight among persons with moderate-severe TBI
at 1, 2, 5, 10, 15 and 20 years post injury using a large-scale
database, the TBI Model Systems (TBIMS) national database.
Methods: The current study is both a cross-sectional and
prospective design. Height and weight (BMI), demographic
and psychosocial information was collected from survivors at
1, 2, 5, 10, 15 and 20 years after sustaining a moderate-severe
TBI or their proxy. Weight categories were coded according
to the World Health Organization Classification for under-
weight, normal, overweight and obese. The sample consisted
of 7287 TBIMS participants: 5347 adult males (73.4%) with
4971 non-Hispanic Caucasians (68.2%) and 1217 non-
Hispanic African Americans (16.7%). Mean age at injury
was 40 years (SD = 18.4). Prevalence rates across time points
were examined. Standardized effect sizes (Cohen’s h and
Cohen’s d) were used to assess the relative importance of
sociodemographic and medical factors related to weight cate-
gories given the large sample size. ‘‘Very important’’ (0.3–0.4)
and ‘‘substantial’’ (>0.4) effect sizes are summarized for the
purposes of this abstract but others will be included in the
formal presentation.
Results: The percentage of patients who fell within the obese
classification was 18.6%, 19.8%, 23.6%, 24.7%, 25.7% and
30.3%, respectively, across time points showing an increase
for prevalence rates of obesity further out post injury. This
trend was also observed for the overweight classification:
36.4%, 35.0%, 36.3%, 37.9%, 35.5% and 37.1%, respectively.
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The trend was opposite for normal and underweight cate-
gories. ‘‘Very important’’ effect sizes were observed between
obesity/overweight and age at injury, hypertension, heart fail-
ure, general health and diabetes. ‘‘Substantial effects’’ between
obesity/overweight were observed for post-injury age and
vegetative state.
Conclusions: Survivors recovering from TBI are at risk for
obesity and overweight problems and health conditions parti-
cularly during long-term recovery. The findings indicate a
need for further identifying factors related to unhealthy
weight management and the design of health promotion,
prevention and/or treatment programmes.

0501 Development of intravenous Imatinib
treatment for traumatic brain injury

Joe Sua, Chris Choua, Ulf Erikssonb, Rob Medcalfc, Geoff
Murphya, Sue Sternd, and Dan Lawrencea

aUniversity of Michigan, Ann Arbor, MI, USA; bKarolinska
Institutet, Solna, Sweden; cMonash University, Clayton,
Australia; dUniversity of Washington, Seattle, WA, USA

ABSTRACT
Objectives: Traumatic brain injury (TBI) poses a serious pub-
lic health challenge with the Centers for Disease Control
estimating that in the USA there are approximately 53 000
TBI-related deaths and 283 000 hospitalizations annually.
However, at present, there is no proven effective pharmaco-
logical therapy for treating TBI patients. The development of
improved therapies for the treatment of TBI depends upon
understanding the underlying mechanisms of the pathologies
associated with TBI. One of the hallmarks of TBI is the
opening of the blood–brain barrier (BBB) which leads to an
influx of plasma proteins, increased inflammation and the
development of cerebral oedema, all of which can affect out-
comes and exacerbate the recovery processes. Our recent
studies have shown that tissue-type plasminogen activator
(tPA) activates latent platelet-derived growth factor CC
(PDGF-CC), which in turn binds to platelet-derived growth
factor receptor-α (PDGFRα) and regulates the opening of the
BBB in a number of CNS pathologies. Blocking this pathway
reduces BBB opening and improves outcomes in stroke and
spinal cord injury. Recently we also showed Imatinib protects
against TBI-related injuries. In the study presented here we
have developed an intravenous formulation of Imatinib for
the treatment TBI in patients who may be unconscious and
unable to swallow.
Methods: We performed a dose escalation study with an
intravenous formulation of Imatinib in a well-established
model of TBI–controlled cortical impact (CCI) in mice.
Results: We show that intravenous Imatinib treatment in
mice, (15, 60, 120 and 150 mg/kg) begun 1 hour after TBI
and given twice daily for 5 days, significantly reduced lesion
size and oedema in a dose-dependent manner at 24 hours, 7
days and 21 days after TBI.
Conclusions: Our data suggest a novel strategy for the treat-
ment of TBI with an existing FDA approved antagonist of the
PDGFRα.

0502 Barriers to physical activity among individuals
with traumatic brain injury one year post injury: A
TBI model systems study

Jilian O’Neilla, Thomas Novackb, Jennifer Bognerc, Doug
Johnson-Greened, Elizabeth Felixd, John Corriganc, Jessica
Ketchume, Dave Mellicke, CB Eagyee, and Laura Dreerf

aDepartment of Psychology, University of Alabama at
Birmingham, Birmingham, AL, USA; bDepartment of
Physical Medicine and Rehabilitation, University of Alabama
at Birmingham, Birmingham, AL, USA; cDepartment of
Physical Medicine and Rehabilitation, The Ohio State
University, Columbus, OH, USA; dDepartment of Physical
Medicine and Rehabilitation, University of Miami, Coral
Gables, FL, USA; eTraumatic Brain Injury Model Systems
National Data and Statistical Center, Craig Hospital,
Englewood, CO, USA; fDepartment of Ophthalmology,
University of Alabama at Birmingham, Birmingham, AL, USA

ABSTRACT
Objective: Obesity represents a significant public health pro-
blem according the Centers for Disease Control and
Prevention (CDC). While there is a large body of evidence
examining factors related to weight management among
adults without disabilities, an understanding of these factors
among people with traumatic brain injury (TBI) is noticeably
lacking. This limited understanding is made more poignant
given the impact a TBI has on risk for sedentary lifestyles,
mobility limitations and poor quality of life, all of which
impact participation and activity as well as morbidity and
mortality. In order to design effective programmes to prevent
or treat unhealthy lifestyle habits associated with obesity/over-
weight problems post-TBI, we need to understand the amount
of physical activity survivors engage in post-injury as well as
the barriers to physical activity and exercise post injury. Thus,
the goal of this study was to identify physical activity levels
and barriers among patients 1 year post moderate-severe TBI.
Methods: Participants included 208 adults (75% male, 59%
Caucasian) recruited from three participating TBI Model
Systems Centers (TBIMS). Mean age at injury was 40.69
(standard deviation (SD) = 17.02). Participants were asked
to complete measures assessing demographic, medical, weight
(Body Mass Index score: BMI), dietary and lifestyle informa-
tion upon discharge from inpatient rehabilitation and during
follow-up interviews at 6-month and 1-year intervals post
injury.
Results: The mean BMI for patients upon discharge was 25.8
(SD = 5.6), and by 12-months post injury, this index increased
to 26.2 (SD = 5.4). Accordingly, while 50.7% of individuals
were considered overweight or obese upon discharge,
approximately 57.4% of participants fell into these categories
by 12 months post injury. The number of days per week spent
engaging in vigorous activity significantly differed between
self-reported premorbid functioning (M = 2.19, SD = 2.04)
and 6 months post injury (M = 1.01, SD = 1.73), as well as
premorbid functioning and 1 year post injury (M = 1.44, SD =
2.19), p < .05. The five most common barriers to regular
exercise/physical activity prior to TBI included: 1) lack of
time (62.6%), 2) lack of interest (54.8%), 3) lack of motivation
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(52.2%), 4) cost of exercise programmes (51.3%) and 5) find-
ing exercise boring (40.9%). In contrast, 1 year post injury, the
five most common barriers were 1) health concerns (51.9%),
2) lack of energy (50.9%), 3) lack of motivation (48.1%), 4)
body pain (47.2%) and 5) cost of exercise programmes
(46.2%). The most common barriers to physical activity 1
year post injury were consistent across participants, irrespec-
tive of weight classification.
Conclusions: Survivors recovering from a moderate-severe TBI
are at risk for sedentary behaviours and obesity. Our findings
suggest that individuals’ premorbid vigorous physical activity
levels significantly decrease over the course of 6 and 12
months post injury. Given the role that physical activity
plays in recovery, more research is needed to determine how
to effectively promote physical activity among individuals
recovering from TBI in light of barriers.

0505 Rehabilitation interventions for improving
health-related quality of life after stroke: A
systematic review and meta-analysis

Marieke Vissera,b, Lidia Arendsc, Lianne Peppela,b, Adriaan
van ’t Spijkerd, Jan Busschbachd, Gerard Ribbersa,b, and
Majanka Heijenbrok-Kala,b

aRotterdam Neurorehabilitation Research, Rijndam
Rehabilitation, Rotterdam, Netherlands; bDepartment of
Rehabilitation Medicine, Erasmus University Medical Center,
Rotterdam, Netherlands; cInstitute for Psychology and School
of Pedagogical and Educational Sciences, Erasmus University,
Rotterdam, Netherlands; dDepartment of Psychiatry, Section
Medical Psychology and Psychotherapy, Erasmus University
Medical Center, Rotterdam, Netherlands

ABSTRACT
Background: The ultimate goal of stroke rehabilitation is to
regain optimal Health-Related Quality of Life (HRQoL).
However, rehabilitation interventions are usually targeted to
specific goals, such as improvement of physical functioning,
cognitive problems or symptoms of depression. This raises the
question whether rehabilitation interventions may also
improve HRQoL as a global outcome measure after stroke.
Furthermore, different study designs are used to evaluate
outcome of rehabilitation interventions: randomized con-
trolled trials (RCTs) and studies that use a pre-post design,
which may lead to different conclusions.
Objective: To present a systematic review and meta-analysis of
rehabilitation intervention studies for improving HRQoL after
stroke and to compare the evidence from RCTs and pre-post
designs.
Methods: PubMed and Web of Science were searched for
studies that evaluated the effects of a rehabilitation interven-
tion on HRQoL after stroke. The following inclusion criteria
were used: 1) study population of at least 10 patients with
stroke; 2) intervention study; 3) SF-36 outcomes reported; 4)
RCT or pre-post design and 5) in- or outpatient rehabilitation
or community setting. Primary outcomes were the Mental
Component Score (MCS) and Physical Component Score
(PCS) of the SF-36 at first follow-up. A random-effects
meta-analysis was performed on all RCTs and on the pre-

post studies. PRISMA guidelines and GRADE quality assess-
ment were followed.
Results: In total, 32 articles were selected, including 18 RCTs
and 14 pre-post design studies. A total of 1744 patients were
included, of which 968 were in the RCTs and 776 were in the
pre-post designs. In the RCTs the MCS improved significantly
over the intervention time (effect size (ES)=0.2, p =.001), but
PCS did not improve significantly (ES = 0.1, p =.058). In the
pre-post studies, both MCS and PCS significantly improved
over the intervention time (ES = 0.3, p <.001).
Conclusions: Evidence was found that rehabilitation interven-
tions may be effective in improving the mental component of
HRQoL after stroke. Studies that use pre-post designs may
overestimate the effect of rehabilitation interventions, espe-
cially on the physical component of HRQoL.

0506 Application of virtual environments in a multi-
disciplinary day neurorehabilitation programme to
improve executive functioning using the stroop task

Marie N. Dahdaha,b,c, Monica Bennettd, Purvi Prajapatid,
Thomas D. Parsonse, Erin Sullivanf, and Simon Driverb,c

aBaylor Scott & White Health Medical Center - Plano, Plano,
TX, USA; bBaylor Institute for Rehabilitation, Dallas, TX,
USA; cNorth Texas Traumatic Brain Injury Model Systems
Center, Dallas, TX, USA; dCenter for Clinical Effectiveness,
Baylor Scott & White Health, Dallas, TX, USA; eDepartment
of Psychology: Computational Neuropsychology and
Simulation (CNS) Lab, University of North Texas, Denton,
TX, USA; fDepartment of Psychology, University of North
Texas, Denton, TX, USA

ABSTRACT
Introduction: Virtual reality (VR) technology has demon-
strated its potential usefulness as a tool for diagnosis, educa-
tion and training. To date, application of VR in
neurorehabilitation is not systematic and studies supporting
the use of VR as a therapeutic treatment in medical rehabili-
tation settings remain limited. This study endeavours to
address some of these limitations by using VR in a treatment
capacity.
Objective: To determine whether immersive VR treatment
interventions improve executive dysfunction in patients with
brain injury as stimulus demands within a virtual apartment
and a classroom/office environment gradually increase across
treatment sessions. To determine whether performance is
stronger on a VR version of the Stroop compared with tradi-
tional paper-and-pencil, unimodal computerized and bimodal
VR Stroop formats.
Setting: Outpatient neurorehabilitation programme.
Participants: 15 patients with brain injury (traumatic brain
injury, stroke and brain neoplasm) admitted to day neuror-
ehabilitation programmes.
Design: Correlational study.
Main Outcome Measures: Reaction time, inhibition and accu-
racy indices on VR Stroop measures (compared baseline
Session 1 to final Session 8); Automated Neuropsychological
Assessment Metrics (ANAM) Stroop, Delis–Kaplan Executive
Function System (D-KEFS) Stroop, Golden Stroop,
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Woodcock-Johnson, 3rd Edition (WJ-III): Pair Cancellation,
Simulator Sickness Questionnaire (SSQ).
Results: Participants demonstrated significantly reduced
response time on the word-reading Stroop condition
(Session 1 = 553 ms; Session 8 = 502 ms; p = 0.03) after
receiving a VR classroom/work setting treatment interven-
tion. A non-significant improvement in accuracy (total num-
ber of correct responses: Session 1 = 70 ms; Session 8 = 71 ms;
p = 0.08) and inhibition (omission errors: Session 1 = 1.1
errors; Session 8 = 0.6 errors; p = 0.08) was demonstrated on
the colour-naming Stroop condition of a VR apartment treat-
ment intervention.
Participants achieved significantly higher accuracy on the
word-reading trial of the unimodal ANAM Stroop after
eight sessions of VR intervention compared with baseline
performance, when time constraints were considered
(Session 1 = 61 items correct; Session 8 = 70 items correct;
p = 0.02). Participants committed significantly fewer commis-
sion errors on the ANAM Go/No-Go subtest by session 8
compared with baseline (Session 1 = 95 impulsive responses;
Session 8 = 92 impulsive responses; p = 0.04).
The presence of distractors in the VR intervention was more
cognitively taxing than any other Stroop version, resulting in
longer response times for correct and incorrect responses. By
conclusion of the VR treatments, patients demonstrated
improved inhibition, sustained attention and selective visual
attention on outcome measures.
Conclusions: Implementation of immersive VR interventions
during neurorehabilitation is effective in improving specific
executive functions and information processing speed in
brain-injured patients during the subacute period. No adverse
events were associated with the use of a head-mounted display
for VR interventions. Further research is necessary to deter-
mine frequency and length of sessions to optimize cognitive
rehabilitation gains using VR.

0507 Astrocyte contribution to the extracellular
matrix environment following traumatic brain injury

Addison Walker, Gabby Compton, Nasya Sturdivant, Kartik
Balachandran, and Jeffrey Wolchok

University of Arkansas, Fayetteville, AR, USA

ABSTRACT
Introduction: Astrocytes play an essential role in neuronal
survival. Yet, the mechanobiology of astrocytes and in parti-
cular how their neuro-supportive role is affected by the
mechanical stimuli that are generated during traumatic brain
injury (TBI) is not well understood. Our group is exploring
the hypothesis that the extracellular matrix environment pro-
duced by astrocytes following TBI is influenced by mechanical
stimuli. The objective of this project was to characterize the
regulation of extracellular matrix genes and cytokines by
astrocytes in response to TBI mimetic mechanical loading.
Materials and Methods: A novel cellular drop/crash tester
(Figure 1) was used to (1) precisely apply TBI mimetic
impacts (strain + deceleration) to populations of astrocytes

in culture and (2) concentrate and collect the soluble (cyto-
kines) and insoluble (extracellular matrix) molecules released
in response to TBI mimetic loading. Primary astrocytes were
isolated from 1- to 2-day-old neonatal rat pups. Experimental
groups were subdivided into cultures receiving a single 150G
impact with or without 20% strain, or two 150G impacts with
or without 20% strain (n = 8/group). Cell culture supernatants
were collected 48 hours after the last impact for ELISA ana-
lysis of TGFβ-1, TIMP-1 and MMP-2 concentration. Cells
were isolated 6 hours after initial impacts to quantify gene
expression of collagen I, versican and neurocan using qPCR.
Results and Discussion: ELISA analysis for TGFβ-1, MMP-2
and TIMP-1 showed that protein concentrations were
decreased in cultures that received 150G impacts with 20%
strain compared to the control (Figure 2). Cultures receiving a
single 150G impact without strain also had decreased MMP-2
concentrations. There was no difference in protein concentra-
tions for TIMP, TGFB or MMP between cultures receiving a
single impact or two impacts. qPCR analysis for cultures
receiving a single impact did not significantly affect collagen
expression. A trend of decreased neurocan and versican
expression was observed for single impact cultures. A signifi-
cant difference was seen in cultures receiving a second impact.
The expressions of collagen, versican and neurocan were each
down regulated.
Conclusions: Astrocytes receiving TBI mimetic impacts sup-
pressed ECM gene expression and ECM regulatory cytokine
production. Both the nature of the impact (strain versus no
strain) and dose (one versus two impact) influenced astrocyte
mechanobiology. A possible explanation for the lowered
expression of ECM molecules is a shift in astrocytes to a
survival state or apoptotic pathway. Going forward, we will
isolate the ECM secreted by cultures receiving impacts and
grow neurons on the material to explore whether the ECM
collected from mechanically stimulated cultures impairs neur-
ite outgrowth.

0508 Computerized cognitive rehabilitation
outcome in neurological populations: A systematic
review of recent research

Eric Larson, Ann Guernon, Cari Manypenny, Michael
Pietrantoni, Stephanie Salentine, and Laura Veltman

Marianjoy Rehabilitation Hospital, Wheaton, IL, USA

ABSTRACT
Objectives: With increasing frequency, people with brain
injury encounter popular computerized exercises of cognitive
functioning. It is estimated that consumers spent $715 million
on computer applications for brain training in 2013, and may
spend as much as $3.38 billion by 2020 (Yong, 2016).
Clinicians need guidance in how to respond to inquiries
about these applications but available literature reviews are
incomplete and do not offer a systematic approach that allows
comparisons between studies. One recent comprehensive lit-
erature review concluded that outcome studies do not support
marketing claims that computerized training generalizes to
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other cognitive tasks or to real-life functioning (Simons et al.,
2016). But people with brain injury and their clinicians may
not find relevant data in that comprehensive review, since the
authors restricted their scope to studies of neurologically
intact samples. Another review of older articles focused spe-
cifically on computerized remediation of attention and execu-
tive functioning in people with acquired brain injury and
concluded that there is preliminary evidence of modest ben-
efits (Bogdanova et al., 2015). But computerized clinical treat-
ment of other aspects of functioning has also been addressed
in studies that have yet to be surveyed. Similarly, the literature
is growing rapidly and recently released studies have not yet
been summarized. For these reasons, there is a need for a
broader, updated review.
Methods: We identified studies of the clinical efficacy of five of
the most promising, commercially available computerized cog-
nitive rehabilitation interventions (CogMed, Lumosity, Brain
HQ, IREX and the APT-III). These applications involve the
newest technologies (including the use of virtual environments)
to treat not only attention impairment and executive dysfunc-
tion but also deficits of memory and visuospatial abilities. We
included articles published as recently as October 2016.
Results: Similar to previous reports, our review showed mod-
est benefits of computerized cognitive rehabilitation.
Computerized cognitive rehabilitation results in improvement
in abilities measured by tests that are very similar to the
exercises included in the therapeutic applications. There is
limited evidence of ‘‘far-transfer’’ or generalization to
improvement in real-life functioning and to neuropsycholo-
gical abilities that are dissimilar to rehabilitation exercises.
Discussion: In contrast to previous reports, we discuss in detail
recent suggestions that patients’ expectation effects, their
emotional status and other nonspecific factors may play a
role in self-reported benefits of computerized interventions.
It is especially notable that gains are greatest when the com-
puterized exercises are supervised by a human therapist or
complemented by conventional rehabilitation that includes
human interaction. This finding challenges the rationale that
computerized rehabilitation applications have promise as
labour-saving devices.
Conclusion: We conclude with exploration of interpersonal
factors that maximize the efficacy of technological interven-
tions and discussion of implications for clinical care and
future research.

0509 Characterization of diffused traumatic brain
injury using an automated functional eye movement
assessment as related to clinical neurocognitive
testing

Denise Gobert

Texas State University, San Marcos, TX, USA
ABSTRACT
Purpose: We proposed to characterize post-concussion symp-
toms in persons with diffused traumatic brain injury (dTBI)
using standardized clinical assessment tools including a com-
puterized neurocognitive assessment in combination with an

automated functional eye movement assessment (FEMA)
using eye tracking technology.
Methods: 26 volunteers (12 females/14 males) aged 18 years
and over with a history of dTBI were recruited for this study.
Inclusion criteria included binocular vision with visual acuity
at least 20/200, status post a head injury classified as 13–15 on
the Glasgow Coma Scale, no spine abnormalities and unre-
markable imaging studies post injury.
Participants received a physical screen including visual acuity
measured by the NeuroCom® InMotion™ computerized test and
convergence eye test, the ImPACT® neurocognitive testing and
an automated FEMA using the Eyelink® 1000 laser eye tracking
technology. Eye track recorded data were analysed offline using
an automated computer programme to identify saccadic, fixa-
tion and glissadic oculomotor behaviours. A reference database
(Controls) including 298 participants without head injury from
a previous study was used for comparisons.
Variables included: Visual Acuity LogMAR (VA), Perception
Time (PT), Near Point Test (NPT) convergence score, Visual
Memory (ViMEM) score, Verbal Memory (VeMEM) score,
Visual Motor (VMOT) score, Cognitive Reaction Time
(CRT), Vertical Saccade Speed (VSS), Saccade Rate (SR) and
Fixation Drift Velocity (FDV).
Data Analysis: Descriptive statistics using SPSS (vs. 24.0, IBM
Inc.) help describe test outcomes. Variable comparison analyses
included aMANOVA for outcome differentials usingGender and
Group as fixed factors and Spearman Rho Correlation Coefficient
analysis to test relationships. Alpha levels were set at p < 0.05.
Results: Participant average age was 23.15 (+/− 3.77) years
range from 1 to 5 head injuries with an average onset of
injury 31.52 (+/− 27.02) weeks, previous night’s sleep = 7.44
(+/− 1.28) hours, NPT convergence score = 7.61 (+/−4.93)
cm. Vision scores for PERCEP = 38.40 (+/− 10.28) msec.
There was a significant positive relationship between NPT and
TSYMP (r = 0.427, p = 0.033), VeMEM and ViMEM (r = 0.425,
p = 0.030), PT and VeMEM (r = 0.445, p = 0.026), VSS and
ViMOT (r = 0.555, p = 0.021). FDV was significantly related to
both VSS (r = −0.500, p = 0.041) and SR (r = 0.498, p = 0.042).
There was a significant difference in SR = −0.61 (+/−1.16)
compared to Controls (-0.02 +/− 0.993, p = 0.001) saccades/s
and FDV (0.46 +/− 0.70) compare to those without dTBI
(0.053 +/− 0.99, p = 0.019) m/s.
Conclusion: Results indicate that there is a significant relationship
between functional eye movements and prolonged symptoms
after dTBI. We propose that functional eye movement testing in
combination with neurocognitive testing is crucial to document
treatment response and long-term symptom recovery.

0510 A novel approach to intensive cognitive-
communication rehabilitation for young adults with
acquired brain injury

Katrina Ross, Natalie Ross, Natalie Gilmore, Carrie Des
Roches, and Swathi Kiran

Boston University, Boston, MA, USA

ABSTRACT
Objective: To assess the effects of a novel intensive therapy
programme for individuals with acquired brain injury (ABI)
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on their language, cognitive and academic skills, and ulti-
mately on their ability to return to a post-secondary education
setting.
Participants: This study included four individuals with ABI,
two as a result of traumatic brain injury (TBI) and two as a
result of stroke (CVA). Three individuals participated in this
15-week intensive intervention. Treatment was deferred for
the fourth individual, since they served as a control.
Intervention: This intensive intervention integrated class-
room-style lectures with individual and group therapy,
which targeted participants’ cognitive-communication skills
to bolster academic performance. Individuals attended 3
hours of classes per day (e.g. Psychology, Economics), simu-
lating a typical college semester. They participated in daily
speech-language therapy addressing specific impairments and
daily group therapy targeting metacognitive strategies.
Participants were given a Skill Book, consisting of schedules,
cognitive-linguistic strategies, group exercises and daily home
activities to encourage therapeutic carryover. Individuals also
participated in guided app-based work to apply cognitive-
linguistic skills in functional contexts. Many of the founda-
tional principles and materials were derived from the models
of SCORE (DVBIC, 2015) and CogSMART (Twamley,
Noonan, Savla, Schiehser, & Jak, 2010).
Design: Three individuals participated in a case-control series
design, with an assessment battery at three time points: base-
line (T1), mid-point (T2) and post-intervention (T3). The
control subject was assessed on the same battery at T1
and T3, only, to monitor change without intervention.
Experimental subjects were also measured on individual
speech therapy goals and changes in classroom performance.
Main outcome measures: Weekly quiz and classroom perfor-
mance, WAB-R, RBANS, SCCAN and SLP goal performance.
Results: Students are significantly more accurate in their
responses to class discussion questions. They also demonstrate
more spontaneous use of cognitive-communication strategies
in the classroom. At mid-point testing, participant one (P1)
demonstrated improvements on both the RBANS (+3 Total
Scaled Score-TSS) and the SCCAN (+6 TSS); P2 demonstrated
improvements on the WAB-R (+4.4 Language Quotient-LQ,
+3.8 Cortical Quotient-CQ, +1.6 Aphasia Quotient-AQ) and
P3 demonstrated improvements on all three measures (WAB-
R: +4.3 LQ, +4.43 CQ, +9.2 AQ; RBANS: +2 TSS; SCCAN:
+11 TSS). Individual short-term speech-language therapy
goals are reviewed weekly and are met when a participant
demonstrates criterion performance on 3 consecutive days. P1
partially met 11 weekly goals and fully met one; P2 partially
met eight; P3 partially met 13 and fully met five. All partici-
pants are making steady incremental progress towards long-
term goals.
Conclusions: Individuals with ABI demonstrated improved
speech, language and cognitive-communication skills as a
result of this novel intensive cognitive-communication reha-
bilitation programme (ICCR). They showed substantial
improvements in standardized and qualitative performance
as a result of this intervention.

0512 Brainex90: An effective, combined
physiotherapy and occupational therapy treatment
group for adults with persistent symptoms post-
concussion/mild traumatic brain injury

Shannon McGuire and Laura Graham

St Joseph’s Health Care - Parkwood Institute, London, ON,
Canada; Western University, London, ON, Canada

ABSTRACT
Introduction: There is a lack of evidence on effective treatment
strategies for individuals with persistent symptoms after con-
cussion/mild traumatic brain injury (mTBI). BrainEx90 is an
innovative 90-minute group circuit training programme
involving physiotherapy and occupational therapy treatment
strategies for adults with persistent symptoms post-concus-
sion/mTBI. Seven participants at a time rotate to different 5-
minute stations to complete balance, vision/vestibular, cogni-
tion and self-management tasks as well as participate in a 20-
minute education session. The BrainEx90 program runs for 16
sessions. The purpose of this research project was to evaluate
the effectiveness of BrainEx90 in improving patient-reported
and objective outcomes. The study was approved by the
Western’s Research Ethics Boards (REB) office of Human
Research Ethics, London, Ontario, Canada.
Methods: Pre- and post-intervention assessment data were
extracted from charts of patients who provided consent to
the chart review. Pre- and post-scores were extracted from
patient-reported measures: Canadian Occupational
Performance Measure (COPM), Rivermead Post Concussion
Symptoms Questionnaire (RPQ-3 and RPQ-13), Brain Injury
Vision Symptom Survey (BIVSS), Headache Impact Test
(HIT) and Generalized Anxiety Disorder 7 (GAD-7). Pre-
and post-assessment data were extracted for selected objective
outcome measures: Functional Gait Assessment (FGA), 10-
Metre Walk Test (10MWT) self-selected and maximum speed,
Modified Clinical Test of Sensory Interaction and Balance
(mCTSIB) which was completed with feet together, single
leg stance left and right and tandem stance. The extracted
data were compared using a Wilcoxin or paired t-test.
Results: Pre-post assessment data were collected for 99 parti-
cipants who completed 12 or more group sessions. Mean age
= 44 years and mean time since injury = 746 days. There was
significant improvement in patient-reported COPM
Performance (p <.001) and Satisfaction (p <.001) scores.
There was a reduction in symptoms scores on the RPQ-3
and RPQ-13 scores (p =.002, p <.0001) and anxiety as mea-
sured by the GAD7 (p =.04). Significant objective improve-
ments were observed in FGA (p <.001), normal and
maximum walking speed during the 10MWT (p <.001,
p =.003) and feet together, tandem, right single leg and left
single stance scores of the mCTSIB (p =.004, p <.0001,
p =.002, p <.001). No other outcomes demonstrated a signifi-
cant difference.
Discussion: This study is the first of its kind to demonstrate a
group circuit training model that addresses the multiple
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systems affected by mTBI can effectively improve balance,
walking speed, patient-reported symptom severity and perfor-
mance and satisfaction with activities of daily living in adults
with long-standing persistent symptoms post-concussion/
mTBI.

0513 Comparison of the sensory organization test
and the balance evaluation systems test in traumatic
brain injury

Kaitlin Hays, Candace Tefertiller, Denise O’Dell, Audrey
Natale, and Jessica Ketchum

Craig Hospital, Englewood, CO, USA

ABSTRACT
Objectives: Chronic balance deficits are often reported after
traumatic brain injury (TBI). These deficits contribute to
increased risk of falls, more limited community participation
and decreased quality of life. It is important for clinicians to
be able to accurately describe balance deficits experienced by
these patients in order to appropriately prescribe plans of
care, justify treatments to payers and to adequately track
improvements or changes with treatment. The purpose of
this study is to examine correlations between the Balance
Manager Sensory Organization Test (SOT) and the Balance
Evaluation Systems Test (BESTest) sensory orientation sub-
scale in individuals with chronic TBI.
Participants: Participants (n = 44) are taking part in a larger
randomized controlled trial in which the Balance Manager
SOT and the BESTest are tested at baseline. All are living in
community settings, and testing is completed in a rehabilita-
tion hospital. Participants all have a previous history of TBI
demonstrating balance impairments. All consented to the
study and completed both outcomes. The primary outcome
measures are the Balance Manager SOT and the sensory
orientation subscale of the BESTest. The purpose of this
report is to evaluate correlations between the baseline data
provided by the BESTest and the SOT and to examine
whether or not advanced technologies can provide insight
into balance impairment that a standard clinical measure
may not. To date, 44 individuals have completed both mea-
sures at baseline.
Results: There was a moderate and statistically significant
correlation of 0.54 between the SOT and the BESTest (95%
CI = 0.28, 0.72, p = 0.0002, R2 = 0.29). Although there is a
positive correlation between the Balance Manager SOT
and the sensory orientation subscale of the BESTest,
70.8% of the variability in balance remains unexplained
in these data.
Conclusion: There are multiple potential explanations for
this variability. The SOT includes additional conditions of
altered vision that are unable to be tested with the BESTest
and the force plate used with the SOT may be more
accurate and precise than clinician observation. These
two tools may be providing different information about
the balance impairments in this population, despite the
common clinical assumption that performing both tests
is redundant.

0514 Does concussion affect the sense of smell?
Preliminary data from a longitudinal prospective
study of patients with acute concussion referred
from the emergency room

Deborah Tanga,b, Robin Greena,c, Lesley Ruttana,c, Cristina
Saverinoa, Tharshini Chandraa, Laura Langera, Paul
Compera,c, and Mark Bayleya,c

aToronto Rehabilitation Institute, Toronto, ON, Canada; bPeel
Halton Dufferin Acquired Brain Injury Services, Mississauga,
ON, Canada; cUniversity of Toronto, Toronto, ON, Canada

ABSTRACT
Introduction: Up to 60% of adults with traumatic brain injury
(TBI) present with olfactory impairments. Estimated rates of
olfactory dysfunction in mild TBI and concussion are not well
established, and little is known about the early effects of
concussion on smell. The objectives of this study were to: 1)
Measure the proportion of patients with evidence of smell
dysfunction as measured by the University of Pennsylvania
Smell Identification Test (UPSIT) scale at <1 week post-con-
cussion and 2) Measure recovery of smell from <1 week to
8–12 weeks after injury.
Methods: An ongoing prospective cohort of individuals with
physician confirmed concussion diagnosed in the Emergency
Report was enrolled in the project within 1 week of the injury.
Participants were not eligible if they had evidence of skull
fracture, haemorrhage or contusion on CT scan. All partici-
pants were tested on the UPSIT, as part of a larger battery of
demographic, clinical and neuropsychological assessments,
within 1 week of injury. Each patient followed was followed
biweekly for up to 12 weeks. A subset was tested at a second
time between 8 and 12 weeks post injury.
Results: N = 81 acute concussion patients, comprising of 44
females and 37 males with average ages of 33.2 (SD = 14.0)
and 33.1 (SD = 3.69), respectively, were recruited from the
Hull-Ellis Concussion Clinic at Toronto Rehabilitation
Institute. At time 1, the average smell score for the full
group was in the mild microsmia range (Mean = 33.4, SD =
3.4; mild microsmia), with 59% falling in the mild microsmia
range. There were no significant differences or trends towards
significance between males and females.
For the 23 patients with data at two time points, the mean
smell at Time 1 was 33.1 (SD = 2.9), mild microsmia), with no
significant differences or trends towards significance between
males and females. A significant improvement was observed [t
(23)=-2.35, p < 0.05; Cohen’s d=-0.549], with scores increas-
ing to a mean level of smell within the normal range. This also
represented a decrease in the proportion of individuals in the
mildly impaired range or lower, from 74% at time 1 to 48% at
time 2.
Significance: This is the first study to examine smell impair-
ments longitudinally within the first 3 months of concussion.
These early findings suggest that disrupted smell might be a
supplementary biomarker for the detection of concussion and
its resolution across time.
(This is part of a larger research study at the Hull-Ellis
Concussion and Rapid Access Research Clinic in Toronto,
which offers acute concussion care. This model is an
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innovative one in that it allows patients early access to con-
cussion care, hopefully mitigating the risks associated with the
psychological aspects concussion. It also helps us to better
understand what functions are impacted in concussion).

0515 Examining the relationship between anxiety
symptoms and mild head injury: Does dispositional
mindfulness play a role?

Bradey Alcock and Dawn Good

Brock University, St. Catharines, ON, Canada

ABSTRACT
Introduction: Mild head injury (MHI) accounts for the major-
ity (70–90%) of all brain injuries and represents a significant
public health issue, given the potential for long-lasting impair-
ments (Cassidy et al., 2004; Konrad et al., 2011). Anxiety
symptoms are particularly prevalent following MHI, with
53% of individuals reporting clinically significant cases of
anxiety (Osborn et al., 2016). Since self-reported anxiety is a
strong predictor of long-term psychosocial outcomes post
injury, it is especially important to develop rehabilitation
techniques to target anxiety symptoms (Draper et al., 2007).
Mindfulness strategies may be relevant in this context, since
higher dispositional mindfulness is associated with fewer psy-
chiatric symptoms, including anxiety (Short et al., 2016). The
purpose of the present study was to investigate the association
between dispositional mindfulness and self-reported anxiety
in an MHI population.
Methods: The relationship between anxiety, MHI and mind-
fulness was examined in 138 Brock University undergraduates
(M age = 20.51, SD = 4.29). The State-Trait Anxiety Inventory
(STAI; Spielberger et al., 1983) was used to assess current
anxiety symptoms (state) and the general propensity to be
anxious (trait). A modified version of the Post Concussion
Symptom Scale (PCS; Gouvier et al., 1992) was also used to
assess anxiety symptoms. The Everyday Living Questionnaire
(ELQ; Brock University, NCR Lab, 2008) was administered to
determine a history of MHI. The Five Facet Mindfulness
Questionnaire (FFMQ; Baer et al., 2006) was used to assess
levels of dispositional mindfulness.
Results: Dispositional mindfulness significantly predicted
levels of state anxiety, F(1, 85) = 61.10, p < .001, r = .65,
trait anxiety, F(1, 85) = 77.12, p < .001, r = .69 and PCS
anxiety scores, F(1, 120) = 16.97, p < .001, r = .35, such that
higher mindfulness was associated with less anxiety.
Moreover, individuals with a history of MHI who had high
levels of mindfulness reported significantly fewer symptoms
of state anxiety, t(32) = 2.65, p < .05, trait anxiety, t(32) = 2.69,
p < .05 and lower PCS anxiety scores, t(41) = 2.65, p < .01,
than individuals with low levels of mindfulness. Further ana-
lyses revealed that the non-judgement subscale of the FFMQ
was the best predictor of state (β = −.44, p < .001) and trait
anxiety, (β = -.49, p < .001), while the non-reactivity subscale
was the best predictor of PCS anxiety scores, (β = −.32,
p < .001).
Discussion: These findings suggest that higher levels of dis-
positional mindfulness may mitigate anxiety symptoms fol-
lowing MHI. Additionally, it appears that the fewest anxiety

symptoms are experienced by those who attend to the present
moment experience with a non-judgemental and non-reactive
approach. Therefore, interventions that foster these types of
mindfulness skills may be useful in an MHI rehabilitation
setting.

0516 Increased grey matter fractional anisotropy in
the left and right occipital lobe in symptomatic
former professional football players

Vivian Schultza,b, Martha E. Shentona,c,d, Yorghos Tripodise,f,
g, Michael J. Colemana, Valerie Sydnora, Ofer Pasternaka,h,
Robert A. Sterne,g,i,j,k, Yogesh Rathia, and Inga K. Koertea,b

aPsychiatry Neuroimaging Laboratory, Department of
Psychiatry, Brigham and Women’s Hospital, Harvard Medical
School, Boston, MA, USA; bDepartment of Child and
Adolescent Psychiatry, Psychosomatic, and Psychotherapy,
Ludwig-Maximilian-University, Munich, Germany; cSurgical
Planning Laboratory, MRI Division, Department of Radiology,
Brigham and Women’s Hospital, Harvard Medical School,
Boston, MA, USA; dVA Boston Healthcare System, Brockton
Division, Brockton, MA, USA; eCTE Center, Boston University
School of Medicine, Boston, MA, USA; fDepartment of
Biostatistics, Boston University School of Public Health,
Boston, MA, USA; gAlzheimer’s Disease Center, Boston
University School of Medicine, Boston, MA, USA;
hDepartment of Applied Mathematics, Tel Aviv University, Tel
Aviv, Israel; iDepartment of Anatomy andNeurobiology, Boston
University School of Medicine, Boston, MA, USA; jDepartment
of Neurology, Boston University School of Medicine, Boston,
MA, USA; kDepartment of Neurosurgery, Boston University
School of Medicine, Boston, MA, USA

ABSTRACT
Introduction: Chronic traumatic encephalopathy (CTE) has
been linked to a history of repetitive head impacts (RHI) for
both concussive and subconcussive levels. Exposure to RHI
has been shown to result in decreased fractional anisotropy
(FA) in white matter. Of note, increased FA has been reported
following concussion in grey matter of the brain. However, to
date only a small number of studies have investigated diffu-
sion parameters in grey matter following RHI, as seen in
contact sports such as football. To what extent exposure to
RHI at concussive as well as subconcussive levels affects long-
term grey matter integrity remains to be elucidated.
Methods: We included 87 former professional football players
(mean age = 55.2 ± 8.2 years) and 21 controls (mean age =
56.3 ± 7.3 years) without contact sport or brain injury history
who participated in the Diagnosing and Evaluating Traumatic
Encephalopathy using Clinical Tests (DETECT) study. We
analysed diffusion weighed (DWIs) and T1w images acquired
on a 3 T scanner, applied a free water correction to the DWIs,
and used FreeSurfer 5.3 to parcellate the T1w images. We
registered the FreeSurfer parcellation to DWI space and
extracted FA values for the four cortical lobes by combining
all corresponding FreeSurfer regions of interest (ROIs) using
Matlab. We conducted a MANCOVA to investigate overall
group differences in FA across all four lobes while controlling
for age. If significant, we used post hoc ANCOVAs to analyse
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each of the four cortical lobes as well as to differentiate
between left and right hemispheres. All analyses were con-
trolled for age and multiple comparisons.
Results: Results from the MANCOVA indicated significant
group differences in FA between former NFL players and
controls (p = 0.010). The four post hoc ANCOVAs revealed
a significant group difference in the occipital lobe (p = 0.001;
Bonferroni corrected, p < 0.013). The final two post hoc
ANCOVAs showed that there were significant group differ-
ences in FA for both left and right hemispheres in the occi-
pital lobe (left, p = 0.021; right, p = 0.015; Bonferroni
corrected, p < 0.025).
Conclusion: In our sample we report that former professional
football players who are at high risk of developing CTE showed
significantly higher FA in bilateral occipital lobe grey matter
compared with controls. This study provides initial evidence
that exposure to RHI can lead to abnormally increased FA in
posterior grey matter, possibly due to loss of dendrites or other
cellular processes. Future studies are needed to examine whether
these findings reflect long-standing chronic injury from the time
of RHI exposure or are indicative of the neurodegenerative
process associated with CTE.

0517 Age at first exposure to repetitive head
impacts is associated with smaller thalamic volumes
in former professional football players

Vivian Schultza,b, Robert A. Sternc,d,e,f,g, Yorghos Tripodisc,f,h,
Isabelle Weirh, Nico Sollmanna,i,j, Michael J. Colemana, Ofer
Pasternaka,k, Martha E. Shentona,l,m, and Inga K. Koertea,b

aPsychiatry Neuroimaging Laboratory, Department of
Psychiatry, Brigham and Women’s Hospital, Harvard
Medical School, Boston, MA, USA; bDepartment of Child
and Adolescent Psychiatry, Psychosomatic, and
Psychotherapy, Ludwig-Maximilian-University, Munich,
Germany; cCTE Center, Boston University School of
Medicine, Boston, MA, USA; dDepartment of Anatomy and
Neurobiology, Boston University School of Medicine, Boston,
MA, USA; eDepartment of Neurology, Boston University
School of Medicine, Boston, MA, USA; fAlzheimer’s Disease
Center, Boston University School of Medicine, Boston, MA,
USA; gDepartment of Neurosurgery, Boston University
School of Medicine, Boston, MA, USA; hDepartment of
Biostatistics, Boston University School of Public Health,
Boston, MA, USA; iDepartment of Neurosurgery, Klinikum
rechts der Isar, TU Munich, Munich, Germany; jTUM-
Neuroimaging Center, Klinikum rechts der Isar, TU
Munich, Munich, Germany; kDepartment of Applied
Mathematics, Tel Aviv University, Tel Aviv, Israel; lSurgical
Planning Laboratory, MRI Division, Department of
Radiology, Brigham and Women’s Hospital, Harvard
Medical School, Boston, MA, USA; mVA Boston Healthcare
System, Brockton Division, Brockton, MA, USA

ABSTRACT
Background: Chronic traumatic encephalopathy (CTE) is
associated with a history of repetitive head impacts (RHI).
Reduced thalamic volumes have been reported in

neuropathlogically confirmed cases of CTE. Further, younger
age at first exposure (AFE) to RHI has been linked to long-
term white matter alterations and greater later-life cognitive
impairment. However, to date there has been only one study
that has investigated thalamic volume in a sample of profes-
sional fighters. To what extent these findings can be general-
ized to athletes exposed to RHI in other contact sports such as
football remains to be elucidated. Further, whether AFE to
RHI affects thalamic volume is unknown.
Methods: We included 86 former professional football players
(mean age = 54.9 ± 7.9 years) who participated in the
Diagnosing and Evaluating Traumatic Encephalopathy using
Clinical Tests (DETECT) study. In this study we analysed
T1w data acquired on a 3T scanner and used FreeSurfer 5.3
to analyse thalamic volumes. We evaluated results from a
neurocognitive testing battery assessing mood and behaviour,
psychomotor speed, as well as visual and verbal memory. We
investigated the association between thalamic volumes and
AFE and total years of play with mixed effects regression
models while controlling for age, body mass index, estimated
total intracranial volume and years of education. Further, we
adjusted for total years of play in the AFE analysis. We
computed partial correlations to examine the relation between
neurocognitive test results and thalamic volumes, while
adjusting for age, body mass index, estimated total intracra-
nial volume and years of education. All analyses were cor-
rected for multiple comparisons.
Results: Right and left thalamic volumes were associated with
total years of play (right, p = 0.03; left, p = 0.012), indicating
that the longer a player participated in football the more
prominent his thalamic volume loss. Further, younger AFE to
RHI was associated with lower right thalamic volume (p =
0.014). This association remained significant when adjusting
for total years of play. Correlations with neurocognitive assess-
ments revealed that left thalamic volume was negatively asso-
ciated with visual memory, whereas right thalamic volume
showed a positive association with mood and behaviour.
Conclusion: In our sample of former professional football
players at high risk for CTE, both total years of play and
AFE to RHI had a significant effect on thalamic volume.
The effect of AFE was almost twice as strong as the effect of
total years of play. Our results correspond to previous reports
that describe reductions in thalamic volumes in neuropatho-
logically confirmed cases of CTE. Our results also suggest that
younger AFE to RHI may constitute a risk factor for greater
reduction in thalamic volume.

0518 The impact of age on functional outcome and
mortality in patients admitted to traumatic brain
injury rehabilitation

Michael Kellya and Mary Joan Roachb

aDepartment of Neurosurgery, Case Western Reserve
University, Metrohealth Medical Center, Cleveland, OH,
USA; bCenter for Healthcare Research and Policy, Case
Western Reserve University, Metrohealth Medical Center,
Cleveland, OH, USA
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ABSTRACT
Objectives: The effect of age on functional outcome after
admission to traumatic brain injury rehabilitation (TBI-RH)
remains uncertain. Some studies suggest worse functional
outcomes with increasing age, while other studies demon-
strate no difference in functional outcomes. Few recent stu-
dies have specifically examined functional improvements after
TBI-RH in a Medicare population.
Methods: All patients admitted between 2008 and 2012 to the
regional TBI-RH were identified from the TBI-RH database
and matched to the state death index. Patients were divided
into a less than 65 years non-Medicare (NMC) age group and
65 years and above Medicare (MC) age group. Functional
Independence Measure (FIM) score gains from TBI-RH
admission to discharge were compared between groups.
Results: A total of 414 TBI-RH patients were identified in the
database, 315 patients in the NMC group and 99 patients in
the MC group. NMC patients had a lower acute hospital
median admission Glasgow Coma Scale score (10 vs. 15; p <
0.0001) and had more severe traumatic injuries as measured
by the acute hospital median Injury Severity Score (21 vs. 17;
p = 0.02). The rate of surgical procedures and the presence of
polytrauma were similar between groups. Length of stay in
TBI-RH was similar between NMC and MC groups (16 days
vs. 15 days; p = 0.06). However, the percentage of NMC
patients discharged to home was higher (76% vs. 50%: p <
0.0001) and the 6-month mortality rate for NMC patients was
lower (0.6% vs. 9%; p < 0.0001). Larger median gains in FIM
scores were observed in the NMC group for the overall
median FIM score (39 vs. 25; p < 0.0001), the median FIM
motor sub-score (31 vs. 21; p < 0.0001) and the median FIM
cognitive sub-score (6 vs. 4; p < 0.0001).
Conclusion: MC patients admitted to a regional TBI-RH have
less severe brain and systemic injuries and a similar length of
stay in rehabilitation. However, MC patients demonstrate less
improvement in median FIM score and sub-score gains at
discharge from TBI-RH. Future research should focus on the
development and implementation of more age-specific reha-
bilitation therapies.

0521 Economic burden of illness for patients with
traumatic brain injury resulting in chronic motor
impairment

Elyse Swallowa, W. Jerry Liub, Jody Wena, Anna Fanga, Noam
Kirsona, Howard Birnbauma, and Damien Batesb

aAnalysis Group, Inc., Boston, MA, USA; bSanBio, Inc.,
Mountain View, CA, USA

ABSTRACT
Objectives: Traumatic brain injury (TBI) can result in motor
impairment that persists indefinitely. Longitudinal follow-up
of patients with severe TBI with motor impairment suggests
that recovery occurs primarily within 6 months post trauma,
suggesting that patients who do not recover within this period
may endure substantial long-term burden. At present, the
economic burden of severe TBI resulting in chronic motor
impairment is poorly understood. This study examined med-
ical resource use and healthcare costs for patients with TBI

with chronic motor impairment compared to similar patients
without TBI in the USA.
Methods: Patients (aged 18–75) diagnosed with a head injury
(ICD-9-CM 800–804, 850–854) in 2006 or later (index date)
were selected using de-identified administrative claims data
for commercially-insured patients (1999–2015). Included
patients had initial evidence of motor impairment <6 months
post-index and subsequent evidence ≥6 months post-index.
Patients with evidence of motor impairment during baseline
were excluded. Additionally, patients had ≥1 diagnosis for
personal history or late effects of TBI (ICD-9-CM V15.52,
905.0x, 907.0x). Patients were required to have continuous
healthcare insurance coverage for ≥6 months before (baseline)
and ≥12 months after index; a subset of patients with ≥24
months of continuous coverage was also identified. Patients
with TBI were matched 1:2 with controls without TBI using
propensity score matching that accounted for baseline patient
demographics, comorbidities and resource use. Post-injury
healthcare costs and medical resource use were assessed dur-
ing successive 6-month periods and compared between
patients with TBI and controls using signed-rank tests and
McNemar tests.
Results: 297 patients with TBI and 594 matched controls were
analysed. The majority (84%) of patients with TBI was diag-
nosed with a head injury in an inpatient or emergency setting;
median age at index was 51.0 years, and 67% were male. Mean
direct costs to payers (2015 $USD) during the first 6 months
post-index were $268 676 for patients with TBI and $5865 for
controls (excess $262 811; p < 0.001); excess costs gradually
declined to $12 457 (p < 0.001) during months 18–24 of follow-
up. The majority of excess costs were attributed to inpatient
and emergency services (0–6 months: 90.2%; 18–24 months:
58.6%). Rates of resource use were substantially higher among
patients with TBI in the first 6 months (emergency: 90.9% vs.
21.2%; inpatient 81.1% vs. 9.9%; physical therapy/rehabilitation:
86.2% vs. 18.9%; all p < 0.001); after 1 year, patients with TBI
exhibited sustained, elevated use of medical services (>20%
difference, except inpatient; all p < 0.001).
Conclusions: TBI with chronic motor impairment was asso-
ciated with substantially increased use of medical services and
healthcare costs. Excess costs and resource use were highest
during the acute phase post injury ($262 811)—reflecting the
severity of injuries—but remained significantly elevated
throughout the 2-year study period, highlighting the signifi-
cant unmet need for effective care in this population.

0522 DTI in orthopaedic injury patients differs from
uninjured participants but not from mTBI patients

Harvey Levina,b, Elisabeth Wildea,b, Jill Huntera,c, Xiaoqi Lia,
Trevor Wud, Ashley Warea, and David Chiua,c

aBaylor College of Medicine, Houston, TX, USA; bMichael E.
De Bakey Veterans Affairs Medical Center, Houston, TX,
USA; cTexas Children’s Hospital, Houston, USA; dMichigan
State University, Grand Rapids, MI, USA

ABSTRACT
The rationale for recruiting orthopaedic injury (OI) patients
as controls for mild TBI (mTBI) patients includes similar risk
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factors (e.g. impulsivity, attention deficit hyperactivity disor-
der and substance abuse) for traumatic injury which are not
shared by uninjured community residents recruited based
entirely on demographic features. We recruited 80 mTBI, 55
OI (with mild injuries documented by the Injury Severity
Score) and 34 typically developing (TD), uninjured partici-
pants. All participants were 12–30 years old. We compared
diffusion tensor imaging (DTI) data for the three groups to
test the hypothesis that findings in both the OI and mTBI
groups would differ from the TD participants. mTBI and OI
groups were recruited from the same emergency departments
at three Level 1 trauma centres and imaged within 96 hours
and at 3 months post injury; TD participants were recruited
by advertising in the community and imaged on a single
occasion. The three groups did not significantly differ in
age, gender, socioeconomic level, race or education. Severe
psychiatric disorder, neurologic disorder and substance
dependence were exclusion criteria. The two patient groups
did not differ in the time since injury when they were imaged.
DTI was acquired on a 3 T Philips system using a 32 direction
protocol. Quantitative tractography was used to analyse DTI
data without knowledge of group status. Interrater and intra-
rater reliability in the DTI analysis was confirmed, p < 0.01. A
higher percent of the mTBI group were injured in motor
vehicle crashes (45%) than the OI group (11.11%),χ 2

=17.21, p < 0.0001. All of the DTI metrics were normalized
by the TD group’s DTI metrics for corresponding regions.
Both patient groups had higher mean diffusivity (MD) than
TD participants (range from p < 0.0001 to p < 0.0008) in
multiple regions including the genu of the corpus callosum,
uncinate fasciculus, inferior frontal occipital fasciculus, cingu-
late bundle and frontal white matter. The mTBI and OI
groups did not significantly differ on MD for any region.
Our results raise issues to consider in selecting a comparison
group for imaging studies of mTBI patients. TD participants
provide a normative reference, whereas OI patients share risk
factors with mTBI patients and ostensibly traumatic stress.
Our findings provide a rationale for recruiting both OI and
TD groups for comparison with mTBI patients. Friends of
mTBI patients have also been recruited as a comparison group
in studies by Drs. Sureyya Dikmen and Nancy Temkin. This
approach mitigates to some extent the concern about risk
factors for traumatic injury, but it does not address injury-
related stress which is controlled by recruiting OI patients.

0523 Resting-state functional connectivity evidence
of familiar auditory sensory stimulation promoting
plasticity in disordered consciousness

Theresa Papea, Brett Blabasa, Sandra Kletzela, Dulal Bhaumika,b,
Xue Wangc, Todd Parrishc, Ann Guernond, Runa Bhaumikb,
Amy Herrolda,c, Joshua Rosenowc, and Trudy Mallinsone

aEdward Hines Jr., VA Hospital, Hines, USA; bUniversity of
Illinios at Chicago, Chicago, IL, USA; cNorthwestern
University, Feinberg School of Medicine, Chicago, IL, USA;
dMarionjoy Rehabilitation Hospital, Wheaton, IL, USA; eThe
George Washington University, Washington, DC, USA

ABSTRACT
Objectives: To characterize the mechanism of therapeutic
effect for a familiar auditory sensory training (FAST) protocol
(Pape 2012 & 2015) among severe traumatic brain injury
(TBI) participants by assessing functional neural connectivity
relative to neurobehavioural function.
Methods: We previously reported that the FAST protocol was
efficacious in improving arousal and awareness among per-
sons remaining in states of disordered consciousness after a
severe TBI (Pape 2015). The FAST is a standardized passive
auditory stimulation intervention where the participant listens
to familiar auditory stories (active) or silence (placebo) for 10
minutes four times per day for 6 weeks. Four participants
from the active and four from the placebo groups completed
and had structural and functional magnetic resonance ima-
ging (MRI) data meeting standard quality and assurance
standards. MRI sequences completed prior to (baseline) and
after the FAST intervention (endpoint) included three-dimen-
sional magnetization-prepared rapid gradient-echo
(MPRAGE) and resting-state functional MRI sequences. A
total of 26 brain regions associated with default mode
(DMN), salience, attention and language networks were ana-
lysed using within- and between-group analyses. Correlations
between neuroimaging data and neurobehavioural function
using the following assessments were also made Disorders of
Consciousness Scale-25 (DOCS-25), the auditory-language
subscale of this test and the Coma-Near-Coma scale (CNC).
Results: Connectivity within the DMN, language and salience
networks was significantly decreased between baseline and end-
point within the FAST group. Connectivity between the atten-
tion and salience network was significantly increased between
baseline and endpoint within the FAST group. Connectivity
within the salience network was significantly increased in the
placebo relative to the FAST group at endpoint. At endpoint,
better CNC performance was significantly associated with
decreased connectivity between the attention and DMN net-
works. At endpoint, better DOCS auditory-language perfor-
mance was significantly associated with decreased
connectivity between the attention and language networks.
Conclusions: FAST engaged long-term memory circuitry,
which in turn engaged interactions between other regions
and networks thereby promoting compensatory processing.
The FAST is also thought to promote concurrent plasticity,
as evidenced by correlations between attention and DMN
networks with gains in non-trained neurobehavioural modal-
ities. These findings support the concept that this patient
population has potential for recovery and the need for more
research to develop treatments that optimize this potential.

0524 Sleep disturbances and fatigue predicts post-
concussive symptoms 12 months after mild
traumatic brain injury

Simen Saksvika, Migle Karaliutea, Håvard Kallestadb,c, Rune
Karlsenb, Toril Skandsenb,d, and Alexander Olsena,d

aDepartment of Psychology Norwegian University of Science and
Technology, Trondheim,Norway; bDepartment forNeuroscience,
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Norwegian University of Science and Technology, Trondheim,
Trondheim, Norway; cSt. Olavs University Hospital, Division of
Mental Health Care, Department of Østmarka, Trondheim,
Norway; dDepartment of Physical Medicine and Rehabilitation,
St. Olavs Hospital, Trondheim University Hospital, Trondheim,
Norway

ABSTRACT
Objectives: I) To examine the frequency of clinically signifi-
cant levels of fatigue, sleep disturbance, sleepiness and symp-
toms of depression and anxiety during the first year after mild
traumatic brain injury (mTBI). II) To investigate whether
such symptoms at 3 months after injury can predict post-
concussive symptoms (PCS) at 12 months after injury.
Methods: In this large prospective cohort study 379 patients
(65.2% men, median age: 25.1, minimum: 16.1 maximum:
59.7) with mild TBI were recruited from St. Olavs Hospital
and the municipal clinic in Trondheim, Norway. Falls (35%),
violence (17.4%) and bicycle accidents (15.3%) were the most
common injury mechanisms. Fatigue, sleep disturbances, slee-
piness, PCS, as well as symptoms of anxiety and depression
were measured at 2 weeks, 3 months and 12 months after
injury. Assessment tools included the Insomnia Severity Index
(ISI) (selected items), Fatigue Severity Scale (FSS), the
Epworth Sleepiness Scale (ESS), Brief Symptom Inventory-18
(BSI-18) and the Rivermead post-concussion symptoms ques-
tionnaire (RPSQ). Conventional cut-off values defining clin-
ical significance for the various assessment tools were applied.
Hierarchical multiple regression was performed in order to
investigate the effect of the independent variables FSS, ESS,
BSI18-depresion, BSI18-anxiety and ISI at 3 months on PCS
at 12 months. The regression model was adjusted for age, sex
and injury mechanisms. Only patients who had completed
questionnaires at both 3 and 12 months (n = 173) were
included in the analyses.
Results: Clinically significant levels of fatigue were observed
in 32%, 27% and 26% of the patients at 2 weeks, 3 months
and 12 months, respectively. For insomnia and sleepiness,
the frequency was highest at 2 weeks (ISI:14%, ESS:19%),
and lower but relatively stable from 3 months (ISI:12%,
ESS:12%) to 12 months (ISI: 11%, ESS: 12%) after injury.
Frequency of clinically significant symptoms of anxiety
declined from 2 weeks (15%) to 3 months (13%), and further
to 12 months (9%). An identical proportion of patients
reported clinically significant symptoms of depression at 2
weeks and 3 months after injury (13%), with increased
numbers at 12 months (15%). The full hierarchical multiple
regression model explained 51% of the variance in RPSQ at
12 months after injury. Moreover, the independent variables
explained 42% of the variance in RPSQ at 12 months, after
controlling for age, injury mechanism and sex. Insomnia,
sleepiness, fatigue, sex and injury mechanism made a unique
statistically significant contribution, with insomnia record-
ing a higher standardized beta value (beta 0.4, p < 0.001)
than fatigue (beta 0.2, p < 0.002), and sleepiness (beta 0.1,
p < 0.04).
Conclusion: The results from this study indicates that both
fatigue and sleep disturbances may be primary symptoms of

long-term PCS and can potentially predict symptoms the first
year after mild TBI, either independently or in a combination.

0526 Concussive TBI produces deficits to the blood–
brain barrier and perineuronal nets in rats

Sydney Vita and Raymond Grill
aProgram in Neuroscience, School of Graduate Studies,
University of Mississippi Medical Center, Jackson, MS, USA;
bDepartment of Neurobiology and Anatomical Sciences,
University of Mississippi Medical Center, Jackson, MS, USA

ABSTRACT
Objectives:Concussive traumatic brain injury (cTBI) can pro-
duce long-term deficits that result in life-long impairments in
cognitive functions. Most human TBIs consist of mild, closed-
head, frontal impacts in which the brain undergoes both
lateral and rotational acceleration; conditions that are repre-
sented in a novel rat model of TBI (‘‘Maryland model’’,
Kilbourne et al., 2009). Here, we further characterize this
model by investigating the effects of a single concussion on
aspects of normal brain integrity; the blood–brain barrier
(BBB), key regulator of the blood-born access of materials
into the CNS, perineuronal nets (PNNs), extracellular matrix
molecules that shape the development of synapses and regu-
late the plasticity of neural pathways and the activation of
microglia, early indicators of inflammatory and immune
response.
Methods: Adult male Sprague Dawley rats were anaesthetised
and received a frontal, closed-head cTBI. Controls received no
cTBI. Brains were collected 1, 7 and 28 days post injury. cTBI-
induced BBB breakdown was measured by quantitative assess-
ment of the influx of serum protein normally excluded by the
BBB within rostro-caudal sections of brain. Active BBB per-
meability was further measured by assessing the spatial dis-
tribution of exogenously applied IV dextran at all 3 time
points. Integrity of the PNN was assessed by measuring bind-
ing/distribution of wisteria floribunda lectin in brain sections.
Activation of microglia was examined using Isolectin B4
labelling.
Results: Preliminary analysis suggests cTBI increases the
amount of albumin labelling at 24 hours, but not 7 days
post injury. Similarly, cTBI also produced a decrease in cor-
tical PNN distribution at 1, but not 7 days.
Conclusion: Together these data show that this model of cTBI
is associated with BBB permeability and reduced PNN integ-
rity. The Maryland model represents a novel tool with which
to better understand the pathophysiology of concussive TBI.

0527 Post-traumatic stress after severe traumatic
brain injury in patients impacts their close relatives’
health-related quality of life

Nashwa Mansoor and Chiara Haller

Department of Psychology, Harvard University, Cambridge,
MA, USA
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ABSTRACT
Background: Post-traumatic stress (PTS) symptoms after
severe Traumatic Brain Injury (TBI) may affect the Health-
Related Quality of Life (HRQoL) of the close environment.
The present study investigated the relationship between PTS
symptom severity and HRQoL of close relatives after
severe TBI.
Methods: A total of 190 patients from a prospective cohort
study on severe TBI in Switzerland were evaluated (2007–
2011). Outcome measures: a) HRQoL (SF-12, physical and
mental component scales, respectively), b) PTS symptom
severity (Short Screening Scale for DSM-IV PTSD [SSS-
PTSD]) and time (evolution across time). Covariates: a)
Injury severity (Abbreviated Injury Score of head region
[HAIS]), b) age. Analyses were run separately for individuals
≤50 and >50 years (i.e. bimodal distribution). Longitudinal
assessments were done at 3, 6 and 12 months post injury.
Results: Multi-level models for both age groups revealed sig-
nificant negative associations between PTS symptom severity
and a) mental HRQoL (p ≤ 50 = .033; p > 50 = .017).
Limitations: Inconsistent participation across follow-ups may
have impacted the results.
Conclusion: Findings indicate that PTS symptoms after severe
TBI are negatively associated with HRQoL in relatives.

0528 Cerebral waste accumulation and glymphatic
clearance as mechanisms of human neurological
diseases

Aaron Dadasa,b, Jolewis Washingtona,c, and Damir Janigroa,d

aFlocel, Inc., Cleveland, OH, USA; bThe Ohio State University,
Columbus, OH, USA; cJohn Carroll University, University
Heights, OH, USA; dCase Western Reserve University,
Cleveland, OH, USA

ABSTRACT
The brain is a complex system that requires continual regula-
tion of parenchymal pressure, osmolarity and waste removal
for optimal function; despite this, human brain lacks any
obvious extension of lymphatic circulation for moderating
fluid and waste regulation. We recapitulate herein a recent
analysis of proteinaceous waste deposition in the human
brain, its observed route of clearance and the implications of
abnormal accumulation along this clearance pathway as a
potential mechanism of neurological diseases. This study
uncovered an analogous staining pattern of cerebral phos-
phorylated tau in temporal lobe epilepsy (TLE) and chronic
traumatic encephalopathy (CTE). Regardless of the underly-
ing physiopathology, p -tau elimination occurred via circula-
tion through the perivenous space, as predicted by a
glymphatic route of clearance. Remarkably, we demonstrated
that p -tau is associated with a neurological disease that can
develop independent of head trauma, since in both CTE and
TLE: 1) Extracellular p -tau followed unidirectional, fluid-
driven pathways that led towards the space bordering large
(>100 μm diameter) blood vessels; 2) Tau-positive staining
occurred within astroglial cells adjacent to blood vessels,
which signified transcellular transport of p -tau as a potential

secondary efflux route; and 3) P-tau frequently appeared
clustered within the perivenous space. This waste aggregation
bears significant implications in the disruption of interstitial
fluid circulation, which may contribute to exacerbation of
disease states. A better understanding of waste elimination
in the human brain may prove significant as a therapeutic
target to improve parenchymal fluid circulation, and conse-
quently, mitigate the hydrostatic, osmotic and oncotic imbal-
ances that often cause or exacerbate brain diseases.

0529 Do ways of coping vary with respect to
resilience among family members supporting
relatives with traumatic brain injury?

Grahame Simpsona,b, Malcolm Andersonc, andMaysaa Dahera,d

aBrain Injury Rehabilitation Research Group, Ingham
Institute of Applied Medical Research, Sydney, Australia;
bJohn Walsh Centre for Rehabilitation Research, University
of Sydney, Sydney, Australia; cAvondale College for Advanced
Education, Sydney, Australia; dAgency for Clinical
Innovation, NSW Health, Sydney, Australia

ABSTRACT
Introduction: Resilience contributes to the individual adjust-
ment of family members providing support to relatives with a
traumatic brain injury (TBI). Contemporary formulations
suggest that rather than being a personality trait, resilience is
a set of skills that can be learned. The study investigated
whether there are resilience-based differences in patterns of
coping in family member.
Method: A multi-centre prospective cross-sectional study was
undertaken across six rehabilitation centres located in the
states of New South Wales and Queensland Australia.
Family participants (n = 131) completed the Resilience Scale
and the Ways of Coping (WOC) Questionnaire. The WOC-Q
comprises eight scales (Confrontive Coping, Distancing, Self-
Controlling, Seeking Social Support, Accepting Responsibility,
Escape-Avoidance, Planful Problem Solving and Positive
Reappraisal) and two summary scales (Emotion-Focused
Coping and Problem-Focused Coping). Demographic and
injury data were also collected.
Results: Family members were principally parents (58/131,
44%) or spouses (59/131, 45%), with an average age of 53.8
± 11.4 years. Their relatives with TBI were 41.4 ± 14.3 years of
age, had sustained extremely severe injuries (average duration
of post-traumatic amnesia 71.7 ± 64.3 days) and were 3.0 ±
3.9 years post injury. There were no gender-based differences
among family members (females n = 106, males n = 25) in
either resilience or WOC scores. Similarly, there were no
differences among parents and spouses on resilience or WOC.
Families were divided into two groups (low or moderately low
resilience, LRS, n = 49 vs. moderately high to high resilience,
HRS, n = 82) based on Resilience Scale scores. Between
groups analysis (t-tests) found that the HRS group were sig-
nificantly more likely to use Confrontive Coping (p =.005)
Planful Problem Solving (p =.005) and the overall Problem-
Focused Coping summary scale (p =.004). There were also
trends for the HRS group to have higher scores on Distancing
(p =.009) and the Seeking Social Support (p =.028) scales
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compared to families in the LRS group. There were no differ-
ences on the Emotion-Focused Coping summary scale or
other remaining scales.
Conclusion: The results suggest that families with higher resi-
lience scores display a range of coping skills that are not as
frequently employed by families with lower resilience scores.
The results can help guide the development of skills-based
interventions to strengthen resilience among all families sup-
porting relatives with TBI.

0530 12-month prospective cohort study of patients
with severe traumatic brain injury and their relatives:
Coping, satisfaction with life and neurological
functioning

Chiara Haller

Harvard University, Cambridge, MA, USA

ABSTRACT
Objective: Examine the associations between the functioning of
patients with severe traumatic brain injury, and their relatives’
coping style and quality of life across 12 months post injury.
Design: Longitudinal, prospective, population-based cohort
study assessing 188 patients with severe traumatic brain
injury (Abbreviated Injury score of the head region > 3),
and their relatives. Data were drawn from a larger national
study run in Switzerland (2007–2011). Mixed linear models
were run separately for ages > 50, and ≤ 50 (i.e. bimodal
distribution).
Setting: Assessments took place at the patients’ location at the
time (i.e. home, rehabilitation clinic, hospital, etc.).
Interventions: Patients data were collected as a part of the assess-
ments of patients and their families at the time of the accident, 3,
6 and 12 months post injury.
Main measures: Patient: Glasgow Coma Outcome Scale
Extended (neurological functioning), Patient Competency
Rating Scale for Neuro-Rehabilitation (reported emotional,
interpersonal, cognitive and total functioning), Abbreviated
Injury Score of head region. Relative: Health-Related Quality
of Life, Coping with Stressful Situations.
Results: Patients’ neurological functioning predicted the
relatives’ reported mental Health-Related Quality of Life
across age (ps < 0.01). Relatives’ coping strategies pre-
dicted patients’ functioning among patients >50 years:
Total and cognitive functioning decreased as a function
of emotion-oriented coping (ps = 0.01), while interperso-
nal functioning increased as a function of task-oriented
coping (p = 0.01) and decreased as a function of avoid-
ance-oriented coping (p = 0.02).
Conclusion: Patients’ neurological functioning predicts rela-
tives’ mental Health-Related Quality of Life, relatives coping
strategies predicts the patients reported functioning.

0531 Post-concussive symptoms the first year after
mild traumatic brain injury: Preliminary results from
a large prospective cohort study

Migle Karaliutea, Alexander Olsena, Simen Saksvika, Cathrine
Einarsenb, Dr. Anne Vikb, Dr. Asta Håbergb, and Toril
Skandsenb
aDepartment of Psychology Norwegian University of Science
and Technology, Trondheim, Norway; bDepartment of neu-
roscience, Norwegian University of Science and Technology,
Trondheim, Norway; dDept of Neuromedicine and Movement
Science, Norwegian University of Science and Technology,
Trondheim, Norway

ABSTRACT
Background: Symptoms after mild traumatic brain injury
(mTBI) typically resolve within the first weeks, and previous
studies report persisting symptoms in 10–20% of the patients.
Objectives: Objectives were to study occurrence, characteris-
tics and evolution of post-concussive symptoms during first
year after mild mTBI in a large prospective cohort study, in
Trondheim, Norway.
Methods: 379 patients (65% men) between 16 and 60 years old
(mean age: 31 ± 13) who met WHO criteria of mTBI were
included in the study. Patients were recruited from a regional
level 1 trauma centre and Municipal Emergency clinic in
Trondheim, Norway in the period April 2014–December 2015.
The most common injurymechanisms were falls (35%), violence
(17.4%) and bicycle accidents (15.3%).
Patients were asked by telephone interview at 2 weeks, 3
months and 12 months after injury, whether they had noticed
any symptoms related to their head injury. Rivermead Post
Concussion Symptoms Questionnaire (RPSQ) was returned
by mail or filled during direct contact at the same time points.
Items from the RPSQ were divided into four symptom groups
after the ICD-10 PCS syndrome criteria, describing unplea-
sant sensations and pain (question 1–4, 6, 13–15), emotional
changes (questions 7–9,16), subjective cognitive changes
(question 10–12) and sleep disturbances (question 5). A
repeated measures GLM was performed on patients who had
completed RPSQ at all three time points (n = 140).
Results: In the telephone interview 50% (159/318) of the patients
reported that they had noticed symptoms after their head injury
at 2 weeks, 25.5% (83/326) after 3 months, and 19.1% (54/282)
after 12months. Total RPSQ score showed a change over time (F
= 21.5, p < 0.0001). Total RPSQ score was highest after 2 weeks
(mean 9.8 ± 10.9), as compared to both after 3 months (mean 6.4
± 9.3, p < 0.0001) and 12 months (mean 5.1 ± 8.1, p < 0.0001).
The difference between 3 and 12months was not significant (p =
0.18). All RPQS score groups were influenced by time (F = 4.3 to
24.4, p = 0.02 to < 0.0001). We found a decrease in unpleasant
sensations and pains (p < 0.0001) and subjective cognitive
changes from 2 weeks till 3 months (p = 0.0028), while emotional
changes (0 = 0.009) and sleeping disorder (p = 0.007) only
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showed a significant decrease from 2 weeks till 12 months.
Women had higher RPSQ score compared with men (p <
0.001), however, this difference decreased over time (F = 4.1, p
= 0.021).
Conclusions: In this cohort study we found that post-concus-
sive symptoms were frequent 2 weeks after mTBI, and less so
after 3 and 12 months. The decrease from 3 to 12 months was
modest and did not reach statistical significance.

0532 Assessing depressive symptoms and their
correlates in a sample of adolescents with mTBI

Valerie Paascha,b, Amber Nelsona,b, Keith Slifera,b, and
Lindsay Cirincionea

aKennedy Krieger Institute, Baltimore, MD, USA; bJohns
Hopkins School of Medicine, Baltimore, MD, USA

ABSTRACT
Objective: Prior research shows that youth sustaining mild
traumatic brain injuries (mTBI) can be at risk for post injury
symptoms of stress, depression and anxiety, which can impact
recovery. This study’s aim is to assess symptoms of depression
and their correlates in a sample of adolescents referred for
psychology consultation following mTBI. Qualitative variables
including demographics, injury characteristics and symptoms
of depression will also be presented.
Method: Participants were 78 adolescents (age range: 13–17;
M = 14.73) with mTBI seen in a paediatric mTBI clinic and
referred for outpatient psychology consultation in an urban
paediatric hospital in the USA. Participants were initially seen
by an interdisciplinary team of medical providers, neuropsy-
chology and nursing. Based on presenting problems, they
were referred for additional psychological assessment and
intervention. Assessment consisted of clinical interview,
review of medical records and completion of questionnaire
battery, including the Children’s Depression Inventory 2nd
Edition: Self Report (CDI-2; Kovacs, 2011). Data for this study
were gathered via retrospective chart review.
Results: Data related to referral concern, symptom presenta-
tion and standardized measures were analysed. Average time
since injury was 11.36 weeks, and most adolescents (73.1%)
had sustained only one mTBI. Most participants (56.5%) dis-
played prior psychological symptoms, and 42.3% had a co-
occurring medical condition. At assessment, 6.4% had current
counselling services, 23.1% had prior counselling, and 5.1%
had current psychiatry services. The majority of the sample
(76.9%) was referred for psychology consultation to address
post injury mood or coping concerns. Regarding mood, 24%
self-reported a significant amount of depressive symptoms on
the CDI-2. Significant correlations with CDI scores were not
found for referral concern, loss of consciousness or history of
mental health services. However, significant correlations were
found between time since injury and the CDI Negative Self-
Esteem subscale. Additionally significant correlations were
found between number of sustained concussions and the
CDI total, the CDI Emotional Problems scale, the CDI
Functional Problems Scale and the CDI Negative Mood/
Physical Problems subscale.

Conclusions: Given the current attention to mTBI in the
medical and athletic communities, this study highlights the
need for behavioural health assessment and screening for
depressive symptoms following injury. Findings showed that
in a sample of adolescents referred for psychology consulta-
tion, higher rates of self-reported overall depressive symp-
toms, emotional and mood-related functional problems, and
negative mood/physical symptoms were associated with sus-
taining fewer mTBIs. Additionally, longer time since injury
was associated with lower self-esteem. While additional
research is needed, this study is a promising first step towards
identifying depressive symptoms associated with mTBI in
adolescents.

0534 Structural neuroimaging characterization of
US military veterans and retired national football
league players with mild traumatic brain injury: Grey
matter density and diffusion tensor imaging analyses

Amy Herrolda,b, Brett Blabasa, Xue Wangb, Todd Parrishb,
and Theresa Papea,b

aEdward Hines Jr., VA Hospital, Hines, USA; bNorthwestern
University, Feinberg School of Medicine, Chicago, IL, USA

ABSTRACT
Objectives: To characterize grey matter density and white
matter integrity among U.S. Military Veterans and retired
National Football League (NFL) players with a history of
mild traumatic brain injury (mTBI).
Methods: This was a preliminary, prospective study including
nine Veterans and nine retired NFL players with a history and
current symptoms of mTBI. Nine healthy participants were
also studied as controls. mTBI was classified using a symptom
attribution and classification algorithm (SACA, Pape, Herrold
et al., 2016), which encompasses the American Congress of
Rehabilitation Medicine definition of mTBI (ACRM, 1993).
Veterans and retired NFL players completed structured inter-
views, self-report questionnaires and neuropsychological tests
in order to classify mTBI using the SACA. All participants
completed a magnetic resonance imaging (MRI) scan includ-
ing three-dimensional magnetization-prepared rapid gradi-
ent-echo (MPRAGE) and diffusion tensor imaging (DTI)
sequences. The MPRAGE images were processed using
SPM8 and VBM8 to assess for grey matter density differences
within a mask comprised of the bilateral dorsolateral prefron-
tal cortex (DLPFC), anterior insulae and anterior cingulate
cortex (aCC). Two sample T-tests using small volume correc-
tion were used to compare paired groups (α=0.01). DTI data
were eddy current corrected and fractional anisotropy (FA)
maps were created using FMRIB Software Library (FSL) ver-
sion 5.0.1. FA maps for all participants were entered into a
voxelwise statistical analysis using Tract-Based Spatial
Statistics (TBSS). A general linear model was constructed
and t-tests were completed (p <.05 two-sided) between
groups. The JHU white matter atlas was used to extract FA
values in 48 white matter tracts from the skeletonized FA
maps. Age and time since injury were used as covariates as
appropriate.
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Results: Grey matter density results indicate that retired NFL
players had less grey matter in the aCC and Veterans had
significantly less grey matter in the left insula relative to
healthy controls. Furthermore, retired NFL players had sig-
nificantly less grey matter density than the Veterans through-
out the mask, particularly in the aCC. DTI results indicate
that retired NFL players had higher FA values in 42/48 and
Veterans had higher FA values in 13/48 white matter tracts
assessed relative to healthy controls. No significant differences
in FA values were found between Veterans and retired NFL
players.
Conclusions: mTBI regardless of aetiology had significant
effects on grey matter density and white matter integrity.
However, a different pattern of grey matter density results
was found for Veterans relative to retired NFL players among
the brain regions important for working memory, executive
function and emotional processing. Results also indicate that
white matter integrity was more greatly affected for retired
NFL players than for the Veterans. Additional research on
characterizing the relationships between structural morpho-
metry and behavioural assessments is warranted in future
research.

0535 Symptom reduction in young people (15–30
years) after a brief behavioural intervention for
persistent post-concussion symptoms: An
uncontrolled study

Mille M. Thastuma, Charlotte U. Raska,b, Erhard T. Næss-
Schmidtc, Oana V. Frederiksenc, Astrid H. Tuborgha,
Susanne W. Svendsenc, Jørgen F. Nielsenc, and Andreas
Schrödera

aThe Research Clinic for Functional Disorders and
Psychosomatics, Aarhus University Hospital, Aarhus N,
Denmark; bChild and Adolescent Psychiatric Center, Aarhus
University Hospital, Risskov, Denmark; cHammel
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ABSTRACT
Background: About 5–15% of patients with concussion experi-
ence persistent post-concussion symptoms (PCS) longer than
3 months post injury. Currently, treatment options are lim-
ited, and no evidence-based intervention is available. Recent
studies suggest that cognitive and behavioural processes may
be involved in symptom maintenance.
Aim: To explore in an uncontrolled study design: 1) the
overall outcome of a newly developed, brief behavioural inter-
vention in young patients (15–30 years) with persistent PCS
3–6 months after concussion, and 2) the hypothesized med-
iators, that is, illness perceptions and illness behaviours.
Methods: Thirty-two patients, consecutively recruited from an
epidemiological study or referred by primary care physicians,
received an 8-week interdisciplinary intervention carried out
by a physiotherapist, an occupational therapist and a neurop-
sychologist. The intervention was based on principles from
cognitive-behavioural therapy and gradual return to activities.
The primary treatment objective was to reduce PCS and
prevent chronification of symptoms by reducing negative

illness perceptions (eg. beliefs that one cannot control the
symptoms and that they will persist), and reducing maladap-
tive illness behaviours (eg. excessive rest, exertion or oscilla-
tion between these opposites). Self-report measures were
completed pre-intervention, post-intervention and at 3 and
12 months post-intervention. Change after intervention was
measured by the Rivermead Post-concussional Symptoms
Questionnaire (RPQ) (primary outcome). Hypothesized med-
iators were measured by the Brief Illness Perception
Questionnaire (B-IPQ) and the Behavioural Response to
Illness Questionnaire (BRIQ). Patients’ experiences were eval-
uated by Experience of Service Questionnaire (ESQ).
Data were analysed using an unadjusted mixed model.
Results: Mean age was 23.3 years, and 81% were women.
Patients showed a reduction in PCS from 35.2 points pre-
intervention to 25.6 points post-intervention (N = 23, d = 9.6
(95% CI 5.2–13.9), p < 0.001, ES = 1.04), as well as a reduction
in negative illness perceptions (N = 23, p < 0.001) and mala-
daptive illness behaviours (N = 23, p < 0.05). Improvements
were maintained at 3 months (N = 20) and 12 months (N =
26) follow-up. Furthermore, patients’ responses to the ESQ
post-intervention showed that 95% rated the intervention as
good, and 100% would recommend the intervention to a
friend (N = 23).
Conclusion: Based on uncontrolled data, this new intervention
was associated with significant symptom reduction as well as
more adaptive illness perceptions and illness behaviours.
Thus, it may have the potential to prevent chronification of
PCS. In addition, the intervention was feasible and well
received by the patients. An RCT is currently performed to
evaluate the effect of the intervention and to further test the
hypothesized mediators, that is, illness perceptions and illness
behaviour.

0537 Diffusion imaging findings in us service
members with mild traumatic brain injury and post-
traumatic stress disorder

Jacob Bolzeniusa, Carmen Veleza, Jeffrey Lewisb, John Ritterc,
Jonathan Kinid, Gerald Yorke, and David Tatea

aUniversity Of Missouri-St. Louis, Berkeley, MO, USA;
bUniformed Services University of the Health Sciences,
Bethesda, MD, USA; cSan Antonio Military Medical Center,
San Antonio, TX, USA; dDell Children’s Medical Center of
Central Texas, Austin, TX, USA; eAlaska Radiology
Associates, Anchorage, AK, USA

ABSTRACT
Objectives: Mild traumatic brain injury (mTBI) is a common
public health concern, particularly in military service mem-
bers returning from combat deployment. Though most mTBI
patients demonstrate a rapid improvement in symptoms,
approximately 20% go on to develop persistent symptoms
that affect troop readiness and safety. Additionally, psychiatric
disorders such as post-traumatic stress disorder (PTSD) com-
plicate diagnosis and recovery from mTBI due to the high
prevalence in deployed military populations. The current
study utilized a clinical diffusion MRI (dMRI) scan to inves-
tigate diffusion associated with a diagnosis of mTBI or PTSD.
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Research suggests that changes to dMRI metrics of fractional
anisotropy, mean diffusivity, axial diffusivity and radial diffu-
sivity may yield unique information about diagnosis and/or
post-acute recovery following mTBI, but examination of these
measures is limited, especially when contrasted with other
recently deployed control groups.
Methods: A total of 147 (74 mTBI, 18 PTSD, 55 Orthopaedic)
individuals recruited from a large military treatment facility
between the ages of 19 and 60 participated in the study.
Participants underwent structured interview and medical
record review to determine group classification. mTBI diag-
nosis was made according to VA/DoD criteria and all parti-
cipants sustained their injury while on active duty 2–24
months prior to enrolment. Deployment related PTSD diag-
nosis was confirmed using the CAPS. The Orthopaedic group
was cleared of any history of head injury or PTSD and had
returned from deployment within the past 3–24 months after
sustaining orthopaedic injury. A clinical 3T Siemens Verio
Syngo scanner was used for data acquisition, including 64
direction dMRI scan processed using ENIGMA protocols for
extraction of scalar metrics.
Results: Analyses covaried for demographic group differences
and corrected for multiple comparisons revealed a consistent
pattern of lower white matter integrity in the PTSD group for
FA, MD and RD. Regions affected included primarily right
hemisphere areas of the internal capsule (anterior, retrolenti-
cular and posterior limbs), posterior corona radiata, as well as
the splenium of the corpus callosum. These differences were
observed in comparison to both the mTBI and Orthopaedic
groups, while the mTBI group did not exhibit notable white
matter abnormalities compared to the Orthopaedic group.
Conclusion: These results suggest that low-resolution scan
sequences are sensitive to post-acute abnormalities associated
with PTSD. Interestingly, the regional distribution of findings
seen here is relatively consistent with right hemisphere-centric
models of PTSD. While the mTBI group did not exhibit white
matter changes, research suggests that PTSD severity may
exert a more consistent signal on diffusion outcomes, parti-
cularly considering the diffuse injury nature of mTBI and
limited scanner resolution used in this study. Future studies
should utilize additional imaging methodologies to verify
these findings and assess white matter changes associated
with mTBI and PTSD in a prospective manner.

0538 Clinician training competency protocol for
administering and interpreting CRS-r (coma recovery
scale-revised)

Erin Montgomery, Lisa Sewell, and Sheital Bavishi

The Ohio State University Wexner Medical Center,
Columbus, OH, USA

ABSTRACT
Introduction: The CRS-r assessment is increasingly utilized
and thought to be the gold standard with assessing minor
changes with disorders of consciousness patients. JFK pre-
viously facilitated training of this protocol, however, to date
it has become a self-study course with only an educational
DVD and scoring forms. Without proper training on

administration and interpretation of results, the potential to
have variable scores and decreased interrater reliability exist.
In our inpatient rehabilitation facility, a new programme for
Disorders of Consciousness was created. It was recognized
that CRS-r training was needed for the clinicians. Therefore,
formalized training for the CRS-r was initiated to improve the
administration and understanding of the CRS-r.
Method: The following training protocol was created after
review of the literature and experience.
1) Clinician self-study of CRS-r training DVD and reading
three specified articles (‘‘The JFK Coma Recovery Scale-
Revised, Measurement characteristics and diagnostic utility’’
Giacino 2004, ‘‘Recent advances in behavioural assessment of
individuals with disorders of consciousness’ Giacino 2007,
‘The vegetative and minimally conscious states: Consensus
based criteria for establishing diagnosis and prognosis’
Giacino 2004)
2) Complete pretest case study of DOC patient
3) Observed five CRS-r administrations, scoring, interpreta-
tion write up and family education from seasoned clinician
4) Participate in five CRS-r administrations, scoring, interpre-
tation write up and family education with supervision of
seasoned clinician
5) Lead five CRS-r administrations, scoring, interpretation
write up and family education with close supervision of sea-
soned clinician
6) Lead two CRS-r administrations, scoring, interpretation
write up and family education with distant supervision of
seasoned clinician
Pre and post-training comfort level and understanding of the
CRS-r was monitored by the training clinician.
Results: More clinicians were able to administer the CRS-r and
there was more comfort with performing the CRS-r and
education of the family.
Discussion: This protocol has been beneficial for training
experienced clinicians with minimal experience with DOC
population; clinicians meet with mentors regularly during
this training phase to discuss concerns, modify training and
receive feedback. In addition, clinician confidence has
improved with this training protocol. Future testing of this
protocol is warranted to evaluate for improvement in inter-
rater reliability.
Conclusion: A strict training protocol involving self-study,
observation and hands on experience is needed to assure
clinicians are competent to administer, score and interpret
CRS-r.

0539 Potentiation of acetylcholinesterase inhibitors
in eliciting visual hallucinations when added to
amantadine and provigil in an elderly TBI patient: A
case report

SuAnn Chen

Good Shepherd Rehabilitation Network, Allentown, PA, USA

ABSTRACT
Objectives: Neurostimulant medications have often been used
in off-label forms for alertness and arousal in traumatic brain
injury patients. Amantadine has been shown to accelerate
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recovery from states of decreased consciousness after a severe
traumatic brain injury. The side effects of amantadine includ-
ing GI upset, blurred vision and headaches are well-known.
Due to the dopaminergic agonist properties of amantadine, it
is feasible to elicit side effects of hallucinations and psychosis.
Patient: The case reported here is of an elderly 87-year-old
man who had an emergent craniotomy evacuation of a right
subdural hematoma several days after a fall from a standing
position at home. He presented to our brain injury acute
inpatient rehabilitation unit roughly 2 weeks after his surgery.
He underwent the normal phases of brain injury recovery,
including post-traumatic agitation and disturbed sleep/wake
cycles. With the addition of amantadine and Provigil during
the day and Trazodone for sleep at night, he improved sig-
nificantly in his agitation, wakefulness and alertness. He
began participating well in therapies, but continued with
post-traumatic amnesia and forgetfulness.
Conclusion: It was with the addition and increase of galanta-
mine for memory impairment, and a likely underlying
dementia, that he began having mental status changes and
visual hallucinations. When the amantadine and galantamine
were stopped, he began having extrapyramidal symptoms of
tremor and cogwheel rigidity, suggesting dopamine withdra-
wal. This unique case details the possible potentiation of
acetylcholinesterase inhibitors with the commonly used
amantadine in elderly traumatic brain injury patients to elicit
dopaminergic toxicity.

0540 30 year outcomes after severe traumatic brain
injury in a paediatric population

Kathleen Vonderhaara,b, Molly Hubbardc,d, Gabrielle Meyera,b,
Sarah Rockswolda,b, Gaylan Rockswoldc,d, David Tuppere,
Dave Gilberstonf, Anne Sexterf, Thomas Matlonf, Abdullah
Bin Zahidc, Vikalpa Dammavalamc, Shivani Venkateshc,
David Balserc, Walter Galicichc,d, Thomas Bergmanc,d, and
Uzma Samadanic,d
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ABSTRACT
Background: The paediatric traumatic brain injury (TBI)
population may have pronounced and persistent deficits in
neuropsychological, behavioural, adaptive and academic out-
comes. Interruption of normal developmental capabilities may
occur in a paediatric TBI patient as they age, which is not
appreciated in the adult TBI patient. However, long-term
follow-up of paediatric samples has been limited. The ques-
tion remains whether these deficits continue to be more

pronounced and persistent years after the injury. The purpose
of this study is to describe the functional outcomes of subjects
less than or equal to 18 years old at the time of severe TBI
(paediatric-onset) relative to those subjects greater than 18
years old at time of severe TBI (adult-onset) approximately 30
years after injury.
Methods: Thirty-two patients with severe TBI (GCS ≤ 9) who
were previously enrolled in a study at a Level One Trauma
centre during the 1980s were re-contacted. Participants com-
pleted a detailed health questionnaire and underwent the
Telephone Interview for Cognitive Status-modified (TICS-
m) to evaluate cognitive function. Statistical analyses were
calculated for group differences using a Pearson’s Chi-
Square test where all cell values remained five or above, and
where this was violated Fisher’s Exact test was used instead.
Statistical significance was accepted as p value < 0.05; all tests
were two-tailed.
Results: Of the 32 participants, 19 (56.25%) were over 18 years
old at time of injury (mean age 30.5 years) and 14 (43.75%)
were less than or equal to 18 years old at time of injury (mean
age 13.7 years). Follow-up duration was 30 years (mean 29.66,
median 29.00) from the date of injury. Fifty-three percent of
the population had abnormal cognitive status (TICS-m score
≤ 32) with the mean TICS-m score for the paediatric-onset
group being 29 and the adult-onset group being 34 (p =
0.0852). With regard to the paediatric-onset participants,
62% had completed at least some college, 50% reported work-
ing either full- or part-time, 64% handled their own finances
(vs 83% of adult-onset) and 79% could climb one flight of
stairs (vs 94% of adult-onset). However, patients with adult-
onset TBI were more likely to report at least one arrest
compared to paediatric TBI patients (p = 0.048, 66% vs 31%).
Conclusion: This study provides functional outcomes of severe
paediatric TBI patients 30 years after injury and compares
them to their adult counterparts. Of the two groups, paedia-
tric-onset TBI patients reported more severe functional out-
comes. Though within the margin of error, the overall trend
suggests there may be a difference between paediatric-onset
TBI patients and adult-onset TBI patients 30 years after
injury. Certainly, further research is needed to help clarify
long-term functional outcomes of severe paediatric-onset TBI
patients and how they differ from the adult-onset TBI patient.

0541 Disrupted functional connectivity in emotional
and executive networks in chronic symptom
traumatic brain injury

Maheen Adamsona,b,c,d, Keith Maine, Kevin Bickartc, Anna-
Clare Milazzod, Sal Somane, Stephanie Kolakowsky-Haynerf,
Rao Gullapallig, Odette Harrisa,b,d, and John Ashfordc,d
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ABSTRACT
Objectives: Recent work indicates that changes in brain con-
nectivity may partly explain the alterations in brain function
after mild to moderate TBI in its chronic stage. Two separate
models were constructed here to investigate the networks
responsible for the most debilitating problems in chronic
stage TBI.
Executive Function Network: Fifty-seven individuals were
recruited from Santa Clara Brain Injury Center and VA Palo
Alto. There were 23 TBI patients with chronic symptoms,
such as self-report memory complaints, (mean age = 46.6
yrs +/− 12.8 yrs, 9 females) and 34 control subjects (mean
age = 38.6 +/− 13.9 yrs, 17 females); median time since injury
11–27 years. We hypothesized that chronic symptom status
would correlate with altered functional connectivity within
the dorsolateral prefrontal and lateral parietal cortices (execu-
tive control network). Regression analyses demonstrated that
subject-reported chronic symptom status was a significant
predictor of decreased connectivity in the left executive con-
trol network. Additional between-group analyses showed
decreased connectivity between the left dorsolateral prefrontal
cortex and the left medial temporal lobe, the left superior
parietal cortex and the right superior parietal cortex of the
chronic symptom group. White matter integrity, as estimated
based on fractional anisotropy obtained from a diffusion MRI
scan, correlated with initial injury severity but not chronic
symptom status.
Emotional Network: Prior work has shown aberrant connec-
tivity BETWEEN networks (e.g. default mode and central
executive networks) in patients with TBI as compared to
control groups. We hypothesized that patients with TBI
would demonstrate aberrant connectivity between amygdala
networks that in healthy people are normally loosely if at all
connected. To examine this, we acquired discovery and repli-
cation samples from two independent datasets (Santa Clara
Brain Injury Center and University of Maryland) containing
resting-state fMRI in patients with moderate-to-severe TBI (n
= 30 discovery, 14 replication) and healthy controls (n = 29
discovery, 20 replication). We first computed resting-state
connectivity strength in each of the amygdala’s networks
using previously published networks for each participant
and then compared connectivity strength within and between
networks for TBI versus control groups. Overall, we found
that the amygdala’s connectional architecture demonstrates
aberrant connectivity in TBI, a finding that replicated across
two independent samples. The present work illustrates two
important findings: 1) A decrease in functional connectivity
in the left executive control network, particularly connections
with the left dorsolateral prefrontal cortex, hews more closely
with chronic symptom status following TBI than injury sever-
ity, and 2) the corticolimbic circuit might be vulnerable to the
chronic effects of TBI, which could help explain the social and
emotional changes seen in post-concussive syndrome.

0542 Exploring the relationship between repetitive
subconcussion and risky behaviour

Caitlyn Gallant and Dawn Good

Brock University, St. Catharines, ON, Canada

ABSTRACT
Objectives: The incidence of subconcussions in sport is
exceedingly high—the average football player sustains as
many as 1400 of these impacts over a single athletic season
(Crisco et al., 2010). Defined as any impact to the head or
torso that is below the threshold for, and without sufficient
symptoms of, concussion (Bailes, Petraglia, Omalu, Nauman,
& Talavage, 2013), subconcussions have become increasingly
implicated in emotional and behavioural dysfunction, given
the orbitofrontal cortex’s susceptibility to disruption following
mild trauma (Morales et al., 2005). Accumulated subconcus-
sion has also been associated with long-term neuropathologi-
cal changes, such as Chronic Traumatic Encephalopathy
(CTE; Stern, Riley, Daneshvar, Nowinski, Cantu, & McKee,
2011); however, the relationship between repetitive subcon-
cussion and behavioural symptomatology has not been ade-
quately studied. Although early neuropathologic changes of
CTE have been observed in individuals in their teens or early
twenties, it remains unclear if any behavioural symptoms
present at that time can be directly linked to subconcussive
disruption. Indeed, athletes are found to have riskier person-
alities than non-athletes (Goswami et al., 2015), which may
increase their risk of sustaining a head injury and account for
this relationship.
Methods: The current study examined the relationship between
subconcussive impact exposure (SIE) and risky behaviour,
independent of athletic status. Using a cross-sectional design,
participants completed a questionnaire package in the Jack and
Nora Walker Lifespan Development Centre testing facilities.
Specifically, 230 Brock University students completed the Self-
Report Psychopathy Scale III (SRP-III; Paulhus, Hemphill, &
Hare, 2009), the Sensation Seeking Form 3 (SS-F3; Zuckerman,
Eysenck & Eysenck, 1978), and the Everyday Living
Questionnaire (ELQ; Baker & Good, 2008).
Results: SIE (a composite measure derived from indicators
such as athletic participation history) was found to signifi-
cantly predict scores on the Erratic Lifestyle subscale of the
SRP-III, over and above athletic status (athlete vs. non-ath-
lete), indicating that greater subconcussive exposure is asso-
ciated with more reckless and impulsive behaviour. Moreover,
SIE significantly predicted Thrill and Adventure-Seeking on
the SS-F3, independent of athletic status; and predicted how
many drinks per week students consumed on average. That is,
those with greater SIE endorsed more thrill-seeking behaviour
and reported greater alcohol consumption per week.
Conclusion: Taken together, these findings indicate that cog-
nitively competent university students with a protracted his-
tory of SIE engage in riskier activities than those with less SIE.
This is consistent with research showing that SIE is associated
with physiological underarousal (i.e. reduced electrodermal
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activation; Gallant, Alcock, & Good, 2016)—a profile similar
to that of mild head injury (Baker & Good, 2014). These
differences in risky behaviour may be indicative of early
neurodegeneration; however, further research is needed to
elucidate whether the relationship between SIE and beha-
vioural symptoms is mediated by arousal mechanisms.

0544 Development of a best practice model in acute
concussion care: The Hull-Ellis concussion and
research clinic at the Toronto Rehabilitation Institute

Paul Compera,b,c,d, Tharshini Chandraa, Elizabeth Innessa,e,
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Catherine Wiseman-Hakesa, Alice Kama,f, David Lawrencea,c,
Laura Langera, Ryan Lyna, and Mark Bayleya,b,f
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ABSTRACT
Introduction: Research in the area of Sport-Related
Concussion has yielded a wealth of translational research
data over the past 10–20 years. However, there is a lack of
research relevant to patients with acute concussion who are
not athletes. The Hull-Ellis Concussion Care and Research
Clinic at the Toronto Rehabilitation Institute was designed
from the outset to prospectively characterize and understand
factors associated with concussion in a cohort of the general
population. Variables collected include: mechanism of injury
(MOI), symptoms at first visit, the ‘normal’ recovery trajec-
tory, gender differences, modifiers of recovery, neurocognitive
and psychological dysfunction and recovery, balance impair-
ment, etc. Data collection occurs simultaneously providing
participants with routine medical care, monitoring and fol-
low-up.
Methods: Patients/study participants diagnosed with concus-
sion from three partnered ERs in downtown Toronto who
meet specific inclusion criteria (e.g. GCS = 15; 17–85 years,
not admitted to hospital, no positive imaging findings) are
referred to the Hull-Ellis Clinic immediately after attending
the ER. Each patient is contacted by the Clinic Coordinator
within 72 hours of referral, with admission to the clinic within
1 week of referral. Comprehensive multifactorial NIH com-
mon data elements are collected at the first visit. Patients are
then offered an opportunity to participate in a prospective
research REB-approved study, where data on multiple vari-
ables are collected at 2, 3, 4, 5, 6, 7, 8, 12 and 16 weeks. Data
elements specific to cognitive functioning, balance, psychoso-
cial variables, symptoms, physician related assessments and
date of discharge are captured. During the data collection
sequence, each patient also receives treatment by a physician,
including medical assessment, education, symptom manage-
ment support, routine monitoring and regular follow-up.

Participants are reviewed at 8 weeks; those who remain symp-
tomatic beyond 16 weeks are offered further treatment outside
of the research paradigm.
Preliminary Results: 269 patients have been referred to the
Clinic since February 5, 2016, of whom n = 126 (Female = 69;
Male = 57) met admission criteria and were admitted for a
first visit within 1 week of referral (Mean = 5.9 days). 91
patients (F = 49, M = 32) with an average age of 32.9 years
(SD = 3.4 years) agreed to participate in data collection
beyond Week 1. Falls (33%) were the most frequent MOI
followed by Sports (30%), MVAs (20%), Assaults (8%) and
Other MOI (9%). Most frequently reported symptoms include
headache, fatigue and poor concentration at Week 1 com-
pared to headache, sleep disturbance and fatigue at Week 8.
Of n = 34 patients enrolled in the study at Week 8, only 4
(12%) remained symptomatic and/or had objective findings
related to concussion. Reduction in symptoms, not objective
cognitive measures is associated with recovery.
Future Directions: Continued subject enrolment in this pro-
spective study will help further characterize concussion in a
general population who present to the ER.

0545 Neurocognitive effects of NMDA receptor
encephalitis: Case study of an 11-year-old female

Elona Moci and Rebecca Gormley

Good Shepherd Rehabilitation Hospital, Lansdale, PA, USA

ABSTRACT
Areas of the brain that are responsible for language, memory,
movement and emotional functioning are commonly affected
in patients with Anti-N-methyl-D-aspartate (NMDA) recep-
tor encephalitis. Early diagnosis and rehabilitation are essen-
tial for the long-term optimal recovery of these patients. In
this presentation, we will review the symptoms and rehabilita-
tion course of a young girl affected by NMDA receptor
encephalitis. Our discussion will focus on her neurocognitive
functioning at illness onset, as well as at follow-up visits.
Proposal: NMDA receptor encephalitis is a relatively new
disorder that was first recognized in 2007 as an autoimmune
disease. It impacts both sexes and all ages, although it is most
common in young adults and children (Moura et al., 2016).
Most patients affected by this disease develop a complex
syndrome, initially presenting with behavioural disturbances
and rapidly progressing to develop speech problems, memory
deficits, movement disorders, seizures, dysautonomia and
respiratory dysregulation (Macafferi et al., 2016). Several stu-
dies indicate that despite substantial clinical remission after
anti-NMDA encephalitis, most patients continue to exhibit
persistent cognitive deficits several years later (Carsten et al.,
2012).
We present the case of an 11-year-old girl who was healthy
prior to presenting acutely to the emergency department with
symptoms of fever, nausea, vomiting, respiratory distress,
progressive muscle weakness and altered mental status. The
patient had an extensive workup, including MRI and CT
scans of the brain, which were unremarkable. She underwent
multiple EEGs, which revealed slow wave activity over the left
central region. CSF was positive for anti-NMDA receptor
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antibody IgG. In addition to her altered mental status, the
patient also experienced behavioural changes, decline in her
expressive language skills and social withdrawal. She com-
pleted immunotherapy and steroid treatment with positive
effects in her presentation before being transferred to a reha-
bilitation hospital.
Upon admission to our rehabilitation unit, the patient pre-
sented with considerable cognitive and motoric challenges.
Specifically she exhibited severe expressive aphasia character-
ized by an inability to use fluent speech to communicate. She
was able to utilize one-word utterances at first and her speech
had a dysarthric quality. Although the length of her speech
utterances improved over the course of treatment in the acute
rehabilitation, she continued to have difficulty with complex
discourse and pragmatic language skills. Additionally, she
demonstrated short-term memory difficulties, as well as strug-
gles with attention and associated executive functioning skills.
Motorically, she was noted to have challenges with initiating
and stopping movements. In this presentation, we will be
discussing the patient’s language, behaviour and cognitive
changes over the course of her rehabilitation stay, as well as
her status at follow-up appointments after discharge.

0546 Trajectory of functional independent
measurements during five years following moderate
and severe traumatic brain injury

Juan Lua, Cecilie Roeb,c, Solrun Sigurdardottird,e, and Nada
Andelicb,e
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ABSTRACT
Objectives: The disability following traumatic brain injury
(TBI), particularly for persons with moderate-to-severe inju-
ries, could be multidimensional including cognitive and phy-
sical difficulties that could potentially last for lifetime. To
better understand the long-term functional recovery and facil-
itate effective rehabilitation interventions in this population,
this study intends to identify and characterize the trajectory of
functional recovery in the first 5 years after injury for patients
with moderate-to-severe TBI.
Methods: Patients with moderate-to-severe TBIs who were
admitted at Oslo University Hospital between 2005 and 2007
were included in the study. Inclusion criteria were aged 16–55
years, residing in the east region of Norway and admitted with
ICD-10 diagnoses S06.0–S06.9 within 24 hours of injury.
Patients’ baseline characteristics and lengths of acute/post-
acute hospital stays were documented, and the Functional
Independence Measure cognitive (FIM-Cog) and motor
(FIM-M) subscales (5 and 13 items respectively, scores 1–7;
the higher scores representing more independence) were

recorded at 3 months, 1 year and 5 years. SAS Proc Traj
procedure was used to identify the subgroups of patients
who shared the same trajectory of functional profile during
the 5-year period. Combinations of substantive knowledge
and Bayesian Information Criterion (BIC) and logged Bayes
factor (2ΔBIC) were used to determine the trajectory groups.
Chi-square test or ANOVA was used to compare the char-
acteristics of the trajectory memberships. Bonferroni correc-
tion was applied to reduce type I errors due to multiple
comparisons.
Results: The original study included 133 eligible participants.
This study excluded 12 subjects who later withdrew or were
lost to follow-up. For the FIM-Cog measures, four trajectories
of functional recovery were identified over time: 4.1% and
54.6% patients had a steady total assistance needed (5.0 ± 0 to
5.0 ± 0) or modified or completely independent (32.8 ± 2.3 to
34.7 ± 1.0) cognitive measurements at all three follow-up
points; 12.6% patients who started with low 3-month FIM-
Cog measurements (8.9 ± 3.5) had a speedy improvement at
1-year (20.6 ± 4.6) and 5-year (28.3 ± 3.8) follow-ups; and
28.7% patients who began with supervision needed (27.0 ±
3.8) 3-month measurements and had improvement to mod-
ified independence at 1-year (29.9 ± 3.1) and 5-year (31.1 ±
2.3) follow-ups. Similarly, for the FIM-M measures, three
trajectories of physical recovery were identified over time:
8.2% patients who started with total assistance needed 3-
month FIM-M measurements (13.6 ± 1.5) and had some
improvement at 1-year (17.9 ± 8.8) and 5-year (21.0 ± 17.9)
follow-ups; 9.2% patients with moderate assistance 3-month
measurements (35.8 ± 14.5) had a speedy improvement at 1-
year (75.5 ± 12.4) and continued to 5-year (85.5 ± 8.1) follow-
ups (modified or completely independence); and the majority
of patients (82.6%) had relative stable FIM-M measurements
(89.0 ± 3.6 to 90.8 ± 1.0) over the three follow-up points.
Conclusion: Patients following moderate-to-severe TBI could
have different recovery trajectories. Identifying and character-
izing the trajectory memberships will better enable effective
rehabilitation programmes to meet the long-term needs of
this patient population.

0547 Social-cue perception and mentalizing ability
following traumatic brain injury: A human-robot
interaction study

Bilge Mutlua, Lyn Turkstrab, and Melissa Duffc

aUniversity of Wisconsin–Madison, Madison, WI, USA;
bMcMaster University, Hamilton, ON, Canada; cVanderbilt
University, Nashville, TN, USA

ABSTRACT
Background: Research studies and clinical observations of
individuals with traumatic brain injury (TBI) indicate marked
deficits in perceiving social information and integrating it into
judgements about the affective and mental states of others.
Prior research has primarily relied on video-based, third-per-
son paradigms to study these processes, and whether or not
individuals with TBI are able to recognize and integrate sec-
ond-person social information in dynamic interactions
remains an open question with significant research and
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clinical implications. Studying mentalizing in dynamic inter-
actions, however, requires overcoming the methodological
challenge of achieving sufficient experimental control in a
realistic dynamic interaction setting.
Objectives: To overcome this challenge, the current study uti-
lized a human-robot-interaction paradigm in which study par-
ticipants were expected to make judgements about a robot’s
mental state from the precisely controlled behaviours of the
robot and integrate these judgements into their performance in
the experimental task. We hypothesized that individuals with
TBI would display impaired judgement, and thus worse per-
formance in the task, compared to their healthy controls.
Methods: To test our hypothesis, we collected data from 153
participants, including 74 individuals with moderate-severe
TBI and 79 demographically matched healthy comparisons
(HC). Participants played nine rounds of a guessing game in
which a NAO humanoid robot selected one of several household
items and asked the participant to guess its selection by asking
questions that it can only answer with ‘yes’ or ‘no,’ such as ‘Is the
item red?’ In four of the trials, the robot signalled its selection by
producing a short glance towards the item before answering the
participant’s first or second question. The number of questions
that the participant asked to correctly guess the robot’s selection
served as a behavioural measure of mentalizing ability.
Results: Our analysis showed a significant main effect of our
manipulation in the number of guesses, but, contrary to our
hypothesis, there was no significant interaction between our
manipulation and group. Comparisons within each group
showed that individuals with TBI asked marginally fewer
questions when the robot’s gaze ‘leaked’ information, while
the robot’s behaviour did not affect the performance of
healthy controls.
Conclusion: Our data provide some evidence that individuals
with TBI can perceive, correctly recognize and integrate social
information, particularly isolated gaze cues, in dynamic situa-
tions. Our findings highlight a need for further research to
understand why the social-cue perception and mentalizing
abilities shown by participants in our study may not translate
into social interactions in day-to-day settings.

0548 Biomechanical modelling of youngsters head
impact by sporting balls

Mohammad Hossein Farid, Ashkan Eslaminejad, Mariusz
Ziejewski, and Ghodrat Karami

North Dakota State University, Fargo, ND, USA

ABSTRACT
Objectives: Sports-related head impacts have led to many
brain injuries. Although such impacts by a sporting ball may
not be counted as a concussion for adults, however it might be
more damaging for youngsters.
Methods: In this study, a biomechanical simulation is to be
conducted to analyse brain damages of different ages sub-
jected to basketball hits. Employing a finite-element biome-
chanical head model technique, an adult and a teenager head
and brain are modelled subjected to impacts by basketball hits
from front and side directions at different speeds. The
response of the brain will be monitored and assessed. In

particular the head acceleration, brain intracranial pressure
(ICP) and shear stresses and strains under impact speeds of
10, 15 and 20 m/s will be measured. The results show basket-
balls of equivalent impact speeds cause significant effects to
the youth brains than the adult ones.
Result: The findings indicate that the condition of mild head
impact for the adult could be considered as somehow severe
head impact for youngsters which possibly could lead to brain
injury.
Conclusion: The study can ultimately correlate the deforma-
tion of the brain with the brain size impacted by sporting
balls. In particular, impacts to youngster heads particularly
with multiple subconcussive head impacts by sporting balls
might be recognized as a cause of brain injury or malfunction.

0549 Sex differences in the effects of exposure to
repetitive subconcussive head impacts in collegiate
ice hockey players

David Tate, Nico Sollmanna,b,c, Paul S. Echlind, Vivian
Schultza,e, Yorghos Tripodisf, Alexander Lina, Sylvain Bouixa,
Ofer Pasternaka, Martha E. Shentona,g,h, and Inga K. Koertea,e

aPsychiatry Neuroimaging Laboratory, Brigham and Women’s
Hospital, Harvard Medical School, Boston, MA, USA;
bDepartment of Neurosurgery, Klinikum rechts der Isar,
Technische Universität München, Munich, Germany; cTUM-
Neuroimaging Center, Klinikum rechts der Isar, Technische
Universität München, Munich, Germany; dElliott Sports
Medicine Clinic, Burlington, Canada; eDepartment of Child
and Adolescent Psychiatry, Psychosomatic and
Psychotherapy, Ludwig-Maximilians-Universität, Munich,
Germany; fDepartment of Biostatistics, Boston University
School of Public Health, Boston, MA, USA; gDepartment of
Radiology, Brigham and Women’s Hospital, Harvard Medical
School, Boston, MA, USA; hVA Boston Healthcare System,
Brockton Division, Brockton, MA, USA

ABSTRACT
Objective: Previous research has shown worse neurocognitive
and clinical outcome after repetitive subconcussive head
impacts (RSHI) among female athletes when compared to
males; yet, a structural correlate has not been identified. The
aim of this study is to identify and to characterize sex differ-
ences in the effects of exposure to RSHI during a season of
collegiate ice hockey on brain structure.
Methods: 25 collegiate ice hockey players (14 males and 11
females, 20.6 ± 2.0 years) were part of the Hockey Concussion
Education Project (HCEP). Study participants underwent dif-
fusion-weighted magnetic resonance imaging (dMRI) before
and after the Canadian Interuniversity Sports (CIS) ice hockey
season 2011/2012. Whole-brain tract-based spatial statistics
(TBSS) were used to compare pre- and post-season imaging
in both sexes. In this context, post-season dMRI was sub-
tracted from pre-season dMRI in each subject to create indi-
vidual delta maps, which were then compared between male
and female players to evaluate sex differences in fractional
anisotropy (FA), mean diffusivity (MD), axial diffusivity (AD)
and radial diffusivity (RD).
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Results: After one season of play, a significant decrease in FA
values in females (0.0268; p = 0.0010) and a statistically
insignificant increase in males were observed (p = 0.2).
Furthermore, females showed a significant increase in MD
over one season (0.0002; p = 0.0011) whereas males showed
no change in MD (p = 0.9). Significant differences in FA and
MD changes between sexes were primarily located within the
superior longitudinal fasciculus, the internal capsule and the
corona radiata of the right hemisphere. Importantly, none of
the enrolled subjects suffered from a concussion during the
2011/2012 CIS season.
Conclusions: Previous research has shown that RSHI during a
single ice hockey season can result in significant alterations of
the brain’s white matter. The results of this study further
suggest sex differences in response to RSHI at a microstruc-
tural level. Future studies need to investigate the association
with previously observed neurocognitive deterioration and
poorer clinical outcome among female athletes, which may
be the result of increased vulnerability of the female brain to
RSHI.

0550 Disrupted sleep predicts next day agitation in
moderate-to-severe traumatic brain injury

Christina Draganich, Don Gerber, Kimberley Monden, Jody
Newman, Angela Philippus, Heidi Schneider, Alan Weintraub,
Jennifer Biggs Arnold, Kimberly Frey, Lori Womeldorff,
Adrienne Mackzum, James Schraa, and Michael Makley

Craig Hospital, Englewood, CO, USA

ABSTRACT
Objectives: The present study is part of a larger ongoing
exploration of the impact of disrupted sleep in the recovery
from moderate-to-severe brain injury. The purpose of this
study is to investigate the relationship among nighttime wake-
fulness after sleep onset (WASO), sleep efficiency (SE), num-
ber of wake bouts (NWBs) and daytime agitation.
Methods: All individuals admitted for TBI rehabilitation were
clinically monitored with actigraphy for the first 72 hours
(Actiwatch Spectrum Phillips-Respironics). The actigraph
default settings were used to collect the data (30-second
epochs with medium sensitivity, 40 activity counts per
epoch). Retrospectively, actigraphy data were abstracted
from 40 patients. Each patient’s average WASO, SE and
NWBs for the 3-day period was calculated using the device
software (Respironics Inc—Actiware version 6.0) for the sleep
interval of 2100-0700. WASO is the product of the total
number of epochs over the sleep interval and the epoch length
in minutes. NWBs is the total number of continuous blocks of
epochs where each epoch is scored as wake for the interval.
Twice daily Agitated Behaviour Scale (ABS) scores were
obtained and the average 3-day score was calculated for each
patient. Linear regression analyses controlling for the length
of stay in rehabilitation (LOS) and time from head injury to
rehabilitation were conducted to determine whether 3-day
averages of WASO, SE and NWBs predicted 3-day average
ABS scores.

Results: Seventy-seven percent of the participants were male
and the mean age was 37 years (range, 17–68 years). The
mean time since injury was 38 days and the mean LOS was
53 days. The mean 3-day average for WASO was 83.5 min-
utes, mean SE was 71.9%, mean NWBs was 43 and mean ABS
score was 19.7. Average 3-day WASO significantly predicted
3-day average ABS scores above and beyond LOS and time
since injury (R2=.43, F(1, 28)=5.59, p =.025). Average 3-day
NWB also significantly predicted the mean 3-day average ABS
scores above and beyond LOS and time since injury (R2=.48,
F(1, 28)=7.64, p =.010). As WASO and NWBs increased,
agitation also increased. SE was not significantly correlated
with ABS scores.
Conclusion: Disrupted sleep is highly prevalent during acute
rehabilitation. This study supports our previous findings that
poor sleep is associated with increased agitation scores and
additionally suggests that WASO and NWBs may be better
predictors of agitation than SE. Future studies should consider
using WASO and NWBs when investigating the effect of sleep
quality on agitation in the TBI population.

0551 Long-term health outcomes associated with
traumatic brain injury in post-9/11 veterans: TBI
severity or comorbidity?

Mary Jo Pugha,b, Megan Amuanc, and Alicia Swana

aSouth Texas Veterans Health Care System, San Antonio, TX,
USA; bUniversity of Texas Health Science Center San
Antonio, San Antonio, TX, USA; cEdith Nourse Rogers VA
Hospital, Bedford, MA, USA

ABSTRACT
Objectives: To determine how long-term outcomes relate to
self-reported symptoms, health status, and measures of com-
munity reintegration differ among Iraq and Afghanistan
veteran (IAV) with and without traumatic brain injury (TBI).
Methods: A prospective longitudinal survey was conducted
with individuals from a longitudinal cohort of IAV who
entered VA care between 2007 and 2009, and who had at
least 3 years of care at the end of 2011. TBI severity was
classified based on a hierarchy with data sources that have
more clinically rich data prioritized as follows: 1) Department
of Defense Trauma Registry (Glasgow Coma Scale, ICD-9-
CM codes), 2) VA Comprehensive TBI Evaluation (duration
of loss of consciousness, alteration of consciousness and post-
traumatic amnesia), and 3) ICD-9-CM codes included in VA
care. Comorbidity was defined using latent class analysis
which identified 5 latent classes that were similar for men
and women [Healthy, Chronic disease, Mental Health, Pain,
Polytrauma Clinical Triad (PCT; TBI, Mental Health and
Pain)] and two latent classes that were identified in men
only: Minor Chronic (low but not trivial proportion with
hypertension, obesity, lung disease) and PCT + Chronic dis-
ease. We selected a random sample stratified by these trajec-
tories with approximately 800 individuals sampled from each
trajectory (N = 9358). Surveys were administered using a
Dillman methodology in September 2014-April 2015.
Measures included current health, somatization (PHQ-15),
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current pain, mental health symptoms and measures of com-
bat exposure. We used analyses of variance with Bonferroni
adjustment for multiple comparisons to compare outcomes
among individuals across TBI severity, and generalized linear
models to determine if there were differences on these out-
comes after controlling for comorbidity trajectories.
Results: Response rate for the survey was 23% (n = 2046).
Individuals with TBI had significantly lower scores on all
measures than individuals without TBI; individuals with mod-
erate/severe TBI had scores indicating significantly more pain,
depression and PTSD than those with mild TBI. After con-
trolling for comorbidity and combat exposure, depression
scores were significantly higher for those with moderate/
severe TBI compared to those with no TBI and mild TBI,
and somatization was significantly higher for those with mod-
erate/severe TBI compared to no TBI.
Conclusions: After adjusting for comorbidity and combat
exposure there were no differences between those with mild
TBI and no TBI on mental health or physical health measures,
but significant differences persisted between no TBI and
moderate/severe TBI for depression and somatization which
suggests that TBI-related depression for those individuals.
More severe injuries in those with moderate/severe TBI may
result in broad somatic pain that cannot be distinguished in a
simple pain score.

0552 Treatment efficacy for TBI in children:
Importance of detailed evaluation and individualized
family-based rehabilitation programme

Eliane Huard, Katia Soares, Ana Moretto, Marcus Rodrigues,
and Bernardo Martins

SARAH Network of Rehabilitation Hospitals, Brasilia, Brazil

ABSTRACT
Objectives: With the target of accessing treatment efficacy for
TBI, we recognize the importance of a detailed evaluation and
description of each stage of recover, planning on an individual
programme for the child and its family. We also aim to find a
correlation in between radiological, neurophysiological, func-
tional and psychological aspects.
Methodology: We are going to describe a case from a series of
children who are being studied prospectively: a 7-year-old boy
who was severely brain-injured on a car accident on February
2016. Initially, Glasgow Coma Scale was 7; he needed decom-
pressive craniectomy and a ventriculoperitoneal shunt. He
was discharged from the emergency hospital 3 months later
and came to SARAH 5 months after the accident.
Results: At first, GMFM scale was IV, WISC at the average
and we decided for an internal and intensive 8 weeks rehabi-
litation programme with an experienced interdisciplinary
team. He also was evaluated by Vineland and PEDI
scales, besides PegBoard. Pictures and videos register his
improvement.
Now, he is on an external program 3 times a week, in group
or individual activities that include physiotherapy, daily activ-
ities training, swimming, electronic games and psychomotri-
city sessions, with psycopedagogical support. He is visibly
improving his motor function, and follow-up is showing

impulsivity, low self-regulation, disinhibition and impaired
memory function.
‘His MRI, including DW, CSD tractography and spectroscopy
showed frontal and parietal haemorrhage, parenchymal con-
tusions, areas of reduced levels of Naa and less fibres of right
corticospinal tract and of the corpus callosum’’. His VEEG
showed global waves lentification.
On the next weeks his evaluation will be completed with
sequential images, evoked potential responses and blood mar-
kers (APOE, MAPT and BDNF).
Once his locomotion is improving, and since December 2016,
he is able to use a walker, part of the time, on the next months
we probably will do a complete Gait Analysis and
Computerized Dynamic Posturography.
One year after the accident, he is able to return to regular
school, and his mother will be back to work. Our team will
continue following them closely, to increase the chances of
success.
Conclusion: Tests selected by an experienced team are able to
identify the points that better need to be addressed and
reinforce strong and potential aspects that will increase treat-
ment efficacy and help to rebuild the patient’s self-esteem.
Family participation and support are essential to develop
strategies that will reduce the stress level for everyone,
increasing quality of life.
Still is necessary a long way before we understand the total
correlation in between neuroimage, neurophysiology and all
the aspects above.

0553 Reactions to traumatic brain injury: A new
post-concussive symptoms and observations
checklist for early childhood

Cindy Beaudoina,b, Naddley Désiré c, Catherine Landry-Roya,b,
and Miriam Beauchampa,b

aUniversity of Montreal, Montreal, QC, Canada; bCHU
Sainte-Justine Research Center, Montreal, QC, Canada;
cAlberta Children’s Hospital, Calgary, AB, Canada

ABSTRACT
Background: Traumatic brain injury (TBI) sustained in early
childhood can have detrimental effects on development and
result in adverse outcomes. Converging evidence suggests that
children below the age of 5 (i.e. preschoolers) are at risk for
persistent problems following TBI because of the vulnerability
of the developing brain. Post-concussive symptoms (PCS) are
common after TBI and may include physical (e.g. headache),
cognitive (e.g. forgetfulness) and behavioural (e.g. irritability)
changes. These symptoms are challenging to identify in pre-
schoolers because of their limited verbal abilities. Typical
manifestations of PCS may also differ from those known to
occur in older individuals. Adequate documentation of PCS
after early TBI is currently limited by the absence of validated
PCS measures for children 0–5 years. To address this, we
developed REACTIONS (Report of Early Childhood
Traumatic Injury Observations & Symptoms), a parent-report
questionnaire designed to document the presence and severity
of PCS and their associated manifestations in preschool
children.
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Methods: Domain content was partially derived from three
existing PCS measures (PCS-Interview, Mittenburg et al.,
1997; HBI, Barry et al., 1996; PCS-Inventory, Sady et al.,
2014) validated in older children. Items not applicable to
preschoolers were discarded and others were adapted to
reflect non-verbal and age-appropriate manifestations. New
items, specific to young children, were also created based on
parental observations derived from empirical studies of pre-
school TBI and from clinical observations. To ensure content
validity, REACTIONS was reviewed by an expert consultation
committee composed of parents of preschoolers with TBI,
clinicians, researchers, research assistants and nurses from
two urban paediatric hospital centres. The resulting inventory
is composed of three main domains: Cognitive (3 subscales:
attention/concentration, memory and reduced speed of pro-
cessing), Physical (8 subscales: headache, nausea, balance,
fatigue, sleep, vision, sensitivity to light and noise) and
Behavioural (5 subscales: irritability, mood/motivation, anxi-
ety, regression and comfort) symptoms.
Validation process: Preliminary results from a pilot study with
preschoolers presenting with TBI indicates that parents
endorsed the new items, and that they attributed higher PCS
scores than parents of children without TBI. Current valida-
tion work aims to use REACTIONS in ongoing preschool TBI
cohorts, perform factor analysis to discard non-pertinent
items, and evaluate internal consistency and reliability.
Correlations between REACTIONS and existing measures of
PCS suggest initial construct validity. REACTIONS has the
potential to contribute to research and clinical follow-up
pertaining to TBI in children 0–5 years by providing accurate
profiles of PCS in the acute and long-term phases post injury.

0554 Predicting mortality after traumatic brain
injury: A prognostic model based on admission
characteristics

Jose D. Charrya, Jorman H. Tejadab, Juan D. Ochoab, Wilson
A. Tejadab, Miguel A. Pinzonb, and Juan P. Solanoc

aFundación Universitaria Navarra, Neiva, Colombia;
bUniversidad Surcolombiana, Neiva, Colombia; cHospital
Universitario de Neiva, Neiva, Colombia

ABSTRACT
Introduction: Traumatic Brain Injury (TBI) is a public health
problem. It is a pathology that causes significant mortality and
disability. Different models have been developed in order to
predict the neurological outcomes. Marshall computed tomo-
graphic (CT) classification is widely used as a predictor of
outcome. However, this grading system lacks useful variables
to predict the outcome of the patient, which are subarach-
noid/intraventricular haemorrhage, extradural haematoma
and extent of basal cistern compression. We aimed to develop
and validate a practical prognostic model that include all the
variables above and predict death at 6 months after TBI.
Methods: Prospectively collected individual patient data were
analysed. The CT model included midline shift over 5 mm,
normal, compressed or absent basal cisterns, subarachnoid
bleeding, basal bleeding, intraventricular bleeding, contusion
and epidural, subdural or intracerebral haematoma. We

considered predictors available at admission in logistic regres-
sion models to predict mortality at 6 months after TBI. The
performance and accuracy of several model was assessment
using the Spearman’s rank correlation coefficient and the area
under the receiver operating characteristic curve (AUC).
Results: A total of 145 patients were recruited for the study,
with a median age of 33 (15–85) years, and 86.89% were male.
The overall mortality was 24.82%. The median GCS of
patients was 6 (3–12). The Marshall CT classification discri-
mination was AUC = 0.646, Helsinki CT Score discrimination
was AUC = 0.724, Rotterdam grading discrimination was
AUC = 0.735, all these with a low correlation with the out-
come (Spearman’s rho < 0.40). Our model showed the best
performance and correlation with 6-month mortality: AUC =
0.7755, Spearman’s rho 0.4201, p = 0.000.
Conclusions: Our prognostic mortality CT model showed a
great performance and accuracy and can be used to obtain
valid predictions of relevant outcomes in patients with TBI.

0555 Treating disrupted sleep on a TBI unit with a
sleep hygiene intervention: A feasibility study

Michael Makley, Kimberley Monden, Don Gerber, Jody
Newman, Angela Philippus, Jennifer Biggs Arnold, Christina
Draganich, Heidi Schneider, Eric Speir, James Schraa,
Kimberly Frey, Lori Womeldorff, Adrienne Mackzum, and
Alan Weintraub

Craig Hospital, Englewood, CO, USA

ABSTRACT
Objective/Method: This pilot trial is an attempt to ameliorate
disrupted sleep following moderate-to-severe brain injury via
a sleep hygiene intervention during inpatient rehabilitation.
The primary purpose of the study is to test the feasibility of
implementing a controlled trial with minimization allocation
targeting sleep hygiene in an inpatient rehabilitation setting.
As such, the intent of this pilot trial is to test the process,
resources, management and scientific basis of the study,
rather than test hypotheses with inferential statistics.
Consenting individuals with sleep efficiency ≤ 75% on initial
actigraphy screening were assigned to either a sleep hygiene
protocol (SHP) or standard of care (SOC). The sleep inter-
vention was developed based on the work of Moran and
colleagues employing concepts of both sleep restriction and
stimulus control. The SHP consists of five principle compo-
nents: (1) improved nighttime sleep environment, (2)
increased daytime activation, (3) enhanced circadian stimuli,
(4) consistent morning wake time and ADL routines each day
and (5) no caffeine intake after 12:00pm. The SOC undergoes
all typical rehabilitation care with no specific attempt to
influence sleep or circadian patterns. In both groups, partici-
pants’ sleep is monitored with 24-hour actigraphy and bi-
hourly staff ratings on the Makley Sleep Scale (MSS).
Nursing staff rates agitation twice daily and cognitive function
is monitored three times per week until emergence from post-
traumatic amnesia.
The overall feasibility of this pilot trial is evaluated on multi-
ple levels. To assess the process of the study, we look at
recruitment rates, refusal rates and eligibility criteria. To
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assess time and resource problems, we evaluate capacity and
issues related to use of the study equipment (i.e. Actiwatch).
To address potential human and data management problems,
we continually monitor challenges experienced by clinical
staff, data management, fidelity of the treatment protocol
and variability in our outcome measures. Finally, to continu-
ally evaluate the scientific rigour of our sleep hygiene inter-
vention, we assess whether or not patients are responding to
the SHP and the fidelity of the intervention.
Results: Over the course of 6 months four participants have
been enrolled in the study, with two participants in the SHP
and two participants in the SOC. To date, there have been no
withdrawals from the study. Current fidelity for the SHP is
89%. Due to an insufficient recruitment rate, the eligibility
criteria were recently expanded.
Conclusion: Based on the current findings, a controlled trial of
a SHP is feasible with modifications. Given the inherent
nature of feasibility studies, adaptation of the study protocol
is possible to ensure that it can be conducted while maintain-
ing scientific rigour. Most importantly, this study exemplifies
why it is necessary to conduct a pilot trial prior to implement-
ing a fully powered randomized controlled trial.

0556 Headache prevalence 30 years after severe
traumatic brain injury

Gabrielle Meyera,b, Molly Hubbardd,c, Kathleen Vonderhaara,b,
Sarah Rockswolda,e, Gaylan Rockswoldb,c, David Tupperb, Dave
Gilberstonf, Anne Sextere, Thomas Matlone, Abdullah Bin
Zahidc, Vikalpa Dammavalamc, Shivani Venkateshc, David
Balserc, Walter Galicichd,c, Thomas Bergmand,c, and Uzma
Samadanid,c
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Minneapolis, MN, USA; dUniversity of Minnesota
Department of Neurosurgery, Minneapolis, MN, USA;
eHennepin County Medical Center Division of Physical
Medicine and Rehabilitation, Minneapolis, MN, USA;
fMinnesota Medical Research Foundation, Chronic Disease
Research Group, Minneapolis, MN, USA

ABSTRACT
Background: Headache is the most common pain complaint
following traumatic brain injury (TBI), and has been reported
in up to 30–90% of patients. However, the time course and
contributing factors for headache following severe head
trauma are not well established. Most clinical studies report
that headaches occur less frequently after severe TBI as com-
pared to mild TBI. This inverse relationship is often attributed
to under reporting of symptoms by patients with severe TBI
due to associated higher rates of cognitive impairment.
However, supporting evidence of this claim is limited. Here
we describe subjects’ report of headache three decades after
severe TBI and examine potential association with cognitive
status and psychological comorbidities.
Methods: Thirty-two patients with severe TBI (Initial GCS ≤
9) who were previously enrolled in a hyperbaric oxygen study

at a Level One Trauma centre during the 1980s were re-
contacted. Participants completed a detailed health question-
naire and underwent the Telephone Interview for Cognitive
Status-modified (TICS-m) to evaluate cognitive function. All
analyses were done using a Pearson’s Chi-Square test except
when one cell dropped below a value of five then a Fisher’s
Exact test was used. Statistical significance was accepted at a p
value < 0.05 and all tests were two-tailed. All analyses were
completed with SAS version 9.4.
Results: Follow-up duration was on average 29.66 years (med-
ian = 29.00) from date of injury. Headache was reported in
39% of patients and those with headache were significantly
more likely to have comorbid depression (p = 0.02, 66% vs.
22%) and insomnia (p = 0.008, 92% vs. 42%). Self-reported
anxiety was not associated with headache (p = 0.184) but was
present in 33% of those with headaches vs. 11% of those
without. Nearly 53% of the subjects had abnormal cognitive
status (TICS-m score ≤ 32). There was no correlation between
complaint of headache and level of cognition (p = 0.55). Level
of cognition did not correlate with patient report of depres-
sion (p = 0.52), anxiety (p = 0.67) or insomnia (p = 0.65).
Conclusion: Headache is a prominent pain complaint decades
after severe TBI and may be more chronic and persistent than
previously thought. Previous studies report that headaches
occur less frequently after severe TBI, as opposed to mild
TBI, and may be attributed to impaired cognition. However,
our analysis demonstrates the level of cognition following
severe TBI does not correlate with report of headache, depres-
sion, anxiety or insomnia. Headache was correlated with
depression and insomnia, and may lead to the development
of these comorbid conditions within this population. Further
research is needed to examine mechanisms of pain processing
and perception following severe TBI to help facilitate manage-
ment and functional recovery.

0557 Risk factors to predict mortality for patients
with spontaneous subarachnoid haemorrhage

Juan D. Ochoaa, Jose D. Charryb, Jorman H. Tejadaa,c, Wilson
A. Tejadaa, Jesus H. Tovara,c, Juan P. Solanoc

aUniversidad Surcolombiana, Neiva, Colombia; bFundación
Universitaria Navarra, Neiva, Colombia; cHospital
Universitario de Neiva, Neiva, Colombia

ABSTRACT
Introduction: Subarachnoid haemorrhage (SAH) is a pathol-
ogy associated with high mortality and unfavourable neuro-
logical outcome, lifestyle and other factors can be relevant in
the prognostic for this pathology, identified which are the
most important factors, prevent and resolved some of these
factors could improve the outcome of the patients. We aimed
to identify the most important risk factors for mortality in
patients with SAH.
Methods: This is a retrospective study of patients with spon-
taneous SAH who presented to our hospital in the period
from 2014 to 2015. All the patients were followed in order
to determine the mortality at 28 days and neurological unfa-
vourable outcome at 6 months. For statistical analysis, we
used the Shapiro-Wilk, Chi-square and Mann–Whitney
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tests, and the ORs were calculated by logistic regression mod-
els for the multivariate analysis.
Results: A total of 101 patients with spontaneous SAH were
recruited for the study, the median age was 62 (47–71) years
and 66% of the patients were women. The overall mortality
was 39%, the risk factors associated with mortality were
female (OR = 3.64 p = 0.025), glucose over 180 mg/mL at
hospital ingress time (OR = 1.01 p = 0.043), non-reactive
pupils (OR = 13.33 p = 0.001), midline shift over 5 mm (OR
= 11.79 p = 0.002) and hydrocephaly (OR = 3.36 p = 0.044),
and the risk factors associated with an unfavourable neurolo-
gical outcome were midline shift over 5 mm (OR = 5.265
p = 0.038), intraventricular haemorrhage (OR = 4.67 p =
0.000) and cerebral oedema (OR = 6.50 p = 0.018).
Conclusions: Spontaneous SAH is a heterogeneous pathology
associated with poor outcome for the patient, we found that
the most important risk factors for mortality in patients with
spontaneous SAH are glucose over 180 mg/mL at hospital
ingress time, be female, have non-reactive pupils, hydroce-
phaly and midline shift over 5 mm and the most important
risk factor to an unfavourable neurological outcome are shift
midline over 5 mm, have a intraventricular haemorrhage and
cerebral oedema.

0558 Neural mechanism underlying facial affect
recognition deficits in TBI: An FMRI study

Arianna Rigona, Michelle Vossa, Lyn Turkstrab, Bilge Mutlub,
and Melissa Duffc

aUniversity of Iowa, Iowa City, IA, USA; bUniversity of
Wisconsin, Madison, WI, USA; cVanderbilt University
Medical Center, Nashville, TN, USA

ABSTRACT
Objectives: Facial affect recognition is a complex cognitive
process, requiring both the detection and interpretation of
salient perceptual cues. Although deficits in facial affect recog-
nition have been reported in up to 40% of individuals with
moderate-severe traumatic brain injury (TBI), it remains
unclear whether the breakdown occurs at the perceptual
level, at the interpretative level, or at both, and little is
known about the underlying neural mechanisms.
Methods: In the current study, we used functional magnetic
resonance imaging (fMRI) to measure patterns of brain activ-
ity while individuals with moderate-severe TBI and demogra-
phically matched healthy comparison (HC) participants
engaged in a facial affect recognition task including an emo-
tion matching condition (aimed at measuring the ability to
detect salient facial configurations) and an emotion labelling
condition (designed to measure the ability to connect percep-
tual cues with semantic emotional knowledge). We hypothe-
sized that individuals with TBI would perform worse than the
HC group overall and that the disruption in emotion-affect
recognition may be reflected in altered brain activity in brain
regions important for high-level visual perception and/or
affective processing.
Result: Analysis of behavioural data indicated that individuals
with TBI significantly underperformed HC on both labelling
and matching emotion recognition tasks. Analysis of fMRI

data revealed that while engaging in both emotion matching
and emotion labelling individuals with TBI displayed signifi-
cantly higher activation than HC in prefrontal regions, includ-
ing the bilateral ventromedial prefrontal cortex and frontal
pole. Interestingly, in both conditions individuals with TBI
showed significantly lower activation than HC in primary and
secondary occipital visual regions, including the left fusiform
face area.
Conclusion: Our data suggest that both perception and inter-
pretation of facial emotional cues are impaired in individuals
with TBI. In addition, our results reveal that facial affect
recognition impairment following TBI is associated with
abnormal patterns of activation in brain areas that have
been found to be involved in emotion recognition in healthy
populations, and indicate a possible neurobiological mechan-
isms underlying emotion recognition impairment follow-
ing TBI.

0560 Brain vital signs demonstrate subconcussive
impairment after a single season of ice hockey

Shaun D. Ficklinga, Gabriela Pawlowskib, Sujoy Ghosh Hajraa,
Careesa C. Liua, Kyle Farrellc, Janelle Jorgensenc, Xiaowei
Songa,d, Aynsley M. Smithc, and Ryan C.N. D’Arcya,b,d

aSchool of Engineering Science, Faculty of Applied Sciences,
Simon Fraser University, Burnaby, BC, Canada; bBiomedical
Physiology and Kinesiology, Faculty of Science, Simon Fraser
University, Burnaby, BC, Canada; cSports Medicine Center,
Mayo Clinic, Rochester, NY, USA; dHealth Science and
Innovation, Surrey Memorial Hospital, Fraser Health
Authority, Surrey, BC, Canada

ABSTRACT
Background: While concussions occur frequently during con-
tact sports such as ice hockey, there is increasing awareness
regarding the consequences of repetitive subconcussive
impacts. We have recently focused on translating well-estab-
lished event-related potentials (ERPs) derived from electro-
encephalography (EEG) into a portable platform for objective
longitudinal monitoring of brain function. Brain vital signs
are an integrated hardware and software framework that
involves a linear transformation of the N100 ERP for auditory
sensation, the P300 for basic attention, and the N400 for
cognitive processing. This framework was applied in the cur-
rent study to assess potential changes in brain function of
non-concussed athletes over the duration of a regular hockey
season.
Methods: Ten healthy ice hockey athletes (age 17–21) were
scanned once at baseline (prior to season) and again after
their season ended. None received a diagnosed concussion
during the season. At each session, binaural auditory stimuli
were presented while the athletes were scanned using a por-
table 8-channel EEG system. ERPs were derived from the data
using standard processing approaches including filtering (1–
20 Hz), ocular artefact correction, segmentation and condi-
tional averaging. Three brain vital signs were evaluated for
both response time and amplitude (6 total measures).
Independent two-tailed paired t-tests compared the changes
in each measure from baseline to post-season. p-values were
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adjusted with Bonferroni correction to account for multiple
comparisons.
Results: Results showed significant changes from baseline to
post-season in four brain vital signs measures. The N100
index of auditory sensation showed a delay in response time
(p < 0.05) and reduction in amplitude (p < 0.05). The P300
index of basic attention showed reduced amplitude (p < 0.05).
The N400 index of cognitive processing showed a response
delay (p < 0.001).
Discussion and Conclusion: In the absence of a diagnosed
concussion, the brain vital signs framework captured sig-
nificant group-level changes in brain function after a single
season of ice hockey. This is a quantitative demonstration
of the cumulative effects of repetitive subconcussive head
impacts, undetected concussions or potentially a combina-
tion of both. The findings show that the brain vital sign
framework provides a clinically relevant approach to eval-
uate the effects of sports-related brain injury. Ongoing
work is exploring the brain vital sign characterization
between subconcussive and concussive events to better
understand the conceptual distinction, including compari-
sons with existing concussion management protocols.
Future work will incorporate machine learning techniques
to delineate patterns of injury and subsequent return-to-
play protocols.

0562 Comparison of predictability of Marshall,
Rotterdam and Helsinki CT scan scoring system in
determining early mortality after traumatic brain
injury

Jose D. Charrya, Juan D. Ochoab, Miguel A. Pinzonb, Jorman
H. Tejadab,c, Jesus H. Tovarb,c, and Juan P. Solanoc

aFundación Universitaria Navarra, Neiva, Colombia;
bUniversidad Surcolombiana, Neiva, Colombia; cHospital
Universitario de Neiva, Neiva, Colombia

ABSTRACT
Introduction: Traumatic Brain Injury (TBI) is a public health
problem. It is a pathology that causes significant mortality and
disability. Different models have been developed in order to
predict the neurological outcomes. Marshall computed tomo-
graphic (CT) classification is widely used as a predictor of
outcome. However, this grading system lacks useful variables
to predict the outcome of the patient, which are subarach-
noid/intraventricular haemorrhage, extradural hematoma and
extent of basal cistern compression. Newer classifications like
Rotterdam and Helsinki CT scores include the above variables
and seem to be very similar, however these classifications have
not been validated widely. We aimed to compare the discri-
minatory power of all the grading systems in a university
hospital in Colombia.
Methods: This is a retrospective study of patients with mod-
erate and severe TBI (Glasgow Coma Scale (GCS) 3–12) who
presented to our hospital. All the patients were followed up
for 6 month to determine early mortality and neurological
unfavourable outcome. The discriminatory power of each

grading system was determined using area under the receiver
operating characteristic curve (AUC).
Results: A total of 145 patients were recruited for study,
median age 33 (15–85) years, and 86.89% were male. The
overall mortality was 24.82%. The median GCS of patients
was 6 (3–12). There was good correlation between Marshall,
Rotterdam and Helsinki CT Scores. The Marshall CT classifi-
cation had reasonable discrimination (AUC—0.646), Helsinki
CT Score had good discrimination (AUC—0.724). Rotterdam
grading had best discrimination (AUC—0.735).
Conclusions: Rotterdam and Helsinki classification systems
are good in predicting early mortality after moderate and
severe TBI at 6 months, however Rotterdam shows the best
discrimination.

0563 Cerebral blood flow correlates of acute
symptoms after sport concussion

Nathan Churchilla, Michael Hutchisona,b, and Tom Schweizera,c

aSt. Michael’s Hospital, Keenan Research Centre of the Li Ka
Shing Knowledge Institute, Toronto, ON, Canada; bFaculty of
Kinesiology and Physical Education, University of Toronto,
Toronto, ON, Canada; cFaculty of Medicine (Neurosurgery),
University of Toronto, Toronto, ON, Canada

ABSTRACT
Background: Concussion is defined by acute disturbances in
brain function following direct or indirect contact to the head,
in the absence of gross anatomical lesions. The associated
functional complaints vary, and encompass numerous symp-
tom clusters, including somatic (e.g. dizziness and headache),
cognitive (e.g. confusion and memory problems) and emo-
tional (e.g. anxiety and irritability). In the sport domain, the
cornerstone of concussion diagnosis and management
involves careful evaluation and monitoring of post-concussion
symptoms. However, it has not yet been established whether
there are consistent neurobiological changes associated with
subjective symptom complaints. It is critical to identify brain
biomarkers, to better understand how brain injury leads to
post-concussion symptoms, and develop better, more objec-
tive assessments of concussion.
Methods: It has been previously established that cerebral
blood flow (CBF) is a sensitive marker of brain injury. In
the current study, we used Arterial Spin Labelling to measure
the CBF correlates of symptoms at acute injury, for 26 varsity
athletes and matched controls.
Results: For acutely injured athletes, total symptom severity
was associated with elevated subcortical CBF in the hippo-
campus. An examination of symptom clusters also showed
that athletes with high cognitive symptoms and relatively low
somatic complaints had decreased CBF, compared to other
concussed athletes.
Conclusion:Thus, CBF may be a robust biomarker of symptom
severity at acute injury, where different patterns of CBF
change are associated with specific symptom clusters. These
novel findings will help to improve our understanding of the
neurobiological basis for post-concussion symptoms.
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0564 External validation of the modified Fisher scale
in the prediction of mortality and prognosis in
patients with subarachnoid haemorrhage

Wilson A. Tejadaa, Jose D. Charrya,b,c, Jorman H. Tejadaa,c,
Juan P. Solanoc, Juan D. Ochoaa

aUniversidad Surcolombiana, Neiva, Colombia; bFundación
Universitaria Navarra, Neiva, Colombia; cHospital
Universitario de Neiva, Neiva, Colombia

ABSTRACT
Introduction: Subarachnoid haemorrhage (SAH) is a disease
that has been the target of several investigations and discus-
sions because of its high mortality and significant morbidity.
Different classifications have been developed in order to pre-
dict the neurological outcomes. The Fisher scale (FS) is the
most commonly employed method of assessing SAH on CT
scans. The Modified Fisher scale (MFS) presents an alternative
for evaluating patients with subarachnoid haemorrhage
(SAH). In this study, we compared the FS versus FSR in the
prognosis of patients with SAH in a University Hospital in
Colombia.
Methods: This is a retrospective study of patients with subar-
achnoid haemorrhage who presented to our hospital between
January 2014 and December 2015. All the patients were fol-
lowed up for 6 months to determine early mortality and
neurological outcome. We evaluated the FS and MFS. The
discriminatory power of each grading system was determined
using area under the receiver operating characteristic curve
(AUC) and Spearman’s rank correlation coefficient.
Results: A total of 101 patients were enrolled in the study,
median age 62 (47–71) years, and 65.35% were female. The
overall mortality was 38.61%, the unfavourable neurological
outcome was in 55.44%. The FS (3) Mortality was 40% vs MFS
(3) 43.48%, The FS (4) mortality was 51.06% and MFS (4)
52.16%. Spearman’s rho 0.31 and 0.54 and AUC 0.679 and
0.798 for MFS in mortality and unfavourable neurological
outcome, respectively.
Conclusions: The behaviour of two scales was similar, but the
modified scale fisher has better performance and correlation
with mortality and worse prognosis of neurological outcome
in patients with subarachnoid haemorrhage.

0565 Predicting outcome after subarachnoid
haemorrhage: Prognostic model based on admission
characteristics

Jose D. Charrya,b,c, Jorman H. Tejadab,c, Miguel A. Pinzonb,
Jesus H. Tovarb,c, Juan D. Ochoab, Wilson A. Tejadab, and
Juan P. Solanoc

aFundación Universitaria Navarra, Neiva, Colombia;
bUniversidad Surcolombiana, Neiva, Colombia; cHospital
Universitario de Neiva, Neiva, Colombia

ABSTRACT
Introduction: Subarachnoid haemorrhage (SAH) is a disease
that has been the target of several investigations and discus-
sions because of its high mortality and significant morbidity.
We aimed to develop and validate a practical prognostic

model for death at 28 days and for unfavourable neurological
outcome (death or severe disability) 6 months after subarach-
noid haemorrhage.
Methods: Prospectively collected individual patient data were
analysed. We considered predictors available at admission in
logistic regression models to predict mortality and unfavour-
able outcome according to the Glasgow Outcome Scale at 6
months after SAH. The performance, precision, accuracy and
prediction power of the model were assessment through the
area under the receiver operating characteristic curve (AUC),
sensitivity and specificity with probability cut-off graph, pro-
portion of correctly classified and detection of specification
error.
Results: The model included nine predictors: age, sex, pupil
reactivity, glucose, shift midline over 5 mm and hydrocephaly,
we also included three SAH scales: Hunt and Hess, Modified
Fisher and WFNS scale. The model showed excellent discri-
mination (area under ROC curve = 0.9284), overall correct
classification of 90.48%, with a sensibility of 88% and specifi-
city of 92%.
Conclusions: Our prognostic model showed an excellent per-
formance with a great precision, accuracy and prediction
power and can be used to obtain valid predictions of relevant
outcomes in patients with SAH.

0566 Disorders of consciousness due to anoxic brain
injury: A case series of 8 patients

Mark Linsenmeyer, Shanti Pinto, and Gary Galang

University of Pittsburgh Medical Center, Pittsburgh, PA, USA

ABSTRACT
Disorders of consciousness (DOC) can occur after severe
acquired traumatic or non-traumatic brain injury. Anoxic
brain injury (ABI) is a type of non-traumatic brain injury
that may result in DOC. Presently, the literature regarding
clinical manifestations, treatment paradigms and prognostic
information of patients with DOC focuses primarily on
patients with traumatic brain injuries, while research focused
on the unique characteristics of patients who suffer ABI is
limited. The goal of our study is to begin to characterize
common medical complications, treatments and recovery in
patients with DOC due to ABI. The present study is a retro-
spective case series at a single academic inpatient rehabilita-
tion facility. Patients who suffered DOC due to ABI and were
admitted to inpatient rehabilitation (IPR) from 2015 to 2016
were considered for inclusion. Patients were excluded if there
was associated head trauma. History and clinical course were
obtained from review of the electronic records. Uniform Data
System data were used to determine Functional Independence
Measure (FIM) scores. JFK/Coma Recovery Scale- Revised
(JFK/CRS-R) scores were obtained for all vegetative patients.
Eight patients were identified (6 male, 2 female) with average
age of 30 (range 22–42) years. On admission to inpatient
rehabilitation, five patients were vegetative and three had
recently emerged from minimally conscious state (MCS)
prior to admission to IPR. During IPR course, two vegetative
patients emerged, one became minimally conscious and two
remained vegetative. FIM scores on admission were 18 or
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below for all patients, and improved in 4 patients by an
average of 40 (range 19–59) points. Scores did not improve
for the remaining 4. Where applicable, JFK/CRS-R scores
improved for all patients. All patients were given neurophar-
macologic medications to improve arousal and attention.
Paroxysmal sympathetic hyperactivity (PSH) affected 6/8
patients and clinically resolved for 2 of these patients prior
to discharge. Six of eight patients had spasticity, resolving in
three by discharge. Six of eight patients exhibited movement
disorders, primarily myoclonus. No patients developed sei-
zures while at IPR, but 2/8 patients experienced status epilep-
ticus during acute hospitalization. Two of eight had MRI
evidence of focal ischaemic strokes, and 7/8 had urinary
tract infections during IPR. Overall, 6/8 patients were dis-
charged to home with the other two patients being discharged
to a skilled nursing facility. In IPR, patients with DOC due to
ABI presented with prominent neurological and cognitive
deficits, for which they were prescribed neuropharmacologic
agents in conjunction with therapies. Common limitations to
rehabilitation include the severity of deficits in arousal and
cognition, PSH, spasticity, movement disorders and a high
rate of infection; however, a high number of patients were
able to be discharged to the home setting. Further investiga-
tion into predictors of outcome and optimal medical manage-
ment for this population is warranted.

0569 Model of traumatic brain injury using imaging,
physiological and psychosocial parameters: Pilot
study

Irma Molina-Vicentya,b,c, Michelaldemar Santiagoa, Amilcar
Matosa, Iván Vélez-Miró a,c, Keryl Motta-Valenciaa,c, Isabel
Borrás-Fernándeza,c, Jeanette Figueroaa,c, Gerty Jonesa,
Magaly Freytesa, José Méndez-Villarubiaa, Kathia Jusino-
Suáreza,b, Verónica Faris-De Jesúsa, and Carlos Quijanoa

aVeteran Affairs Caribbean Healthcare System (VACHS), San
Juan, Puerto Rico; bUniversity of Puerto Rico, Río Piedras
Campus, San Juan, Puerto Rico; cUniversity of Puerto Rico,
Medical Sciences Campus, San Juan, Puerto Rico

ABSTRACT
Background: Recovery of function from traumatic brain injury
(TBI) is of great value for rehabilitation interventions, yet the
mechanism of brain injury and recovery remain poorly char-
acterized. The purpose of this study was to measure the size
and location of TBI lesions creating perfusion and metabolic
statistical parametric maps using Tc99m ECD SPECT/CT and
F-18-FDG PET/CT in patients with TBI, while assessing neu-
rophysiologic parameters using Somatosensory Evoked
Potentials (SSEP). The magnitude of the association between
brain perfusion defects, brain metabolism impairments and
brain electrical disturbances was correlated with quality of life
measured by functional status, activities in daily living and
depression. In addition, the study aimed to describe the psy-
chosocial experiences of veterans with TBI and model the
relationship between the neuro-imaging and neurophysiologic
characteristics in the studied population.
Methods: This was a cross-sectional, pilot study to character-
ize the brain injuries of OIF/OEF veterans and categorize

them based on these characteristics. The study population
included males and females returning soldiers older than 21
years of age who were diagnosed with TBI and had not
received rehabilitation. The participants underwent a
SPECT/CT and PET/CT scan within 2 weeks of TBI diagnosis
confirmation by a Polytrauma expert. The subjects completed
a neurological exam and a SSEP. Quantitative data on func-
tional status, activities of daily living and depression was
obtained using Functional Independence Measure (FIM),
Barthel Index and Beck Depression Inventory-II (BDI-II).
Results: Six-patients were enrolled in the pilot. The correlation
between FIM and the imaging data showed a 0.87 Spearman-
coefficient in both SPECT and PET. The correlation coeffi-
cient between SPECT and BDI-II and PET and BDI-II was
0.74 and 0.63, respectively. An increased severity and number
of perfusion defects compared to metabolic defects were
observed. The most common site of perfusion abnormalities
was the frontal lobe and of metabolic abnormalities was the
temporal lobe. Perfusion and metabolic findings were
detected in the presence of negative CT. SSEP showed that
the patients had an abnormally increased Central Time from
cervical to cortical response. Qualitative data on the daily
activities and experiences were obtained using a semi-struc-
tured interview methodology.
Conclusions: The data showed that higher trauma severity is
accompanied by greater rates of depression and low level of
independence. Damage to the Basal-Ganglia correlated with
the presence of severe depression (.89-Spearman). The mis-
match between perfusion and metabolic defects suggested
upregulation of cerebral glucose-transporters/receptors to
compensate for diminished perfusion. The aetiology of TBI
may be related to impaired vasomotor response or endothelial
dysfunction. SPECT/CT and PET/CT have an add-value in
the diagnosis of patients with mild and moderate TBI.
However, a larger clinical trial is required in order to develop
new predictive TBI model systems and proposing algorithms
to target rehabilitation interventions.

0570 Local tissue metabolism impairment correlates
with brain CT after brain injury

Aleš Hejčla,b,c, Martin Bolchaa, Petr Kelbichd, and Martin
Sameša

aNeurosurgery Department, Masaryk Hospital, Ústí Nad
Labem, Czech Republic; bInternational Clinical Research
Center, Brno, Czech Republic; cInstitute of Experimental
Medicine, Academy of Sciences, Prague, Czech Republic;
dDepartment of Clinical Biochemistry, Masaryk Hospital,
Ústí nad Labem, Czech Republic

ABSTRACT
Introduction: Patients with severe traumatic brain (TBI) or
vascular brain injury (VBI) in coma require brain monitoring
due to limited possibilities of clinical assessment. Much
research interest has been focused on association between
multi-modal monitoring (MMM) and clinical outcome. This
is, however, a rather rough parameter, which may be influ-
enced by several factors. The goal of our study was to corre-
late brain metabolism with the final tissue outcome at the end
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of monitoring, which in our opinion has a much tighter
relationship.
Materials and Methods: Multi-modal brain monitoring,
including an ICP, a brain tissue oxymetry and a microdialysis
probe, was applied in comatose patients (GCS < 9) with severe
TBI or VBI. The probes were implanted via a tripple-lumen
bolt or percutaneously. In the majority of the patients, brain
CT was performed before implantation of probes, during
monitoring and at the end of the monitoring period. We
correlated the signs of local tissue hypoxia (below 15 mmHg
on brain tissue oxymetry) or metabolism impairment (the LP
ratio above 40, glycerol above 150 umol/l and glucose below
0.8 mmol/l) with tissue outcome on CT surrounding the
monitoring probes.
Results: We evaluated 72 patients with severe TBI or VBI. 58
were males and 14 females. The average age was almost 50
years and the mean monitoring time 9 days. In our study we
found that low tissue oxymetry and tissue metabolism impair-
ment are associated with tissue hypoxia on brain CT around
the probes at the end of MMM.
Conclusion: Signs of focal tissue metabolism impairment or
hypoxia using brain MMM correlate with local brain tissue
outcome. It still needs to be determined whether therapeutic
decisions based on MMM would lead to prevention of brain
tissue damage.
Funding: Supported with the grant of the Krajská zdravotní
IGA-KZ-2016-1-9.

0574 Watch me go: Activity in children following
concussion and its association with outcome

Sarah (Suhyeon) Parka, Genevieve Goldsteinb, Zahra Ofoghic,
and Karen Barlowc

aHealth Sciences, University of Calgary, Calgary, AB, Canada;
bKinesiology, University of British Columbia, Vancouver, BC,
Canada; cCumming School of Medicine, University of
Calgary, Calgary, AB, Canada

ABSTRACT
Introduction: Following a mild traumatic brain injury (mTBI)
one of the management strategies for children is absolute rest
until symptoms subside, but this is now perceived to have
limited benefits. The effect of physical activity on exacerbating
post-concussive symptoms and the social impact of prolonged
rest for children recovering from an mTBI is under-evaluated
in current literature. Considering one in five children will
sustain an mTBI by 16 years of age, improving effectiveness
of care for children suffering from Post-Concussive Syndrome
(PCS) should be of major concern. A correlation between
activity levels during the recovery period and PCS outcomes
could potentially vastly improve current treatment methods
for mTBIs. These findings will drastically change how the
medical community perceives idle physical rest following a
concussion.
Objective: To examine activity levels during the recovery per-
iod following an mTBI and its role in determining injury
outcome and symptom exacerbation.
Methods: This prospective cohort study examined activity
levels of children aged 8–18 years with mTBI who were

symptomatic at 1 month post injury, and compared them to
children who were asymptomatic at 1 month post injury and
uninjured healthy control children. This was conducted as
part of the Play Game Trial (www.playgametrial.ca). Physical
activity was monitored using Actiwatch 2 (a validated, objec-
tive, wristwatch-like device) over a period of 3–7 days.
Respironics Actiware software was used to measure time
awake and activity levels throughout the day. The Actiware
software quantified activity count values for 15-second epochs
throughout the active interval. This was used to determine the
duration of time per day spent in each activity level: low (1–80
activity counts), moderate (81–262), high activity (263–406),
and very high (>406). Post-Concussion Symptom Inventory
(PCSI) was used to measure symptom severity.
Results: Data from 27 control, 28 asymptomatic and 70 symp-
tomatic participants were analysed. No significant differences
were seen between the three groups in duration the watch was
worn, or in time spent in each measured activity level. PCSI
scores at 1 month post injury in the injured group could be
predicted by moderate activity levels (Beta −3.03, p =.003).
Good or poor outcome (based on PCSI) at 2–3 months post
injury could not be predicted by activity levels (at 1 month
post injury) in the symptomatic group χ2(3) = 2.232, p = .526.
Conclusion: Higher levels of moderate activity in injured par-
ticipants were associated with lower PCS symptoms after
controlling for the effect of high and low activity levels.
Activity at 1 month post injury did not predict recovery at 2
months post injury. Further analysis is needed to understand
the role of activity and how it influences outcome in cases of
post-concussion syndrome. We hope this work will later assist
in developing management strategies for mTBIs.

0575 From paper to practice—developing and
implementing sports injury prevention interventions
that make a difference

Katherine Snedakera and Alex Donaldsonb

aPink Concussions, Norwalk, CT, USA; bLa Trobe University,
Melbourne, Australia

ABSTRACT
There has been much written in the last 5 years, in science
publications and in the press, on the importance of reducing
the number of youth sport concussions and finding ways to
manage concussion recovery better in children. And for all
the clamour to create or change school and youth sport
concussion policies, there are very few examples of how to
take theory laid out in these scientific papers and implement
low-cost programmes in children’s day-to-day lives across an
entire city.
This presentation will highlight an ongoing 3 year project in
Norwalk, Connecticut, USA, where RE-AIM Sports Setting
Matrix (RE-AIM SSM), a health promotion planning and
evaluation framework, was used to develop and implement a
city-wide concussion education and management policy tar-
geted at the 11 000 children in all schools and all city youth
recreation sports programmes. In 2014, researchers were con-
cerned the newly updated CT State Concussion Law only
applied to 1145 high school students participating on official
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high school teams. The project launched in the 2014–2015
school year to investigate how many of the 9855 non-children
not covered by the state law were having concussions and how
many student-athletes were having concussions.
For the last 3 years, all concussions reported to the school
nurses and athletic trainers in all the Norwalk Public School
were recorded by age, sex, mechanism of injury and where
injury occurred. All children, aged kindergarten to 12th grade,
could be considered involved in sports if sports are considered
in a range from peer organized games at recess, school gym
class, official sports teams and also solo sports outside of
school. Specific data were also captured on the ratio of sports
to non-sports injuries, and if concussions happened at school
or home.
Researchers then used the RE-AIM Sports Setting Matrix (RE-
AIM SSM) to guide the development, implementation and
evaluation of sports injury prevention interventions across
this entire city by involving the schools, the city hospital,
city government, youth sports organizations and the city
parks and recreation department.
The proposed presentation on this project will discuss how to
use RE-AIM SSM to develop interventions and accompanying
implementation plans targeted at a multi-layered implementa-
tion context to maximize the adoption and overall impact of
sports injury prevention interventions. The presentation will
also provide a unique opportunity for participants to share the
challenges they face and explore practical solutions in plan-
ning and implementing sports injury prevention interventions
in complex settings.
NOTE: While the RE-AIM SSM used in this case was mod-
ified to be specific to the community sports setting context,
this framework could be used to optimize the impact of future
sports safety and other health promotion, interventions in
complex real-world settings.

0577 Identifying exemplars of meaningful
functional change seen in patients with disorders of
consciousness following severe traumatic brain
injury

Christina Papadimitrioua, Trudy Mallinsonb, Theresa Papec,d,
Ann Guernonc,e, Jennifer Weaverb, Elyse Walshd

aOakland University, Rochester Hills, USA; bGeorge
Washington University, Washington, DC, USA; cEdward
Hines VA Hospital, Hines, USA; dNorthwestern University
Feinberg School of Medicine, Chicago, IL, USA; eMarianJoy
Rehabilitation Hospital, Wheaton, IL, USA

ABSTRACT
One important reason for the lack of successful clinical trials
in the treatment of traumatic brain injury (TBI) is the paucity
of clinically meaningful indices of change for the major
assessments of neurobehavioural function (NBF). Anchor-
based minimally clinically important differences (MCIDs)
are considered the most clinically relevant indicator of
responsiveness for TBI clinical trials because they connect
change on the endpoint of interest to an already established
and valued indicator of important change. Consequently,

anchor-based MCIDs rely heavily on the quality of the
selected anchor. Typically, an anchor-based MCID is created
by associating the amount of change in a known measure (i.e.
change in total score), with the amount of change in the target
measure. For example, we recently demonstrated that patients
who made a 2-point change in the Glasgow Coma Scale, on
average, made a 10-point change in DOCS-25 score. We
recognized this was far from ideal, as it reflects a very gross
indicator of change.
Instead, we argue that taking the notion of ‘meaningful’
change seriously requires a radical rethinking of both what
constitutes an anchor and how those anchors are identified.
Consequently, we describe a qualitative, narrative approach to
uncover clinicians, family members and caregivers ‘typifica-
tions’ of meaningful change. Typifications refer to the lan-
guage participants use while interacting with patients in states
of disordered consciousness (DOC) following brain injury to
make sense of what they perceive patients are exhibiting as
‘change’.
Thematic and content analyses were used to analyse interview
data and understand perceptions of change related to
improvement, decline and stability of function in people
with DOC. To promote rapport, we conducted the interviews,
whenever possible, in neutral spaces in a manner that has
been referred to as ‘kitchen-table talks’. Participants are 10
clinicians actively treating adults with DOC in post-acute
rehabilitation facilities. Two clinicians trained in narrative
interview techniques conducted the interviews which were
audiotaped and transcribed verbatim. Data were analysed
using several narrative approaches. Two members of the
team examined transcriptions to gain familiarity with the
data. Thematic analysis involves reviewing transcripts for
themes both within and across individual participant inter-
views. We used a systematic process to code data and generate
themes with subsequent team meetings to check codings and
interpretations of the data. Because we expect examples of
meaningful change in NBF will be narratively structured, we
specifically examined data for ‘illness narratives’ and ‘treat-
ment stories’.
This novel approach provides rich information that takes
taking into account the unique perspectives of clinicians,
family members and caregivers. These will be used to develop
exemplar narrative vignettes of small, medium and large
amounts of NBF change—textual visuals that can serve as
anchors of clinically meaningful change.

0579 Status report on magnetic resonance imaging
quantification in the chronic effects of neurotrauma
consortium

Erin Biglera, David Tateb, Tracy Abildskova, JoAnn Petriea,
Gerald Yorkc, James Stoned, Nick Tustisond, William Walkere,
Brian Taylorf, Harvey Levinf, and Elisabeth Wildef

aBrigham Young University, Provo, UT, USA; bUniversity of
Missouri, St. Louis, MO, USA; cProvidence Imaging Center,
Anchorage, AK, USA; dUniversity of Virginia, Charlottesville,
VA, USA; eVirginia Commonwealth University, Richmond, VA,
USA; fBaylor College of Medicine, Houston, TX, USA
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ABSTRACT
Objectives: The Chronic Effects of Neurotrauma Consortium
(CENC; https://en.wikipedia.org/wiki/Chronic_Effects_of_
Neurotrauma_Consortium) is a large-scale multi-site study
of traumatic brain injury (TBI) examining a host of demo-
graphic, deployment, medical and biomarker variables,
including neuroimaging. Imaging data from 263 participants
across four CENC sites will be described and used in this
presentation.
Participants: All participants are Veterans or Active Duty
Service Members with combat exposure and a history of TBI
associated with blunt-force trauma or blast injury or are from
a mixed control group of healthy participants [with or with-
out post-traumatic stress disorder (PTSD)]. The neuroima-
ging core uses magnetic resonance imaging (MRI) and a
multi-modality approach to assess various sequences that
incorporate both structural and functional techniques. As
part of the neuroimaging core, structural MRI studies are
undertaken on the majority of participants where image quan-
tification of the T1-weighted images is accomplished using
FreeSurfer (http://freesurfer.net/) and various measures of
volume, thickness and/or surface area can be derived for
numerous regions of interest (ROI).
Results: The structural image analysis performed in CENC
provides individualized quantitative information for each par-
ticipant as well as investigating group-wise differences that
relate to the various demographic, medical, deployment and
biomarker findings. One challenge in undertaking such an
investigation is that across the CENC image acquisition
sites, different MRI platforms are used to acquire the images;
this adds another level of variance to the quantitative findings
actively being explored by our group (Wilde et al., 2016). This
presentation demonstrates the efforts used to illustrate the
variability between CENC sites so appropriate conclusions
are made from group analyses while describing the develop-
ment of precision medicine methods/tools that can be used to
explore the volumetric data of the individual CENC patient.
Conclusion: This presentation will overview standardization
methods across multiple imaging platforms, describe data
analyses reliability, as well as delineate the methodological
corrections necessary to harmonize the data in group analysis.
In addition, we will illustrate the utility of a new method for
mapping individual patient FreeSurfer quantitative image
information into a 3-D image display using a portable docu-
ment format (PDF) that permits simultaneous viewing of
cortical and subcortical anatomical detail and any ROI ana-
lyses that reveal significant regions that differ from normative
standards. We will discuss the diagnostic, clinical and prog-
nostic value of these methods and implications for future use.

0581 Observational study of autonomic dysfunction
after traumatic brain injury in neurorehabilitation

Brian Greenwald

JFK Johnson Rehabilitation Institute, Edison, NJ, USA

ABSTRACT
Objective: Few studies have characterized autonomic dysfunc-
tion in the acute rehabilitation stage after moderate-to-severe

traumatic brain injury (TBI). Even fewer have measured para-
sympathetic and sympathetic dysfunction at this stage after
TBI. Characterization is clinically relevant because changes in
the sympathetic and parasympathetic systems after TBI may
contribute to various systemic abnormalities including meta-
bolic, cardiac, immune, musculoskeletal, cognitive and psy-
chological manifestations and may hinder recovery after TBI
patients or serve as a marker for poor prognosis. Previous
outpatient studies have found associations between autonomic
dysfunction and executive dysfunction, behavioural dysfunc-
tion and post-traumatic stress disorder. The heart is inner-
vated by both the sympathetic and parasympathetic systems
branches of the autonomic nervous system (ANS). Beat-to-
beat variation in the heart rate, termed heart rate variability
(HRV), is determined by the balance between these systems.
HRV can be evaluated by a non-invasive technique to assess
autonomic modulation and judge parasympathetic versus
sympathetic tone and influence. Normative values exist for
each based on the subjects age and gender. This pilot study
evaluates the physiologic parameters of HRV in TBI patients
in the acute rehabilitation period compared to control aged-
matched data in order to better characterize ANS dysfunction
type and incidence.
Methods: This is a prospective pilot study of twelve subjects
with moderate-to-severe TBI who were inpatients in a brain
injury rehabilitation centre, at least 2 weeks post injury, and
met inclusion and exclusion criteria. Demographics, injury
characteristics, medications and medical history were
obtained from the inpatient chart. Participants underwent
autonomic function testing in the first 2 weeks after admis-
sion using the ANX-3.0 autonomic monitoring system to
evaluate sympathetic and parasympathetic function. The
ANS testing was carried out by a certified ANS testing spe-
cialist in the participant’s room and consisted of two parts:
cardiovagal function testing and sweat testing.
Results: A spectrum of sympathetic and parasympathetic
abnormalities was found. Overall, parasympathetic dysfunc-
tion was found in 75% of subjects. Overall, sympathetic dys-
function was found in 33% of subjects. Decreased HRV was
found in 67% of subjects. Orthostasis syndromes were seen in
75% of subjects.
Conclusion: This pilot study found high rates of autonomic
dysfunction after moderate-to-severe TBI. Future studies are
needed to characterize the change in autonomic function
during acute rehabilitation and to correlate this with func-
tional changes. Prospective studies are needed to evaluate the
association of long early autonomic dysfunction and the long-
term incidence of cognitive, behavioural and psychiatric
sequelae of TBI.

0582 Immediate head CT following emergency
craniotomy or craniectomy for trauma

Gail Tominaga, Kevin Yoo, Kaye Elamparo, Sanjay Ghosh,
Jeffrey Schweitzer, Fady Nasrallah, Imad Dandan, Kathryn
Schafer, Vikram Udani, Scott Leary, Gary Schwendig, Marc
Sedwitz, and Frank Coufal

Scripps Memorial Hospital La Jolla, La Jolla, CA, USA
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ABSTRACT
Background: There is no neurosurgical standard of care of
when a follow-up head CT scan (HCT) should be performed
after craniotomy/craniectomy (Crani) for acute trauma. When
patients require a second Crani based on a delayed post-
operative (post-op) HCT, there is always a question of
whether the new HCT findings could have been detected
earlier. The purpose of this study was to see how frequently
immediate post-op HCT following Crani for acute trauma
detected new findings prompting immediate repeat or addi-
tional Crani for evacuation of new intracranial haemorrhage.
Method: All patients at one Level II Trauma Center requiring
Crani for acute trauma were studied from November 2014
through September 2016. All patients went directly from the
OR suite to the CT suite for HCT following Crani. The
neurosurgeon (NS) reviewed the HCT while the patient was
on the CT table and determined whether the patient needed
to return to the OR for immediate second Crani.
Demographic data, coagulation parameters, HCT findings,
re-operation and hospital outcome data were collected pro-
spectively. Protocol violators were excluded from analysis.
Results: There were 61 total patients undergoing emergent
Crani for acute trauma with eight protocol violators which
were excluded from analysis, two of which were assessed as
having a fatal brain injury at time of initial Crani and died
shortly after Crani. The study population included 53 patients
that underwent 59 Cranis. Mean age was 48 years with 66%
males with mortality of 21%. Indication for initial Crani was
subdural hematoma (SDH) in 34 patients, epidural hematoma
(EDH) in 12 patients, intraparenchymal hematoma (ICH) in
two patients, contusions with oedema (C/E) in four patients
and significant oedema alone (E) in one patient. Immediate
post-op HCT following Crani for acute trauma detected new
intracranial findings requiring another immediate Crani in
five patients with one patient requiring two additional Crani
(total six immediate reoperations). The findings on immediate
HCT which prompted immediate re-operation were SDH in
three cases, EDH in two cases and ICH in one case. Four of
the six subsequent Cranis were at a different location from the
first Crani. None of the patients requiring immediate second
or third Crani were coaguloapathic or on blood thinners.
There were no deaths in the patients who had additional
immediate Crani.
Conclusion: Significant surgical findings were identified in
10% (6/59) of all immediate post-op HCT in this study.
Immediate post-op HCT following Crani for acute trauma
may be warranted to detect ongoing or new intracranial
haemorrhage requiring second Crani to avoid delays in man-
agement and progression of brain injury.

0583 Quantifying cerebral perfusion changes over
time during recovery from a mild traumatic brain
injury in children

Tingting Yana, Helen Carlsonb, Marc Lebelc,d, Alexander
Beutlea, Aneesh Khetanib, and Karen Barlowb

aHealth Sciences, University of Calgary, Calgary, AB, Canada;
bPediatrics and Clinical Neurosciences, University of Calgary,

Calgary, AB, Canada; cGeneral Electric, Calgary, AB, Canada;
dRadiology, University of Calgary, Calgary, AB, Canada

ABSTRACT
Introduction: Mild traumatic brain injury (mTBI) during the
period of critical brain maturation in childhood is likely to
impair outcomes due to varied pathophysiological response.
Although post-concussion syndrome (PCS) is a common con-
sequence of mTBI, there is limited understanding of its patho-
physiological mechanism. We and others have recently shown
abnormalities of cerebral blood flow (CBF) following mTBI.
Objective: To explore changes in CBF during recovery from
paediatric mTBI and its relationship to post-concussion syn-
drome and cognitive function.
Methods: This was a prospective controlled cohort study of
children aged 8–18 years presenting to a Pediatric Emergency
Department with mTBI. Symptomatic and asymptomatic
(clinically recovered) participants were imaged at approxi-
mately 1 and 2 months post injury, and compared to a healthy
control group. Pseudo-continuous arterial spin labelling
(pcASL) MRI was used to quantify CBF. Outcome measures:
Global and regional CBF change, and Post-Concussion
Symptom Inventory (PCSI). Analysis: SPM12 was used for
preprocessing and creation of the statistical model. An inclu-
sive 40% Grey Matter Mask was applied. Regional CBF maps
were created using voxel clusters ≥ 100 at a 5% significance
level.
Results: 56 symptomatic, 33 asymptomatic and 20 healthy
controls (mean age = 13.9 ± 2.7, 46.8% male) were scanned;
48 symptomatic and 10 asymptomatic participants had
repeated neuroimaging. Groups did not differ in terms of
sex, age, handedness or socioeconomic status. At 1 month
post injury, regional CBF maps demonstrated that sympto-
matic participants had increased CBF whereas asymptomatic
children had decreased CBF compared to healthy controls.
Over time, there were no significant changes in CBF for
asymptomatic participants, whereas symptomatic participants
experienced an overall decrease in CBF that was correlated
with recovery. Recovery by 2 months post injury was asso-
ciated with decreased global CBF at 1 month post injury when
compared to symptomatic participants who showed no
recovery.
Conclusion: After mTBI, there are regional CBF differences
which are dependent on symptom status. These regional dif-
ferences change over time and a model will be demonstrated.
Ongoing changes in CBF in the asymptomatic group suggest
that recovery is not yet complete despite the absence of
clinical symptoms. CBF may be a prognostic indicator of
recovery in children who have post-concussion symptoms at
1 month post injury.

0584 The utility of SPECT-CT and PET-CT in the
diagnosis of traumatic brain injury at the VA
Caribbean Healthcare System (VACHS):
Retrospective-descriptive study

Irma Molina-Vicentya,b, Keryl Motta-Valenciaa, Amilcar
Matosa, Carlos Quijanoa,b, Hector Alonso-Quiñonesa,b,
Frances Marrero-Barreraa,b, Sharyl Valdésa, Maria Frontera-
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Rodrígueza,b, Coral Reyes-Rosarioa,b, Alejandra García-Ferré a,

b, and Nicolás Bezares-Oliverasa,c

aVA Nuclear Medicine Veterans Affairs Caribbean Healthcare
System, San Juan, Puerto Rico; bUniversity of Puerto Rico, Rio
Piedras Campus, San Juan, Puerto Rico; cUniversity of Puerto
Rico, Cayey Campus, San Juan, Puerto Rico

ABSTRACT
Objectives: The main objective of this study was to character-
ize brain injuries among Operation Enduring Freedom/
Operation Iraqi Freedom/Operation New Dawn VACHS
veterans using functional Nuclear Medicine neuron-imaging
(SPECT and PET-CT). Aims: (1) Describe size and location of
Traumatic Brain Injury (TBI) lesions using Tc99m-ethyl-
cysteinate-dimer-SPECT/CT and F-18-Fluorodeoxyglucose-
PET/CT; (2) Assess symptomatology (Physical, cognitive and
psychological) in TBI veterans patients; (3) Estimate the asso-
ciation between brain perfusion defects and brain metabolic
impairment versus physical, cognitive and psychological
symptomatology; and (4) Create a sociodemographic and
health-characteristics profile of Puerto Rican Hispanics veter-
ans diagnosed with TBI. Data are intended to support reha-
bilitation strategies for future studies.
Methods: This was a retrospective-descriptive study. CPRS
records of all subjects that underwent a SPECT/CT and/or
PET/CT for TBI during 01 January 2007 to 30 March 2012
were reviewed. Objectives 1, 2 and 3 variables included:
results of SPECT/CT, PET/CT, CT and MRI, trauma mechan-
ism, symptoms, motor FIM score, Barthel Index, Cognistat
Assessment and Mental Status Exam. Objective four variables
included: age, gender, marital status, race/ethnicity, income,
education, TBI severity, comorbidities, hospital admission,
bed days of care, any Occupational/Physical/Speech Therapy
use, clinic nurse/doctor visits and use of prosthetic devices.
Results: 150 records were eligible for the study. Preliminary
results on the first 100 records analysed (94% were males with
an average age of 40 years, 73% had mild TBI, 80% were
White/Hispanics, 9% were Black/Hispanics and 11% had no
reported race/ethnicity) showed that the most common phy-
sical, cognitive and psychological symptoms were headaches,
forgetfulness and irritability, respectively. 96 subjects had only
SPECT/CT, 4 had only PET/CT and 3 had both. 39% of the
SPECT/CT studies were abnormal. Most common location for
TBI lesions was the frontal lobe. 51% did not have MRI or CT
and 49% had CT and MRI all with normal results or showing
minor abnormalities. Sociodemographic trends showed that
76% of veterans received some level of college education (51%
did not graduate), 76% were married, and the average annual-
income was $27 949. Service utilization during the first year
after TBI diagnosis confirmation showed: 31% hospital admis-
sion, 15 average bed days of care, 88%, 85% and 46%.
Occupational/Physical/Speech Therapy usage respectively, 53
average visits per year to providers, and prosthetics usage:
73% eyeglasses, 45% equipment and 51% bath equipment).
Implications: SPECT/CT and PET/CT have an added value in
the diagnosis of TBI. The study provided a profile of Post-
deployment population of Puerto Rican veterans with TBI.

Impacts: This line of research provides the basis to develop
new predictive TBI model systems and proposing algorithms
to target rehabilitation interventions.

0585 Neural substrate of working memory
improvement following methylphenidate and
cognitive-behavioural therapy for cognitive
symptoms after traumatic brain injury (TBI)

Brenna McDonalda, James Fordb, Laura Flashmanb, David B.
Arciniegasc, Robert Fergusond, Li Xinga, Jaroslaw Harezlaka,
Gwen Sprehna, Flora Hammonda, Arthur Maerlendere, Carrie
Kruckb, Karen Gillockb, Kimberly Freyf, Rachel Walla,
Andrew Saykina, and Thomas McAllistera

aIndiana University School of Medicine, Indianapolis, IN,
USA; bGeisel School of Medicine, Hanover, NH, USA;
cBaylor College of Medicine, Houston, TX, USA; dUniversity
of Pittsburgh, Pittsburgh, PA, USA; eUniversity of Nebraska,
Lincoln, NE, USA; fCraig Hospital, Englewood CO,, USA
ABSTRACT
Objectives: Cognitive symptoms are among the most common
and troublesome sequelae of traumatic brain injury (TBI). In
particular, persistent deficits in working and episodic memory
are frequently reported. We recently tested the comparative
effectiveness of a cognitive-behavioural therapy intervention
(Memory and Attention Adaptation Training; MAAT), with
and without pharmacological augmentation with methylpheni-
date (MPH), for treatment of post-injury cognitive symptoms.
Patients treated with MAAT showed greater improvement in
verbal learning, while patients treated with both MAAT and
MPH showed greater improvement in non-verbal learning and
auditory working memory and divided attention. Here we
report on the use of fMRI to characterize the neural substrate
of differential treatment effects associated with cognitive-beha-
vioural and pharmacological interventions.
Methods: Participants included adults with a history of TBI of
any severity at least 4 months prior to study entry, with
cognitive deficits on a neuropsychological screening battery
and/or significant cognitive complaints as measured by the
Multiple Abilities Self-Report Questionnaire (MASQ). In a 2
× 2 design, participants were randomized to receive MPH or
placebo, and MAAT or Attention Builders Training (ABT), a
manualized repetitive practice intervention with no cognitive-
behavioural component. This resulted in four treatment com-
binations: MAAT/MPH (N = 10), ABT/MPH (N = 10),
MAAT/placebo (N = 10), and ABT/placebo (N = 12). fMRI
was conducted pre-treatment (baseline) and after 6 weeks of
treatment (post-treatment) using a visual-verbal ‘N-back’
working memory task. Statistical analyses used SPM12 to
compare difference images (post-treatment–pre-treatment)
for a high working memory load contrast (3-back > 0-back),
controlling for study site.
Results: At baseline groups did not differ statistically on gen-
der, age, education, estimated premorbid intellect, injury
severity, time post-injury or medication adherence. Patients
receiving treatment (MPH, MAAT or both in combination)
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showed significantly greater activation at post-relative to pre-
treatment than patients receiving ABT/placebo in bilateral
dorsolateral prefrontal and anterior cingulate regions (p <
0.001, uncorrected). Increase in anterior cingulate activation
showed a trend towards correlation with improved task per-
formance post treatment.
Conclusions: Increased frontal lobe activation during working
memory processing was seen following treatment with MPH
and/or the MAAT cognitive-behavioural therapy intervention
for cognitive symptoms after TBI. Clusters of increased acti-
vation post treatment were observed both within and beyond
typical working memory circuitry, suggesting that additional
brain circuitry may be recruited to support cognitive func-
tioning after TBI. Findings are consistent with the hypothesis
that MPH and cognitive-behavioural therapy may improve
working memory after TBI via increasing frontal brain activa-
tion. Given the modest sample size of this study, these results
should be interpreted cautiously, and require replication.
However, these findings suggest that interventions targeting
frontal circuitry, particularly dorsolateral prefrontal and ante-
rior cingulate regions, show promise for improving cognitive
function after TBI.

0586 Evaluation of modifiable and non-modifiable
risk factors associated with readmissions in patients
with acute traumatic brain injury routinely
discharged from inpatient care using a nationwide
database

Anthony Asemota, Joseph Canner, Sterling Haring, and Eric
Schneider

Johns Hopkins University, Baltimore, MD, USA

ABSTRACT
Objective: Early readmissions have been identified as a viable
metric for evaluating patient outcomes and quality of patient
care. Apart from its impact on overall patient well-being, it
also leads to significant increase in direct and indirect health-
care costs amplifying its toll on the healthcare system. Here,
we evaluate 30-day readmission and identify risk factors asso-
ciated with readmission after moderate-to-severe traumatic
brain injury (TBI) in a convenience sample of patients hospi-
talized with TBI.
Methods: Data were obtained from the 2013 nationwide read-
missions database. Patients with a diagnosis of TBI were
included in our study if they had moderate and/or severe
TBI without significant injury to any other body region.
Discharge dispositions among patients were examined and
factors associated with the likelihood of readmission in those
routinely discharged from index hospitalization were studied.
Retrospective review was performed using standard descrip-
tive techniques and multivariate regression analysis was used
to explore the odds ratios of likelihood of readmissions.
Results: Overall, 96 210 TBI patients meeting the inclusion
criteria were studied. The mean age of patients was 65.58
years (SD ± 22.31). The median Abbreviated Injury Score
(AIS) was 4 [interquartile range (IQR = 3–4)], with males
representing 75% of cases. Insurance coverage types were as
follows: Medicaid (59.83%), Medicare (9.92%), private

insurance (19.02%), self-pay (5.77%) and other/unqualified
insurance types (5.46%). Most cases were treated at teaching
hospitals (71.58%), and falls represented the most prevalent
external cause of injury (71.47%).
Fatalities were present in 10.19% of index TBI cases. Overall
discharge disposition of survivors were as follows: routine
discharge (50.11%), short-term hospital (1.85%), skilled nur-
sing care (32.11%), home health care (14.46%), against med-
ical advice (1.28%) and unknown (0.18%). Of the patients that
were routinely discharged, 7196 patients (16.62%) were read-
mitted within 30 days following discharge from the index
hospitalization. Multivariate regression analyses identified
independent risk factors associated with an increased likeli-
hood for readmission after initial routine discharge including
increasing patient age (OR = 1.01; 95% C I=1.00–1.01), the
presence of Medicaid insurance coverage (OR = 1.15; 95% C
I=1.00–1.35), and AIS 4–5 (OR = 1.44; 95% C I=1.32–1.57).
Similarly, TBI associated with falls (OR = 1.24; 95% C I=1.03–
1.49), patients with multiple medical comorbidities (OR =
1.67; 95% C I=1.43–1.96), and patients having major surgery
(OR = 1.13; 95% C I=1.01–1.28) were also at increased risk of
readmission after initial home discharge. However patients
with private insurance (OR = 0.88; 95% C I=0.78–0.99),
patients who underwent decompressive craniectomy (OR =
0.79; 95% C I=0.64–0.97), and patients who underwent post-
acute care rehabilitation (OR = 0.80; 95% C I=0.64–0.99) were
less likely for 30-day readmission after routine discharge.
Conclusion: We have implemented a critical evaluation of
modifiable and non-modifiable factors associated with an
increased risk of readmission after moderate-to-severe TBI
using a national database. Modifiable factor(s) including
decompressive craniectomies for persons in whom it is indi-
cated was found to be protective. These findings however
warrant validation in a prospective cohort.

0587 Impact of comorbid conditions on persistent
concussion symptoms

Laura Langera and Mark Bayleya,b

aUniversity Health Network - Toronto Rehab, Toronto, ON,
Canada; bUniversity of Toronto, Toronto, ON, Canada

ABSTRACT
Background: Concussion is the most common form of brain
injury. Most symptoms resolve spontaneously within weeks of
the injury however up to 20% of people can have persistent
symptoms that require multiple physician visits for treatment.
We hypothesized that pre-existing conditions such as
migraines, vestibular problems or mental health problems
would increase the likelihood of development of persistent
symptoms.
Methods: Administrative databases available at the Institute
for Clinical and Evaluative Sciences (ICES) were used to
identify residents in Ontario diagnosed with concussion
between 2008 and 2013. Comorbid conditions were identified
by examining physician and health system utilization for 5
years prior to injury. The cohort was then tracked using their
unique health card identifier for 2 years after the index con-
cussion to determine those with persistent symptoms as
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defined by those requiring two specialist visits, that is, neurol-
ogy, physiatry, psychiatry and otolaryngology 3 months after
index date for concussion symptoms.
Results: 888 472 people were diagnosed with concussion from
2008 to 2013. Of these 305 665 had persistent symptoms.
People with the following pre-existing conditions were more
likely to require persistent symptom care after concussion:
neurological disorder (Odds Ratio 3.1), vestibular conditions
(2.1, OR) and sleep disorders (2.2 OR) (p < 0.0001). This
group receive an average of 6.5 specialist visits (p < 0.0001),
and visit more than two types of specialists for their treat-
ment. Other comorbidities that were associated with increased
health care utilization were mental health conditions (2.1 OR),
pain disorders (2.1 OR), headaches (1.7OR) and prior con-
cussions (1.3 OR). Individuals with multiple premorbid con-
ditions have an average conditional Odds Ratio of 3.8 for
developing persistent symptoms, that is, mental health with
pain disorders (4.4 OR), headaches with pain disorders (4.1
OR), mental health with headaches (3.8 OR), sleep disorders
with mental health (3.9 OR), headaches with vestibular dis-
orders (3.7 OR), mental health and vestibular disorders (3.6
OR), sleep disorders and vestibular disorders (3.5 OR), and
pain disorders with mental health and sleep disorders
(3.4 OR).
Conclusions: These findings identify a high-risk post-concus-
sion group that clinicians can proactively target for earlier
intervention to potentially reduce the duration of symptoms.
Future research will develop a decision algorithm.

0588 Disorders of consciousness: A focus on
programme evolution in the civilian population

Sheital Bavishi, Marcia Bockbrader, and Timothy Shea

Ohio State University Wexner Medical Center, Columbus,
OH, USA

ABSTRACT
Location: Dodd Hall, Inpatient Rehabilitation Hospital, Ohio
State University Wexner Medical Center
Background: In the state of Ohio there are no dedicated
Disorders of Consciousness (DOC) programmes. All litera-
ture pertaining to creation of DOC programme have been
focused in the Veterans Administration Medical Systems. 5
year functional outcomes in DOC patients have been reported
across all systems of care from the TBI-MS DOC special
interest group. Patients with DOC are deemed to not be
able to participate in 3 hours of therapy per day because of
minimal ability to interact with the environment and follow
commands. Therefore, they are usually transitioned to a
skilled nursing facility with limited medical expertise of
Brain Injury and DOC management. Studies have shown
comprehensive inpatient rehabilitation programmes are
essential to assist patients with their emergence to conscious-
ness. Barriers included a lack of a formalized programme and
training in our facility to manage these patients. Additionally,
it was difficult to convince insurance payers to cover treat-
ment due to a lack of understanding the unique needs of these
patients; preventing admission to inpatient rehabilitation.

Methods: A focus group was created with representation from
an interdisciplinary team: Physiatrist, Rehab Psychologist,
Speech-Language Pathologist, Occupational Therapy,
Physical therapy and Rehabilitation Manager with Therapy
and MBA background. The initial programme proposal was
created to gain support from stakeholders and administration.
Once support was secured, the programme was further devel-
oped to include a formalized program structure, clinical inter-
ventions, educational training and research goals.
Results: A comprehensive Rehabilitation program was devel-
oped that included: specific admission criteria to utilize with
families and insurance carriers, formal intake process for the
team, structured schedules for the patients, clinical interven-
tions for each therapy specialty and educational programming
for family training. Staff training was also developed for direct
service staff and affiliated staff. Additional resources were
created for referring facilities, insurance companies and
other interested parties. In the 2 years, 9 patients were
admitted (of about 20 referrals). Length of stay in rehabilita-
tion was 21–56 days. Six patients emerged, four discharged to
home, three discharged to SNF and two patients were read-
mitted to acute care for medical complications.
Discussion: A formalized programme for DOC was created
and launched with strong backing from the administration.
Staff was educated on management of DOC patients and
formalized education was provided to referring hospitals.
The results included an increase in the number of referrals,
consistent approval from insurance companies and better
outcomes in emergence to consciousness and community
discharge.
Conclusion: Formalized programmes and documentation of
results is essential in creating a program with specialized
care, administrative support and education of families and
insurance companies.

0589 Return to school and return-to-play—are they
compatible?

Carol DeMatteoa,b and Chia-Yu Linb

aMcMaster University, School of Rehabilitation Science,
Hamilton, ON, Canada; bCanChild Centre For Childhood
Disability Research, Mcmaster University, Hamilton, ON,
Canada

ABSTRACT
Objectives: Concussion has become an epidemic problem for
children and youth, and there are still controversies in pae-
diatric concussion management. Return to School (RTS) and
Return to Activity/Play (RTA) are considered important, but
there is debate as to sequence and whether they can be
achieved simultaneously or that one, usually RTS, must be
achieved before beginning RTA guidelines. Being a student is
the primary role for children and youth and participation in
school is vital in their overall development. However, the
emphasis in post-concussion management has been on RTA,
mostly sports. This study investigates the recovery trajectories
of children and youth while following RTS and RTA guide-
lines, with the following objectives: 1) to examine symptom
trajectories compared to patterns of RTS and RTA; 2) to
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determine if integration of RTS and RTA guidelines can be
done effectively.
Methods: In a 3-year prospective cohort study of 126 children
and youth aged 5–18 years with concussive injury, four main
factors are being examined to measure their compliance with
the RTS and RTA guidelines. These are: i) Symptoms—every
48 hours, ii) accelerometrey, iii) Self-report Cognitive and
Physical activity levels, and iv) Stage of guidelines.
Cognitive, physical emotional and quality of life outcomes
are evaluated at study entry, symptom resolution and 3-
month post symptom resolution.
Results: Sample mean age is 13 yrs, 45% male. On average,
youth are returning to school with accommodations by 8 days
post injury and fully back to school by 1 month with 25% of
youth still symptomatic at full return. The average return time
to full sport competition is 52 days and 10% are still sympto-
matic. Sixty-seven percent of youth report problems at school
with 32% reporting a drop in grades. While many (84%)
received various academic accommodation such as shortened
days, altered courses or delayed exams; falling of grades and
other academic challenges are still noted, months after the
injury.
Conclusion: Youth RTS faster than they return-to-play despite
symptom profiles. Adherence with RTS guidelines appears to
be less than RTA guidelines. RTS can be integrated with RTA
in the early stages 1–3 of the guidelines. Considering the
numbers of youth having school difficulties post concussion,
full contact sport, stage 6, of RTA, should be delayed until full
and successful reintegration back to school has been achieved.
Balancing symptoms with cognitive and physical demands is
still the challenge for each individual child and there is much
to be learned with further research needed in this area.

0590 Exploring the biological and clinical effect of
depressive symptoms in youth following concussion

Rachelle Ho, Carol DeMatteo, Geoffrey Hall, and Michael
Noseworthy

McMaster University, Hamilton, ON, Canada

ABSTRACT
Background: Concussion increases risk for depression both
immediately after injury as well as later in life. The over-
lapping symptoms between concussion and depression (such
as irritability, sadness, emotionality), however, can make
depressive symptoms difficult to detect. Executive dysfunction
is prevalent in youth following concussion. Evidence suggests
a link between cognitive performance and emotional regula-
tion in both healthy and concussed populations. The impact
of emotional stimuli on executive control performance has yet
to be explored in individuals with concussion who are dis-
playing depressive symptoms.
Objectives: Primary: to explore the effect of depressive symp-
toms on executive function in youth with concussion in the
presence of emotional stimuli using fMRI. Secondary: (1) to
investigate overlapping symptoms of concussion and depres-
sion, (2) to explore locations of injury in individuals with
depressive symptoms.

Methods: 30 adolescents diagnosed with concussion between
10 and 17 years were recruited. Levels of depressive symptoms
were collected using the Children’s Depression Inventory
(CDI) self-report questionnaire, which identified youth with
elevated depressive symptoms. All participants completed the
post-concussive symptom scale (PCSS), neurocognitive test
(ImPACT) and an Emotional Go/No-Go task, which assessed
emotion-mediated inhibitory control in a 3T MRI scanner.
Results: The group as a whole had impaired performance on
cognitive performance demonstrated by ImPACT. Faces acti-
vated regions associated with both facial and cognitive proces-
sing. Youth with elevated levels of depressive symptoms were
more likely to engage frontal regions that subserve evaluative
processes. In concordance with CDI depression reporting,
youth with elevated depressive symptoms were more likely
to endorse emotion-related symptoms on the PCSS and with
greater severity. However, fatigue and sadness was common
between depression and concussion. The occipital lope was
the primary location of injury in 72% of youth with elevated
depressive symptoms.
Conclusion: There are deficits in cognitive function following
concussion. Youth with elevated depressive symptoms were
more likely to engage brain regions subserving evaluative
processing of social interactions, which might suggest that
depressive symptoms display differences in physiology when
emotional stimuli are present. This provides insight into the
role the environment plays in contributing to the cognitive
demands placed on adolescents recovering from concussion.

0592 Protocol for the creation of gitools supporting
evidence-based practices for the rehabilitation of
moderate-to-severe traumatic brain injury

Pascale Marier-Deschenesa,b, Bonnie Swainec,d, Dahlia Kairyc,
d, Elaine DeGuisec,d, Anick Giguèrea,e, Hélène Moffeta,b,
Valérie Poulinb,f, and Marie-Eve Lamontagnea,b

aLaval University, Quebec, QC, Canada; bCentre interdiscipli-
naire de recherche en réadaptation et en intégration sociale
(CIRRIS), Quebec, QC, Canada; cUniversité de Montréal,
Montreal, QC, Canada; dCentre de recherche interdiscipli-
naire en réadaptation du Montréal métropolitain (CRIR),
Montreal, QC, Canada; eCentre d’excellence sur le vieillisse-
ment de Québec (CEVQ), Quebec, QC, Canada; fUniversité
du Québec à Trois-Rivières, Trois-Rivières, QC, Canada

ABSTRACT
Background: Poor adherence to clinical practice guidelines
(CPG) is a critical issue in health care delivery. Since 2012,
the National Institute for Clinical Excellence recommends
that guideline implementation tools (GItools), defined as
information helping users to adopt and apply recommenda-
tions included to or provided with CPGs, accompany each
CPG. Although many quality CPGs have been produced to
support best practices of rehabilitation for adults who sus-
tained a traumatic brain injury (TBI), none include such tools.
Objectives: The main goal of this project is to facilitate the
adoption of evidence-based practices presented through a
CPG for the rehabilitation of adults who sustained a moder-
ate-to-severe TBI. The objectives are: 1) to create GItools for
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selected recommendations from the CPG-TBI, including sum-
mary sheets, training capsules, self-training modules and
complementary tools; 2) to ensure the dissemination of
these GItools in Quebec concerned clinical settings; and 3)
to measure the effectiveness of these GItools in increasing the
knowledge of clinicians and the level of implementation of
selected recommendations.
Methods: The general methodology of the project follows the
steps for GItool development proposed by Gagliardi et al.
(2015). A consultation will first be carried out with potential
users from rehabilitation settings to select the recommenda-
tions for which GItools will be produced. A rapid review of
literature will then be carried out for each of them to find
information on existing tools that could facilitate the adoption
of the recommendations. Then, to create the clinical and
theoretical content necessary to the development of the imple-
mentation tools, 20 leader clinicians will participate in inten-
sive 2-day workshops with the research team. Ten prototypes
of summary sheets (pocket-cards), ten training capsules and
ten self-administered modules will be produced.
Complementary GItools (checklists, decision algorithms to
be added to the patient’s file or user-friendly versions of
assessment tools) will also be created. The initial versions of
the GItools, validated by an Implementation committee, will
be submitted to a sample of 20 pilot clinicians who will assess
their acceptability and clinical utility. The tools will be revised
with leader clinicians and members from the Implementation
committee until a final version are considered suitable.
Result and conclusion: The inclusion of GItools to the CPG-
TBI represents an important ‘first’ for the field of traumatol-
ogy. The dissemination of these tools to Quebec clinical set-
tings will improve the CPG’s use and provide users with an
opportunity for training, especially to those who will not have
participated to the implementation process, including clini-
cians from other Canadian provinces (especially Ontario) and
countries. By giving continuing education opportunities to
new users, the created GItools will contribute to the sustain-
ability of evidence-based practices promoted by the CPG-TBI.

0594 Role of subconcussive head impacts exposure
in onset of concussion on day of injury

Alok Shaha,b, Brian Stempera,b, Rachel Chiarielloa,b, Alexa
Wilda, and Michael McCreaa,b

aDepartment of Neurosurgery, Medical College of Wisconsin,
Milwaukee, WI, USA; bNeuroscience Research, Veterans
Affairs Medical Center, Milwaukee, WI, USA

ABSTRACT
An estimated 300 000 sports-related concussions occur each
year with high school and collegiate football players reporting
higher rates of concussions compared to other contact sports.
With increasing rate of sports-related concussion, the role of
subconcussive head impacts has received increased attention
in recent years. The number and magnitude of subconcussive
head impacts have been theorized to influence concussion
tolerance. Subconcussive head impacts exposure during rou-
tine participation has also been associated with decreased
cognitive abilities among non-concussed football players at

the end of the season. Therefore, it is important to character-
ize role of subconcussive head impact exposure in onset of a
concussion. One hundred and ninety-five athletes from four
NCAA Division III football teams and 36 football athletes
from two high schools participated in the study during 2015
season. All athletes were issued helmets containing the Head
Impact Telemetry (HITS) system designed to measure head
impacts biomechanics during games and practices. The sys-
tem consists of six single-axis accelerometers mounted inside
the helmet using modified liner. A total of 120 985 impacts
and 12 concussions were captured with the system. The num-
ber and magnitude of head impacts sustained by players
during each activity was compared between concussed (n =
12) and non-concussed (n = 213) athletes. Non-concussed
athletes sustained an average of 13 impacts per session with
average linear acceleration of 26 ± 18 g and rotational accel-
eration of 1126 ± 816 rad/s2. The average peak linear (PLA)
and peak rotational acceleration (PRA) of concussive impacts
was 99 ± 29 g and 4506 ± 1674 rad/s2 respectively. The system
recorded 1224 impacts among non-concussed players with
magnitudes greater than average PLA or PRA of concussive
impacts that did not result in a concussion. In order to further
understand role of head impacts resulting in a concussion, the
number of head impacts sustained by a concussed player on
day of injury was compared to the significant number of head
impacts sustained by non-concussed players at each activity
throughout the season. Significant number of head impacts
was defined as the 75th percentile (17 impacts) of average
number of impacts sustained by non-concussed players dur-
ing each session. Concussed players sustained an average of 27
impacts on day of injury, which was considerably higher
compared to 13 impacts per session sustained by non-con-
cussed players. Eight out of twelve concussed players also
sustained significant number of head impacts (>17) on day
of injury compared to non-concussed players. The data from
present study show that number of subconcussive head
impacts may influence the onset of concussion on day of
injury. Further investigation is needed in order to study the
role of magnitude and frequency of subconcussive head
impact exposure leading up to the day of injury in influencing
concussion tolerance.

0595 Gender-related characteristics of traumatic
brain injury patients: Data from a tertiary-care
hospital in Kampala, Uganda

Nukhba Ziaa, Amber Mehmooda, Olive Kobusingyeb, Rukia
Namagandab, Hussein Ssenyonjoc, and Adnan A. Hydera

aJohns Hopkins Bloomberg School of Public Health,
Baltimore, MD, USA; bMakerere University School of Public
Health, Kampala, Uganda; cMulago National Referral
Hospital, Kampala, Uganda

ABSTRACT
Background: Traumatic brain injuries (TBIs) are an important
cause of death and disability in Sub-Saharan Africa. This
study assesses the gender-related characteristics of TBI
patients presenting to a tertiary-care hospital in Kampala,
Uganda.
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Methods: This prospective study is being conducted at Mulago
National Referral Hospital, Kampala, Uganda since May 2016.
The current analysis is on data from May to October 2016.
Patients of all age groups presenting to the emergency depart-
ment of the Mulago Hospital with suspected or documented
TBI are enrolled. Gender differences in patient demographics,
TBI characteristics and outcome in the emergency department
(ED) were compared using Chi-square test for categorical and
t-test for continuous variables. Ethical approval was taken
from all three institutions.
Results: Of 1332 patients enrolled, 84.68% were males. Mean
age of females was 25.2 ± 18.6 years and that of males were
28.9 ± 13.2 years. Among females, 62.3% were single, about a
quarter were married, while among males 48.5% were single
and 44.8% were married (p -value < 0.001). The proportion of
TBI patients with primary education was higher among
females compared to males (71.6% vs 65.3%, p -value <
0.001). Among males, 82.3% were working while only about
45.1% of the females were working. A quarter of the working
males were boda boda (motorcycle taxi) drivers while females
were mostly small business owner (29.4%). Seventy percent of
males and a quarter of females were breadwinners of their
families. The most common place of injury was road for both
males (77.6%) and females (74.0%). Second common place of
injury for females was home (16.7%) while workplace for
males (7.9%). Road traffic crash (RTC) was the common
cause of TBI in both males and females (56.7% and 69.1%)
while assault (30.6%) in males and falls (13.7%) in females
were second common cause (p -value < 0.001). Among RTC
victims, most males were motorcycle drivers (37.1%) and
females were pedestrians (56.7%). Most of male assault vic-
tims were assaulted by bodily force (28.7%). The proportion
of deaths in ED was higher in males compared to females
(3.8% and 2.5%). Most of the TBI patients were admitted to
wards for further care (males 42.4% and females 43.1%).
Conclusions: Compared to males, females with TBI are
younger and single. Most of the males sustaining TBI are
young, married and are breadwinners of the family. The
results point towards the importance of road safety measures
and violence prevention to reduce the burden of TBIs as well
as burden on health care services.

0599 Physiological underarousal and anxiety
following mild head injury

Dawn Good and Laura Murray

Brock University, St Catharines, ON, Canada

ABSTRACT
Objective: Anxiety disorders are one of the most common
psychiatric complications following mild head injury (MHI;
concussion). Further, anxiety has been reported as the most
significant predictor of poor psychological and social out-
comes after injury. Yet the types of symptoms these indivi-
duals endorse may differ from a non-MHI population,
possibly reflecting a unique underlying neural mechanism.
Method: This study investigates self-reported anxiety symp-
toms, state and trait levels of anxiety, and overall physiological
arousal in 300 university students with and without MHI. The

Anxiety subscale of the Personality Assessment Inventory
(PAI) was used to measure general feelings of tension, worry
and nervousness as well as physical signs of stress. In order to
detect differences in anxiety symptoms reported between
these two groups, anxiety components were classified into
three subtypes: cognitive, affective and somatic features. The
State-Trait Anxiety Inventory (STAI) was used to provide an
index of frequency and intensity of both current and long-
term anxiety levels. Electro dermal activation (EDA) and pulse
rate were measured as indicators of overall physiological
arousal.
Results: Those with head injury reported higher levels of
cognitive and somatic relative to affective anxiety symptoms,
in comparison to a healthy control group. These individuals
also reported higher levels of trait rather than state anxiety
relative to their cohort. Moreover, pulse rate and EDA levels
were found to be lower in students who reported sustaining a
MHI possibly reflecting a psychological and physiological
unpreparedness to external stimuli.
Conclusion: It is our belief that this outcome may be due to
disruption between the ventromedial prefrontal cortex
(VMPFC) and subcortical structures involved in regulating
autonomic arousal levels, thereby reducing the ability to
incorporate emotional and physiological feelings from the
viscera into the context of the present situation. This lack of
information both diminishes the individual’s reasoning and
decision-making processes and inhibits their ability to accu-
rately perceive the situation, ultimately negatively affecting
their ability to anticipate a likely course of action or outcome.
A decreased capacity for appropriately anticipating future
events may lead to frequent unexpected outcomes for these
individuals, which may leave them feeling frustrated, irritable
and in a state of constant worry. Moreover, given the lower
baseline level of physiological arousal individuals with MHI
exhibit, their reaction to stressful events may seem further
exacerbated. This may be interpreted and reported as ongoing
cognitive and somatic symptoms of anxiety despite these
individuals being physiologically underaroused. This theory
is further reflected as persons with MHI report lower levels of
state relative to trait anxiety. Acknowledging and understand-
ing the unique underlying neural architecture following MHI
can provide a distinction from affective, somatic and cognitive
symptoms of anxiety disorders, ultimately leading to better
treatment paradigms.

0600 Longitudinal follow-up of cortical excitability
in paediatric traumatic brain injury

Regan Kinga,b,c,d, Trevor Seegerd, Ephrem Zewdiea,b,c,d,e,
Patrick Ciechanskia,b,c,d, Omar Damjia, Adam Kirtona,b,c,d,e,
Karen Barlowa,b,c,d,e, and Alberto Nettel-Aguirrec,e

aCumming School of Medicine, University of Calgary,
Calgary, AB, Canada; bHotchkiss Brain Institute, University
of Calgary, Calgary, AB, Canada; cAlberta Children’s Hospital
Research Institute, Alberta Children’s Hospital, Calgary, AB,
Canada; dDepartment of Clinical Neuroscience, University of
Calgary, Calgary, AB, Canada; eDepartment of Paediatrics,
University of Calgary, Calgary, AB, Canada
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ABSTRACT
Introduction: Recovery from mild traumatic brain injury
(mTBI) is variable, with symptoms persisting past 3 months
in 10–15% of children. Mechanisms of neurotransmission in
mTBI recovery are poorly understood, however prior evi-
dence suggests neurotransmission mechanisms are altered
after an mTBI. The role of altered neurotransmission in
post-concussive symptom persistence in children is unknown.
Transcranial Magnetic Stimulation is a non-invasive brain
stimulation technique that can be used to investigate neuro-
transmission post injury by measuring alterations in cortical
excitability in the superficial layers of the cortex.
Objective: The aim of this study was to determine if cortical
excitability is altered following mTBI in children, and com-
pare its relation to symptomatology at 1 and 2 months post
injury.
Methods: This was a prospective controlled cohort study of
children (aged 8–18 years) with mTBI. The Post-Concussion
Symptom Inventory (PCSI) was used to determine recovery
status (symptomatic vs. asymptomatic). Control group:
Healthy children without a history of neurotrauma and of
similar age, sex and socioeconomic circumstance.
Procedure: Cortical excitability was measured using single and
paired pulse TMS paradigms at 1 and 2 months post injury.
Outcome measures: The primary outcome was long interval
cortical inhibition (LICI), a measure of GABA mediated cor-
tical inhibition. Secondary outcomes included alternate TMS
paradigms.
Results: Ninety-five children with mTBI (62 symptomatic,
59% female, mean age 14.07, SD = 2.51, 33 asymptomatic,
45% female, mean age 13.71, SD = 2.57) and twenty-nine
healthy controls (48% female, mean age 14.25, SD = 2.97)
were enrolled. LICI values decreased (showing greater inhibi-
tion) between session one (40 days post injury) (F (1, 59)=
5.70, p = 0.020) than at session two (70 days post injury).
Conclusions: TMS measures of cortical excitability are altered
at 2 months post injury. LICI is reduced in children with
persistent symptoms after 2 months.

0601 Assessing recovery of acute mild traumatic
brain injury patients using diffusion tensor imaging

Esther Mvulaa, Lianyang Lia, Xianghong Arakakib, Thao
Tranb, Michael Harringtonb, and George Zouridakisa

aUniversity of Houston, Houston, TX, USA; bHuntington
Medical Research Institutes, Pasadena, CA, USA

ABSTRACT
Objectives: In the present study we investigated whether
Diffusion Tensor Imaging (DTI) can be used to assess recov-
ery in patients with mild traumatic brain injury (mTBI).
Methods: Eleven acute mTBI patients 18–50 years of age and
seven age- and sex-matched controls with no head injury were
recruited from the emergency department of Huntington
Memorial Hospital in Pasadena, CA. Images were acquired
on three different visits, 2 and 4 weeks, respectively, after the
first recording, using a 3.0 T scanner for approximately 12
minutes of total imaging time. Diffusion images were col-
lected along 32 directions with an isotropic voxel size of

2.5 mmc. An additional image with no-diffusion weighting
was used as a reference. Image distortions, resulting from
susceptibility-induced and by eddy-current-induced off-reso-
nance fields, were corrected using routines from the software
package FSL. An affine linear registration routine part of FSL
was also used to align the 32 images to the reference image.
For each DTI dataset, diffusion Fractional Anisotropy (FA),
Mean Diffusivity (MD), Apparent Diffusion Coefficient
(ADC) and probabilistic tractography were estimated using
FSL and the software package MedInria, with an FA threshold
of 200, a minimum length for the detected fibres of 20 mm,
and volume sampling every 5 voxels. To perform a quantita-
tive analysis across the two groups, we first used the Johns
Hopkins University tractography atlas to define 20 regions of
interest (ROI), and the scans from the control subjects to
create a reference database that included the mean and stan-
dard deviation values in each ROI. Then we computed
z-scores for each subject’s data and compared the groups
using MANOVA with p value set at 0.05, corrected for multi-
ple comparisons, considering group and visit as the indepen-
dent variables.
Results and Discussion: The two groups were significantly
different in FA values, but not in ADC or MD.
Furthermore, FA values were significantly different only on
the first visit, but not the second or third. The ROIs with the
largest differences were the left and right superior longitudinal
fasciculi. These areas, and their four distinct components, are
involved with motor behaviour and association tasks, percep-
tion of visual space, spatial attention, language articulation
and working memory.
Conclusions: Our results indicate that FA is a sensitive mea-
sure to detect injury in patients with mTBI during the acute
phase, and it can also quantify improvement over time that
correlate well with clinical measures and subjective patient-
reported symptomatology. These findings suggest that FA
may be used as a reliable biomarker of mTBI that can help
with the diagnosis, prognosis and assessment of treatment
effectiveness.
Funding: This work was supported by DOD grant W81XWH-
13-1-0005.

0602 Impact of head CT findings on parental report
scoring of the post-concussive symptom inventory in
children after traumatic brain injury

Christian Niedzweckia,b, Steven Wirtb, Sarah Risena,b, and
Amee Morenob

aBaylor College of Medicine, Houston, TX, USA; bTexas
Children’s Hospital, Houston, TX, USA

ABSTRACT
Objective: To describe deficits following an acute paediatric
traumatic brain injury (TBI) utilizing a standardized tool in
the subpopulations that receive brain imaging, specifically
head CT, at time of injury. We hypothesized that there
would be an increase in symptomatology following more
significant injury as described by positive intracranial imaging
findings on head CT.
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Methods: Retrospective chart review on paediatric patients
that attended a TBI follow-up clinic at a Level I trauma centre.
Inclusion criteria included having undergone CT brain ima-
ging, aged between 3 and 21 years and Post-Concussive
Symptom Inventory-Parent Rating (PCSI-PR) completion.
265 unique patients were identified. Of those, 84 were
excluded due to age <3 years, 8 were excluded for non-acute
TBI, and 4 were excluded for no imaging, for a total of 169
eligible records.
Results: ANOVA indicated significant differences were noted
between the subpopulations of children with and without
head CT findings (CT negative and CT positive). These data
indicated that those in the CT negative category had a sig-
nificantly greater mean total PCSI-PR score of 32 than those
in the CT positive category of 16.6. (p = 0.001) This held true
for all subscales, including physical, cognitive, emotional and
fatigue.
Conclusions: Although positive CT is often considered a risk
factor for worse injury severity and symptom persistence,
these findings suggest that children with TBI without head
CT findings may actually be at significant risk for increased
symptomatology at follow-up. Reasons for this unanticipated
finding will be discussed.

0604 Clinical characteristics of traumatic brain injury
patients: Data from a tertiary-care hospital in
Kampala, Uganda

Amber Mehmooda, Nukhba Ziaa, Olive Kobusingyeb, Rukia
Namagandab, Hussein Ssenyonjoc, and Adnan A. Hydera

aJohns Hopkins Bloomberg School of Public Health,
Baltimore, MD, USA; bMakerere University School of Public
Health, Kampala, Uganda; cMulago National Referral
Hospital, Kampala, Uganda

ABSTRACT
Background: The clinical characteristics of traumatic brain
injuries (TBIs) depend on severity of injury. This study
assesses the clinical characteristics of TBI patients presenting
to a tertiary-care hospital in Kampala, Uganda.
Methods: This prospective study is being conducted at Mulago
National Referral Hospital, Kampala, Uganda since May 2016.
The current analysis is on data from May to October 2016.
Patients of all age groups presenting to the emergency depart-
ment (ED) of the Mulago Hospital with suspected or docu-
mented TBI are enrolled and followed up till discharge.
Patient demographics, circumstances causing TBI, pre-hospi-
tal management, injury characteristics, treatment and out-
come were noted. TBI was grouped into mild, moderate and
severe categories based on Glasgow Coma Scale (GCS).
Results: Of the 1332 patients enrolled, 84.7% were males
giving a male female ratio of 5:1. Mean age was 28.4 ± 14.2
years. Road traffic injury (58.6%), assault (27.0%) and falls
(7.9%) were the common mechanisms. Among all patients,
most common presenting complaints of TBI were headache
(67.0%), scalp wound (64.0), head swelling (58.4%), vomiting
(29.7%) and drowsiness (20.3%). Most patients had closed
TBI (69.4%). About a quarter of patients had no history of
loss of consciousness (LOC) and 6.7% patients had LOC for

>24 hours without return to baseline. Common modes of
arrival at Mulago Hospital were private vehicle (32.0%), police
vehicle (30.9%), and ambulance (24.7%). About 52.2%
received care prior to presenting to the ED of Mulago
Hospital; half of these patients (54.8%) received treatment in
another health care facility. Use of alcohol was suspected in
32.9% and drugs in 11.9% of the TBI patients at the time of
initial presentation. More than a quarter had associated inju-
ries in other body regions with 6.1% patients having two or
more of serious injuries. Mean heart rate was 86.0 ± 22.4 beats
per minute, respiratory rate was 22.3 ± 7.1 per minute, sys-
tolic blood pressure was 122.0 ± 20.6 mmHg. About 61.9%
patients had mild TBI (GCS 13–15), 25.2% had moderate
(GCS 9–12) and 12.9% had severe TBI (GCS ≤ 8) at the
time of ED presentation. CT scan was done in 55.0% patients.
Thirty-four percent patients were sent home while 42.5%
patients were admitted to wards. Only 6 patients were
admitted to ICU and all had severe TBI. There were 48 deaths
in the ED; 7 among mild TBI patients, 12 in moderate group
and 29 in severe TBI group.
Conclusions: Young male patients, with the history of road
traffic crash or assault are the most common victims of TBI.
More than half of the patients receive first aid elsewhere and
are subsequently transferred, which may contribute to the
delays in definitive treatment. Majority of the patients had
mild TBI but poor outcomes like ED death were observed
within all categories of TBI patients.

0605 Impact of early craniectomy on mortality
following severe blunt traumatic brain injury in
children

Nasim Ahmed

Jersey Shore University Medical Center, Neptune, NJ, USA

ABSTRACT
Background: The purpose of the study was to evaluate the
impact of early craniectomy on mortality following severely
blunt traumatic injury in children.
Method: First 4 years of data files from National Trauma Data
Bank (2007–2010) were used. Data were then extracted using
Current Procedural Terminology (CPT) procedure code for
decompressive craniectomy (Pcode = 1.25). Only severe head
injury was included in the study. All children aged ≤17 years
and sustained blunt mechanism of injury were included in the
study. Other key variables included in the study were, sex,
injury severity score (ISS), initial Glasgow Coma Scale (GCS),
transit time from scene to hospital ≤ 60 minutes and craniec-
tomies were performed within 24 hours of admission. Patients
were classified into early group if craniectomy was performed
≤4 hours and late group > 4 & ≤ 24 hours. Data were
summarized using median for continuous variables, and fre-
quency (percentage) for categorical variables. The Wilcoxon
rank sum test was used to compare the continuous variables.
The Chi-square test was used to compare the categorical
variables. A p -value of 0.05 or less was considered an indica-
tion of statistical significance.
Result: A total of 104 patients satisfied our inclusion criteria.
Of that 84 patients had craniectomies performed within the 4
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hours of hospital admission. There were no significant differ-
ences between the groups regarding age (p = 0.511), male
proportion (p = 0.775), race (p = 0.996), pre-hospital trans-
portation time (p = 0.769), pulse rate (p = 0.739), initial
systolic blood pressure (p =.973), ISS score (p = 0.305), sub-
dural hematoma (p =.638) and epidural hematoma (p =
0.707). In early group, there was a significantly lower GCS
score [3 (3, 6) versus 3(3, 14), p < 0.001]. There was no
significant difference in early versus late group related to
overall mortality [18 (21%) versus 4 (20%)].
Conclusion: No significant difference were seen in mortality
whether the craniectomy was performed within 4 hours or
between 4 and 24 hours following severely blunt traumatic
brain injury in children.

0607 Treatment for PTSD may normalize functional
connectivity patterns in veterans with mTBI and
PTSD

Mary Newsomea,b, Wright Williamsa,b, Marlene Diaza,b,
Xiaodi Lina,b, Laura Millikena, Juliette Motta, and Kelly Leea

aMichael E. Debakey VA Medical Center, Houston, TX, USA;
bBaylor College of Medicine, Houston, TX, USA

ABSTRACT
Background: Mild traumatic brain injury (mTBI) and post-
traumatic stress disorder (PTSD) is a common comorbidity in
veterans from the Iraq and Afghanistan wars. However, the
literature on how mTBI and comorbid PTSD affect each other
is sparse. Treatment recommendations specific to veterans
with both mTBI and PTSD are in flux, and while treatments
address each disorder independently, they may not be effec-
tive when the two disorders co-occur. Further, few studies
focus on how comorbid mTBI and PTSD present neurally.
The aim of this project is to characterize the neural changes
accompanying a novel treatment for PTSD, Group-Based
Prolonged Exposure Therapy (GBET). We hypothesized that
veterans with mTBI and PTSD in the GBET group would
show reductions in PTSD symptoms compared to the
Veterans with mTBI and PTSD in a treatment as usual (con-
trol) group, and that they would demonstrate altered func-
tional connectivity (FC) in regions associated with PTSD.
Methods: Thirteen veterans participated (7 GBET, 6 Control).
Measures included the Clinician Administered PTSD Scale
(CAPS), the PTSD Checklist (PCL) and Beck Depression
Inventory (BDI). Seed-based correlational analyses, FDR-cor-
rected for multiple comparisons across the whole brain and
with correction for inflated cluster extent, and graph theoretic
analyses, FDR-corrected, were performed. Changes in PCL
scores were related to FC changes.
Results: There were significant decreases in PTSD and
depression symptoms (PCL and BDI) and a trend towards
decreased symptoms in the CAPS in the GBET group, rela-
tive to the control group. In the seed-based analysis, the
GBET group demonstrated increased FC between precu-
neous and the right ventral medial prefrontal cortex
(VMPFC) and between the left amygdala and right supra-
marginal gyrus, relative to the control group. Additionally,
the GBET group showed increased local efficiency around

the lingual gyrus, relative to the control group. In regres-
sions, people who benefitted the most from GBET showed
greater FC between PCC and thalamus before treatment
compared to after treatment, while people who did not
benefit as much from GBET had greater FC between PCC
and cerebellum before treatment.
Conclusions: Treatment with GBET was associated with
reduction in psychiatric symptoms in patients with comor-
bid mTBI and PTSD. Relative to the control group, these
patients also demonstrated increased FC between regions
associated with PTSD (precuneous and amygdala) and
regions associated with emotion regulation (VMPFC) and
executive control (supramarginal gyrus), respectively.
Treatment with GBET also increased efficiency in neural
connections around the lingual gyrus, known to have
reduced FC in PTSD. Regressions of changes in PCL scores
onto changes of FC revealed patterns that may serve as
individualized indicators of patients who would benefit the
most from this treatment. This study is limited by small
samples, and larger groups are needed to explore how treat-
ment influences brain activity.

0608 ‘Look at our concussion protocol!’: A case
study of changes in TBI identification of school
students in Colorado

Pat L. Sample, David Greene, and Maureen Palmer

Occupational Therapy Department, Colorado State
University, Fort Collins, CO, USA

ABSTRACT
Background: Nationwide a long-standing argument is that
thousands of students are struggling in school, due to an
undiagnosed brain injury or misdiagnosis with an incorrect
disability. The Colorado Department of Education (CDE)
made two major changes to increase the identification of
students with previously unidentified traumatic brain injury
(TBI), thus facilitating their eligibility for an IEP or 504 plan.
1) Revised their IEP documents so that TBI was pulled out of
the Other Health Impaired category of the IEP forms and
given its own category. No longer hidden, it now appears y—
and placed alongside of among the other more—familiar
special education categories, such as Intellectual Disabilities
and Specific Learning Disabilities. 2) Brought changes to the
educational law in Colorado, so that students with no medical
documentation of a TBI, can become ‘educationally identified’
with one, opening the door for appropriately supportive
related services.
The purpose of this study was to explore whether screening and
identification processes have changed in Colorado school dis-
tricts in response to this new category and educational identi-
fication. We also asked how these changes have facilitated the
process of gaining eligibility for IEP services or 504 plans.
Methods: Design/Approach: Qualitative Case Study approach,
with the ‘case’ encompassing Colorado’s school districts.
Participants: Purposive sample of 10 rural, urban and subur-
ban school districts from the four quadrants of Colorado were
recruited. The districts included those who had sent
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educational team members to attend two levels of training
from the state educational agency and TBI programme.
Data Collection and Procedures: Districts’ special education
staffing professionals (e.g., psychologists, special education
teachers, occupational therapists, nurses, speech/language
therapists), were given the choice of individual interviews or
focus groups. Eight of the 10 school districts chose to gather
in focus groups.
Data Analysis: We used analysis strategies developed for large
case studies. Each district’s data were content coded, then re-
coded for themes describing how each district identifies and
supports students with TBI. We compared each district’s
described process, use of terminology, geographic variables
and identified common statements.
Results: Common statements from school districts:

– Look at our Concussion Protocol!!
– We did attend state trainings on TBI changes
– Rural Districts—We are too far from Denver!
– We do not feel equipped for students with TBI—need more
training. . .

– 504s are tolerable but IEPs are taboo for sports-related
concussions and mild brain injuries

– Outlier District—We have used the new ED-ID protocol
successfully with several students

Discussion: Why have districts developed a dichotomous view
of TBI—sports concussion related TBI versus TBI bound for
special education? How can we build a bridge from concus-
sion to TBI identification for IEP development in special
education?

0609 The clinical course of children younger than 3
years of age with anti-n-methyl-d-aspartate receptor
encephalitis

Sarah Risen, Mered Parnes, Christian Niedzwecki, and Eyal
Muscal

Baylor College of Medicine/Texas Children’s Hospital,
Houston, TX, USA

ABSTRACT
Objective: To describe the presentation, clinical course and
outcomes of children younger than 3 years of age with Anti-
N-methyl-D-aspartate receptor (Anti-NMDAR) encephalitis,
specifically highlighting unique features within this specific
age group, as little is known about Anti-NMDAR encephalitis
in very young children.
Methods: Retrospective chart review of children younger than
3 years of age who were diagnosed with Anti-NMDAR ence-
phalitis at a single paediatric tertiary referral hospital during a
2-year period (2015–2016). Data collected included demo-
graphics, presentation at admission, diagnostic evaluation,
clinical course, immune suppression and other treatments,
and exam at discharge and last follow-up appointment.
Results: Three children aged 18–23 months were admitted
with Anti-NMDAR encephalitis. All presented with predomi-
nantly motor (not walking) and language (talking less) com-
plaints with initially mild abnormal movements and

irritability. CSF and other studies were consistent with the
diagnosis, though one child had concomitant positive PCR for
Epstein Bar Virus in CSF. Choreiform and other movement
disorders markedly worsened in all three children early dur-
ing acute hospitalization, requiring intubation, ICU admission
and continuous medication for control of movements in two
children. All three received IV methylprednisolone, IVIG and
rituximab within the first 2 weeks of admission; the two
children requiring critical care also underwent plasmapher-
esis, during which one child developed a left inferior cerebel-
lar stroke. One child received a dose of cyclophosphamide
after all other treatments due to lack of clinical improvement.
One child required tracheostomy and two required gastro-
stomy tube placements. None had clinical or electrographic
seizures; two of the three children developed autonomic
instability. Clonazepam was started and continued at dis-
charge in all three children; Tetrabenazine was prescribed
for two of the three. All three children were significantly
functionally impaired (non-verbal, non-ambulatory) at acute
hospitalization discharge. Only one of the two children made
notable functional gains during subsequent inpatient rehabi-
litation; however, at last follow-up evaluation, all three
demonstrated ongoing developmental gains with gross
motor skills more improved than language skills (all three
walking but without verbal communication). None had
ongoing movement disorder at follow-up evaluation.
Discussion: As highlighted in this case series, the initial pre-
sentation and clinical course of children younger than 3 years
of age is different than older children and adults with Anti-
NMDAR encephalitis. Follow-up is ongoing for the children
yet it appears that even with early and aggressive immune
suppressive therapies, all three children still have ongoing
developmental delays, especially language impairment, within
the first year of insult. Considering the underlying neurode-
velopmental pathophysiology, young children may be
uniquely vulnerable to deleterious effects following Anti-
NMDAR encephalitis.

0610 Depression post-head injury: Severity of
somatic depressive symptoms associated with
sympathetic underarousal

Sean Robb and Dawn Good

Brock University, St. Catharines, ON, Canada

ABSTRACT
Objective: Depressive symptoms post-traumatic brain injury
(TBI) are one of the most common and challenging barriers
for survivors, with estimates as high as 70–80% reporting
symptoms (Chrisman & Richardson, 2013). Despite the high
prevalence, minimal treatment strategies have been shown to
be efficacious, with the most common treatment for depres-
sion in the non-neurally compromised population (i.e. SSRIs)
linked with detrimental effects to neurocognitive capacity
within the TBI population (Lee et al., 2005). The orbitofrontal
cortex (OFC) has been implicated in the TBI literature as
being both highly vulnerable to injury and important for
modulation of sympathetic arousal through its connections
with the brain stem via the limbic system (Wallis, 2007); and
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in the non-TBI literature for its connection in the aetiology of
depression (Maller et al., 2010). Our prior work has shown
that individuals with mild head injury (MHI) are sympathe-
tically underarousal at rest and in anticipation of decision-
making, similar to what has been observed in OFC lesion
populations (Bechara et al., 1996, 2004). Recently, we have
demonstrated in several studies that MHI endorse more
somatic depressive symptomatology relative to affective (sad-
ness, hopelessness, etc.), despite having the same summary
depressive score as their no-MHI cohort. This has provided
preliminary evidence for individuals with head injury to
potentially have a phenomenologically different ‘type’ of
depression. We then sought to replicate this finding in a larger
sample.
Methods: 300 participants (35% with MHI) were recruited
from the University setting to complete a series of neuropsy-
chological, self-report psychopathology measures (SCL-R-90,
BDI, PAI) and measures of sympathetic arousal [e.g. pulse,
respiration, blood pressure and electrodermal activation
(EDA)]. Further, we have developed a double-blind cross-
over randomized control trial utilizing a psychostimulant
medication to increase arousal in individuals with mild TBI
and determine if this will subsequently impact the measures of
neurocognition and depressive symptomatology.
Results: As observed in prior studies, individuals with MHI
displayed a pattern of physiological underarousal as measured
by EDA and systolic blood pressure. Furthermore, they
endorsed more somatic symptoms of depression relative to
their non-injured cohort and the severity of these symptoms
was predicted by their underarousal. This pattern of results
was not observed in the no-MHI cohort, whereby they
endorsed more affective symptoms and there were no rela-
tionships between depression and sympathetic arousal.
Although not yet complete, preliminary results of the RCT
will be discussed, highlighting a discussion about whether
dopaminergic agonists will be potentially helpful in the treat-
ment of undearousal sequelae.
Conclusions: These findings replicate our prior work, suggest-
ing that depressive symptoms, post-head injury, are phenom-
enologically different than typical MDD and are mediated by
physiological underaousal. Moreover, a potential treatment
target may include elevating arousal with psychostimulants
as a treatment approach for targeting depressive symptoma-
tology in TBI populations.

0612 Development of a semi-interpenetrating
network hydrogel to study the effects of mild
traumatic brain injury on astrocyte remodelling

Nasya Sturdivanta, Addison Walkera, Yuanfei Zhanga,
Amanda Ederlea, Ngoc Lama, Jeffrey Wolchoka, Hector
Rosas-Hernandezb, Elvis Cuevasb, Syed Alib, and Kartik
Balachandrana

aUniversity of Arkansas, Fayetteville, AR, USA; bNational
Center for Toxicoloxical Research, Jefferson, AR, USA

ABSTRACT
Objectives: There are over 1.7 million cases of traumatic brain
injury (TBI) that are reported each year; the vast majority of

which are considered mild injuries, commonly referred to as
concussions. In all cases of TBI, the contact and/or inertial
forces experienced by the brain result in the rapid deforma-
tion of the tissue and ultimately a cascade of pathological
events.
Methods: In this study, an alginate/laminin semi-interpene-
trating network (sIPN) was constructed to encapsulate and
maintain viable astrocytes in an environment with a bioma-
terial stiffness similar to the brain parenchyma. This sIPN was
then used to study the mechanisms behind astrocyte remodel-
ling following mechanically-induced mild TBI (mTBI). First,
primary neonatal rat astrocytes were encapsulated in alginate
or alginate/laminin hydrogels. Laminin was incorporated in
the hydrogel to investigate the importance of ECM proteins in
combating cell injury. The cell encompassing hydrogels were
then placed in our custom-made TBI bioreactor which
imposed rapid impact and inertial loading to the hydrogels
to simulate a mild TBI.
Results: Effects of the TBI were examined 1 and 7 days post
injury. 1 and 7 days post-mTBI, cell proliferation was evalu-
ated via MTT Assay, expression of reactive astrocyte markers
was measured via RT-PCR, and cell viability was assessed
using calcein and ethidium homodimer-1 fluorescent staining.
MTT assays showed that there was an increase in proliferative
astrocytes 1 and 7 days post-TBI and the presence of the
laminin protein also increased astrocyte proliferation. These
results lead us to believe the cells were being activated by the
mTBI. To further investigate this hypothesis, we used RT-
PCR to look at the gene expression markers for astrocyte
injury (S100B) as well as reactive astrocytosis (GFAP,
Vimentin, IL-6 and TNF). Our results showed an increase in
S100B and significant increases in the reactive astrocyte mar-
kers. Lastly, we assessed cell viability. Initial experiments
showed an increase in dead cells post-TBI compared to the
control. Furthermore, adding laminin decreased the number
of dead cells compared to the TBI no laminin counterpart.
Conclusion: In summary, our study showed that the mechan-
ical forces exerted on astrocytes during a mTBI can lead to
not only cell injury and death but also cell activation to repair
the damaged microenvironment.

0613 Acetazolamide mitigates astrocyte cellular
oedema following mild traumatic brain injury

Nasya Sturdivanta, Sean Smitha, Jeffrey Wolchoka, Syed Alib,
and Kartik Balachandrana

aUniversity of Arkansas, Fayetteville, AR, USA; bNational
Center for Toxicoloxical Research, Jefferson, AR, USA

ABSTRACT
Objectives: Mild traumatic brain injury (mTBI) is the most
common type of TBI and is often experienced by those in car
accidents, on the battlefield and in full contact sports. One of
the major factors that lead to the high morbidity and high
mortality rates post-TBI is cellular oedema in astrocytes.
Studies have shown that Aquaporin-4 (AQP4), a water-
permeable protein channel highly expressed on the mem-
branes of astrocytes, is upregulated following brain injury.
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Methods: In this study, we investigated the use of the anti-
epileptic drug and known inhibitor of AQP4, Acetazolamide
(AZA), as a therapeutic to mitigate mTBI-induced cellular
oedema. We hypothesized that mTBI-mediated astrocyte dys-
function, initiated by increased intracellular volume, could be
reduced when treated with AZA. We tested our hypothesis in
a three-dimensional in vitro astrocyte model of mTBI.
Samples were subjected to no stretch (control) or a single
high-speed uniaxial stretch (mTBI) injury. Immediately fol-
lowing the mTBI, the cells were analysed under a multi-
photon microscope in which Z-stack images were acquired
every 10 minutes for 1 hour for volumetric analysis. 24 hours
post-mTBI, AQP4 expression was analysed via western blot-
ting and immunofluorescent staining, S100B expression was
observed via immunofluorescent staining and cell vitality was
assessed using a commercially available cytotoxicity assay
(LIVE/DEAD Cell Vitality Assay Kit, C12-Resazurin/SYTOX
Green; Molecular Probes, Eugene OR).
Results: AQP4 expression in the astrocytes significantly
increased 24 hours post-TBI. Notably, there was also a 4.6-
fold increase in cell volume immediately following the mild
TBI. The addition of AZA to the model significantly reduced
the observed increase in AQP4 expression and there was only
a 1.7-fold increase in cell volume post-TBI. Cell death and
injury, quantified via flow cytometry and S100β expression,
were also significantly decreased when AZA was added
shortly before the mTBI stretch.
Conclusion: Overall, our findings point to the occurrence of
astrocyte swelling immediately following mTBI and AZA as a
promising therapeutic strategy to mitigate downstream
mortality.

0614 Low frequency of cognitive decline or
impairment in acutely concussed patients

Paul Compera,b,c,d, Tharshini Chandraa, David Lawrencea,c, Ryan
Lyna, Lesley Ruttana,d, Deborah Tanga, Cristina Saverinoa, and
Mark Bayleya,b,e

aToronto Rehabilitation Institute, University Health Network,
Toronto, ON, Canada; bRehabilitation Sciences Institute, Faculty
of Medicine, University of Toronto, Toronto, ON, Canada;
cFaculty of Kinesiology and Physical Education, University of
Toronto, Toronto, ON, Canada; dGraduate Department of
Psychological Clinical Science, University of Toronto, Toronto,
ON, Canada; ePsychiatry, Faulty of Medicine, University of
Toronto, Toronto, ON, Canada

ABSTRACT
Introduction: Concussion is frequently accompanied by sub-
jective cognitive symptoms that usually resolve spontaneously
in most adults within 7–14 days. (e.g. McCrea et al., 2003).
The ‘baseline’ neuropsychological (NP) model allows a clin-
ician to compare pre- to post-concussion data to determine if
any NP changes might be due to brain trauma. This approach
has been criticized for a variety of reasons (see Echemendia
et al., 2013). In the absence of baseline NP data, determination
of a patient’s normal or abnormal cognitive functioning can
be established using group normative data.

Methods: Patients who are referred to the Hull-Ellis Clinic are
NP assessed at their first visit and subsequently at specified
intervals using several neurocognitive tests from the NINDS
Common Data Elements suggested list for assessment of
Traumatic Brain Injury. These include those designed to
measure processing speed, reaction time, simple and divided
attention, visual scanning, ‘set’ shifting, verbal learning and
verbal memory. Although NP data are collected for research
purposes, patient feedback on NP scores is provided. In the
absence of baseline NP data, a very liberal clinical determina-
tion of cognitive decline or impairment—operationalized as
any score lower than the 10th percentile—is used.
Preliminary Results: 91 patients (F=49, M = 32) with an
average age of 32.9 years (SD = 3.4 years) agreed to participate
in data collection beyond Week 1 and were admitted to Clinic
at an average of 5.9 days after referral. Cognitive test data
obtained at 3 time points (1st visit, Week 2 and Week 12)
indicate in general a very low frequency of cognitive decline
or impairment for most measures, at the time of 1st visit, for
the vast majority of participants, even when ‘impairment’ was
liberally defined as any score placing lower than the 10th
percentile. For example, only one participant (<1%) scored
less than the 10th percentile using normative comparative
data on the Trails B test at 1st visit. The most clinically
sensitive measure proved to be Symbol Search test; but the
frequency of scores less than the 10th percentile was still only
8%. All participants’ scores on all NP measures improved
from 1st visit to Week 2; but it is unclear if this was due to
practice/learning effects or ‘recovery’.
Conclusion: The very low frequency of cognitive decline or
impairment observed in a sample of acutely concussed
patients suggests that such tests may be of very limited clinical
value in determining, objectively, whether a patient’s subjec-
tive complaints of cognitive dysfunction may be verified using
a normative approach more than 1 week post injury.

References

1. McCrea M, et al. Acute effects and recovery time following
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2003;290:2556–63.
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0615 Objective assessment of auditory
hypersensitivity in acute concussion: A case series

Rosemary McKnight and Kathryn Hardin

University of Colorado, Boulder, CO, USA

ABSTRACT
Background: One-third of individuals who have sustained a
concussion reportedly suffer from noise sensitivity (Potter,
Leigh, Wade, & Fleminger, 2006). By exacerbating cognitive
and fatigue symptoms, noise sensitivity (hyperacusis) can sig-
nificantly limit function post-concussion, and has been sug-
gested as a predictor of post-concussive syndrome
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(Dischinger, Ryb, Kufera, & Auman, 2009). Importantly,
while hyperacusis has been evaluated in various pathologies
(Sheldrake, Diehl, & Schaette, 2015), the nature and under-
lying mechanisms of hyperacusis in patients with concussion
is ‘under-researched’ (Landon, Shepherd, Stuart, Theadom, &
Freundlich, 2012). Only one preliminary study investigated
auditory dysfunction in concussed athletes, and concluded
that concussion may lead to prolonged auditory dysfunction,
suggestive of pervasive pathology (Assi et al., 2015). Further
research is necessary to characterize post-injury symptoms,
and document objective changes associated with abnormal
auditory sensitivity, a critical step prior to consideration of
assessment and rehabilitation. The purpose of this study is to
identify and document auditory hypersensitivity in young
adults with acute sport-related concussion.
Methods: Three university students who had received a medi-
cally documented sport-related concussion were recruited. In
order to track possible rapid changes in hypersensitivities,
participants were assessed as soon as possible after their con-
cussion, and again at 2 and 10 weeks post-evaluation.
Procedures: Participants completed a subjective symptom
checklist, including psycho-affective symptoms and degree of
noise sensitivity. The test battery for auditory sensitivity
included tests routinely used in the field of clinical and ves-
tibular audiology: Dynamic Range of Hearing, Uncomfortable
Loudness Levels (UCLs), Speech-In-Noise, and Acoustic
Reflex Thresholds (ARTs), as well as the King-Devick Test
of Concussion for visual-vestibular function and the Sway
balance test. In addition, each participant had P300 event-
related potentials collected using an auditory oddball
paradigm.
Results: Initial results indicate a reduction in sound tolerance
in the acute phase, as evidenced by decreased dynamic range
of hearing and decreased UCL—with decreases of 9–24 dB
across participants. Reduction in UCL was present even when
the participant did not complain of hypersensitivity to noise.
Hearing thresholds, Speech-In-Noise testing and ARTs were
all within normal limits. Further analysis will examine to what
extent subjective symptoms and objective measures of noise
sensitivity and vestibular functioning correlate and change
over time.
Discussion: Preliminary findings give early objective support
to the common patient complaint of hyperacusis and suggest
that noise sensitivity has a perceptual basis. Additionally,
these results offer early, but important, consideration that
objective measures of hypersensitivity may be present even
without subjective complaints. This case series adds to the
understanding of auditory dysfunction in concussion and
serves as a pilot for future research for expansion of adult
and paediatric populations.

0616 Ready to be steady: Correlation of balance
measures commonly used in traumatic brain injury

Candace Tefertiller

Craig Hospital, Englewood, CO, USA

ABSTRACT
Purpose: The purpose of this report is to evaluate the correla-
tion of three balance measures commonly used in individuals
with traumatic brain injury (TBI).
Subjects: Subjects for this report were recruited from a larger
RCT comparing the effect of two interventions on balance
after TBI. All subjects met the following criteria: ≥1 year post-
TBI; ≥3 months beyond completion of formal PT and able to
independently ambulate in the home environment. To be
enrolled, subjects also needed to self-report ongoing balance
challenges and demonstrate deficits on standard outcome
measures for balance.
Materials and Methods: After an initial phone screening, all
appropriate individuals participated in a baseline assessment
completed by a blinded physical therapist to determine overall
severity of balance deficits and the underlying balance systems
impaired. The Community Balance and Mobility total score
(CB&M), the BESTest and the Activities Balance Confidence
scale (ABC) were all measured in 45 subjects with TBI who
met the inclusion criteria previously described.
Results: Evaluation of the 45 subjects demonstrated statisti-
cally significant (p < 0.01) positive correlations at baseline
between balances measures to include the following: BESTest
and CB&M r = 0.847; ABC and BESTest r = 0.474; ABC and
CB&M r = 0.399.
Conclusions: The CB&M and BESTest demonstrate a very
high positive correlation while the ABC (self-report) is only
moderately correlated with both the CB&M and the BESTest.
Clinical Relevance: The CB&M and BESTest may provide
similar information when clinically evaluating individuals
with TBI who have balance dysfunction. Although self-report
scales may be beneficial when assessing balance dysfunction
in this population, clinical measures such as the BESTest and
CB&M are likely also needed to provide a more in-depth
clinical picture.

0617 A qualitative study on the experiences of
caregivers of individuals in a locked-in, minimally
conscious or vegetative state with the health care
system

Sarah Muncea, Jennifer Christianb, Fiona Websterc, Laura E.
Gonzalez-Larad, Adrian M. Owend, and Charles Weijere

aToronto Rehabilitation Institute-University Health Network,
Toronto, ON, Canada; bCentre for Addiction and Mental
Health, Toronto, ON, Canada; cDalla Lana School of Public
Health, University of Toronto, Toronto, ON, Canada; dThe
Brain and Mind Institute, Western University, Toronto, ON,
Canada; eRotman Institute of Philosophy, Western University,
London, ON, Canada

ABSTRACT
Objective: The objective of the current study was to under-
stand the experiences of caregivers of individuals in a locked-
in state (LIS), minimally conscious state (MCS) or vegetative
state (VS) with the health care system when caring for their
family member. The context for the current study is the

962 ABSTRACTS



Canadian heath care system. It is publicly funded and admi-
nistered on a provincial or territorial basis, within guidelines
set by the federal government.
Methods: A qualitative descriptive approach was used and
involved telephone interviews. Semi-structured telephone
interviews were conducted with family members of indivi-
duals in a LIS, MCS or VS. Participants were recruited
between June 2014 and December 2016. Analysis was con-
ducted using inductive thematic analysis as described by
Braun and Clarke.
Results: A total of 21 interviews were conducted and included
spouses, parents and a sibling of individuals in a LIS, MCS or
VS in Ontario, Canada. We organized our findings in relation
to the emergent theme of caregivers’ experiences with the
health care system: importance of a respectful attitude on
the part of health care providers towards the individual in a
LIS, MCS or VS and their family members; experiences of
abuse towards the individual in a LIS, MCS or VS or their
family members; lack of flexibility in health care policies;
inappropriate care settings and, jurisdictional challenges in
the care/policies between provinces.
Conclusion: To the best of our knowledge, this is the first
study on the experiences of caregivers’ of individuals in a
LIS, MCS or VS with the health care system. We identified
micro-, meso- and macro-level heath care system barriers to
the delivery of high-quality care. The findings from this study
should be used to develop policies and/or interventions aimed
at improving these aspects of the health care system and
ultimately providing patient and family-centred care.

0618 Tape walking improves gait after stroke

Jessica Yeager, Jenna Yeager, Kristy Bloom, and Carlos
Marquez de la Plata

Pate Rehabilitation, Dallas, TX, USA

ABSTRACT
Background: Walking impairments are common after stroke,
and are strong predictors of poor community integration,
health-related complications and even death. Improving
ambulation is the most commonly stated goal in stroke reha-
bilitation. Physical therapy efforts to improve ambulation can
be categorized into (1) neurodevelopmental techniques, (2)
strength training and (3) task-specific training within the
context of an intensive multi-modal approach. The latter is
associated with the most robust outcomes. This study aims to
examine the effectiveness of a visually guided gait-training
intervention within the context of a comprehensive interdis-
ciplinary brain injury rehabilitation treatment plan.
Design: Case-series design.
Method: Seven patients who have experienced a cerebrovas-
cular accident (CVA) (three right CVA, four left CVA)
received 30 minutes of this intervention 5 days a week for 4
weeks (i.e. 20 sessions) as part of an interdisciplinary milieu-
oriented brain injury rehabilitation programme. The interven-
tion was comprised of assisting patients as they walk over-
ground with pieces of tape placed horizontally at a specified
distance apart from each other. Patients were encouraged to
lengthen their steps by extending one leg at a time to reach

the next piece of tape. Treatment outcomes were measured
using the GAITRite Electronic Walkway.
Results: Patients’ with left hemiparesis demonstrated increases
in step length and velocity after the intervention. Patients with
right hemiparesis demonstrated the same increases. Step
length differential between left and right lower extremities
decreased among both patient groups as well.
Conclusion: The results of this case-series investigation sug-
gest a tape walking intervention within the context of an
interdisciplinary multi-modal approach to physical therapy
improves gait after strokes.

0619 Inpatient rehabilitation for traumatic brain
injury patients: Content of interventions and
functional outcomes by age

Sareh Zarshenas, Nora Cullen, and Angela Colantonio

Rehabilitation Sciences Institute, University of Toronto,
Toronto, ON, Canada; Toronto Rehabilitation Institute,
Toronto, ON, Canada

ABSTRACT
Introduction: Although several population-based studies have
been conducted on demographic and clinical characteristics of
Traumatic Brain Injury (TBI) patients, there is a paucity of
evidence on the influence of age on components of treatments
and outcomes of IR in patients who were treated in Canadian
settings.
Objectives: Exploring differences in occupational and physical
Therapy treatments and functional outcomes by age in TBI
patients at Toronto Rehabilitation Institute- the University
Health Network.
Methods: Data on 149 adult TBI patients between 2008 and
2011 were obtained from Practice-Based Evidence dataset.
Patients were stratified by their age into three subgroups
(<30, 30–65, ≥65). Point of care forms and Functional
Independence Measure (FIM) were used to document activ-
ities and motor/cognitive functions.
Results: Males (108, 72.5%) and middle age group (78, 52.3%)
made up the main proportion of TBI patients. Rehabilitation
length of stay was significantly longer for older adults than
youngest counterparts (p <.05). Regarding content of treat-
ments, number of Occupational and physical therapy sessions
was higher in older patients than their youngest counterparts.
However, older patients received less intensity (minute/week)
of treatments with respect to OT interventions (i.e. cognitive
activity and community reintegration) and PT interventions
(i.e. therapeutic exercise and stairs training). Regarding func-
tional outcomes, youngest patients had significantly higher
FIM cognitive and motor function score at admission, dis-
charge and 3 months post-discharge than other two groups.
This upwards trend remained significant to 9 month post-
discharge for motor function (p >.05) but not for cognitive
function.
Conclusion: Youngest patients showed significantly greater
motor and cognitive recovery from admission to 3 months
post-discharge than the other two age groups. However, this
upwards trend did not stay significant to 9 month post-dis-
charge for cognitive function. This result could be attributed
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to the lower pace of cognitive recovery than motor recovery in
patients with TBI. Furthermore, older adults received more
number of therapy sessions with fewer duration of occupa-
tional therapy (i.e. cognitive and community reintegration
activities) and physical therapy (i.e. therapeutic exercise and
stairs training) interventions. This could be explained by the
lower tolerance of older adults in performing activities.

0620 The ketogenic diet and brain injury: A scoping
review

Alexandre McDougalla and Sarah Munceb

aSchulich School of Medicine and Dentistry, Windsor, ON,
Canada; bToronto Rehabilition Institute, Toronto, ON,
Canada

ABSTRACT
Introduction: Traumatic brain injury (TBI) is a leading cause
of injury-related morbidity and mortality worldwide. It is
estimated that 3.2–5.3 million persons in the USA are living
with a TBI-related disability and approximately one-third of
injury-related deaths are attributable to TBI. The pathophy-
siology of TBI involves an immediate primary injury by direct
trauma to brain tissue, and a delayed secondary injury.
Secondary brain injuries arise from subsequent complications
including inflammation, cell-receptor mediated dysfunction,
free radical and oxidative damage and ion-mediated cell
damage. Recently, the ketogenic diet, a long-standing meta-
bolic therapy for children with intractable epilepsy, has been
shown to have neuroprotective effects, including the inhibi-
tion of the pathophysiologic pathways of secondary injury.
The purpose of this study was to synthesize the evidence
surrounding the role the ketogenic diet in TBI recovery.
Methods and Analysis: The methodological frameworks used by
Arksey, O’Malley and Levac et al. were employed. Literature
search strategies were developed using medical subject headings
and texts words related to TBI and the ketogenic diet. The
search was peer-reviewed, and involved EMBASE, Cochrane
Central Register of Controlled Trials, MEDLINE, PUBMED,
CINAHL and Web of Science databases. Two reviewers inde-
pendently screened titles, and abstracts for inclusion, followed
by screening of the full texts of potentially relevant articles to
determine final inclusion. 6634 articles were screened; 11 arti-
cles were included for scoping review.
Results: All articles included for review noted significant dif-
ferences between ketogenic and control groups in cerebral
metabolism. Nine out of the 11 articles identified in the
review investigated the effects of the ketogenic diet on TBI
in rat models. Rat models demonstrated that the ketogenic
diet when compared to a standard diet reduced injury-related
nitrosative stress, oxidative stress, cerebral oedema, cellular
apoptosis and contusion volume. Furthermore, significantly
better motor, cognitive and anti-epileptic recovery was
demonstrated in rats with an age-dependent effectiveness.
Human trials did not investigate recovery outcomes, however,
noted significant changes in cerebral metabolism markers
including blood glucose, lactate and pyruvate concentrations,
in addition to protein sparing effects with a ketogenic diet.

Conclusions: Current literature suggests a ketogenic diet con-
tributes to significantly improved outcomes for cellular, meta-
bolic and behavioural end-points in rats with TBI.
Unfortunately, there is a lack of human trials investigating
the role of the ketogenic diet in TBI at present. Existing
animal study findings are compelling and the explained target
mechanisms involved correlate well with established mechan-
isms for human TBI. The ketogenic diet is a tried, safe and
widespread metabolic and weight therapy used by people
everyday. Therefore, it is strongly recommended that human
RCTs be conducted to further investigate the role of the
ketogenic diet in TBI outcomes and recovery.

0621 Nutrition and meal preparation among
survivors of moderate-severe traumatic brain injury:
A TBI model systems study with implications for
weight management and health

Laura Dreera, Jilian O’Neilla, Doug Johnson-Greeneb,
Elizabeth Roy Felixb, John Corriganc, Jennifer Bognerc,
Jessica Ketchumd, Dave Mellickd, CB Eagyed, and Thomas
Novacka

aUniversity of Alabama at Birmingham, Birmingham, AL,
USA; bUniversity of Miami, Miami, FL, USA; cThe Ohio
State University, Columbus, OH, USA; dCraig Hospital,
Englewood, CO, USA

ABSTRACT
Objective: Proper nutrition and healthy dietary intake has
been linked to improved health (e.g. prevention of high cho-
lesterol or high blood pressure; reduced risk for diseases such
as diabetes, hypertension and obesity), weight management,
greater energy, neuroplasticity and growth/development.
Given the impact of a moderate-severe traumatic brain injury
(TBI) on cognitive, motor and/or emotional functioning,
one’s ability to independently participate in healthy dietary
intake behaviours and activities (e.g. meal preparation) may
be temporarily compromised. Upon injury, nutrition and
dietary intake are often controlled by medical intervention
(e.g. feeding tubes, prepared foods) until medical issues are
stabilized. However, less is known about the potential changes
in dietary intake and nutrition along with activities related to
healthy eating (e.g. meal preparation) over the course of
recovery. Thus, the aims of this study were to 1) examine
nutrition and meal preparation patterns among individuals
with a moderate-severe TBI upon discharge from inpatient
rehabilitation and at 6-months and 1-year post injury and 2)
identify nutrition-specific weight management practices post
injury.
Methods: Participants include 208 adults (75% male, 59%
Caucasian) recruited from three participating TBI Model
Systems Centers (TBIMS). Average age at injury was 41
years (SD = 17.02). Participants were asked to complete
measures assessing sociodemographic, medical, weight,
nutrition and lifestyle information upon discharge from
inpatient rehabilitation and at 6-months and 1-year fol-
low-up.
Results: While 57.2% of individuals reported preparing their
own meals prior to their TBI, this rate significantly decreased
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to 38.0% by 6-months post injury (p <.05) and down to 32.7%
at 1-year post injury (p <.05). Contributing to this decrease is
the proportion of individuals reliant upon another individual
for meal preparation (2.9% of individuals upon discharge;
20.7% at 6-months; 21.6% at 1-year; p <.05). There was a
statistically significant effect of time since injury on self-
reported healthy nutrition habits, F (2, 278) = 4.41, p <.05.
Specifically, TBI survivors reported engaging in healthier
nutrition patterns at 6-months following TBI than they did
prior to the injury and 1-year post injury (p <.05). However,
there was no significant difference in nutrition patterns prior
to the injury and 1-year post injury. Among those attempting
to lose weight, significantly more people reported eating fruits
and vegetables (p <.05) and reducing their junk food intake (p
<.05) at 6-months post injury than at discharge or 1-year post
injury.
Conclusions: Survivors of TBI tend to rely on a caregiver 6-
months and 1-year post injury for assistance with meal
preparation. They also appear to engage in behaviours to
attempt to manage their weight (e.g. gain weight back from
time of injury or lose weight). Given the role that proper
nutrition plays in healthy weight management, persona-
lized health promotion programmes for survivors and
caregivers are warranted as part of routine rehabilitation,
particularly given the risk for sedentary lifestyles and ulti-
mately obesity.

0622 Source connectivity analysis can assess
recovery of acute mild traumatic brain injury
patients

Lianyang Lia, Xianghong Arakakib, Thao Tranb, Michael
Harringtonb, and George Zouridakisa

aUniversity of Houston, Houston, TX, USA; bHuntington
Medical Research Institutes, Pasadena, CA, USA

ABSTRACT
Objectives: In this study we investigated whether source con-
nectivity analysis of resting-state Magnetoencephalographic
(MEG) activity can detect patients with mild traumatic brain
injury (mTBI).
Methods: Thirteen acute mTBI patients 18–50 years of age and
eight age- and sex-matched controls with no head injury were
recruited for the study. Approximately 5 minutes of contin-
uous MEG was acquired on three different visits, 2 and 4
weeks, respectively, after the first recording, using a CTF
whole-head system with 66 axial gradiometer sensors. Data
were sampled at 625 Hz and bandpass filtered between 0.1
and 80 Hz. Linear drifts, line noise and eye movement arte-
facts were minimized using a notch filter at 50 Hz, and a blink
detection procedure based on signal-space projection.
Estimation of intracranial sources for each subject was based
on dynamical Statistical Parametric Mapping (dSPM). The
Desikan-Killiany atlas, consisting of 68 brain regions of inter-
est (ROIs), was used for common co-registration of sources.
Functional connectivity brain networks among the intracra-
nial sources, including connectivity strength and directional-
ity, were measured using Granger causality (GC). After co-
registration of all data onto the same atlas, the intracranial

sources, their activation and the resulting connectivity net-
works were averaged across all subjects of the same group.
The two groups were compared using MANOVA with group
and recording session as the independent variables and num-
ber of ingoing (IN) and outgoing (OUT) connections in each
ROI as dependent variables. The level of statistical signifi-
cance was p = 0.05, corrected using the false discovery rate
(FDR) method. Our analysis focused on the delta band, source
activations between 0.1 and 4 Hz.
Results and Discussion: We found that mTBI subjects had a
larger number of stronger connections compared to controls.
The IN connections were significantly different in two
regions, (a) the right entorhinal cortex of the medial temporal
lobe and the (b) supramarginal gyrus of the left parietal lobe.
The OUT connections were significantly different in five
regions: (a) the isthmus of right cingulate gyrus, (b) the pars
triangularis of the left inferior frontal gyrus, (c) the right
precentral gyrus, the (d) right postcentral gyrus and (e) the
precuneus of the superior parietal lobule. These areas are
involved with spatial memory, perception of visual space,
emotion formation and processing, learning and memory,
regions also known to be affected in Alzheimer’s disease.
Conclusions: Our results indicate that GC can detect injury in
patients with mTBI during the acute phase and correlates well
with clinical symptomatology, and suggest that GC may be
used as a reliable biomarker of mTBI that can help with
the diagnosis, prognosis and assessment of treatment
effectiveness.
Funding: This work was supported by DOD grant W81XWH-
13-1-0005.

0623 Community-based cognitive training of
executive functions with motion-based video games

Gili Shochata, Debbie Randb, Sivan Maozc, Barak Blumenfeldc,
Alit Stark-Inbarc, Son Premingerc,d, and Yaron Sachera

aTBI department, Loewenstein Rehabilitation Center,
Ra’anana, Israel; cIntendu Ltd, Herzliya, Israel; bDepartment
of Occupational Therapy, Tel Aviv University, Tel Aviv,
Israel; dSchool of Psychology, Interdisciplinary Center
Herzliya, Herzliya, Israel

ABSTRACT
Background: Deficits in executive functions are common fol-
lowing acquired brain injury (ABI). Computerized software
for cognitive training is becoming more popular as a rehabi-
litation tool for ABI, however, there is limited evidence for
effective transfer of the improvements to real-life perfor-
mance. Moreover, patients often do not continue to receive
cognitive rehabilitation when discharged home, and clinicians
lack tools to effectively monitor patients’ conditions once
released from the clinic. Computerized cognitive training
using motion-interaction software offers a training environ-
ment that is more realistic and natural, therefore may facil-
itate transfer to everyday-life performance. The software
adapts in real-time to the patient’s behaviour and therefore
may potentially enhance usability by these individuals. It
further bridges the gap between the clinic and home, provid-
ing a tool for continuous training.
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Objectives: The goal of this study is to assess the potential
benefits as well as the experience and safety of community-
based cognitive training of executive functions (EFs) with
motion-based video games, for individuals with ABI, training
at their place of residence.
Methods: Individuals with ABI living in the community were
screened to have executive dysfunction using the Montreal
Cognitive Assessment (MoCA). Eligible participants were
instructed to use the adaptive motion-based video games for
15–20 sessions, at home. Before and after training assessments
were also conducted at their homes, and included the
Dysexecutive Questionnaire (DEX), functional EF assessments
(EFPT), Computerized Neuropsychological EF assessments
(NIH EXAMINER) and a measure of dual tasking (Walking
While Talking). Once completing the intervention, partici-
pants filled in a satisfaction questionnaire at their home.
Within games performance was recorded throughout the
training.
Results: Participants successfully used the programme at
home, did not report any adverse effects and reported enjoy-
ment from the training. Preliminary results show that parti-
cipants were challenged by the games and were able to
perform increasingly more challenging EF tasks within the
game environments. Preliminary results show improvements
in multiple functional tasks and most executive neuropsycho-
logical tests following intervention.
Conclusions: These findings demonstrate the potential of com-
munity-based cognitive training of EFs with individuals with
ABI. Additional participants are currently being trained to
power the effectiveness of this novel training for improving
EFs in individuals with ABI living in the community.

0624 Understanding inconsistent implementation of
stroke-specific screening in emergency departments:
Findings from a national audit of acute services

Steven M. McPhaila,b, Emma Fincha,c, and Jenny Fleminga,c

aMetro South Health, Brisbane, Australia; bQueensland
University of Technology, Brisbane, Australia; cThe
University of Queensland, Brisbane, Australia

ABSTRACT
Background: The assessment and treatment of acute stroke is
time-critical. Clinical guidelines recommend prompt assess-
ment in emergency settings for early identification of stroke
and implementation of hyperacute interventions.
Unfortunately the Australian National Stroke Foundation
recently reported that only 38% of stroke cases in their
national audit adhered to clinical guidelines regarding assess-
ment in the emergency department. This study reports patient
and clinical factors associated with stroke-specific assessment
in emergency departments among patients hospitalized with a
stroke.
Methods: The Australian National Stroke Foundation,
National Stroke Audit of Acute Services included unique
patient stroke cases (n = 4087) from 112 hospitals across all
states and territories of Australia. Clinicians completed the
Australian Stroke Data Tool for at least 40 consecutively
admitted acute stroke cases. This included reporting whether

a stroke-specific assessment was completed in the emergency
department. Reliability and programme data logic checks were
undertaken (using sub-sample audits by a second clinician at
each site and statistical software, respectively). Hospital and
patient identity information was removed. Patients were
excluded from analyses if they did not present via an emer-
gency department (e.g. in-hospital stroke). Generalized linear
modelling (Bernoulli family) was used to examine patient and
clinical factors associated with whether a stroke-specific
assessment had been completed. Findings were presented as
odds ratios (OR) and (95%) confidence intervals. To examine
the proportion of variance attributable to differences between
hospitals (versus between individual patients) the final linear
model was repeated with hospital as a random effect (random
intercept, 2-level model, patients clustered in hospitals).
Results: The single-level model indicated that a stroke-specific
assessment was more likely to be completed for patients with
an ischaemic stroke OR1.53 (1.24, 1.88) or transient ischaemic
attack OR2.05 (95%CI 1.28, 3.28) in comparison to haemor-
rhagic stroke, for patients requiring a language interpreter
OR1.33 (1.00, 1.77) and arriving by ambulance OR1.44
(1.21, 1.71). Stroke-specific assessments were less likely to be
completed for patients who arrived on a weekend OR0.78
(0.68, 0.90) and for Indigenous Australians OR0.63 (0.39,
1.01). The multi-level model indicated 58% (95%CI 50%,
67%) of the variation in screening practice was attributable
to differences between hospitals rather than individual cases.
Adjusting for the effect of clustering within hospitals elimi-
nated the effect of language interpreter OR1.03 (0.71, 1.50)
and being an Indigenous Australian OR0.99 (0.55, 1.80); all
other effect estimates were similar across single-level and two-
level models.
Conclusions: The clinical and patients factors associated with
screening practices could be used to improve outcomes for
people with stroke through targeted implementation of better
early screening in emergency care settings. Given the substan-
tial proportion of variation explained by differences between
hospitals, targeted improvements in care models at facilities
that are currently least aligned with best practice recommen-
dations may yield the greatest benefits.

0625 Morbid thoughts decrease in individuals with
concussion history after an 8-week educational
programme

Neil Nedleya, Francisco Ramireza, and Esther Kinderb

aNedley Clinic, Weimar, TX, USA; bWeimar Institute,
Weimar, TX, USA

ABSTRACT
Introduction: Head trauma can have an impact on mental
health, increasing risk of depression and suicidal thoughts.
This study documents the response of an 8-week programme
on the morbid thoughts of individuals with a history of sig-
nificant hit to the head.
Methods: Participants from four continents who finished a
depression and anxiety educational programme were studied.
Those who chose to participate met once a week for 8 weeks
for a 2-hour programme. It consisted of a 45-minute DVD
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presentation by a physician experienced in the treatment of
depression and a small group, facilitated discussion together
with weekly practical assignments. The programme was avail-
able in Spanish and English. No doctor–patient relationship
was established. The programme was offered by previously
trained facilitators who were certified. This programme
focused on educating participants on healthy behaviours
such as exercise, plant-based diets, sleep hygiene and others.
Each participant answered at the beginning and at the end of
the programme the Depression and Anxiety Assessment Test,
a 77-question questionnaire that measured depression based
on The Diagnostic and Statistical Manual of Mental Disorders
Volume 5 (DSM 5), patient history and demography and
evaluated the presence and frequency of morbid thoughts.
Morbid thoughts were defined as thinking about death often
and considering harming yourself or others. The depression
was classified according to DSM-5 into four categories as
none (0–6), mild (7–10), moderate (11–19) or severe (20 or
more).
Results: From 5997 participants who finished the 8-week
programme, n = 297 participants reported having a history
of head trauma. That group mean age was 52.1, standard
deviation (SD) was 15.7, minimum was 13, maximum was
90, median was 54 and 89.9% were Caucasian, 3% were black
and 5% were Hispanic. From this group, n = 130 (43.7%)
participants reported having some degree of morbid thoughts
the last 2 weeks before the programme (i.e. having them 1/4 of
the days, 1/2 of the days or almost every day in a period of 2
weeks). Those with a history of head injury and those who
reported morbid thoughts had at baseline a mean depression
of 18.7 (SD 6.3) while those with a history of head injury but
without morbid thoughts had a baseline mean depression of
11.7 (SD 6.7). At the end of the 8-week programme only 55
out of the 130 (who originally had morbid thoughts) contin-
ued with some level of morbid thoughts. At the end of the
programme, the mean group depression of the original group
that had the history of head trauma and morbid thoughts was
11.3 (SD 7.2).
Conclusion: The intervention effectively improves depression
and decreases morbid thoughts in most of the participants.
This model should be studied further and a long-term follow-
up should be performed.

0626 Which patients hospitalized with acute stroke
receive risk modification advice: Findings from a
national audit of acute services

Steven M. McPhaila,b, Jenny Fleminga,c, and Emma Fincha,c

aMetro South Health, Brisbane, Australia; bQueensland
University of Technology, Brisbane, Australia; cThe
University of Queensland, Brisbane, Australia

ABSTRACT
Background: People who have experienced a stroke are at an
elevated risk of another stroke. Evidence-based recommenda-
tions suggest that advice and education about modifiable risk
factors should be provided while patients are still in hospital
following an acute stroke. The Australian National Stroke
Foundation highlighted in their 2015 Acute Services Report

the provision of risk factor advice only in 56% of cases in their
audit. The present analyses examined patient and clinical
factors associated with the provision of risk factor modifica-
tion advice (risk advice) to patients during a hospitalization
for an acute stroke.
Methods: The Australian National Stroke Foundation’s
National Stroke Audit of Acute Services included (n = 4087)
cases from 112 hospitals across all Australian states and ter-
ritories. Clinicians reported whether (or not) patients received
risk factor modification advice before being discharged from
hospital using the Australian Stroke Data Tool. Facilities were
invited to include at least 40 consecutive admitted acute
stroke cases. Re-audits of a subset of cases by a second
clinician and programme data logic checks were used to
ensure the reliability and validity of data, with discrepancies
clarified with each facility prior to analyses. Cases were
excluded from this analysis if the patient had died in hospital
or were not discharged from hospital directly (e.g. patients
transferred to another hospital facility). Multi-level general-
ized linear modelling (Bernoulli family, random intercept, 2-
level model, patients clustered in hospitals) was undertaken to
examine factors associated with whether or not patients
received risk advice with findings presented as odds ratios
(ORs) and 95% confidence intervals (95%CIs). The intra-class
correlation coefficient from the final multi-level model was
used to examine the proportion of variance attributable to
differences between hospitals (rather than between individual
cases).
Results: Patients were less likely to have received advice about
risk factor modification if they were older [OR 0.85 (0.78,
0.93)] per additional decade, female [OR 0.77 (0.61, 0.97)],
presented with a cognitive deficit [OR 0.53 (0.39, 0.71)],
required a language interpreter [OR 0.47 (0.28, 0.77)],
required a carer [OR 0.65 (0.47, 0.89)] or were discharged
on a weekend day [OR 0.60 (0.39, 0.91)]. They were more
likely to have received this advice if they received treatment
on a specialized stroke unit OR 1.98 (1.44, 2.74).
Approximately 39% (95%CI 31%, 48%) of variation was attri-
butable to differences between hospitals (rather than
individuals).
Conclusions: The aforementioned clinical and patient factors
associated with provision of risk modification advice among
people hospitalized with stroke may be used to target
improvements in clinical care models to help patients (and
their families) reduce the risk of further stroke events.

0627 A case study of rehabilitation outcomes post
acquired brain injury in an Indigenous Central
Australian cultural context

Nanthini Kanthan

Alice Springs Hospital, Alice Springs, Australia

ABSTRACT
Background: There is limited research into culturally appro-
priate assessments and rehabilitation services for Indigenous
Australians post brain injury. The health needs of remote
communities and adequate health service provision in
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Central Australia specifically are also challenged due to geo-
graphic, social, economic and cultural contexts.
The purpose of this case study is twofold: 1) to describe
clinical experiences faced in providing culturally and contex-
tually appropriate clinical practice in Central Australia and 2)
to add to a professional evidence base that can contribute to
the development of culturally competent health professionals.
Method: A single case study from a speech-language pathol-
ogy (SLP) rehabilitation approach of a 21-year-old Indigenous
Australian male admitted to a remote primary hospital with
an acquired hypoxic brain injury post attempted suicide.
Results: Initial case history: 1) multiple social stressors leading
up to incident, 2) previously independent in activities of daily
living, 2) participated in a community work programme, 3)
unknown level of literacy and 4) reported to speak Pitjantjara
and some English. Initial cognitive and language assessment
results: 1) daily fluctuating levels of orientation, 2) difficulties
with attention, short-term memory and problem solving, 3)
difficulties in following verbal instructions in both languages
and 4) expressive communication in both languages limited to
keywords, short phrases and some gestures.
Initial challenges: 1) lack of culturally appropriate cognitive
and language assessments, 2) patient’s limited literacy levels;
3) patient’s limited family support due to cultural issues and
geography; and 4) the lack of awareness and understanding of
rehabilitation.
The rehabilitation objective was to facilitate patient participa-
tion and independence in functional activities of daily living
as well as support family for his ongoing care within the
community. Rehabilitation outcomes: 1) For the patient: able
to use visuals (photos, menu board) and concrete objects
(money, key card) to facilitate both culturally appropriate
and practical approaches for functional daily living skills. 2)
For the speech-language pathologist: able to use a person-
centred, practical approach in holistically facilitating therapy.
Discussion: This case study describes multiple challenges in
the provision of culturally appropriate rehabilitation post
brain injury complicated with the challenges of remote health
service provision. Culturally appropriate and safe rehabilita-
tion practices need to be developed with adequate clinical
education and training for speech-language pathologists and
other health professionals. This case study provides an insight
from a speech-language pathologist to help initiate the expan-
sion of our knowledge of effective cultural practice in context.

0628 Emotional intelligence improves in 8 weeks in
participants with history of head injury

Francisco Ramireza, Neil Nedleya, Taylor Ensmingerb, and
Amy Kruegerb

aNedley Clinic, Weimar, TX, USA; bWeimar Institute,
Weimar, TX, USA

ABSTRACT
Objective: The study assesses the improvement of emotional
intelligence (EQ) in participants with a history of significant
head injury after an 8-week community-based educational
depression programme.

Design and Methods: The educational intervention consisted
of weekly meetings. Participants watched a lecture by a mental
health professional followed by small group discussion, and
weekly assignments were given. The participants meet once a
week for 8 weeks for a 2-hour session. Healthy lifestyle prin-
ciples of nutrition, exercise, rest, bright light, sleep and other
lifestyle changes were encouraged. All the facilitators were
previously trained and certified. Organizers were professional
and lay persons. The programmes were organized as a service
to the communities in four continents and each programme
was designed to not profit from the activity. Each programme
was organized independently. The programmes took place in
doctor’s offices, hospitals, libraries, schools, churches and
community centres. No patient–physician relationship was
established. Each participant at baseline and at the end of
the programme completed a 75-question questionnaire, the
Depression and Anxiety Assessment Test, which measured
levels of depression, anxiety, emotional intelligence, history
(such as head injury) and demographics. Participants who
finished the 8-week programme were retrospectively included
in the study. EQ can greatly impact work life and career and
has been linked to better social intercourse and success in life.
The five components of EQ are knowing their emotions,
managing their emotions, recognizing emotions in others,
managing relationships with others and motivating them-
selves to achieve their goals.
Results: From 5997 participants who finished the programme,
297 self-reported that they had suffered a significant head
injury the last 2 years at baseline. The demographics of
these 297 participants consisted of Caucasian n = 267
(89.9%), African American 9 (3%), Hispanic 16 (5%) and
Asian 4 (1%). Average age was 52.1 (standard deviation, SD
15.7). The sample consisted of 28.6% male and 71.4% female.
At baseline, participants had a group average EQ of 95.9
(lower than normal average), SD 14.9, minimum 54, max-
imum 144, median 96 and mode 102. At completion of the 8-
week programme participants had a group average EQ of
104.7 (above normal), SD 15.4, minimum 54, maximum 152,
median 104 and mode 112.
Conclusion: The programme was beneficial to victims of
recent head injury. Patients with a recent history of head
injury had a below average EQ but increased after the 8-
week educational intervention. It would be interesting to see
how the increase of EQ affects important aspects of their lives.
A follow-up study is being planned.

0629 Educational intervention on participants with
head injury improves depression by indirectly
improving frontal lobe

Francisco Ramireza, Neil Nedleya, Jessica Chonb, and Joshua
Sihotangb

aNedley Clinic, Weimar, CA, USA; bWeimar Institute,
Weimar, TX, USA

ABSTRACT
Background: It is our hypothesis that there are 10 groups of
causes that may trigger depression and anxiety. The 10 causes
or hits are (1) Genetic, (2) Developmental, (3) Lifestyle, (4)
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Circadian Rhythm, (5) Addiction, (6) Nutrition, (7) Toxic, (8)
Social/Complicated Grief, (9) Medical Condition and (10)
Frontal Lobe. There seems to be a correlation between nega-
tive behaviours towards the frontal lobe and depression. We
consider a negative hit on the frontal lobe:
Anyone who is on a low carbohydrate diet, high meat diet or
high junk food diet.
Anyone that consciously suppresses frontal lobe activity.
Anyone that does not do regular abstract thinking or acts
against their conscience or known value system.
It is hypothesized that changing key behaviours may poten-
tially affect the frontal lobe and may improve depression.
Methods: An 8-week educational programme was organized
by certified facilitators, which ran 2 hours once a week. In the
first hour, a DVD is watched followed by a facilitated small
group discussion about improving various lifestyle factors.
The Depression and Anxiety Assessments Test (DAAT) was
used at baseline and at the end of the 8 weeks; it measured
depression level based on The Diagnostic and Statistical
Manual of Mental Disorders Volume 5 (DSM 5), demo-
graphics, history of significant hit to the head and included
the questions of behaviour that potentially affect the frontal
lobe. The depression was classified according to DSM-5 into
four categories as none (0–6), mild (7–10), moderate (11–19)
or severe (20 or more).
All participants learn healthy behaviours, and one session was
focused on behaviours that may improve the frontal lobe. The
programme did not establish a doctor–patient relationship.
Programmes were not run for profit. Participants who fin-
ished the 8-week programme and who had a history of sig-
nificant hit to the head were included in the study.
Results: From 5997 participants who finished the 8-week
programme, 203 individuals reported that they had beha-
viours that were negative to the frontal lobe and had a history
of head trauma. This group mean age was 52, standard devia-
tion (SD) 15.7, minimum 13 and maximum 90. These 203
individuals had a group mean baseline depression of 14.7,
SD 7.4.
By the end of the 8 weeks, only 124 (61%) out of the original
203 individuals continued with behaviours that potentially
affected the frontal lobe. Those without a negative behaviour
towards the frontal lobe had an end depression level of 7.1, SD
6.8, while those who continued with negative behaviours
towards the frontal lobe had an end depression of 10.7,
SD 6.2.
Conclusion: Certain behaviours that potentially affect the
frontal lobe translate into higher levels of depression. The
programme seems to be an effective tool to encourage healthy
behaviours.

0630 Hippocampal vulnerability after diffuse
traumatic brain injury: Histological analysis

Diana Marcela González Duque, Melany Ayala Sánchez,
Victor Hugo Moreno, Efraín Buriticá Ramírez, and Martha
Isabel Escobar Betancourt

Universidad Del Valle, Santiago De Cali, Colombia

ABSTRACT
Introduction: Traumatic brain injury (TBI) is a public health
problem due to the high morbidity and mortality in young
and adult people, caused by traffic accidents and falls, which
involves mechanical forces generating focal or diffuse brain
injury in different degrees. The highest incidence corresponds
to moderate trauma which does not imply death but cognitive
and behavioural changes. The most susceptible region is the
hippocampal formation, structure located deep in the tem-
poral lobe and whose connectivity with other limbic struc-
tures and cortical areas is involved in processes such as
learning, memory, spatial location, face recognition and atten-
tion. It is considered that post-trauma amnesia whose dura-
tion is variable is the result of stretching and axonal oedema
which in severe cases can lead to deafferentation.
Objective: The aim of this work was to identify changes
expression of specific cell, neurogenesis and neurodegenera-
tion markers in the hippocampus of Wistar rat after TBI.
Materials and Methods: Adult Wistar rats (300–360 gr) were
subjected to TBI by Marmarou’s weight-drop model (Impact
acceleration model) and survival periods of 24 (n = 6), 48 (n =
6) and 72 (n = 6) hours were compared with their respective
controls (n = 30). Fixed frozen brains were sectioned coron-
ally at 30 micrometres using a cryostat. The sections collected
from hippocampus were used for multi-histological analysis
such as immunohistochemistry and immunofluorescence
reaction with antibodies against NeuN, PV, GFAP and Beta-
III Tubulin. Fluoro Jade C stain was also used. Sections were
observed under a confocal laser scanning and light micro-
scope. In the murine model of diffuse TBI free-fall weight of
moderate intensity performed at the Centro de Estudios
Cerebrales, and using immunohistochemical procedures, we
analysed the cellular behaviour in the lesion tissue.
Results: Temporary changes were observed in the immunor-
eactivity to NeuN; at 48 and 72 hours a redistribution of
NeuN without nuclear Immunoreactivity and fragmented
appearance was found. We also observed an increase in
GFAP-positive cells in the hippocampus, which showed larger
bodies with thick and tortuous processes from 24 hours. B-III
Tubulin expression predominated in the hippocampus with a
peak at 48 hours. It is important to note that PV+ neurons
were found to be significantly decreased compared to control.
Fluoro Jade positive neurons were observed in dentate gyrus
at the first 24 hours. These results showed an early response of
both neurons and glia to the diffuse brain trauma. The hip-
pocampus showed major expression of cell death and neuro-
genesis markers, which will indicate its susceptibility, last
aspect associated with memory disturbances and epilepsy.
Understanding the pathophysiological mechanisms in sub-
acute period of trauma may allow to elucidate the processes
that regulate cell survival and may help to find therapeutic
approaches.

0631 Gender differences in neurobehavioural
functioning in chronic TBI

Denise Krch and Lea Frank
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Kessler Foundation, East Hanover, NJ, USA

ABSTRACT
Objectives: The majority of survivors of moderate-to-severe
traumatic brain injury (TBI) suffer chronic cognitive, beha-
vioural and emotional problems. Challenging behaviours,
change in personality and lack of awareness can be the most
disabling sequelae, negatively impacting socialization, employ-
ment and quality of life. Behavioural manifestations may vary
by gender and differentially affect functional outcomes. Thus,
in order to understand risk factors for outcomes after TBI, it
is critical to identify and discriminate differences in gender-
specific neurobehavioural dysfunctions.
Methods: Participants included 39 males and 12 females with
moderate-to-severe chronic (8.67 ± 7.42 years since injury) TBI.
Average age was 41.80 (±12.80) years, and average education was
14.47 (±1.9). Primary measures included the Neurobehavioral
Functioning Inventory (NFI), Beck Depression Inventory (BDI),
Fatigue Severity Scale (FSS) and the Everyday Memory
Questionnaire (EMQ). 2 × 2 (gender: male, female; rater: patients,
family) repeated-measures ANOVAs were performed for each of
the six NFI scales (depression, somatic, memory/attention, com-
munication, aggression, motor). Pearson correlations were con-
ducted to examine the relationships between NFI scales and the
BDI, FSS and EMQ.
Results: Mean t-scores for the NFI scales for patients and
family members fell entirely within the average range for
both genders. However, within the range of scores reported,
15%-26% of male patients and 3–24% of their family reported
clinically significant problems, whereas 17–50% of female
patients and 10–40% of their family reported clinically sig-
nificant problems. For males, there was general agreement
between patients and family regarding the most frequently
reported problems. In contrast, female patients’ report of
most common problems was discordant from that of their
family. Paired samples t-tests revealed no statistically signifi-
cant differences between male patients and their family’s
scores on any of the scales. For females, a significant
patient/family score differences emerged just on the aggres-
sion scale, t(9) = 3.63, p = .006; this difference score was
found to be moderately correlated with fatigue (r=.37) and
quality of life (-.31), and strongly correlated with depression
(r=.58) and everyday memory (r=.57).
Conclusions: The results demonstrate preliminary support for
distinct patterns of neurobehavioural symptoms in males ver-
sus females with chronic TBI. Clinically significant problems
were reported in all domains of the NFI for both males and
females. However, the order of importance of the problems
differed by gender and, within gender, the rate of patient/
family agreement differed by domain. These discrepancies did
not result in statistically significant findings, except for
females, where patient/family discrepancies in evaluation of
aggression behaviours were related to psychosocial function-
ing and memory functioning awareness. Although general-
ization of these the study findings is limited by the small
number of females in this sample, results offer initial support
for gender differences in TBI outcomes.

0633 An investigation of lipid-lowering medication
prescription among ischaemic stroke survivors at
discharge from hospital: Findings from a national
audit of acute services

Steven M. McPhaila,b, Jenny Fleminga,c, and Emma Fincha,c

aMetro South Health, Brisbane, Australia; bQueensland
University of Technology, Brisbane, Australia; cThe
University of Queensland, Brisbane, Australia

ABSTRACT
Background: Ischaemic stroke survivors are at an elevated risk
of experiencing another stroke. A report from the Australian
National Stroke Foundation highlighted that only 64% of
ischaemic stroke survivors in their acute stroke national
audit were receiving appropriate secondary prevention medi-
cations on discharge from hospital. This study aimed to
identify patient and clinical factors associated with ischaemic
stroke survivors being discharged on lipid-lowering medica-
tions (when not contraindicated or futile).
Methods: The Australian National Stroke Foundation’s
National Stroke Audit of Acute Services included (n = 3121)
patients with an ischaemic stroke from 112 hospitals across all
states and territories of Australia. Clinicians reported whether
(or not) patients were receiving lipid-lowering medications at
hospital discharge, using the Australian Stroke Data Tool for
consecutive acute stroke cases admitted to their facility.
Reliability of the data was enhanced by re-audits of a sub-
sample of cases by a second clinician at each facility and
programme data logic checks. Discrepancies were clarified
with each facility. Cases were excluded from this analysis if
they did not have an ischaemic stroke, deceased in hospital,
secondary prevention was considered futile (e.g. palliative), or
the patient was transferred to another hospital facility.
Clinicians from each facility also reported whether lipid-low-
ering medications were contraindicated for each case (and if
so, those patients were excluded from analyses). Multi-level
generalized linear modelling (Bernoulli family, random inter-
cept, 2-level model, patients clustered in hospitals) was used
to address the study aim with findings presented as odds
ratios (OR) and 95% confidence intervals (95%CIs). The
intra-class correlation coefficient from the final multi-level
model was used to examine the proportion of variance attri-
butable to differences between hospitals (rather than between
individual cases).
Results: Patients were less likely to be taking lipid-lowering
medication when discharged from hospital if they were dis-
charged on a weekend OR 0.46 (0.28, 0.76), had a cognitive
deficit OR 0.57 (0.40, 0.87), female OR 0.79 (0.58, 1.08), or
had experienced a fever during their admission OR 0.52 (0.26,
1.01). Patients were more likely to be discharged on lipid-
lowering medications if they received treatment on a specia-
lized stroke unit OR 1.37 (0.92, 2.01), and if they had been
prescribed lipid-lowering medications prior to their current
admission OR 9.36, (5.92, 14.82). Approximately 18% (95%CI
10%, 29%) of variation was attributable to differences between
hospitals (rather than individual cases).
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Conclusions: Correlates identified during this investigation
may assist those seeking to improve rates of prescription of
lipid-lowering medications during acute hospital admissions
for ischaemic stroke survivors. Ensuring ischaemic stroke
survivors receive treatment on a specialized stroke unit, and
targeting patients who may be at risk of not receiving appro-
priate preventative medications may yield benefits to patients
but require health-service-level interventions.

0635 Variation in whether anti-thrombotic
medications were prescribed for acute ischaemic
stroke survivors: Findings from a national audit of
acute services

Steven M. McPhaila,b, Emma Fincha,c, and Jenny Fleminga,c

aMetro South Health, Brisbane, Australia; bQueensland
University of Technology, Brisbane, Australia; cThe
University of Queensland, Brisbane, Australia

ABSTRACT
Background: Ischaemic stroke survivors may be at an elevated
risk of experiencing another stroke. A recent report from the
Australian National Stroke Foundation highlighted that only
64% of ischaemic stroke survivors in their national stroke
audit of acute services were receiving appropriate secondary
prevention medications at discharge from hospital. This ana-
lysis examined patient and clinical factors associated with
whether or not patients being discharged from hospital fol-
lowing an ischaemic stroke had been prescribed anti-throm-
botic medication.
Methods: The Australian National Stroke Foundation’s
National Stroke Audit of Acute Services included 112 hospi-
tals across all states and territories of Australia and comprised
(n = 3121) unique patients with an ischaemic stroke. The
Australian Stroke Data Tool was completed for consecutive
acute stroke cases admitted at each participating facility. This
included recording whether each patient had been prescribed
anti-thrombotic medication prior to being discharged from
hospital. A sub-sample of cases was re-audited by a second
clinician at each facility to enhance data reliability, and pro-
gramme data logic checks were undertaken using statistical
software. This investigation only included patients with
ischaemic stroke; patients were excluded from analyses if
anti-thrombotic medication was considered futile (e.g. dire
prognosis) or contraindicated, as were those who died in
hospital, and those who were transferred to another hospital
facility. Multi-level generalized linear modelling (Bernoulli
family, random intercept, 2-level model, patients clustered in
hospitals) was used to examine patient and clinical factors
associated with prescription of anti-thrombotic medications.
Findings were presented as odds ratios (ORs) and 95% con-
fidence intervals (95%CIs). The intra-class correlation coeffi-
cient from the final multi-level model was used to describe the
proportion of variance attributable to differences between
hospitals (rather than between individual cases).
Results: Patients who had received care in a specialized stroke
unit were more likely to have been prescribed anti-thrombotic
medication OR 1.86 (0.98, 3.56) as were patients taking anti-
thrombotic medication prior to their acute stroke 2.35 (2.35,

4.43). Patients identified as having a cognitive impairment OR
0.16 (0.08, 0.30), and patients who experienced a fever during
their hospitalization OR 0.29 (0.12, 0.71) were less likely to
have been prescribed anti-thrombotic medication. The pro-
portion of variation attributable to differences between hospi-
tals (rather than individual cases) was approximately 11%
(95%CI 1%, 43%).
Conclusion: Prescription of anti-thrombotic medications
(where indicated) for people who have experienced an ischae-
mic stoke is an important secondary prevention activity that
can be initiated in the hospital setting, but unnecessary varia-
tion away from best practice guidelines may contribute to risk
of further stroke. Understanding patient and clinical factors
associated with prescription of anti-thrombotic medications
may be useful for developing targeted practice-change inter-
ventions to improve adherence with evidence-based clinical
practice guidelines in the field.

0637 Effects of concussion history on driving
behaviours

Kathryn O’Connor, Brittany Ross, Deepak Kishor Sharma,
Tanu Bhargava, Jennifer Zakrajsek, Anuj Pradhan, and
Steven P. Broglio

University of Michigan, Ann Arbor, MI, USA

ABSTRACT
Background: Research has found deficits in gait, reaction time
and processing speed years to decades after experiencing a
concussion. However, it is unclear whether these deficits
translate to activities of daily living. The purpose of the
current study was to examine whether a concussion history
increases poor driving behaviours and increases risk for driv-
ing violations and/or accidents.
Methods: Young adults (age 18–29) were recruited and classi-
fied into concussed and non-concussed groups based on self-
report. Previously concussed participants were required to
have a diagnosed sport-related concussion a minimum of 2
years prior. Non-concussed subjects had no history of con-
cussion. All subjects completed questionnaires on their health,
athletic, concussion and driving history prior to starting a
driving simulation. The driving simulation contained an accli-
mation drive, a drive without a cognitive task, and a drive
with a cognitive task (i.e. texting, phone call, directions). The
non-cognitive demanding and cognitive demanding drives
were randomized across subjects. Research staff administering
the driving simulation were blinded to the concussion status
of the subject.
Results: Subjects (N = 53) participated in the study, 49% (n =
26) were female, averaging 22 (standard deviation, SD = 3.3)
years old. Concussed subjects (n = 26) were on average 4.6
(SD = 3.3) years removed from their most recent diagnosed
concussion. There was no effect of concussion history on the
Manchester Driving Behaviour Questionnaire. There was no
effect of concussion on likelihood for any car accident, at-fault
accident or moving violation. However, there was a greater
likelihood for at-fault car accidents among females who were
concussed relative to females who were not concussed (OR
= 17.4).
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Conclusions: Concussion history alone did not appear to be
associated with increased car accident or moving violations.
Sex appears to modulate this relationship with concussed
females having greater risk for an at-fault car accident.
Future research should prospectively track driving records
post-concussion to determine whether concussion increases
risky driving behaviour.

0638 Outcome of children after traumatic brain
injury—first results of the creactkids study (on behalf
of the creactive consortium)

Isaac Lazara,b, Or Abraham Dueka,b, Vera Knyazera,b, Eitan
Neemana,b, Sharon Naparsteka,c, Andrea Bergera,c, Moshe
Lachisha,d, Aviv Goldbartb,e, Asher Talb,e, Giulia Pacif, Greta
Carraraf, and Guido Bertolinif

aPediatric Intensive Care Unit, Soroka University Medical
Center, Beer Sheva, Israel; bThe Faculty of Health Sciences,
Ben Gurion University of the Negev, Beer Sheva, Israel;
cDepartment of Psychology, Ben Gurion University of the
Negev, Beee Sheva, Israel; dDepartment of Psychiatry,
Soroka University Medical center, Beer Sheva, Israel;
ePediatric Pulmonology and Sleep Medicine, Soroka
University Medical Center, Beer Sheva, Israel; fLaboratory of
Clinical Epidemiology, IRCCS- Mario Negri Institute, Ranica,
Italy

ABSTRACT
CREACTIVE multinational project follows patients with
moderate-to-severe traumatic brain injury (TBI), as part of
the global InTBIR initiative. Patients outcome are measured
in terms of injury-related disability and quality of life at 6
months post-injury. CREACTKids is the paediatric sub-study
which is led by a team from Ben Gurion University of the
Negev in Israel. The Pediatric Intensive care unit (PICU) at
Soroka University Medical Center is the first to fully imple-
ment the study tools and we present our methodology and the
centre’s results.
Materials and Methods: Common Data Elements endorsed by
InTBIR are collected, along with items required to develop a
sensitive prognostic model. Clinical data is collected via com-
puterized software built and maintained by the CREACTIVE
study centre situated in the Department of Clinical
Epidemiology of Mario Negri institute, Ranica, Italy.
Patients outcome are followed-up with separate Toolbox
built for CREACTKids study. The toolbox assesses impair-
ment and disability in sleep, behavioural, emotional and neu-
rocognitive dimensions and is distributed via the
computerized software using both questionnaires and compu-
ter-based neurocognitive tasks on designated touch screen.
We present the first CREACTKids results from our PICU:
Two-year descriptive results, Toolbox assessment pilot study
and TBI patients’ outcome assessment.
Results: Descriptive data—1280 patients were admitted to our
PICU during 2014–2015, 105 (8.2%) due to TBI. Mean age
was 5.1 years, 68% were male. 95% came from the emergency
room; 94% came from our hospital. Co-morbidity from other
diseases was rare. Most head injuries were closed (84%) from
low energy falls or traffic accidents; 58% of cases had focal

injury, half of them with subarachnoid haemorrhage. 7.5%
had diffuse injury. Overall ICU mortality was 2.8% and aver-
age length of PICU stay was 2.5 days [median 1 day (1–23)].
Toolbox pilot study—the aim was to assess the feasibility of
our toolbox to be submitted and complete follow-up in
diverse PICU patients. 52 PICU patients were approached
and 49 consented to participate. 36 (73%) completed phone
call follow-up and 18 arrived to the face-to-face meeting. We
concluded that our Tool-Box is a practical and easy-to-dis-
tribute tool. CTRACTKids 6-month follow-up outcome pre-
liminary results—Recruitment rate was 50% of TBI parents
consenting to participate in the study; of them 86% completed
the follow-up procedure. Half of the patients who completed
the procedure presented symptoms of post-traumatic stress
disorder (PTSD) in mild-to-severe manifestation. More than
60% of the patients presented sleep disorder that were not
present before the injury. All but three patients completed the
computer tasks. All patients passed a short physical examina-
tion, physical disability was rare.
Conclusions: We present the first paediatric results of our
CREACTKids study which brings important information on
post-TBI outcome in children.

0639 A new comprehensive toolbox for assessment
of children’s outcome after paediatric ICU admission
due to traumatic brain injury (on behalf of the
creactive consortium)

Or Abraham Dueka,b, Vera Knyazera,b, Eitan Neemana,b,
Sharon Naparstekc, Andrea Bergerc, Moshe Lachishb,d, Asher
Talb,e, Aviv Goldbartb,e, Giulia Pacif, Guido Bertolinif, and
Isaac Lazara,b

aPediatric Intensive Care Unit, Soroka University Medical
Center, Beer Sheva, Israel; bFaculty of Health Sciences, Ben
Gurion University of the Negev, Beer Sheva, Israel;
cDepartment of Psychology, Ben Gurion University of the
Negev, Beer Sheva, Israel; dDepartment of Psychiatry, Soroka
University Medical Center, Beer Sheva, Israel; ePediatric
Pulmonology and Sleep Medicine, Soroka University
Medical Center, Beer Sheva, Israel; fLaboratory of Clinical
Epidemiology, IRCCS- Mario Negri Institute, Ranica, Italy

ABSTRACT
Introduction: Traumatic Brain Injury (TBI) necessitating
admission to paediatric Intensive care unit (PICU) is a dra-
matic experience both from physical and emotional perspec-
tives. CREACTKids is the paediatric sub-study of the
CREACTIVE consortium, investigating TBI as part of
InTBIR initiative. We aim to study how TBI affects children
well-being and long-term outcome. Expert group (develop-
mental psychologists, paediatric sleep, psychiatric trauma,
neurosurgeons, rehabilitation, epidemiologists) led by PICU
specialists developed a comprehensive toolbox assessing
impairment and disability in these children.
Methods: Patients are assessed at three time points—Time-0:
On admission, parents describe their child’s pre-injury sleep,
emotional and behavioural characteristic using structured
questionnaires; phone-call interview 5 months post-injury—
assessing use of rehabilitation, child’s outcome and quality of
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life; Time-1: face-to-face meeting 6 months post-injury, par-
ents fill in the same questionnaires as in T0 and also, children
are tested with computerized, age-specific, tasks aimed to
detect impairments in inhibition, working memory, numerical
cognition and attention. The child undergoes a short physical
examination.
Questionnaires: All tools are age-specific as is the standard in
paediatric research. Temperament: (36/37 items each) IBQ
(ages 3–14 months), ECBQ (ages 14 months to 3 years) and
CBQ (3–7 years). Sleep: BISQ (ages 0–3 years), CSHQ (3–12
years) and ‘school sleep habit survey’ (13–18 years). Other:
SDQ (2–18 years) behavioural, emotional and social problems
and their effect on the family. PTSD-RI symptoms of PTSD.
PedsQL—measures physical, emotional, social and school
functioning and quality of life. GOS-E Peds. provide an age-
appropriate measurement of outcome post-TBI.
Neurocognitive tasks: Go/NoGo—assesses inhibition. N-Back
—working memory assessment. Corsi—assesses visual (spa-
tial) working memory. Dot Comparison—assess the sensitiv-
ity of patients’ numerical perception. ANT—providing
separate measures for the three different attention networks:
Orienting, Alerting and conflict resolution.
Platform: All the assessment tools are computerized and based
in a central server (Mario Negri Institute, Milan, Italy).
Participating centres access the tools in a secured online
connection. Computerized tasks are performed with a dedi-
cated touch-screen monitor (Lilliput UM 1010T) in order to
create standardization and an intuitive approach to the tasks
among participants. Data is saved (anonymously) and ana-
lysed on a centralized server. The Toolbox is currently trans-
lated to all participants’ native languages (English, Italian,
Arabic and Hebrew) and easily can be further translated to
others using our online web translator.
Conclusion: The CREACTKids toolbox is a novel comprehen-
sive toolbox that uses age-specific, state-of-the-art measures to
assess sleep, neurocognitive, behavioural, physical and emo-
tional dimensions after TBI. It is distributed using secured
internet connection and is centrally analysed. The toolbox
achieves high compliance rates among patients, with each
session taking less than 1 hour to complete.

0642 Assessing the clinical usefulness of three
tablet-based visuomotor tasks to evaluate closed
head injury (CHI)

Jasmine Livermore, Liana Brown, and Hugo Lehmann

Trent University, Peterborough, ON, Canada

ABSTRACT
Introduction: Closed head injury (CHI) varies in severity, and
although severe cases have obvious and devastating effects on
behaviour, milder cases can also have unexpectedly disruptive
and long-lasting consequences. Research suggests that visuo-
motor deficits are amongst the last symptoms to resolve,
taking longer than other cognitive processes such as memory.
Objectives: Given the sensitivity and possible importance of
visuomotor processing as an index of recovery from CHI, the
current study aimed to assess and validate the clinical

usefulness of three tablet-based tasks that assess visuomotor
function.
Methods: Specifically, three common laboratory tasks measur-
ing different aspects of visuomotor control and sensitive to
brain damage were formatted for a portable tablet. Stop-Signal
is a test designed to measure how well people can inhibit an
already-signalled movement (Logan et al., 2014). Interception
is a test that measures how well people can perceive velocity
and acceleration of a moving target to accurately intercept
that target (e.g. Brown et al., 2007). The Double-Step task
measures movement updating in response to the changing
position of a reaching target (Prablanc et al., 1986).
Participants: Participants included a group of individuals who
had suffered a closed head injury within the past 3 years (CHI:
n = 30), a group of individuals who had suffered an ortho-
paedic injury within the past 3 years (IC: n = 30), and a group
of age-matched healthy controls (HC: n = 30).
Results: It was predicted that the CHI group would perform
worse on all three tablet-based tasks compared to the IC and
HC groups and that performance would correlate with time
since injury. All participants completed the three tablet-based
tasks along with a battery of neuropsychological tests asses-
sing visual and verbal memory and estimating verbal and
performance IQ. The results suggest that the CHI group
demonstrated a pattern of decreased performance on the
Stop-Signal and Double-Step tasks compared to the two con-
trol groups but not on the Interception task. Conclusion:
Specifically, participants with a CHI were less likely to accu-
rately inhibit a movement as SOA increased and were less able
to update movements when target position changed. A posi-
tive relationship was also found between performance on the
Stop-Signal task and time since injury, however, testing is
continuing. With visuomotor processing taking longer to
restore following CHI than other cognitive functions, having
tablet-based visuomotor tasks that are sensitive to mild brain
injuries would be beneficial in assessing recovery.

0643 Work-related traumatic brain injury due to
assault: What is the impact on return to work?
Analysis of workers’ compensation claims in Victoria,
Australia

Reema Shafia,b, Angela Colantonioa,b, and Peter Smitha,c,d

aRehabilitation Sciences Institute, University of Toronto,
Toronto, ON, Canada; bToronto Rehabilitation Institute,
University Health Network, Toronto, ON, Canada; cInstitute
of Work and Health, Toronto, ON, Canada; dDepartment of
Epidemiology and Preventive Medicine, Monash University,
Melbourne, Australia

ABSTRACT
Background: Workplace violence is not only an occupational
health and safety hazard but its consequences also carry a
substantial economic loss burden (i.e. worker absenteeism,
low productivity, increased care costs). As per the Canadian
literature, up to 10% of all TBI admissions are a result of
physical assault. There is evidence to suggest that individuals
who have sustained physical assault score significantly lower
on scales measuring reintegration into normal life.
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Objective: The aim of this study was to explore the contribu-
tion of intentional TBI (assault) versus non-intentional TBI
on the outcomes related specifically to days off work while
controlling for potential confounding factors such as age, sex,
employment status and injury severity.
Methods: The dataset (n = 3173) utilized for this study is
based on claims made to WorkSafe Victoria (Australia) from
2004 to 2012; a 9-year timeframe. Descriptive statistics were
computed by generating frequency distributions for categori-
cal variables. Chi-square test was used to examine the signifi-
cance of association between and vocational variables of
interest.
Results: Amongst all the workers who sustained wrTBI (n =
3173), assault contributed to 9% as a mechanism. The dis-
tribution of sex in the sample population was balanced, i.e.
there were 59% males and 42% females. The majority (70%) of
the sample was aged 25–54 years; nearing approximately 20%
for each of the three decades. A multivariate logistic regres-
sion analysis was performed to predict whether time off work
was required (yes/no) for workers who had sustained wrTBI
as a result of assault versus those who did not. Additional
covariates included in the model were hospitalization (hospi-
talized versus not hospitalized as a measure of severity), sex,
age (grouped by decades) and employment status (full-time,
part-time and others). Workers who sustained their injury as
the result of an assault were more likely to have days off work
(OR = 1.694, 95% confidence interval 1.23, 2.32) compared to
those who did not.
Conclusion: The results have policy-related implications for
workplace safety and prevention of workplace violence. Work
injuries due to assaults are associated with a greater likelihood
of time off away from work, independent of injury severity (as
measured by hospitalization). Future work should explore
other reasons that may explain this observation examining
workplace and individual level factors.

0644 Supporting factors for follow-up care in TBI
patients post-inpatient discharge

Tamara Bushnik, Michelle Smith, and Coralynn Long

Rusk Rehabilitation, NYU School of Medicine, New York,
NY, USA

ABSTRACT
Background: Outpatient rehabilitation provides an important
piece of the continuum of care for traumatic brain injury
(TBI) patient recovery soon after discharge from inpatient
rehabilitation. Studies indicate that the initial period (6
months to 1 year) following discharge is critical to successful
adjustment to community life with a TBI for patients and
their caregivers.
Objective: The purpose of this study is to investigate post-
inpatient discharge awareness of, attitude towards, and atten-
dance in outpatient rehabilitation at 1-year post-injury.
Methods: n = 86 participants diagnosed with moderate-to-
severe TBI enrolled in the Traumatic Brain Injury Model
System (TBIMS) who received inpatient rehabilitation services
in a New York City public hospital completed a post-dis-
charge care interview; however only those who did not live

in a sub-acute hospital or nursing home post-injury were
included in primary analyses (n = 56). These patients were
compared based on whether they returned for a follow-up
appointment or not. Utilized data collected through TBI
Model Systems (TBIMS) Form I (pre-injury, medical record
abstraction) and II (year 1 follow-up) interviews and addi-
tional post-discharge care interview at the first-year post-
injury follow-up. The post-discharge care interview was
designed to assess reasons why patients return or fail to return
to their rehabilitation hospital within 1 year of their injury,
the services they receive, and level of social support/care they
have at home.
Results: Results showed that patients who failed to return for
outpatient appointments were significantly younger and
reported greater anxiety and depression during their first
year follow-up interview. The primary reasons reported for
failing to return included the patient reporting they did not
need to (22.7%), patient moved/relocated (18.2%), patient
went to another facility instead (13.6%), or the patient experi-
enced additional medical complications (9.1%). Other reasons
included insurance/financial issues, cost of transportation, or
that they forgot they had an appointment. Furthermore,
results showed that patients who were given an appointment
at discharge were more likely to return, χ2 = 9.8, p > .01.
Conclusions: These results support previous research demon-
strating that the initial transition phase from hospital to home
is associated with worse emotional well-being (i.e. depression,
anxiety, etc.), and suggest that worse emotional states are
associated with a reduced likelihood to participate in out-
patient services. Implications for clinical care include ensuring
that discharge planning discussions address common issues
TBI patients experience in the initial transition phase.
Discussion topics can include emotional changes resulting
from the injury itself, expectations of progress during this
transition time, and the importance of continued therapy.
Additionally, these findings show that appointment-making
at the time of discharge contributes to the likelihood of
attendance in outpatient rehabilitation. This further supports
the case for discharge planning discussions to review the
importance of and to set up appointments for continued
therapy.

0645 Smartraining: A novel approach for teaching
clinicians, family members and caregivers to conduct
neurobehavioural assessments

Laurie Lyonsa, Trudy Mallinsona, Theresa Papeb,c, Ann
Guernond,b, Linda Cottona, Jennifer Weavera, and Elyse
Walshb

aGeorge Washington University, Washington, DC, USA;
bEdward Hines VA Hospital, Hines, USA; cNorthwestern
University Feinberg School of Medicine, Chicago, IL, USA;
dMarianjoy Rehabilitation Hospital, Wheaton, IL, USA

ABSTRACT
Background: Assessment of neurobehavioural function is
important for developing targeted, person-centred, rehabilita-
tion plans for individuals with severe traumatic brain injury.
Accurate, reliable assessment of neurobehavioural function
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(NBF) is a critical component of conducting clinical trials in
this vulnerable population. NBF assessment is usually the
purview of licensed professionals. But we hypothesize that
caregivers can also be effectively trained to conduct NBF
assessments of family members with disordered conscious-
ness. By engaging learners interactively at their own pace,
online training provides a model for creating consistent learn-
ing experiences and ensuring minimal levels of competency in
score.
Objectives: Online training is gaining popularity, yet little is
known about its effectiveness for teaching skills such as NBF
assessment relative to traditional approaches. We are not
aware of any literature that has examined teaching caregivers
to evaluate NBF. In this presentation, we describe the theory
and design principles for this approach to teaching clinicians,
family members and caregivers to conduct neurobehavioural
assessment of individuals with severe traumatic brain
injury (TBI).
Method: This novel strategy, called SMARTraining (ST) is an
online, individualized training that engages learners in inter-
active instruction with immediate specific feedback on their
performance. This interactive training includes animated
slides with narration, video and audio cases with personalized
feedback, and access to resources. Learners practising scoring
skills throughout the training and progress through the train-
ing at their own pace. ST is housed in a Learning
Management System (LMS) that monitors learners’ progress
through the training, time on pages, attempts on test ques-
tions, and number of logins. Merriam & Caffarella (1999)
identified seven principles that contribute to successful learn-
ing for adults. These include: learning as a process, variable
rates and styles of learning, readiness to learn, life experiences,
application, knowledge of progress, and repetition. In this
presentation we describe how these principles can be applied
to teaching NBF assessment to both clinicians and family
members. For example, using the principle of variable rates
of styles and learning, training is designed to be self-paced,
and enables learners to review material multiple times and to
present the information in several formats. SMARTraining
enacts this principle by giving learners the ability to access
the material at any time, repeat modules, and providing spo-
ken, video and written versions of the information. Finally, we
describe our framework for evaluating the effectiveness of the
training based on Kirkpatrick’s Four-Level Training
Evaluation Model. This model proposes four levels to evalu-
ating training effectiveness, of which we will evaluate four:
reaction, knowledge, behaviour change and health outcomes.
Conclusion: If this approach proves successful, this model
could dramatically change the role of assessment as a way of
communicating between caregivers and clinicians. It could
also provide greater flexibility, and significantly reduce bur-
den and costs in clinical trials.

0647 Children with traumatic brain injury have a
right to specific care in The Netherlands
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Koningb,d, and Lily Heijnenb

aKlimmendaal Rehabilitation, Arnhem, Netherlands; bHEJ,
Netherlands; cLibra Rehabilitation, Eindhoven, Netherlands;
dHeliomare Rehabilitation Center, Wijk aan zee, Netherlands

ABSTRACT
In the Netherlands 15.000 children between 0 and 24 years are
treated with traumatic brain injury (TBI) in Dutch hospitals
each year (de Kloet et al., 2013). In mild TBI 10–20% of these
children experience no long-term consequences (Eastvold
2013; Yeates et al., 2009). The other 10–20% does not always
find the pathway to the right care. Moderate-to-severe TBI
leads in general to moderate-to-severe decline in physical
functioning, neurocognitive functioning and communication
and speech (Anderson et al., 2001; Babikian, 2009). After a
year children with moderate-to-severe TBI also have a higher
risk to develop emotional, behavioural, social problems and
psychiatric disorders. In adolescence all groups of TBI with
long-term consequences have a risk to develop behavioural
problems, substance abuse, mood disorders and other psy-
chiatric disorders (LaxPericall et al., 2014; McKinlay et al.,
2009; Rosema et al., 2012).
The chain of care in children with TBI is very important
because problems are often not immediately recognized as
TBI and also arising on the long term. Every professional in
healthcare, education and mental care needs to know how to
identify the (late) consequences of TBI, the visible as well as
the invisible ones. This is necessary to assure that every child
has the opportunity to the right care in all regions of the
country.
In the Netherlands we have a good quality of care, but there
are still a lot of differences in which care a child receives,
among others depending on the region where the child lives
in the country. The consequences of TBI are several and
influence all domains of the ICF-CY.
On behalf of the Dutch brain foundation, the Dutch paedia-
tric brain injury network [in which medical specialists, psy-
chologists, teachers and (social) workers in long-term care are
gathered], patient associations and adolescents with TBI and
parents of TBI patients made a standard of care for children
and youth with TBI in the Netherlands (Gijzen, R., Zadocks,
J., 2016).
This standard describes the signalling of (the assumption of)
TBI and aspects of diagnostics, prognostics, therapy and guid-
ing in the acute phase, recovering phase and chronic phase. It
further describes how the organization of care should be in a
realistic way. Finally the standard describes the agenda to
realize this and unroll the standard care in the whole country.
4 regions in the Netherlands now got a small grand to realize
a part of this care and describe it for other regions so that it
can be easily implemented there.

0648 Apolipoprotein E epsilon 4 (ApoE-ε4) genotype
is associated with decreased six-month verbal
memory performance after mild traumatic brain
injury: A TRACK-TBI pilot study

John Yuea, Caitlin Robinsona, John Burkea, Ethan Winklera,
Adam Fergusona, Thomas McAllisterb, Jonathan Rosandc,
Hansen Denga, Esteban Burchardd, Hester Lingsmae, Marco
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Sorania, Sourabh Sharmaf, Jessica Nielsona, Gabriela Satrisa,
Phiroz Taraporea, Frederick Korleyg, Kevin Wangh, Esther
Yuhi, Pratik Mukherjeei, Ramon Diaz-Arrastiaj, Alex
Valadkak, David Okonkwol, and Geoffrey Manleya

aNeurological Surgery, University of California, San
Francisco, San Francisco, CA, USA; bPsychiatry, Indiana
University School of Medicine, Indianapolis, IN, USA;
cNeurology, Harvard Medical School, Boston, MA, USA;
dBioengineering and Therapeutic Sciences, University of
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Health, Erasmus Medical Center, Rotterdam, The
Netherlands; fStritch School of Medicine at Loyola
University, Maywood, USA; gEmergency Medicine,
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ABSTRACT
Background: Mild traumatic brain injury (mTBI) is a major
cause of cognitive impairment, which may be modulated in
part by genetic susceptibility. The apolipoprotein E (ApoE)
gene encodes a lipoprotein with three common isoforms (ε2,
ε3, ε4); presence of the ε4 allele associates with memory
impairment in neurodegenerative diseases. However, its asso-
ciation with memory function after MTBI remains unclear.
Methods: MTBI patients [Glasgow Coma Scale (GCS) score
13–15, no acute neurosurgical intervention, extracranial
Abbreviated Injury Scale (AIS) score ≤ 1] aged ≥18-years with
ApoE genotyping results were extracted from the Transforming
Research and Clinical Knowledge in Traumatic Brain Injury
Pilot (TRACK-TBI Pilot) study. Cohorts were determined by
ApoE-ε4(+) vs. ApoE-ε4(-), and assessed for associations with 6-
month verbal memory, measured by five subscales of the
California Verbal Learning Test, Second Edition (CVLT-II):
Immediate Recall Trials 1–5 (IRT), Short-Delay Free Recall
(SDFR), Short-Delay Cued Recall (SDCR), Long-Delay Free
Recall (LDFR) and Long-Delay Cued Recall (LDCR).
Multivariable regression controlled for age, years of education,
sex, race, prior medical history (PMH) of seizures, loss of con-
sciousness, post-traumatic amnesia, and acute intracranial
pathology on head computed tomography (CT) scan. Mean
differences (B) with 95% confidence intervals (CIs) are reported.
Statistical significance was assessed at p < 0.05.
Results: Multivariable analysis demonstrated in 114 mTBI
patients [ApoE-ε4(-)=79, ApoE-ε4(+)=35] that ApoE-ε4(+)
was associated with long-delay verbal memory deficits
[LDFR: B= −1.17 points, 95% CI (-2.33, −0.01), p = 0.049;
LDCR: B= −1.58 (-2.63, −0.52), p = 0.004], and a marginal
decrease on SDCR [B= −1.02 (-2.05, 0.00), p = 0.050]. ApoE-
ε4 did not associate with IRT or SDFR. CT pathology was the
strongest predictor of decreased verbal memory on all sub-
scales (IRT: −8.49, SDFR: −2.50, SDCR: −1.85, LDFR: −2.61,
LDCR: −2.60; p < 0.001). PMH of seizures was associated with
decreased short-term memory (SDFR: −1.32, p = 0.037;
SDCR: −1.44, p = 0.038) but not long-term memory.

Conclusions: The presence of the ApoE-ε4 allele may confer
an increased risk of rapid forgetting and impaired retrieval on
6-month verbal memory outcomes for patients suffering
mTBI, with implications for heightened surveillance and tar-
geted therapies. Acute intracranial pathology remains the
driver of decreased 6-month verbal memory performance.
Future studies are needed to confirm these findings.

0650 The relationship between moral injury and
persistent mental and physical health symptoms
among veterans with mild traumatic brain injury

Ryan Stephensona,b, Holly Gerberc, Trisha Hostetterc, Jeri
Forstera,b,c, and Lisa Brennera,b,c

aDenver VA Medical Center, Denver, CO, USA; bUniversity
of Colorado, Dept. of Physical Medicine and Rehabilitation,
Aurora, CO, USA; cRocky Mountain Mental Illness Research,
Education and Clinical Center, Denver, CO, USA

ABSTRACT
Objective: This study aims to explore the relationship between
moral injury and the mental and physical health symptoms in
Veterans with deployment-related mild traumatic brain injury
(mTBI).
Design: This was an observational study of Operation
Enduring Freedom (OEF) and Operation Iraqi Freedom
(OIF) Veterans with mTBI.
Setting: All participants were recruited from the Veterans
Health Administration Eastern Colorado Health Care System.
Participants: OEF/OIF Veterans with mTBI (N = 145). The
majority of participants were male (92.4%) with a mean age
of 33.1.
Measures: Clinical interviews were used to assess lifetime
history of mTBI and post-traumatic stress disorder (PTSD).
Questionnaires included the Moral Injury Events Scale
(MIES), Short Form Health Survey (SF-36), Brief
Multidimensional Measure of Religiousness/Spirituality
(BMMRS), and PTSD Checklist—Civilian Version (PCL-C).
Results: The transgression score on the MIES was predictive of
persistent psychological symptoms. For every 1-point increase
in transgression score there was a decrease of 0.36 points in
the SF-36 Mental Health factor t-score, after adjusting for
covariates (p = 0.001) such that increased moral transgression
is associated with worse persistent mental health symptoms
after mTBI. The betrayals score was predictive of SF-36 gen-
eral health (p = 0.006), however this relationship was also
found to be moderated by self-reported religiosity (p =
0.02). For those who reported high levels of religiosity, there
was a negative relationship between betrayal score and physi-
cal health score such that increased betrayal is associated with
worse physical symptoms. As self-reported religiosity
decreases, this relationship is attenuated.
Conclusions: Among OEF/OIF Veterans with a history of
deployment-related mTBI, moral injury was predictive of
persistent mental and physical health symptoms. These find-
ings suggest that for some Veterans moral injury may play an
important role in the maintenance of physical and mental
health symptoms post-mTBI. That is, acting or observing
others acts in a way that violates one’s own morals or values
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may have lasting effects on Veteran’s psychological and phy-
sical health. Results highlight that moral injury may be a novel
area for intervention among those with mTBI.

0651 Moving beyond the bottom line: Importance of
inter-agency collaboration in client success

Deborah Crawley

Brain Injury Alliance of Washington, Seattle, WA, USA

ABSTRACT
The Brain Injury Alliance of Washington (BIAWA) has devel-
oped a true client-centred support system for individuals with
Brain Injury, their families, and caregivers throughout the
state of Washington. Our state-wide network operates inde-
pendently of any one health network, group or agency. As
such, we are able to provide consistent telephone and in-
person support to connect survivors and family members to
the services and activities necessary in achieving the highest
quality of life attainable. BIAWA develops relationships
ongoing with all medical and non-medical systems to achieve
the best possible outcome for client success. Since 2010,
BIAWA has incorporated national standards and practices
to reorganize its infrastructure in a manner which not only
increases the value of its services and the numbers of indivi-
duals served, but also ensures long-term sustainability of
collaborative relationship with medical and non-medical sec-
tors. We continue to recognize the importance of bringing all
public and private sector parties together to provide the best
comprehensive services to the individuals who need services.
Those needs will always go beyond what one hospital, one
system or one provider can engage in independently for the
survivor and their family. In this presentation, BIAWA will
depict successful partnerships between a private, human ser-
vice agency and hospitals, government agencies, and other
support programmes and the way these collaborations benefit
both the organizations involved and the communities they
serve. The presentation will review the implementation of
services provided by BIAWA and discuss its approach to
expand and improve relationships with other organizations
to effectively assure more comprehensive and widespread
support to assist clients with reintegration after injury in all
areas of life.

0654 Evaluation of a visuo-spatial n-back task in
FMRI to examine working memory network
activation in children following a mild traumatic
brain injury

Aneesh Khetania, Sophie Hub, Frank P. MacMastere,c,d,f, Signe
Brayg,c,d,f, and Karen Barlowa,c,f

aDepartments of Neurosciences, Cumming School of Medicine,
University of Calgary, Calgary, AB, Canada; bCumming School
of Medicine, Calgary, AB, Canada; cDepartment of Pediatrics,
Cumming School of Medicine, University of Calgary, Calgary,
AB, Canada; dChild and Adolescent Imaging Research (CAIR)
Program, Alberta Children’s Hospital Research Institute,
Calgary, AB, Canada; eDepartment of Psychiatry, University of

Calgary, Calgary, AB, Canada; gDepartment of Radiology,
Cumming School of Medicine, University of Calgary, Calgary,
AB, Canada

ABSTRACT
Aim: Mild traumatic brain injuries (mTBIs) are most com-
mon in childhood. Working memory (WM) complaints are
often reported in the absence of measurable impairments. Our
aim was to examine cortical activation with fMRI during a
WM task and its relationship to cognition in children with
and without post-concussion symptoms.
Methods: This was a controlled prospective study of children aged
8–18 years with mTBI. Exclusion criteria were loss of conscious-
ness greater than 30 minutes, Glasgow Coma Scale score lower
than 13, previous mTBI within 3 months and MRI contraindica-
tions/intolerance. Symptom persistence (symptomatic vs. asymp-
tomatic) was determined by family responses at 1-month post-
injury. An age- and sex-matched control group with no history of
head injury was recruited. A visuo-spatial n-back WM task was
developed for fMRI, with three cognitive loads, 0-back, 1-back
and 2-back. Outcome measures included: Post-Concussion
Symptom Inventory; Neurocognitive Index, complex attention
and WM scores on computerized cognitive testing (CNS Vital
Signs). Pre-processing of fMRI data, and single-subject and
group-level analyses were performed using FSL FEAT, cluster-
corrected for multiple comparisons (p < 0.01).
Results: 37 symptomatic patients, 25 asymptomatic and 19
controls were included. Groups were similar in age (14.8,
14.5 and 13.8 years; F = 0.872, p = 0.422), sex (19, 13 and 9
males; χ b=0.107, p = 0.948), socio-economic status (F = 1.636,
p = 0.201) and time since injury (35.6, 38.4 days; p = 0.116).
Accuracy decreased with increasing difficulty of n-back task
(n-0, n-1, n-2), and showed a high degree of correlation (1,
778; F = 153.854; p <.001) although there was no effect of
group. Reaction times also increased with task difficulty and
were highly correlated within subjects although there was no
effect of group. Performance on the n-2 task showed a sig-
nificant correlation with complex attention (r .337; p =.002),
neurocognitive index (r .315; p =.004) and composite memory
(r .234; p =.035). Differences in complex attention scores
between symptomatic and asymptomatic groups approached
significance (F = 2.940, p = 0.051). WM network activation
increased with task difficulty in all three groups, particularly
in the bilateral dorsolateral prefrontal cortex (DLPFC), dorsal
anterior cingulate cortex and parietal cortex. Group differ-
ences in activation were noted for the n-1 > n-0 contrast.
Specifically, the asymptomatic group showed greater activa-
tion than the symptomatic group in the left DLPFC, hippo-
campal subdivision of the temporal lobe and the
supramarginal gyrus of the parietal cortex. Similarly, the con-
trol group demonstrated greater activation than the sympto-
matic group in the supramarginal gyrus of the parietal cortex.
Conclusions: This visuo-spatial n-back task is valid for use in
children with mTBI. Despite the absence of objective perfor-
mance differences on cognitive testing and the n-back WM
task, the symptomatic group showed decreased activation in
regions that coordinate WM, compared to children that are
asymptomatic and healthy. This research may provide further
insight into the reported WM difficulties in mTBI.
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0655 Use of force platform and visual feedback in
home-based therapy of patients with brain injury

Marketa Janatovaa,b, Marie Tichaa, Karel Hanab, and Olga
Svestkovaa

aDepartment of Rehabilitation Medicine, First Faculty of
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Hospital, Praha 2, Czech Republic; bSpin-off company and
research results commercialization center at the 1st Faculty of
Medicine, Charles University in Prague, Praha 2, Czech
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ABSTRACT
The use of technological devices in controlled home-based
therapy forms part of modern neurorehabilitation. An inter-
active system for home-based balance training after brain
injury was developed at the 1st Faculty of Medicine of
Charles University in Prague. The developed system
Homebalance consists of two lightweight parts—a tablet and
a force platform, connected through a wireless Bluetooth
connection. The patient is asked to move an object which
appears on the screen. This is done by shifting their centre of
gravity. The tasks are combined with exercises targeted at
attention and memory. The system was tested in home envir-
onment of patients with acquired brain injury. A total of 12
subjects underwent 4 weeks of home-based therapy using an
interactive system Homebalance. The control group of 12
subjects underwent home-based balance training without
any technological equipment. Patients participated in the
initial examination, home-based therapy and final examina-
tion. As an evaluation of the therapy Mini-BESTest and diag-
nostic dynamic scene in Homebalance software have been
used. After the therapy both groups improved in Mini-
BESTest and diagnostic dynamic scene. The research group
had statistically better results in both tests when compared to
the control group.

0656 A centre-specific demographic analysis of
barriers to retention in Traumatic Brain Injury Model
System (TBIMS) research

Michelle Smitha, Gabrielle Reimannb, Coralynn Longa,
Barbara Siminivich-Bloka, and Tamara Bushnika

aNYU Langone Medical Center, New York, USA; bJames
Madison University, Harrisonburg, VA, USA

ABSTRACT
Objective: This analysis examines barriers affecting participant
follow-up in longitudinal studies, specifically the Rusk
Rehabilitation Traumatic Brain Injury Model System
(TBIMS). While longitudinal designs allow researchers to
study clinically meaningful outcomes, high rates of participant
loss to follow-up (LTFU) are a common problem. This study
examines possible factors associated with LTFU.
Design: Utilized data collected through TBIMS Form I inter-
views and abstraction from acute and rehabilitation medical
records.
Setting: Two urban New York City TBIMS hospitals.

Participants: Participants (N = 143) enrolled in TBIMS
between April 2013 and June 2016, primarily male (79.7%),
White (39.3%) or Hispanic (28.0%), English-speaking (67.4%),
an average of 48.4 years old (standard deviation, SD = 19.1)
and had an average of 12.6 years of education (SD = 4.3).
Intervention: None
Main Outcome Measures: Variables from TBIMS Form I (pre-
injury, medical record abstraction).
Results: Descriptive and inferential statistics were used to
analyse the demographics, psychosocial variables, injury-
related variables and other jeopardizing factors 1-year post-
injury. The attrition rate was 14.7%. Chi-square analysis
showed participants lost to follow-up were more likely to
report binge drinking, χ2 (1) = 9.05, p < 0.01. Binge drinking
was defined as drinking more than five alcoholic drinks on
any one occasion during the month prior to their injury.
Additional chi-square analyses showed no relationship
between LTFU and any demographic variable (gender, race,
marital status, residence after discharge, language spoken at
home, employment status or country of birth). Incarceration
history and having a history of housing instability showed a
trend towards significance, but lacked enough participants
with complete data to achieve sufficient power.
Conclusion: Unlike previous studies, results did not demon-
strate an association between LTFU and race. This may be due
to the homogeneous, less diverse samples commonly found in
the literature, leading to biased results. Results also identify
substance abuse and binge drinking as risk factors for LTFU.
Literature in this area has demonstrated that individuals with
TBI do not engage in drinking behaviour for the first year
post-injury; however, further investigation is needed to deter-
mine if this trend is skewed by not including these LTFU
individuals who endorsed pre-injury problem substance use.
These results support the need to encourage patients with a
history of problematic substance use and their clinicians to
explore and utilize substance-abuse-related resources. Data
collection will continue to further investigate the association
between LTFU and clinically related variables. In addition,
associations between LTFU and incarceration and housing
instability history will be explored as this research continues.
Learning Objectives:
1. To recognize the impact of participant loss to follow-up in
longitudinal research studies.
2. To identify variables associated with loss to follow-up.
3. To develop strategies to minimize loss to follow-up based
on identified variables.

0657 Quality of life 10–12 years after recovery from
prolonged disorder of consciousness in young
patients

Henk Eilander, Viona Wijnen, Wendy Wijnen, and Jan
Lavrijsen

Radboudumc, Nijmegen, Netherlands

ABSTRACT
Evidence is growing about the possible effectiveness of stimu-
lation and rehabilitation therapies on recovery of disorders of
consciousness (DOC). Most studies show the effects in the
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short term: months or a couple of years. Recently, we pub-
lished the 10–12 years outcome of a group of 34 children and
young adults, who had received an early intensive rehabilita-
tion programme (EINP) to resolve the DOC, within 6 months
after severe brain injury (Eilander, 2016). Eleven of them have
died, four still were classified with DOC and the remaining 19
had recovered to full consciousness.
In the Netherlands, there is concern about the quality of life
(QOL) of the long-term survivors. The mainstream opinion is
of people who live ‘as a vegetable’ with a lot of suffering, both
by the patients themselves as well as by the closest family
members. In the long-term follow-up study we showed that
12 of 19 patients with recovered consciousness at the moment
of discharge EINP live (semi-) independently 10–12 years
later. The patients or their relatives responded in a positive
way on some simple questions about their social networks, the
daily activities and the living situations. But what about the
experienced QOL? What aspects are important in order to let
them feel comfortable? And what is the burden on family
members? What aspects make them feel fine?
In general, QOL is investigated by means of a 5- or 7-point
Likert scale or a continuous 0–100 scale. These kinds of
investigations give only limited information about the real
experiences and feelings. We want to investigate QOL in a
more qualitative, narrative way.
As a pilot, in order to investigate the possibilities of in-depth
qualitative research, we interviewed three patients of the
above-mentioned cohort and/or their closest relatives thor-
oughly and captured it on film. We will present a 10-minute
movie in which the most important aspects of their situations
will be elaborated. The full interviews (over 28 minutes in
total) have been processed by using the software programme
Atlas.ti, a digital tool to analyse the interviews qualitatively.
The aim of this exercise is twofold: first to identify the topics
mentioned by the patients and/or their family members and
secondly to explore whether this way of analysing is suitable.
After the movie, we will present the first results of the analyses
and discuss with the audience the pros and contras of this
research method. The results of the analyses, combined with
the results of the discussion will form the base for a more
comprehensive study amongst all conscious survivors of the
cohort.

0659 Factors influencing parental return-to-play
decisions in post-adolescent sport-related
concussions: A mixed methods exploratory study

Scott Laker, Lisa Brenner, Julie Steiner, Luke McMahon, and
Lisa Betthauser

University of Colorado Department of Rehabilitation, Denver,
CO, USA

ABSTRACT
Background: Annually, an estimated 3.8 million concussions
occur in recreation and sports in the USA. All 50 states have
return-to-play (RTP) laws in place for youth athletes and
require medical clearance prior to RTP. The factors that
determine clinical RTP have been well described. There have
been several studies on parental, child and coach knowledge

regarding concussions, concussion legislation and RTP proto-
cols. Moreover, there is a significant body of literature on
concussion epidemiology, RTP procedures and RTP timelines
for providers. Despite this knowledge base, to our knowledge
there are no studies investigating parental decision-making in
sports-related concussion (SRC) to guide provider education
for patients.
Objective: The objective of this pilot study is to obtain a better
understanding of parental concerns regarding concussion,
SRC recovery and RTP.
Hypothesis: This study is exploratory and we have no direct
hypotheses that we will be testing. Our aims are to: 1) identify
parental concerns regarding SRCs; 2) to determine the feasi-
bility of our study design; and 3) use the results of this study
to guide future work on decision-making in SRC, non-sports
concussion and mild traumatic brain injury.
Methods: Institutional review board approval has been
obtained prior to the start of data collection. It is expected
that 100 participants will complete the quantitative study. An
expected 30 participants will participate in the qualitative
study to achieve saturation. Both quantitative and qualitative
data will be analysed prior to the presentation.
Results: We anticipate that parents may be making RTP deci-
sions based on concerns of rare and severe negative outcomes
(e.g. chronic traumatic encephalopathy, second impact syn-
drome) and underestimating more likely outcomes (e.g. aca-
demic issues, reactive mood disorders).
Discussion: It is expected that results of this study will provide
a clearer understanding of parental concerns regarding con-
cussion and RTP decisions. These results will immediately aid
providers in regard to patient education and the production of
educational materials for parents, athletes, sports leagues and
administration. Future studies based on this work will allow
us to increase understanding regarding the differences in
decision-making for other sub-populations of concussion
patients.

0660 Late recovery or late discovery?

Willemijn van Erpa,b, Anoek Abena, and Jan Lavrijsena

aRadboud University Medical Centre Nijmegen, Nijmegen,
Netherlands; bComa Science Group, Cyclotron Research
Centre, Université de Liège, Liège, Belgium

ABSTRACT
Introduction: Recovery of consciousness in patients in vegeta-
tive state/unresponsive wakefulness syndrome (VT/UWS) is
considered unlikely beyond 12 months after traumatic brain
injuries (TBIs) and 3–6 months in non-traumatic brain inju-
ries (non-TBI). In recent years, various cases of recovery of
consciousness beyond these prognostic boundaries have been
described.
Aim: The aim of our study was to provide insight into the
clinical course of patients in VT/UWS, who showed improve-
ment in consciousness beyond the prognostic boundaries for
recovery. This is important to improve the medical care and
decision-making in those patients and to contribute to realis-
tic expectations of recovery.
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Methods: A retrospective descriptive study was conducted
between February and April 2016 by using the clinical records
of patients who were included in an ongoing dynamic cohort
study on patients in VS/UWS in the Netherlands. Informed
consent was given by the patients’ proxies. All patients met
the following criteria: diagnosis of VS/UWS after acute brain
injury, confirmation of this diagnosis by an independent
expert using the Coma Recovery Scale-revised (CRS-r) and
detection of signs of consciousness after the expected prog-
nostic boundaries were passed. Data about the context of the
recovery of consciousness, patient and care characteristics and
the present functional behaviour of the patients were
extracted. In addition information about the recovery verbally
given by family members was used.
Results: Four patients met the inclusion criteria and were
included (4/4). A minimally conscious state (MCS) was diag-
nosed respectively 10 months, 9 months and 5.5 year after
non-TBI and 1 year and 2 months after TBI. In all patients the
medical files contained a description of a sign corresponding
with MCS before reaching the prognostic boundaries for
recovery. However, either these signs were not recognized as
a sign of consciousness and/or did not lead to change the
diagnosis. In two patients the level of consciousness improved
after reducing sedative medication and in one patient after
treatment of hydrocephalus. All patients remain severely dis-
abled. We found incorrect terminology in the description of
the level of consciousness.
Conclusions: Rather than late recovery of consciousness, the
patients investigated in this study did show signs of con-
sciousness within the expected period after their injuries, but
were not recognized in doing so; in every case there seems to
be late discovery of signs of consciousness instead of late
recovery. The poor recognition of signs of consciousness,
diagnosing the level of consciousness without a validated
scoring scale and the presence of factors that negatively influ-
ence the level of consciousness, might contribute to this delay.
To recognize signs of consciousness in time it is important to
improve the knowledge of caregivers, to use validated diag-
nostic scales at the time of changes in patients’ behaviour and
to use correct terminology in communication and files.

0661 The dying process of a patient in unresponsive
wakefulness syndrome after withdrawing tube
feeding: Medical facts and reflections of family and
caregivers

Jeroen Huizinga and Jan Lavrijsenb

aCarinova Woonzorg Sint Jozef Nursing Home, Deventer,
Netherlands; bRadboud University Medical Centre
Nijmegen, Nijmegen, Netherlands

ABSTRACT
Introduction: In the Netherlands, authoritative reports to
allow the withdrawal of futile medical treatment, including
artificial nutrition and hydration (ANH), from patients in an
irreversible vegetative state/unresponsive wakefulness syn-
drome (VS/UWS) were published in the nineties. Still national
and international debates reflect different opinions about the
dignity of the dying process after withdrawing ANH. The

experiences and opinions are mainly depicted in lay press
and empirical data are scarce.
Objective: In this study, reflections from the physician, nurse
and the relatives involved are compared with the medical facts
registered in the files, after withdrawal of ANH from a patient
in VS/UWS. The aim is to explore the quality of the dying
process and to contribute to a realistic picture of what hap-
pens after discontinuation of ANH in a patient in VS/UWS.
Methods: Explorative, descriptive case report of a 75-year-old
patient in a post-anoxic VS/UWS for 9 months in a nursing
home, at which time the decision to withdraw ANH was made
by the physician after consultation of the patient’s family.
Twenty months after the patient had died, we reviewed the
symptoms and events after the withdrawal of ANH as regis-
tered in the multidisciplinary records. We compared these
medical data with the reflections of the responsible physician,
nurse and two sons, collected in semi-structured interviews.
The interviews were recorded on tape and transcribed for
qualitative analysis.
Results: In the clinical records, one short moment of possible
discomfort was reported on the 11th day after withdrawal,
relieved with palliative care. Medical notes from the 13th day
testified that the patient had died peacefully, without further
medical interventions. In the interviews all participants indi-
cated this was a dignified death under the given circum-
stances. We found different opinions concerning the impact
of the length of the dying process. The physician and nurse
thought a slow passing away would be preferable for the
family. However, the family would have preferred a shorter
deathbed, based on the intense emotions they experienced
during this period and an anxiety for suffering of the patient.
Looking back, all participants supported the decision to with-
draw ANH in this context. In discussing alternatives, the sons,
with hindsight, would have preferred euthanasia by a lethal
injection if that had been a legal option.
Conclusion: The findings show that the dying process in a
patient in VS/UWS after withdrawal of ANH can be peaceful
and dignified according to both family and medical staff.
Regular, but intensive and pro-active palliative care is essen-
tial in these extraordinary circumstances, in particular to
inform caregivers about what to expect in the terminal
phase. Options and wishes of families on end-of-life decisions
concerning patients in VS/UWS deserve further exploration
in future studies.

0662 Lifetime history of TBI among soldiers
returning from OEF/OIF deployments

Lisa Betthausera,b, Rachel S. Adamsa,c, Trisha Hostettera, Ann
Scherd, Karen Schwabd,e, and Lisa Brennera,b

aRocky Mountain MIRECC, Denver, CO, USA; bDepartment
of Physical Medicine and Rehabilitation, University of
Colorado, Anschutz Medical Campus, Aurora, CO, USA;
cInstitute for Behavioral Health, Brandeis University, The
Heller School for Social Policy & Management, Waltham,
USA; dThe Defense and Veterans Brain Injury Center, Silver
Spring, MD, USA; eDepartment of Preventive Medicine and
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Biostatistics; Uniformed Services University, Bethesda,
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ABSTRACT
Background: It is well known that a signature injury from
Operation Enduring Freedom (OEF) and Operation Iraqi
Freedom (OIF) conflicts is mild traumatic brain injury
(mTBI). Yet, only a handful of studies have reported lifetime
history of traumatic brain injuries (TBIs) among military
populations. Researchers have suggested that sustaining a
TBI earlier in life may have long-term negative effects, even
when the injury is mild, and that this relationship is more
pronounced the younger the age of initial injury, thereby
suggesting potential short- and long-term health risks asso-
ciated with multiple TBI among military personnel.
Objective: To describe the lifetime history of TBI among OEF/
OIF soldiers. Given the limited knowledge of lifetime history
of TBI among soldiers who have deployed to OEF/OIF, no
hypotheses will be tested. Instead, descriptive analyses of the
complete lifetime history of TBI, including information on
mechanism of injury and severity of TBIs, among soldiers
returning from OEF/OIF will be presented.
Methods: During the post-deployment health assessment pro-
cess, soldiers returning from OEF/OIF between 2009 and 2014
were invited to participate in the study. Participants com-
pleted the Ohio State University TBI Identification Method
(OSU TBI-ID), a standardized, structured interview for elicit-
ing lifetime history of TBI. The analytic sample consists of
1489 soldiers who completed the OSU TBI-ID.
Results: Almost three-quarters of the sample reported a life-
time history of TBI. Full descriptive analyses are currently
underway and will be completed prior to the conference.
These results will include information related to number of
TBIs, deployment-related TBI, age at time of TBI, frequencies
of mechanism of injury, and severity of TBI.
Discussion: Given the potential risks associated with multiple
TBIs, descriptive analyses will provide valuable and novel
information regarding OEF/OIF soldier’s lifetime history of
TBI. This knowledge will help to inform the development of
future studies exploring the potential cumulative effect of
multiple TBIs, and may identify treatment targets to facilitate
improvement in recovery after multiple TBIs.

0665 Burden of paediatric traumatic brain injuries:
Single-centre experience over 3 years

Deepak Agrawal

All India Institute of Medical Sciences, New Delhi, India

ABSTRACT
Introduction: Paediatric traumatic brain injury (TBI) is a sig-
nificant management issue with morbidity and mortality
higher than that in adults, especially in developing countries.
However, epidemiological data is lacking from India.
Aims and Objectives: To see the demographic, clinical and
outcome data on paediatric patients with TBI.
Materials and Methods: In this retrospective study conducted
over a 3-year period (January 2012 to December 2014) in a
single trauma centre, a prospectively maintained neurotrauma

database was queried for all paediatric patients (Age ≤ 18
years) with TBI (GCS ≤ 15). Demographic, clinical and out-
come data (in-hospital mortality) was reviewed in all cases.
Observations: A total of 10 625 were admitted in neurosurgery
in the study period. Of these, there were 2238 (21.1%) pae-
diatric patients. The mean age was 8.46 years (range 4 months
to 17 years) with an M: F ratio of 2.31:1. There were 1951
(87.2%) minor TBI (GCS 13–15) patients, 111 (4.9%) moder-
ate (GCS 9–13) TBI and 176 (7.8%) severe TBI (GCS ≤ 8)
patients. 7.8%, 25.2% and 46.5% of mild, moderate and severe
TBI, respectively, underwent surgery. The mean hospital stay
was 1.49, 4.0and 10.1 days in mild, moderate and severe TBI,
respectively. In-hospital mortality was 0.30%, 3.60% and
28.4% in mild, moderate and severe TBI, respectively.
Conclusions: This is the largest study from the Indian sub-
continent on paediatric TBI and shows that children consti-
tute almost one-quarter of all TBI. In-hospital mortality rates
compare very favourably with published literature from devel-
oped countries.

0668 Moral dilemmas concerning patients in
unresponsive wakefulness syndrome: Shared or non-
shared decision-making?

Conny Span-Sluyter and Jan Lavrijsen

Radboud University Medical Centre, Nijmegen, Netherlands

ABSTRACT
Objectives: Ethical dilemmas and conflicts have been described
regarding patients in a vegetative state (VS/UWS). Many
conflicts are about end-of-life decisions. This study aims to
gain more insight into conflicts and ethical dilemmas experi-
enced by professionals of patients in long-term care in order
to solve or prevent conflicts.
Method: The design was an explorative, qualitative case study
of two moral deliberations (MD) of patients in Dutch nursing
homes. Both patients survived long after recovery of con-
sciousness could be expected. The cases were selected because
of the conflicts between the professionals and the families.
The MDs were transcribed. The data were thematically coded
and systematically charted, following the principles of frame-
work analysis. The software programme Atlas-ti was used for
coding and analysing.
Result: This study showed six main themes: 1) Vision on VS/
UWS; 2) Treatment and care-plan; 3) Impact on relationships;
4) Feelings/attitude; 5) Communication and 6) Organizational
aspects. These themes were related to professionals as well as
to what families of these two patients had expressed to the
professionals. We found conflicts as well as contradictory
feelings and thoughts to be a general element in all themes
and in both professionals and families. Conflicts were found
within families and with physicians concerning all themes,
with nursing teams concerning daily activities.
Conclusion: A patient in VS/UWS is alive, but the actual
meaning or even worth of such a life is hard to establish.
Different interpretations by all involved are inevitable.
Conflicts even persevere these views and there are no criteria
available to challenge the opposing interpretations. Realizing
and being aware of all these paradoxes and different views
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might give a better understanding of each other. Real shared
decision-making can only be done in case of: as much clarity
as possible about the wishes of the patient through AD, clarity
upon the role of the physician in the decision-making process
after consulting the family, competent physicians with knowl-
edge about VS/UWS, excellent communication skills and
medical leadership, and a supporting organization with stabi-
lity and the use of a MD to explore and solve the dilemmas.
Recommendations: We recommend education of all profes-
sionals regarding: diagnosis, prognosis and treatment plans
and medical ethical considerations of patients in VS/UWS;
excellent communication skills; and insight in the effects of
inner-contradictory feelings/thoughts. And that these patients
are more clustered in order to enhance the expertise and
knowledge. We further recommend organizations provide
stability in the teams and support their personnel, and give
the opportunity to have MDs. This study emphasizes need for
more insight in the role of the family as caregiver and on what
they think is the best way to deal with the (ethical) dilemmas
and decision-making. We recommend in-depth interviews.

0669 A comparative study of the glasgow coma
scale (GCS) with the reaction level scale (RLS85)

Aristedis Rovliasa, Alexandros Blionasa, Savas Melissarisa,
Dimitrios Papoutsakisa, and Michael Rallisb

aDepartment of Neurosurgery, Asclepeion General Hospital of
Voula, Athens, Greece; bUnit of General Intensive Care,
Asclepeion General Hospital of Voula, Athens, Greece

ABSTRACT
Objectives: The GCS was introduced in 1974 and, having three
components, progressively became an international standard
for determining the severity of brain injuries. The RLS85 is an
eight-grade single-line scale, designed for assessment of over-
all responsiveness and consciousness level in patients with
acute brain disorders, constructed near the year 1985 by
Scandinavian investigators with the important objective that
even intubated patients and patients with swollen eyelids
could be reliably assessed. The aim of our study was the
comparison of GCS and RLS85 in a sample of brain-injured
patients admitted to a regional trauma centre.
Methods: This prospective study included 106 patients with
severe, moderate or minor brain injury. Patients with asso-
ciated spinal cord injury and major chest/abdominal trauma
were excluded. The consciousness levels were assessed using
both GCS and RLS85 scales. Assessments were made by five
physicians who performed 162 pairwise ratings. The segments
1, 2–3 and 4–8 of RLS85 were thought as approximately
corresponding to the GCS sum score level 15–13, 12–9 and
8–3, respectively. Neurological outcome was evaluated
according to Glasgow Outcome Score (GOS).
Results: The Spearman’s rank correlations between the
GCS sum score and the RLS85 indicated that the two
scales have the same ranking order of severity. The results
of the 162 paired observations showed that the physicians
agreed as to the assessments using both the GCS and the
RLS85 only on 70 test occasions, not clearly indicating
which scale shows the best reliability. The two scales

demonstrated a high percentage agreement on severely
head-injured patients and on patients with minor head
injury, but were less effective in determining the conscious
level of patients with moderate brain injury. The ‘sign test’
showed that the GCS motor response and the RLS85 had a
coverage of 100%. Finally, both scales demonstrated simi-
lar GOS for the patients allocated to the three severity
categories.
Conclusions: The majority of physicians reported that RLS85
is simpler than GCS, but the latter is 10 years older and more
widespread in use. The principle limitation of the RLS85 is
that it is used almost exclusively in Scandinavia. Both com-
pared scales proved reliable for patients in the extremes of
minor and severe head injury, but demonstrated weakness
when defining moderate brain injury. In this intermediate
level, the discriminative power of both scales was reduced.
GCS and RLS85 values are ordinal scale data and do not
incorporate brainstem reflexes or the size and reactivity of
patients’ pupils. Therefore, the author’s recommendation is
that the final adoption between them might remain a matter
of departmental preference. Full knowledge of these scales’
strengths and limitations is essential for both physicians and
their patients.

0670 Post-traumatic brain injury behavioural
management

Ashley G. Proctor

University of Oklahoma, Norman, OK, USA

ABSTRACT
Background: Post-Traumatic Brain Injury behaviour manage-
ment is crucial in the treatment of its survivors.
Objective: To examine the types of behaviours in both chil-
dren and adults with post-traumatic brain injury.
Methods: Behaviour impacts were considered as well as a
variety of treatments. Younger individuals that are diagnosed
with a brain injury are more likely to make complete recovery.
Results: Although specific causes of behaviour and treatment
may work for one individual with a sustained injury, these
findings for each person are different from the other.
Conclusion: Together, these studies suggest that immediate
care be taken and education be provided to the individual
and family involved.

0671 Smell disorder in chronic severe traumatic
head injury patients

Tomohiro Yamaki, Yoshio Uchino, Masahiko Okai, Nobuo
Oka, and Masaru Odaki

Chiba Ryogo Center, Chiba, Japan

ABSTRACT
Purpose: Disorder of higher brain function or multiorgan
failure in severe traumatic head injury patients make it diffi-
cult to do nutrient intake for the patients. Although traumatic
smell disorder is considered as one of the reasons, little is
known.
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Method: Our hospital, Chiba Ryogo Center, is a specialized
hospital for the long-term treatment and care of chronic
severe brain-injured patients by motor vehicle accident in
Japan. This is a cross-sectional, observational study conducted
from 2013 to 2016 in our hospital. Inclusion criteria of this
study included understanding of simple words, expression of
YES or NO. We examined by using odour stick identification
test for Japanese, which included 12 odorants (India ink,
wood, perfume, menthol, orange, curry, city gas, rose, cypress,
sweaty socks, condensed milk and fried garlic). Smell disorder
was defined as ≤8 points of this test. Traumatic lesion of brain
and sinusitis were examined by CT or MRI. Clinical manifes-
tation was assessed by Coma Recovery Scale-Revised (CRS-R)
scoring.
Results: Thirty-eight participants included 9 healthy volun-
teers and 29 patients, male 30 and female 8, age 38.3 ± 15.3
(standard deviation; SD). All patients suffered severe trau-
matic brain injury at accident (Glasgow Coma Scale score <
or = 8) and CRS-R score was 22.3 ± 1.5(SD). Among them,
five patients could communicate only YES or NO (17.2%).
Interval period between traffic accident and examined day was
870 ± 380 (SD). Twenty-six patients were diagnosed to have
smell disorder (89.7%). These patients had statistically signifi-
cant increase in smell disorder compared with healthy volun-
teers (p < 0.001). The smell disorder patients included
anosmia 7 patients, parosmia 13 patients and both 6 patients.
In 12 odorants, fried garlic and curry were well recognized
and perfume and city gas were not.
Conclusion: Most of chronic severe traumatic head injury
patients were severely impaired in olfactory sensation. Some
kinds of foods might have potency to improve alimentation.
And, we must warn the control of fire using city gas for
home-care patients.

0672 Head injury in motorcycle accidents: First rider
vs. second rider—in perspective of a developing
country

Ayesha Arshad, Yasir Shehzad, and Nadeem Akhter

Rawalpindi Medical College and Allied Hospitals, Islamabad,
Pakistan

ABSTRACT
Introduction: We all know that head injury is the main cause
of death in motorcycle accidents. Motorcycle riders are much
more vulnerable than vehicle drivers; however, their use is
increasing given the increase in automobile and fuel prices,
hence making motorcycle an important vehicle for transpor-
tation, especially in a third world country like Pakistan. Many
studies have shown that wearing a helmet decreases the head
injury as well as the mortality rate in motorcycle accidents,
but little has been done to explore the injury pattern sustained
by the first and the second rider, or to compare their
outcome.
Objective: To compare the rate and pattern of head injury
sustained by the first versus second rider and mortality rate
and functional outcome of the two groups.
Place and Duration of Study: DHQ hospital, Rawalpindi from
1st October 2014 to 30th September 2016.

Methods: All adult patients presenting to DHQ Hospital, with
head injury from a motorcycle accident, during the study
period were enrolled after informed consent. Performas were
filled by the on-duty doctor, including the demographic
details, details regarding helmet and first or second rider,
neurological status, additional injuries and radiological pat-
tern of injury. These patients were divided into two groups:
Group-1 (First riders) and group-2 (Second Riders) and both
groups were compared for the above details, and followed. All
patients received the standard treatment for their respective
injuries and the two groups were compared for the mortality
and functional outcome (EGOS).
Results: A total of 360 patients were included in the study: 234
(65%) patients were in group-1 and 126 (35%) were in group-
2. All (100%) of the patients in group-1 were males while
61.9% in group-2 were males. Majority of the riders in both
groups were not wearing helmets at the time of accident.
Major injury in both the groups was facial injury but its
frequency was significantly higher in group-1 as compared
to group-2 i.e. 20.5% versus 11.9% (p = 0.040). CT brain
showed normal scan in 15.4% patients in group-1 and in
2.4% patients in group-2. CT brain showed high frequency
of traumatic brain contusions in group-1 (24.4%) and group-2
(35.7%). Complete recovery was significantly higher in group-
1 as compared to group-2 (p = 0.011).
Conclusion: Although economical, motorcycle is a dangerous
and risky vehicle and head injury is a potential threat not only
to the 1st rider but also to the 2nd rider. This study has also
brought into light the public violation of the helmet regula-
tions, whereby a person jeopardizes not only his own safety
but that of his family also.

0674 Strategies and public health impact of head
injuries prevention

Aristedis Rovlias, Alexandros Blionas, Savas Melissaris, and
Dimitrios Papoutsakis

Department of Neurosurgery, Asclepeion General Hospital of
Voula, Athens, Greece

ABSTRACT
Objectives: Traumatic brain injury (TBI) constitutes a major
health problem globally, and is a leading cause of death and
long-term disability. There are many reports on TBI, but in
view of methodological shortcomings the epidemiological
data are not always easily comparable. Only un the last few
decades our interest in TBI has changed from clinical inter-
vention to prevention. However, there is a lack of data to
estimate the contribution of TBI to the world’s health burden
so that reasonable priorities and strategies can be developed
for prevention.
Methods: The main causes of TBI are road traffic accidents
(RTA), falls and violence. Exposure to these hazards varies
considerably from region to region and this must be taken
into account by health planners who design prevention pro-
grammes. A schematic model associated with primary, sec-
ondary and tertiary head injury prevention might include the
key points of opportunity for intervention actions in the
natural history of TBI. Primary prevention is aimed at
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reducing the frequency and degree of exposure to potential
hazards (improvements in road conditions/vehicles design,
seat belts, air bags, helmets, medical check-up of drivers,
zero blood alcohol concentration level for all drivers, changes
in architectural designs to prevent falls, ban handguns).
Secondary prevention focuses on reducing mortality and mor-
bidity following TBI (establishment of regional trauma centres
with an effective emergency medical service, time of arrival
and transportation). Finally, tertiary prevention includes phy-
sical, psychological and vocational rehabilitation for head-
injured patients (changes in rehabilitation practice, novel
neuromodulation techniques).
Results: A technically feasible prevention strategy does not imply
automatically that the intervention will succeed, as public
response may be poor or the cost may be too high. On the
other hand, a low-cost strategy might be potentially beneficial
for only a small fraction of the possible TBI exposures. A tech-
nically achievable strategy may have no viability because of cost
and public acceptability reasons. Although educational strategies
have been attempted for many years, they have shown limited
success in modifying the behaviours that predispose to TBI.
Legislation and environmental measures together probably will
make a larger impact on reduction of TBI.
Conclusions: There is an urgent need for the development of
global and national policies in order to minimize the risks and
the consequences of RTA, particularly in the developing coun-
tries. This should be a joint effort between different govern-
ment agencies, medical societies, motor vehicle manufacturers
and nongovernmental organizations. Policies to improve the
outcome of TBIs must aim primarily at improving the
research-based knowledge of regional epidemiology, preventive
programmes, and the acute management of TBI in pre-hospital
and inpatient settings. Prevention based upon robust data on
risk factors involved in TBI might have a greater impact.

0675 Investigating the effects of repetitive head
impact exposure in youth football using neurite
orientation dispersion and density imaging (NODDI)

Christopher Whitlowa, Naeim Bahramia, Jillian Urbana,
Elizabeth Davenportb, Youngkyoo Junga, Mark Espelanda,
Alexander Powersa, Joel Stitzela, and Joseph Maldjianb

aWake Forest School of Medicine, Winston-Salem, NC, USA;
bUniversity of Texas Southwestern Medical Center, Dallas,
TX, USA
ABSTRACT
Introduction: Although diffusion tensor imaging (DTI) has
dominated the traumatic brain injury literature, there are
more advanced and physiologically relevant biophysical
models of white matter microstructure that can be elucidated
by acquiring diffusion data using multi-shell magnetic reso-
nance imaging techniques, such as neurite orientation dis-
persion and density imaging (NODDI). Unlike DTI
directional diffusivities, NODDI allows modelling of para-
meters, such as orientation dispersion index (ODI) and
neurite density (ND) that are more biologically interpretable,
as they correspond to known axonal characteristics. The
purpose of this study was to determine the effects of

cumulative subconcussive head impact exposure associated
with youth football on white matter microstructural com-
plexity and dispersion using NODDI.
Methods: Thirty-eight male football players (age: 8–13) with-
out a history of concussion prior to or during the football
season participated in this Institutional Review Board
approved study. Head impacts were measured via HITS,
which recorded kinematic data during all practices and
games. HITS biomechanical data were used to compute
cumulative combined (linear and rotational) RWE. All sub-
jects received pre- and post-season MRI, including NODDI.
ODI and ND were obtained using the NODDI fitting pro-
cedure. Diffusion image pre-processing and tract-based spa-
tial statistics (TBSS) analysis was performed on ND and ODI
using programmes from the FMRIB Software Library (FSL).
TBSS linear regression analysis was conducted using age and
time between delta-season MRI scans (post-season minus
pre-season) as covariates to determine the association
between RWE and change in white matter diffusion para-
meters (ODI and ND). Results were corrected for multiple
comparisons using threshold-free cluster enhancement at p <
0.025.
Results: TBSS linear regression analyses revealed statistically
significant linear relationships between RWE and increased
ODI (post–pre season) within the inferior fronto-occipital fasci-
culus, inferior longitudinal fasciculus and uncinate fasciculus.
There were no statistically significant associations between
cumulative head impact exposure and change in ND over the
season of football.
Conclusions: Our findings suggest that cumulative head impact
exposure is associated with ODI multicompartmental biophysical
changes in white matter after a single season of youth football,
even in the absence of concussion. ODI is thought to reflect the
bending and fanning of axons. In the setting of non-concussive
head impact exposure, an increase in white matter ODI may
indicate deformation of fibre directionality due to cumulative
head-impact-associated mechanical strain; however, with no
change in ND to indicate fibre loss. NODDI may represent a
new biomarker for characterizing changes in white matter asso-
ciated with sports-related head impact exposure. However, more
research using a longitudinal design across different contact sports
in a larger population, including females, is necessary to generalize
these findings to a broader population of youth athletes.

0676 Methyl methacrylate cranioplasty after head
injuries: A single-centre experience of 144 cases

Aristedis Rovlias, Alexandros Blionas, Savas Melissaris, and
Dimitrios Papoutsakis

Department of Neurosurgery, Asclepeion General Hospital of
Voula, Athens, Greece

ABSTRACT
Objectives: Cranioplasty is the surgical intervention to repair
cranial defects in both cosmetic and functional reasons.
Although a variety of grafts have been previously used for
the treatment of calvarial defects with varying success rates,
there is still no consensus on which method is better. Methyl
methacrylate is a relatively cheap and easily available material.
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Its main advantage is that it is completely malleable in the
initial stages of hardening and can be moulded easily during
operation to fit the contour defects. It is biologically inert and
does not interfere with computed tomography or magnetic
resonance imaging studies. This article describes our experi-
ence of cranioplasty in a series of head-injured patients using
methyl methacrylate.
Methods: From 1990 to 2015, 144 cranioplasties with methyl
methacrylate were performed at Asclepeion Hospital for head-
injured patients. In all patients the indication for craniectomy
was brain trauma mainly due to road traffic accidents. Our
reasons for performing a cranioplasty were the protection of
the brain, restoration of cosmetic appearance, and improve-
ment of neurological status if the defect caused a ‘trephined
syndrome’. Mean age at the time of cranioplasty was 38 years
and majority were males. Cranioplasty was performed from 4
to 19 months after head injury. We delayed the operation in
cases of delayed primary wound healing or communication
with air sinuses.
Results: 60% of patients with neurological disability showed
some improvement in post-operative status. All patients with
‘trephined syndrome’ showed improvement of their initial
symptoms. In twenty-three patients minor or major compli-
cations were noted. Nine patients had subgaleal collections
and five patients had superficial wound infection. Three
patients had a deep wound infection and two others had
wound dehiscence requiring surgical debridement and
removal of plate. Post-operative epidural haematoma
appeared in two patients who required reoperation. One
patient developed a small temporal contusion and was man-
aged conservatively. In another one, a broken methyl metha-
crylate material was detected 2 months post-operatively. An
adequate aesthetic restoration was noted in most cases.
Conclusions: There will always be a need for cranioplasty in
neurosurgery. Methyl methacrylate cranioplasty continues to
be used by neurosurgeons, is a relatively safe and cheap
method, provides an acceptable aesthetic reconstructive
option, and contributes to neurological improvement in the
treatment of cranial defects in spite of the use of other expen-
sive materials. A disadvantage of methyl methacrylate is that
autopolymerization may cause thermal damage to the under-
lying brain. Moreover, when the cranial defect is large or
complex, obtaining a good cosmetic result is often difficult.
Even though considered as simple procedure, cranioplasty is
often associated with complications. Independent of the
selected cranioplasty material, physicians should know that a
seemingly minor neurosurgical operation requires thorough
surgical approach to minimize morbidity.

0677 Performance and symptom validity testing as a
function of medical board evaluations in US military
service members with a history of mild TBI

Wesley Colea,b, Patrick Armistead-Jehlec, and Robert
Stegmand

aDefense and Veterans Brain Injury Center, Fort Bragg, NC,
USA; bGeneral Dynamics Health Solutions, Fort Bragg, NC,

USA; cMunson Army Health Center, Fort Leavenworth, USA;
dWomack Army Medical Center, Fort Bragg, NC, USA

ABSTRACT
Objective: Military service members sustaining a mild trau-
matic brain injury (mTBI) are often referred for neuropsy-
chological testing. Standard of care for neuropsychological
evaluations includes administering performance validity tests
(PVT) and symptom validity tests (SVT), indicators that the
patient’s presentation and the obtained scores are credible for
interpretation. Previous research has demonstrated services
members have an elevated rate of failing PVTs, particularly
within the context of medical board (i.e. disability) evalua-
tions (MEB). The current study sought to evaluate whether
the reason for the MEB was a relevant factor in failure rates of
PVTs and SVTs.
Methods: The sample consisted of 231 active duty service
members with a history of mTBI. Of these, 61 were in the
midst of a medical evaluation board (MEB) for either beha-
vioural health and/or physical health conditions. A full neu-
ropsychological battery was administered, which included
measures of performance validity (Word Memory Test;
WMT) and symptom validity (MMPI-2-RF). Failure of the
WMT was defined as scoring below the published cut-off
scores for the Immediate Recognition, Delayed Recognition
and Consistency subtests. An invalid MMPI-2-RF was defined
as F-r > 99 or Fp-r > 79 or Fs > 99 or FBS-r > 99 or RBS > 99.
Results: The overall PVT failure, per the WMT, was 57.4% for
those in an MEB and 30.6% for those not in an MEB (Χ2 =
13.7, p <.001). SVT failure for those in an MEB was 57.4%,
and 22.4% for those not in an MEB (Χ2 = 25.1, p <.001). Of
the 61 participants in an MEB, 19 were related to behavioural
health conditions (BH), while 45 were related to physical
health conditions (PH). Three participants had both BH and
PH conditions. The PVT and SVT failure rates for those being
evaluated for BH were 56.3% and 62.5%, respectively. The
PVT and SVT failure rates for those being evaluated for PH
were 52.4% and 54.8%, respectively. There were no statisti-
cally significant differences between SVT and PVT failure
rates as a function of the reason for MEB (i.e. BH vs PH).
Conclusions: The current findings support previous research
highlighting the notable rate of invalid cognitive and psycho-
logical testing among military service members with a history
of mTBI. These rates are even higher in service members with
a pending MEB. However, the current data did not demon-
strate significant differences in PVT or SVT failure rates as a
function of the reason for MEB (i.e. behavioural health versus
physical health). Therefore, regardless of disability claim sta-
tus, the current data emphasizes the importance of using both
performance and symptom validity testing when evaluating
military service members with a history of mTBI in order to
ensure the accuracy of cognitive and psychological test data.

0678 Cognitive test performance and evaluation
context in US military service members with a history
of mild TBI

Patrick Armistead-Jehlea, Wesley Coleb,c, and Robert
Stegmand
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bDefense and Veterans Brain Injury Center, Fort Bragg, NC,
USA; cGeneral Dynamics Health Solutions, Fort Bragg, NC,
USA; dWomack Army Medical Center, Fort Bragg, NC, USA

ABSTRACT
Objective: Mild Traumatic Brain Injury (mTBI) is a frequently
experienced injury among U.S. Service Members, many of
whom are ultimately referred for neuropsychological assess-
ment. However, factors outside of neurologic insult can influ-
ence cognitive testing, with one such factor being
‘performance validity’. Performance validity refers to the
patient taking the tests in such a way (e.g. putting forth
adequate effort) that the scores obtained are credible for
drawing conclusions about neurocognitive functions. It is
standard of care for neuropsychological evaluations to include
measures that assess performance validity. In civilians, indi-
viduals being evaluated for disability claims have higher rates
of poor performance validity. The current investigation eval-
uated performance validity testing and cognitive test scores in
the context of a pending disability evaluation (Medical
Evaluation Board) or a clinical/non-disability evaluation.
Methods: The sample consisted of 231 active duty military
service members with a history of mTBI, 61 (26.4%) of
which were being evaluated in a disability context (e.g.
Medical Evaluation Board). All patients underwent a full
neuropsychological assessment that included cognitive ability
measures, as well as performance validity testing (PVT).
Testing occurred at least 6 months post-injury, when com-
plete or nearly complete recovery of cognitive functions
would be expected. PVT failure rate was compared between
disability and clinical evaluations, and cognitive test perfor-
mances were compared between those that passed and failed
performance validity testing.
Results: 57.4% of those involved in a disability evaluation
demonstrated invalid cognitive testing, while 30.6% of those
in a clinical evaluation evidenced PVT failure (Χ2 = 13.7, p
<.001). Those who demonstrated invalid test performance had
significantly lower cognitive test scores across all measured
domains (attention, processing speed, memory, visual and
verbal reasoning, executive functioning, and overall test bat-
tery mean), with all p values ≤ .001. Effect sizes for each of
these comparisons ranged from medium (d = 0.4) to large (d
= 1.3).
Conclusions: The current data demonstrate the high incidence
of invalid testing in neuropsychological assessments in U.S.
service members with a history of mTBI, particularly those
engaged in a disability examination. The effect sizes for PVT
performance on cognitive testing were generally large and
highlight the importance of using PVTs in this population.
If such factors are not considered, there is a notable risk of
inaccurate test conclusions owing to cognitive test scores that
are artificially suppressed.

0679 Moderate head injury: An outcome prediction
analysis in a series of 126 consecutive patients

Aristedis Rovlias, Alexandros Blionas, Savas Melissaris, and
Dimitrios Papoutsakis

Department of Neurosurgery, Asclepeion General Hospital of
Voula, Athens, Greece

ABSTRACT
Objectives: Most of the literature on brain injury has focused
on the outcome prediction of severe head injuries, in contrast
with the few studies that have been dedicated to patients
sustaining moderate head injuries (MHIs). An analysis of
these patients reveals a significant percentage of morbidity,
or even mortality. Deterioration in these patients is generally
the result of factors that could be treated, such as intracranial
haematoma, cerebral oedema or ischaemia. This study aims to
develop an estimation of the probability of outcome in a series
of patients with MHI including early prognostic variables.
Methods: This study included 126 patients with MHI (GCS
9–12). Data collected on admission included age, sex, GCS
score, cause of injury, duration of loss of consciousness,
duration of post-traumatic amnesia, anisocoria, presence of
skull fracture, brain CT result, and prior consumption of
alcohol. The sample population was composed of 79 males
and 47 females, aged 14–87 years. 21.64% of the patients had a
history of alcohol intake. 53 patients had a GCS score of 9–10,
and 73 patients of 11–12. Anisocoria was presented in 6% of
the patients, while 43 patients had a skull fracture. All patients
had brain CT on admission and results were simplified to the
presence or absence of a haematoma. There was a 15% overall
incidence of operated haematomas. Depending on the neuro-
logical examination and findings of CT scan, patients were
taken to the operating room, to the Intensive Care Unit, or to
the High Dependency Unit. Outcome was assessed at 6
months according to Glasgow Outcome Score.
Results: A preliminary study was conducted in a first group of
70 patients using ten possible variables. By separating out-
come into favourable and unfavourable categories, logistic
regression analysis identified four statistically significant prog-
nostic factors: age, GCS score, anisocoria and presence of
haematoma.
External validation of the above model was carried out pro-
spectively in the group of the next 56 patients, showing good
discrimination and adequate calibration, but with a tendency
to be pessimistic about more severely injured patients.
Conclusions: Several studies have constructed predictive mod-
els for survival after severe injury, but there is not enough
published research based on outcome from MHI. Since the
majority of patients admitted to hospitals do not have severe
injury, reducing mortality and morbidity in patients suffering
MHI would have a significant impact. We have derived,
checked and validated a predictive model of survival after
MHI. Based upon our results, a four-variable model was
developed; all variables are simple and easy to measure rapidly
in a centre with access to 24-hour CT. However, further
studies recruiting larger number of patients are needed for
validation of statistical models in MHI.

0680 The so-called oval pupil and its importance in
severe head injury

Aristedis Rovlias, Alexandros Blionas, Savas Melissaris, and
Dimitrios Papoutsakis
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Department of Neurosurgery, Asclepeion General Hospital of
Voula, Athens, Greece

ABSTRACT
Objectives: Pupillary size and light reaction are routinely
recorded in all patients with severe brain injury. Pupillary
abnormalities are accurate predictors of neurological out-
come. They may be present from the time of injury, or may
appear later. Irregularities of pupil shape are not uncommon
in terminal stages of cerebral compression. The finding of an
oval pupil is often associated with intracranial hypertension
and is a sign of impending herniation. This study aims to
describe our experience in the so-called oval pupil and its
association with intracranial pressure (ICP) and outcome in a
series of severely head-injured patients.
Methods: During a 3-year period, the ICP was monitored in
114 patients suffering severe head injury who were admitted
to Asclepeion Hospital. An intraventricular ICP catheter was
inserted and ICP was continuously monitored for five days.
Patients were considered to have intracranial hypertension
when their mean ICP reached levels ≥ 20 mm Hg despite
aggressive therapy.
Results: An oval pupil was observed in 9 of the 114 patients; in
these patients the ICP was elevated, ranging from 26 to 47 mmHg
at the time the oval pupil was first noted. In three patients with
intracranial hypertension at the time that the pupillary abnorm-
ality was first noted, the oval pupil returned to a normal shape
when the ICP was reduced to below 20 mmHg. In the remaining
six cases, the ICP could not be satisfactorily controlled and the oval
pupil became progressively larger and finally fixed and unreactive.
There was a significant difference on outcome between patients
with an oval pupil that returned to normal and those whose
pupillary abnormality became fixed and unreactive.
Conclusions: The oval pupil has beenwell described in the ophthal-
mological literature. Historically, it has been shown that intracra-
nial hypertension in severe brain injury results more frequently in
unfavourable outcome. In this study, we analysed a group of nine
severely head-injured patients with an oval pupil whose ICP was
elevated at the time the pupillary abnormality was first noted. The
oval pupil represents a potentially transitional stage between the
normal and the fixed pupil indicating transtentorial herniation.
The facts that in one-third of our cases the oval pupil returned to
normal shape after controlling of intracranial hypertension, and,
failure to control ICP was associated with the development of a
dilated and unreactive pupil, on the other hand, support this
argument, in spite of the small number of patients. The presence
of such a pupil suggests depletion of compensative reserves and
impending herniation. The above-observed appearance of the oval
pupil with relativelymoderate increased ICP valuesmight indicate
a time window to begin early therapy at lower ICP levels.

0681 Clinical features and outcomes of bilateral
decompression surgery for delayed intracranial
haematoma after craniectomy following acute
subdural haematoma

Younghwan Choi, Sanggu Lee, and Taekyoo Lim

Gachon University Gil Medical Center, Namdong-gu, South
Korea

ABSTRACT
Objective: Delayed contralateral epidural haematoma (EDH)
and traumatic intracerebral haematoma (T-ICH) after cra-
niectomy for traumatic subdural haematoma (SDH) are rare
but devastating post-operative complications. Their clinical
features and outcomes are not well studied. In this report,
we present the clinical features and outcomes of delayed
contralateral acute haematoma cases requiring a second
operation.
Methods: This study includes 10 cases of delayed contralateral
EDH and T-ICH following bilateral craniectomy for the eva-
cuation of traumatic SDH and contralateral haematoma
between 2004 and 2015. Their medical records and radio-
graphic findings were reviewed and analysed retrospectively.
Results: Ten of the 528 patients (1.89%) who underwent
craniectomy for the evacuation of traumatic SDH developed
post-operative EDH (n = 5), T-ICH (n = 5). The trauma was
caused by a fall in five patients and by a traffic accident in five
patients who suffered trauma due to pedestrian accidents
died. Seven patients had a low admission GCS (GCS ≤ 8)
score in the pre-operative state (average admission GCS, 7.7;
average discharge GCS, 4.9; average discharge GOS, 2.0).
Severe intra-operative brain swelling was noted in all patients,
while skull fracture was observed in 8. Multiple associated
injuries and medication for heart disease were characteristic
of patients who died.
Conclusion: The prognosis of delayed contralateral haema-
toma was very poor. Multiple associated injuries, medication
for heart disease and traffic accidents especially pedestrians
were associated with higher mortality rates. Finally, skull
fractures can indicate high risk of delayed contralateral acute
intracranial haematoma.

0682 Multimodal evidence of cognitive impairment
in former NFL players

J. Lucas Koberda

Tallahassee Neurobalance Center, Tallahassee, FL, USA

ABSTRACT
Introduction: Forty-nine (49) former National Football League
(NFL) players were evaluated in my neurology clinic due to
progressive cognitive complaints which were attributed to
prior multiple concussions. In addition to cognitive problems
many subjects reported behavioural dysfunction including
depression, anxiety and even aggressive behaviour. Most of
the former players were initially evaluated by psychologists
and completed an extensive battery of neuropsychological
testing. Structural brain imaging (MRI or CT) and functional
electrical imaging (quantitative electroencephalogram-QEEG)
were completed in most of subjects in addition to neurological
examination.
Results: An average age of former players was 42 (range
between 28 and 62). Average Full-Scale IQ was 64 (range
between 53 and 86). The most frequently detected cognitive
impairment was the Learning and Memory domain (43 of 48
subjects or 89.5%), and Executive Function (39 of 48 subjects
or 81%) followed by the Complex Attention/Processing Speed
(24 of 48 subjects or 50%), Visual/Perceptual (23 of 48
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subjects or 48%) and Language (13 of 48 subjects or 27%).
Approximately 23% of former players were identified with
white matter abnormalities on the brain MRI testing. Most
of players were found to have also functional abnormalities
detected with QEEG (Brain Mapping) testing which fre-
quently included increase in frontal and temporal delta and
theta power.
Conclusions: These data confirmed findings from prior studies
reporting a major cognitive decline of former NFL players
who sustained multiple concussions while playing for NFL. In
addition, brain mapping (QEEG) analysis showed evidence of
functional brain impairment in most of former football
players subjected to testing. Regular MRI testing detected
white matter brain abnormalities in only smaller fraction of
subjects. Most of former NFL players tested are currently
unemployed and unable to secure any type of employment
due to advanced cognitive problems despite having a college
degree or even graduate education.

0683 Extremely severe head injury (GCS = 3):
defining the limits of neurotraumatology?

Aristedis Rovlias, Alexandros Blionas, Savas Melissaris, and
Dimitrios Papoutsakis

Department of Neurosurgery, Asclepeion General Hospital of
Voula, Athens, Greece

ABSTRACT
Objectives: Head injury remains the leading cause of death
and severe disability in young adults. The most important
prognostic factors are age, level of consciousness, presence
of intracranial haematomas, pupillary reactivity and intracra-
nial pressure (ICP) monitoring. Mortality significantly
increases with lowering of GCS score, and with a GCS of 3
there are practically no chances of favourable outcome. This
study was performed in order to find if there are patients with
a GCS of 3 who have a chance of survival in a series of
severely head—injured patients.
Methods: This study included 59 patients with severe brain
injury admitted to the Asclepeion Hospital of Athens. All of
them were assessed on presentation according to the GCS
score as 3 points. The sample population was composed of
49 males and 10 females, ranging in age from 16 to 84 years.
62.7% of patients exhibited an abnormal pupillary response
(unilaterally or bilaterally absent). All patients were examined
by brain CT scan as soon as possible. An ICP monitoring
catheter was inserted in 34 patients and neurological outcome
was assessed at 6 months after injury according to Glasgow
Outcome Score.
Results: 42 patients underwent craniotomy within the first 3
hours, including 5 epidural, 28 acute subdural, and 9 intra-
cerebral haematomas/contusions. In the remaining 17
patients, a diffuse brain injury was detected; four of them
classified as having a diffuse injury type I. The overall mor-
tality rate was 73%. However, seven patients had a favourable
neurological outcome. Of these patients, four were operated
on for an epidural haematoma, and three had no abnormal-
ities on initial CT scan. An analysis of these patients’ age
revealed that all patients who survived with a favourable

outcome were younger than 54 years. The mortality rate was
15.2% in the presence of bilaterally reactive pupils and 57.6%
in the case of unilaterally/bilaterally unreactive pupils. A
further analysis revealed that patients who survived were
younger and had lower ICP levels than those who died.
Conclusions: Advances in the early diagnosis and treatment of
severe head injury have led to major improvement of out-
come, but a GCS score of 3 has been recognized as a bad
prognostic factor, and questions have been raised as to
whether these patients have any chance of a meaningful
recovery. Our study shows that the successful management
of a very severe head injury still remains rare. With a GCS of
3 only patients with a promptly evacuated epidural haema-
toma or a normal initial CT scan have a chance to survive.
Within the population of very severely head-injured patients,
the simple combination of age, pupillary reactivity, and CT
scan findings appears to predict accurately non-functional
outcome in almost 50% of patients.

0684 Brain injuries from falls on stairs of children
and youth in Canada: Epidemiology and prevention

Karlyn Olsena,b, Peter Barssb,c, and Lorena Hiscoed,e

aUniversity of Toronto School of Public Health, Toronto, ON,
Canada; bCanadian Red Cross Water Safety, Ottawa, ON,
Canada; cUniversity of British Columbia School of
Population and Public Health, Division of Occupational and
Environmental Health, Vancouver, BC, Canada; dLakehead
University, Thunder Bay, ON, Canada; eInterior Health
Authority of British Columbia, Vernon, BC, Canada

ABSTRACT
Background: Stairs and steps have in some countries become
the leading specified source of brain injury, with children and
working age adults as the main populations at risk. Risk
factors and trends were assessed for hospitalizations of chil-
dren and youth ≤19 years in Canada.
Methods: Non-nominal hospital admission data were obtained
from the Canadian Institute of Health Information for the
years 1994–2009. Hospitalizations of children and youth 0–19
years of age due to falls on stairs and steps were extracted
using appropriate ICD 9 and 10 codes. Trends by age group
were analysed and hospitalizations cross-classified using
external cause and nature of injury codes. Statistical evalua-
tion included χ2 for univariate and bivariate analysis and
Poisson or negative binomial regression for trend analysis of
hospitalizations and injuries.
Results: There were 13 500 hospitalizations from falls on stairs
and steps among 0–19 year-olds. Rate of hospitalization
decreased by 55% over the study period from 16.8/100 000
to 7.5/100 000. Infants less than <1 year old had the highest
rate at 33.2/100 000, and the greatest improvement correlating
in time with banning of baby walkers in Canada. Males
represented 55% of patients. The home was the site of 60%
of incidents, with 60% of falls resulting in a fracture and 30%
in intracranial injury. For infants <1 year, 50% of stair falls
resulted in an intracranial injury. Income quintiles were
highly correlated (p < 0.001), especially for lowest, at 25% of
total, versus highest 16%.
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Conclusions: Home stairs present serious hazards, especially
for infants and children. While rates of stair falls have
declined in the last two decades, much work remains to
make stairs safer and prevent injuries, especially of the
brain. Home stairs and stairs in the workplace can be made
less steep by adopting the 7–11 configuration widely man-
dated for public places, and other building code measures to
correct frequent design and construction hazards. Banning of
baby walkers can eliminate most infant brain injuries on
stairs, while stair safety gates can prevent many injuries of
toddlers as children begin to walk.

0686 Written materials in a brain injury network in
Northern France improve information and the
quality of the health course

Odile Kozlowski Moreaua,b,c, Walter Daveluya,b,d, Helene
Delecroixa,d, Bruno Polleza,d, Marie Christine Linea, François
Danzea,f, and Marc Rousseauxa

aReseau TC AVC 59 62, CHRU Lille, France; bCHRU, Lille,
France; cAUPRES TC, La Bassee, France; dUEROS, Lille,
France; eGroupement hopitaux catholique, Lille, France;
fFondation Hopale, Berck, France

ABSTRACT
Aim: After traumatic brain injury and stroke, the way is long
and difficult. Patients and families describe a lot of difficulties
to understand what is happening and to know what they
should do and where they should go, from early stage in
hospital to late stage of social and professional reintegration.
Professionals give oral explanations to patients and families
but it represents a lot of information to understand and
assimilate. Therefore, we propose materials to improve infor-
mation quality.
Method: The regional network proposes to make written
information materials for patients and families. Thematic
working groups gather professionals who are working in
different stages of course. Working groups have made multi-
ple information sources to explain coma, awakeness, reed-
ucation, physical and neuropsychological difficulties, and
social reintegration. These booklets explain symptoms and
propose advice (for example, what to do about selective atten-
tion difficulties). Booklets are proposed about specific neu-
ropsychological difficulties (memory and specific attention
disorders, agressiveness, apathy). Working groups have rea-
lized booklets about physical activity, car driving, swallowing
disorders. These booklets are used in resuscitation, rehabilita-
tion services and after return to home in the follow-up multi-
disciplinary consultations, and in social services. So, in
different stages of course, patients hear the same words and
explanations, see the same booklets. Different booklets are
given when the professionals think that it is the appropriate
time. Furthermore, the TBI and Stroke Network has a website
in which the booklets are available. Some booklets can be seen
by the general public and some others can only be accessed by
the professionals (www.reseautcavc5962.org).
Results: Patients and families are reassured. They know better
what to do and where to go to improve family, social and

professional integration. There are less breaks in the health
course. Moreover, thanks to the working groups, these profes-
sionals know better the other stages of the course and the
other professionals. Finally, we can use the booklets for stu-
dents, trainees and new professionals to introduce to them the
specific difficulties of brain injury.
Conclusion: To conclude, written supports help patients,
families and professionals in different stages of course after
brain injury.

0687 Health professionals’ perception on the
traumatic brain injury care pathways: A SWOT
analysis

Nada Andelica, Cecilie Roea, Philippe Azouvib, Helen Dawesc,
Marek Majdand, and Olli Tenovuoe

aDepartment of Physical Medicine and Rehabilitation, Oslo
University Hospital and University of Oslo, Oslo, Norway;
bRaymond Poincare hospital, Garches and University of
Versailles Saint-Quentin, Paris, France; cMovement Science
Group, Oxford Institute of Nursing, Midwifery and Allied
Health Research, Oxford Brookes University, Oxford, UK;
dTrnava University, Faculty of Health Sciences and Social
Work, Department of Public Health, Trnava, Slovakia;
eTurku University Central Hospital and University of Turku,
Turku, Finland

ABSTRACT
Background: The quality of care after traumatic brain injury
(TBI) may be compromised during complex pathways of care.
Numerous transitions, lack of capacity, lack of expertise and
lack of appropriate follow-up are possible challenges to the
quality of care in pathways after a TBI.
Aim: The aim of this study was to describe the main challenges
in the pathways of TBI care from the perspective of health
providers in four different European countries.
Methods: Four workshops were conducted in 2014/2015 in the
institutions participating in The Collaborative European
NeuroTrauma Effectiveness Research study in Traumatic Brain
Injury-CENTER-TBI (Oslo University Hospital, Trnava
University, University of Versailles Saint Quentin, and Oxford
Brooks University). In total 74 healthcare professionals of TBI
care from different disciplines (medical administrators, medical
doctors across specialties, nurses, physiotherapists, occupational
therapists, speech therapists, psychologists/neuropsychologists,
social workers, TBI researchers) from both the public and private
healthcare sectors participated in the workshops. The output of
each workshop reflected the local systems and structure of TBI
care, pathways of care, and their bottlenecks. The SWOT charts
(Strengths, Weaknesses, Opportunities, Threats) were used to
assess the key points that emerged during each workshop.
Results: The main strengths of the pathways of TBI care
identified across the countries were as follows: well-organized
pre-hospital and acute TBI care with the coverage of the
whole population within the public healthcare system, good
technology to support patients with acute rehabilitation needs,
and multidisciplinary evidence-based treatment approaches.
The main recognized weaknesses concerned the fragmenta-
tion of care following an acute TBI hospitalization, where the
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subsequent settings of care may function as a silo, lacking
formal relationships with other settings of care as well as
having poor communication and information transfer. This
in turn may disrupt the continuity of care. In addition an
insufficient bed capacity—especially for acute and sub-acute
rehabilitation, and long waiting times for most services were
identified as major weaknesses.
Conclusion: The continuity in healthcare service delivery from
acute to post-acute/rehabilitation TBI phases as well as reha-
bilitation capacity could be improved. Improving communi-
cation and collaboration across different TBI care facilities
will break down borders in healthcare and improve patients’
pathways of care.

0688 Systematic and automated algorithms for
detecting cortical spreading depolarizations using
EEG and ECoG to improve TBI diagnosis and
treatment

Alireza Chamanzar, Shilpa George, Praveen Venkatesh,
Wanqiao (Ivy) Ding, and Pulkit Grover

Carnegie Mellon University, Pittsburgh, PA, USA

ABSTRACT
Rationale: Cortical Spreading Depolarizations (CSDs) are
waves of depolarization that spread across the cortical surface
and are known to cause secondary brain insults after TBI.
Because they have been shown to be reliably detected only
through surgically placed Electrocorticography (ECoG) arrays
on the brain surface, they can go undetected in many injured
brains. In severe cases, CSDs are known to cause neuronal
death [Pietrobon’2014 NatureReviews Neuroscience;15;379–
393], and thus motivate our work on engineering and algo-
rithmic tools for reliable detection/diagnosis of CSDs. We
pose two questions fundamentally important to detecting
CSDs:

1) Can one develop systematic automated algorithms for
detecting CSDs without visual inspection while providing
explicit guarantees on the algorithms’ success?

2) Can high-density noninvasive Electroencephalography
(EEG), coupled with advanced data processing, improve
noninvasive detection of CSD waves?

Recent studies show that EEG can indeed detect some CSDs
[Hartings, AnnNeurol2014 Nov;76(5):681–94]. However,
because of the diffusive effect of the layers between brain
and the scalp (which act as spatial low-pass filters), EEG
detection reliability was observed to be substantially smaller
than that of ECoG. We expected that the diffusive effect of
head layers can be compensated to a degree by increasing the
EEG electrode count.
Methods: ECoG: We use wavelet-based edge detection as a
pre-processing step, followed by stitching together data from
different time steps to maximize detection probability under
constrained false-alarm probability (Neyman–Pearson formu-
lation). The algorithms are made robust to changes in wave
propagation velocity across different areas of cortex by using
composite hypothesis testing.

EEG: We first propose and use a spatial equalization-based
approach that appropriately inverts the brain-to-scalp spatial
low-pass filter, with improved inversion as the number of electro-
des increase. The key difficulty lies in performing this inversion
with a finite number of sensors. By paying attention to the highest
spatial frequency that can be recorded with a given electrode
count, we partially invert the spatial low-pass filter. Once on the
cortical surface, the algorithm is similar for EEG and ECoG.
Results/Conclusions: ECoG: with sufficient electrode density,
the algorithm successfully detects CSDs as expected, with low
false-alarm and missed-detection rates. EEG: We expected
that the accuracy of recovering the cortical signal from scalp
measurements improves with increasing number of electrodes
(Grover, Venkatesh, Proc. IEEE’17), and this is indeed what
we see. Consequently, our algorithm (for high-density EEG
measurements) enables improved detection using EEG in
cases when visual inspection might fail (e.g. when the data is
noisy or when the spreading depression causes only a mild
depression on the brain surface). As an example, we consider
a simulated CSD on a 4-sphere head model where the depres-
sion causes loss of 80% energy. Visual reading of unprocessed
EEG error-prone, but signal projected onto the brain surface
brings out the hidden depression!

0690 Attention and visuo-spatial function in
children aged 6–8 years without cerebral palsy, who
were cooled for neonatal encephalopathy;
Preliminary evidence of dorsal stream vulnerability

Huw Williamsa, James Tonksa,b,c, Richard Lee-Kellandb, Sally
Jaryb, Marianne Thoresenb,d, Fances Cowanb, and Ela
Chakkarapanib

aUniversity of Exeter Medical School, Exeter, UK; bSchool of
Clinical Sciences, University of Bristol, Bristol, UK; cSchool of
Psychology, University of Lincoln, Lincoln, UK; dUniversity
of Oslo, Oslo, Norway

ABSTRACT
Background: Neonatal encephalopathy (NE) after asphyxia
affects 1–3/1000 live births in the UK each year. Therapeutic
hypothermia (TH), significantly cooling infants with NE
within 6 hours of birth for 3 days, reportedly improves out-
come and reduces incidence of cerebral palsy (CP) in survi-
vors. As such it is now standard care for infants with NE.
Previous research attests to the vulnerability of the dorsal
cortical stream of the visual system in perinatal brain injury.
Measures of visuo-spatial ability and control of attention are
reportedly indicators of the integrity of the dorsal cortical
stream (Atkinson & Braddick, 2010). Children aged 6–7
years who underwent TH for NE are reported to have cogni-
tive impairments even in the absence of CP (Pappas et al.,
2015). It is unknown whether visuo-spatial and attention
abilities are affected in early school age children cooled for
NE that do not have CP.
Objective: In children aged around 6–8 years without CP who
were cooled for NE we (i) compared visuo-spatial and atten-
tion abilities with a contemporary control group, and (ii)
investigated the relation between attention abilities and cog-
nitive function.
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Design/Methods: Twenty-seven children aged 6–8 years cooled
for NE, and 18 controls matched for age, sex and socio-
economic status were administered an attention test (the
Connor’s Performance Test-2) utilizing measures of average
speed of correct responses, response speed consistency, and
change in reaction time across test duration. The block con-
struction test from the NEPSY-II was used as a measure of
visuo-spatial processing. The WISC-IV-UK was used to gen-
erate Full-scale IQ data. We assessed the relation between
response times <50th percentile on Full-scale IQ (FSIQ < 85).
Results: In considering attention, children with NE were
found to have significantly reduced abilities in sustaining
attention over time, their reaction times were slower and
there was greater inconsistency in response speed compared
to controls. They were also found to have significantly
reduced visuo-spatial processing performance. Response
times <50th percentile were found to have 100% specificity
and positive predictive value in predicting FSIQ < 85.
Conclusions: Our results provide preliminary evidence to sup-
port dorsal stream vulnerability in children with NE after
cooling, and further indicate that difficulties with attention
and visuo-spatial processing may contribute to cognitive
impairments in cooled children without CP. We discuss nega-
tive early neurocognitive effects as potentially predictive of
later executive function difficulties.

0694 Blood-based mitochondrial-targeted
diagnostic test for traumatic brain injury

Pushpa Sharma

Anesthesiology, Uniformed Services University of the Health
Sciences, Bethesda, MD, USA

ABSTRACT
Background: Most of the consequences of mild TBI are due to
the progression of secondary cell injury cascade due to the
depletion of cellular energy (ATP), increased free radicals and
enhanced neuronal cell death due to the damaged mitochon-
dria. [1] Depletion of cellular ATP in injured brain can be
identified by 1). Defect in substrate utilization—by measuring
pyruvate dehydrogenase enzyme (PDH), and 2). Defect in
electron transport chain (ETC) enzymes—by ETC enzyme
activities of complexes I, II, III and IV. When and how
mitochondria get damaged and cause secondary cell injury
following TBI is not known, because we do not have biomar-
kers of mitochondrial damage? One of the key mitochondrial
enzymes is pyruvate dehydrogenase (PDH), which supply
reducing equivalents to complex I through the oxidative dec-
arboxylations of pyruvate. Complex I is the first enzyme of the
ETC required for ATP generation. Depletion of complex I
increases free radicals. Our aim was to develop blood-based
mitochondrial biomarkers of brain injury severity.
Methods: Mild TBI was induced in male Sprague-Dawley rats
by lateral fluid percussion injury. At day 7 post-injury, serum
and hippocampus lysate were used to measure PDH and
complex I by dipstick test according to our established pro-
cedure. [2]
Results: There was an inverse correlation between serum and
hippocampus PDH. In contrast, there was a positive relation

between serum and hippocampus complex I. Measurement of
serum complex I can provide an estimation of mitochondrial
ETC damage in brain, while increase in serum PDH indicate a
compensatory mechanism to meet the growing demand of
substrate supply for ATP production in the injured brain.
Conclusions: Use of blood-based mitochondrial dipstick test
for the diagnosis of TBI severity can hold a promising future
in the development of mitochondrial-targeted therapeutic
strategies for the treatment of TBI.
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0695 Case report: Post-concussion syndrome
following mild traumatic brain injury

Madan Prasad
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ABSTRACT
Introduction: A 43-year-old white, right-handed female was
involved in a car accident in July 2016; referred to our centre
for evaluation of the slurring speech and headache since after
the accident. After the accident she was evaluated in the
hospital; works ups were negative. In addition, she was having
left-sided headache with dizziness almost everyday and feeling
depressed as well. The headache was tension type, not asso-
ciated with photophobia or sonophobia; and the headache
lasted over 4 hours. Medications did not relieve the headache.
Review of system: Negative.
Medical History: Right breast Cancer.
Surgical History: S/P Right Mastectomy.
Family History: Breast cancer.
Allergy: Not Known Drug Allergy.
Physical exam: Unremarkable.
Neurological Exam: alert, awake and oriented time, place and
person.
Cranial Nerves: II to XII—intact.
Motor: Tone: normal, Power: 5/5.
DTRs: +2 Biceps, triceps and Brachioradialis. Knees and
ankles: +1.
Coordination: Intact.
Sensory exam: Pin prick and Temp: Intact.
Planters: Mute bilaterally.
Gait: Unstable sec to knee pain.
Investigations: Labs: CBC and blood chemistry: Normal.
CT and MRI brain: Normal.
Diagnosis: Likely post-concussion syndrome.
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Treatment: Her headache was improved with gabapentin; and
depression was treated with amitriptyline. In addition, she
had cognitive behavioural therapy (CBT) for depression.
Conclusion: The patient responded well; and her symptoms
were resolved in November, 2016.

0696 Determination of the efficacy of the patient
global impression of change as an outcome measure
to assess improvement in mTBI/PH symptoms
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Bleiberga, and Thomas DeGrabaa
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ABSTRACT
Background: The Patient Global Impression of Change
(PGIC) is an outcome scale used to evaluate patients’ percep-
tion of treatment efficacy. In an effort to identify standardized
outcome measures that can be used at all military health
system TBI centres, a DVBIC Health Outcomes
Standardization Working Group selected the PGIC as a core
assessment tool. Here, we sought to determine whether the
PGIC could be used to measure change in response to treat-
ment in patients with mild traumatic brain injury (mTBI) and
psychological health conditions (PH) who are enrolled in the
interdisciplinary outpatient programme (IOP) at the National
Intrepid Center of Excellence (NICoE) at Walter Reed
National Military Medical Center (WRNMMC).
Methods: To determine whether PGIC can be used to assess
change in response to treatment in patients with mTBI/PH,
we compared PGIC scores at discharge with several indepen-
dent outcome measures. First, we compared PGIC scores with
the change in scores from admission to discharge of several
commonly used self-report scales (NSI, PCL-M, GAD-7,
PHQ-9, ESS, HIT, SWLS and AUDIT-C). In addition, we
compared PGIC scores with improvement of individual
symptoms that patients identified as areas of chief concern
at admission.
Results: Our data indicate a significant negative correlation
between PGIC scores and the change in most scales. AUDIT-
C showed a weak relationship with PGIC (r = 0.02). Multiple
regression analysis indicated that the GAD-7, PHQ-9 and ESS
significantly explain 21.34% of the variance of the PGIC (p <
0.001). Analysis of patient complaints indicated that patients
who reported PGIC scores of 6–7 (representing meaningful
improvement) were significantly more likely to report
improvement in areas of concern than were patients with
PGIC scores of 1–5 (p = 0.016), and were significantly more
likely to report improvement than worsening of symptoms (p
<.0001). There was a significant relationship between PGIC
scores and changes in headache (p < 0.001), sleep disturbances
(p = 0.007), cognitive disturbances (p = 0.012), and visual
disturbances (p = 0.016).
Conclusions: It is likely that multiple factors contribute to
patients’ perception of improvement in response to the

NICoE IOP. Analysis of patients’ complaints suggests that
patients are more likely to report improvement when symp-
toms that they consider to be most disruptive are addressed.
Correlation analysis between PGIC and other self-report
scales indicates that PGIC scores reflect change that is repre-
sented across the range of outcome metrics but do not corre-
late significantly with any single scale. These data suggest that
patient perception of change can be measured with a scale
influenced by multiple domains. Therefore, the PGIC may be
an accurate metric to reflect patient change in response to a
multidimensional treatment paradigm.
Disclaimer: The views expressed in this abstract/poster are
those of the authors and do not reflect the official policy of
the Department of Army/Navy/Air Force, Department of
Defense or U.S. Government.

0697 KPT-350, a potent and selective inhibitor of
XPO1, reduces neuronal injury and regulates
expression of genes associated with neuroprotection
and inflammation after TBI

Sharon Tamira, Yonggang Lib,c, Gregory Fordc, Todd Whitec,
Timothy Distelb,c, Shelton Cochrana, Trinayan Kashyapa,
Sharon Shachama, and Byron Fordb,c

aKaryopharm Therapeutics, Newton, MA, USA; bUC
Riverside School of Medicine, Riverside, CA, USA;
cMorehouse School of Medicine, Atlanta, GA, USA

ABSTRACT
Objective: Traumatic brain injury (TBI) accounts for approxi-
mately 230 000 hospitalizations and 500 000 deaths in the
USA annually. Currently, there are no effective therapies
available to reduce or reverse the damage caused by TBI.
Recently, Exportin 1 (XPO1)—a nuclear export protein that
trafficks over 200 cargo proteins to the cytoplasm—has sur-
faced as an attractive target for the treatment of neurodegen-
erative and inflammatory disorders because it facilitates
certain pro-inflammatory pathways. KPT-350 is an oral
Selective Inhibitor of Nuclear Export (SINE) compound,
which covalently binds to XPO1 and blocks its function.
KPT-350 is well-tolerated, brain-penetrant and therapeutically
active in preclinical models. This study sought to determine
the effect of KPT-350 on physical and biochemical endpoints
in a rat model of TBI.
Methods: TBI was induced in adult male Sprague-Dawley rats
via a unilateral controlled cortical impact (CCI). The rats were
treated with 15 mg/kg KPT-350 or vehicle orally 2 hours after
injury and sacrificed 24–72 hours later. Brains were collected
and sectioned for histological analysis to examine the effect of
KPT-350 on TBI-induced neuronal injury. Brain tissues,
whole blood cells and plasma were isolated to allow a com-
parison of gene expression profiles between treated and
untreated rats. Microarray and bioinformatic analyses were
used to determine the genes and pathways that were altered in
response to TBI and KPT-350 treatment. Molecular pathways
that were associated with the altered gene expression profiles
in brain tissues following TBI and KPT-350 were identified
using Ingenuity Pathway Analysis (IPA) software.
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Results: KPT-350 significantly reduced the size of the injury
and the number of fluoro jadeB (FJB)-labelled injured neu-
rons after TBI compared to vehicle-treated animals. In addi-
tion, KPT-350 blocked microglial activation as measured by
Iba1 and ED1 labelling and reduced reactive astrogliosis as
determined by GFAP immunoreactivity. Expression levels of
>500 genes were significantly altered by TBI and many of
these expression changes were reversed by KPT-350.
Predicted upstream regulators of the TBI- and KPT-350-regu-
lated genes included NFκB, IL12, MAPK, CREB1, STAT1 and
STAT6. The overall analysis of expression changes in net-
works associated with cell death and apoptotic pathways sug-
gested that KPT-350 reduced the secondary injury in TBI by a
neuroprotective and anti-inflammatory mechanism.
Conclusions: These findings demonstrate that in the CCI
model of TBI, KPT-350 has a significant impact on neuronal
survival and on the expression of genes in networks associated
with neurodegeneration and neural damage. This study also
suggests that KPT-350 acts through a combined neuroprotec-
tive and immunomodulatory mechanism to prevent neuronal
injury following TBI.

0698 Neuropsychological outcomes for children
referred for HIV-related difficulties to a local
pediatric neuropsychology clinic in Cape Town,
South Africa: Attention vs memory problems?

Limpho Mokoena, Naaila Davids, Susan Malcolm-Smith, and
Leigh Schrieff-Elson

Department of Psychology, Applied Cognitive Science and
Experimental Neuropsychology Team, University of Cape
Town, Cape Town, South Africa

ABSTRACT
Introduction: Human immunodeficiency virus (HIV) is a ser-
ious public health concern, which is the leading cause of
morbidity and mortality in South Africa. Children are unduly
affected and experience both direct and indirect effects asso-
ciated with the disease, seen in a range of domains including
medical, developmental, psychosocial, academic and cognitive
spheres.
Aim: The main aim of this study was to the describe neurop-
sychological profiles of children referred to the Red Cross
War Memorial Children’s Hospital’s (RXH) paediatric neu-
ropsychology clinic (PNC), over a 1-year period for HIV-
related neuropsychological difficulties.
Methods: We adopted a case series approach, reporting on all
children referred to the RXH’s PNC in 2015 in the first
instance, and then all children referred for HIV-related diffi-
culties more specifically. The study design was retrospective
and quantitative, based on medical (including PNC) records
at the RXH.
Results: A total of N = 41 children were referred to and seen at
the RXH PNC in 2015 for a range of neuropsychological
difficulties based on various aetiologies. We focused on the
sub-sample of children who were referred specifically for
HIV-related difficulties, who constituted almost 50% of that
sample of referrals (n = 20) to the PNC for 2015. The mean
age of the sub-sample was approximately 10 years. Most

children were male, isiXhosa-speaking, and from low socio-
economic backgrounds. The results of the neuropsychological
assessments showed that, on average, the children scored
quite poorly across the domains of attention, executive func-
tions (including working memory and abstraction), language,
processing speed and general intellectual functioning.
However, what was inconsistent with previous literature is
that children performed in the average range for memory.
Discussion and Conclusion: In and amongst the range of
neuropsychological difficulties reported for children referred
to the PNC for HIV-related difficulties, memory problems
were common. However, the neuropsychological reports sug-
gest that these difficulties may be a function of attentional
problems rather than pure memory problems per se. The
interrelationship between these domains is discussed. Future
research is important to substantiate this finding as it can
begin to inform new, and revise existing, intervention
strategies.

0699 Safety, acceptability and outcomes following
early active rehabilitation for concussion recovery in
youth: An exploratory randomized clinical trial

Danielle Dobneya, Lisa Grillib, Helen Kocilowiczb, Christine
Beaulieub, Meghan Straubb, Carlo Gallib, Mitchell Saklasa,
Debbie Friedmanb,c,d,f,e, Alexander Sasha Dubrovskyg, and
Isabelle Gagnona,b,g

aMcgill University, Faculty of Medicine (School of Physical
and Occupational Therapy), Montréal, QC, Canada; bThe
Montreal Children’s Hospital (McGill University Health
Centre, Trauma Centre), Montreal, QC, Canada; cCanadian
Hospitals Injury Reporting and Prevention Program, Canada;
dFaculty of Medicine (Assistant Dean of Student Affairs for
the Schools (Physical and Occupational Therapy
Communication Sciences and Disorders, Nursing), McGill
University, Montreal, QC, Canada; eFaculty of Medicine
Assistant Dean of Student Affairs, Schools (Physical and
Occupational Therapy Communication Sciences and
Disorders, Nursing), McGill University, Montreal, QC,
Canada; fFaculty of Medicine (Department of Pediatric
Surgery), McGill University, Montreal, QC, Canada; gFaculty
of Medicine (Department of Pediatric Emergency Medicine),
McGill University, Montreal, QC, Canada

ABSTRACT
Background: One-third of youth experience persisting symp-
toms following concussion lasting upwards of 1 month. The
traditional approach of physical rest has not been shown to
alleviate symptoms for this unique group of patients. Active
Rehabilitation (AR) approaches are gaining traction by
exploring the utility of individualized physical activity as a
management strategy.
Objectives: The primary objective was to evaluate the safety
and acceptability of implementing early AR for concussion
management in youth with symptoms persisting more than 2
weeks post-injury. A secondary and exploratory objective was
to estimate the extent to which early AR contributed to
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changes in post-concussion symptoms when compared to
standard AR.
Design: Single-centre, randomized clinical trial examining early
AR (initiated 2 weeks post-injury) compared to standard AR
(initiated 4 weeks post-injury) over a 6-week follow-up period.
Setting: Mild Traumatic Brain Injury Programme/Concussion
Clinic at a tertiary care paediatric university teaching hospital
and Trauma Centre.
Participants: Twenty youth (9–17 years old) with post-
concussion symptoms for at least 2 weeks were randomized
to early AR (n = 10) or to standard AR (n = 10), out of 50
screened consecutively for eligibility.
Intervention: AR (aerobic exercise, coordination drills, visua-
lization, education/reassurance) was administered by phy-
siotherapists in-person, and then continued as a home
programme. The AR was provided in addition to usual
recommendations and activity management post-concussion
(school and general/physical activities). Content was similar
in both groups, only timing of initiation was different (early
vs standard).
Outcome Measures: Safety was ascertained with a daily online
survey to monitor changes in post-concussion symptoms,
adverse events and aerobic exercise details (type, frequency,
duration and intensity). Adverse events were defined as an
exacerbation of post-concussion symptoms during or imme-
diately following aerobic exercise. Acceptability to patient and
patient families was inferred based on reasons for declining
participation, as well as based on clinician willingness to
provide early rehabilitation. Post-concussion symptom sever-
ity, measured with the Post-Concussion Symptom Inventory,
was documented 2, 4, 6 and 8 weeks post-injury to address
our secondary objective.
Results: No adverse event was reported by participants in
either group in the first 2 weeks of intervention. Two adverse
events (one in each group) were identified through the online
survey more than 1-month post-concussion. Early AR was
acceptable to all but one parent and one patient (not related),
who declined participation due to concern of possibly being
randomized to the early AR group. Other reasons for not
participating included scheduling difficulties and lack of inter-
est. Post-Concussion Symptoms decreased over time for both
groups.
Conclusions: The results from this pilot study indicate that
early AR (starting 2 weeks post-injury) is an acceptable and
safe approach for the management of persisting symptoms
after a concussion. Further study is needed to determine the
superiority of this strategy over current treatment approaches.

0703 Investigating emotional and behavioural
sequelae and concussive injury in a sample of adult
rugby players in Cape Town, South Africa

Lydia Wepenera, Dale Stephena, Kevin Thomasa, Anthony
Figajib, Marcin Jankiewiczc, and Leigh Schrieff-Elsona

aDepartment of Psychology, Applied Cognitive Science and
Experimental Neuropsychology Team, University of Cape
Town, Cape Town, South Africa; bDivision of Neurosurgery,
Department of Surgery, University of Cape Town, Red Cross

War Memorial Children’s Hospital, Cape Town, South Africa;
cDepartment of Human Biology, MRC/UCT Medical Imaging
Research Unit, University of Cape Town, Cape Town, South
Africa

ABSTRACT
Introduction: Given its rising incidence rates and potentially
debilitating neurodegenerative outcomes, sports-related con-
cussion has received dramatically increased attention over
recent years. Rugby is among the highest-risk contact sports
for diagnoses of concussion or mild traumatic brain injury.
The occurrence of rugby-related concussion mirrors the repe-
titive, high-impact nature of the game. This research forms
part of a larger research project that aims to investigate the
long-term neuropsychological outcomes of repeated concus-
sions and sub-concussive injuries in rugby players.
Aim: The current project explores the relationship between
concussion and emotional and behavioural disturbance in
rugby players and non-contact sportsmen.
Methods: Questionnaires measuring depression, anxiety, gen-
eral health, anger, impulsivity and alcohol usage were admi-
nistered to a sample of 114 participants including rugby
players (n = 88) and non-contact sport participants
(n = 26), matched on age and intelligence.
Results: 45 rugby participants (51%) reported 1–5 previous
formally diagnosed concussions and 30 (34%) reported poten-
tial undiagnosed concussions ranging from 1 to multiple
incidents. In total, 68% of the rugby players in the sample
reported previous concussive injury. We conducted a discri-
minant function analysis with three groups (rugby players
with concussion, rugby players without concussion and non-
contact sport control participants) using measures of emo-
tional and behavioural disturbance as predictors. Results indi-
cated that the groups did not differ on emotional and
behavioural disturbance and that discriminant functions
could not be used to significantly predict group membership.
Discussion and Conclusion: The findings of this study suggest
that emotional and behavioural disturbance after concussion
might dissipate altogether in the acute phase of concussive
injury or may only surface later in life. In addition, it appears
that outcomes of emotional and behavioural disturbance after
mTBI cannot be predicted solely by injury-related variables.
Further considerations including the possible implications of
self-report measures on the reliability of emotional and beha-
vioural disturbance in the sample are discussed.

0704 Combining rTMS and amantadine to enable
neurobehavioural recovery for persons living in
chronic states of disordered consciousness after TBI

Theresa Papea,b, Joshua Rosenowb, Brett Blabasa, Sandra
Kletzela, Amy Herrolda,b, Todd Parrishb, Ann Guernona,c,
Trudy Mallinsond, Dulal Bhaumika,e, Runa Bhaumike, Elyse
Walsha,f, Mark Conneelyg, Marilyn Pachecoa, Vijaya Patila,
Monica Steinera, and Elliott Rothb,f

aEdward Hines Jr., VA Hospital, Hines, USA; bNorthwestern
University, Feinberg School of Medicine, Chicago, IL, USA;
cMarianjoy Rehabilitation Hospital part of Northwestern
Medicine, Wheaton, IL, USA; dThe George Washington
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University, Washington DC, USA; eUniversity of Illinois at
Chicago, Chicago, IL, USA; fThe Rehabilitation Institute of
Chicago, Ability Lab, Chicago, IL, USA; gJames A Lovell Federal
Health Care Center, North Chicago, IL, USA

ABSTRACT
Objective: To characterize the effects of repetitive Transcranial
Magnetic Stimulation (rTMS), amantadine (AMA), and rTMS
+ AMA among persons living in chronic vegetative (VS) and
minimally conscious (MCS) states after TBI according to
changes in neurobehavioural function and functional connec-
tivity of the dopamine network.
Methods: In this trial (registry #NCT02025439), four partici-
pants first received rTMS-alone (30 sessions, right Dorsal-
Lateral-Prefrontal-Cortex) or AMA-alone (100-mg BID, at
least 28 days) after which all received TMS + AMA. To
increase size of rTMS-alone group, two participants from a
previous trial were added. The Disorders of Consciousness
Scale (DOCS-25) was collected weekly during treatments and
at 6-week follow-up. Resting-state functional connectivity
(rsFC) was assessed at baseline and after each treatment.
Treatment effects on rsFC of the dopamine network (16
regions) and the three pathways comprising this network
were examined separately and relative to neurobehavioural
outcomes.
Results: AMA-alone group (n = 2) made an average neurobe-
havioural gain of 4.2 (SD: 3.7), but it is not meaningful
because it is less than the DOCS-25 minimally detectable
change (MDC) of 4.6. rTMS-alone (n = 4) and rTMS +
AMA (n = 4) groups made clinically meaningful gains respec-
tively of 11 (SD: 4.8) and 15 (SD: 10.1) exceeding the MDC
and Minimally Clinically Important Difference (MCID) of 6.
To examine treatment differences according to sustainability
of gains, we identified peak neurobehavioural performance
during treatments. Each group made clinically meaningful
gains from baseline to peak (AMA-alone: 18, SD: 0.54;
rTMS-alone: 19, SD: 10.6; rTMS + AMA: 19, SD: 8.8). From
peak to treatment endpoint, however, only rTMS + AMA
sustained gains (3.3, SD: 18.1) (AMA-alone: −12.0, SD: 1.3;
rTMS-alone: −9.6, SD: 11.3). rsFC of the dopamine network
(mean z-score) decreased for all groups (AMA-alone: −0.12;
rTMS-alone: −0.07; rTMS + AMA: −0.22), but correlations
with neurobehavioural measures increased (rTMS-alone:
Baseline r = −0.65; Endpoint r = 0-.35; rTMS + AMA:
Baseline r = −0.36; Endpoint r = 0.42). Differential rsFC
change within the dopamine network was examined by com-
puting the proportion of z-scores changing for all region–
region pairs comprising each pathway and by computing
correlations between neurobehavioural measures and these
z-scores. rTMS-alone and rTMS + AMA each evoked more
than 90% change in each of the three pathways. Both treat-
ments also had positive correlations between neurobeha-
vioural measures and region–region z-scores within the
nigrostriatal (rTMS-alone r = 0.55; rTMS + AMA r = 0.60)
and mesolimbic (rTMS-alone r = 0.82; rTMS + AMA r = 0.65)
pathways. For the mesocortical pathway, however, rTMS-
alone correlations were positive (r = 0 .91) and rTMS +
AMA were negative (r = 0-.70).

Conclusions: Findings suggest that rTMS + AMA may support
sustained neurobehavioural gains possibly enabled by differ-
ential modulation within the dopamine network that could
reflect a trade-off between subcortical processing and higher-
level processing mediated by the mesocortical pathway.
Findings also suggest that persons living in chronic VS and
MCS provided with targeted treatments can recover mean-
ingful function highlighting the need for research to optimize
this potential.

0705 Does Amantadine have a role in maintaining
function in long-established brain injury? A single-
subject research study

Alasdair Fitzgeralda, Lynne Maina, Ursula McNicholla, Nicky
Hairea, Janet Foggob, Fiona Rowneyc, and Ronali McLeana

aNHS Lothian, Astley Ainslie Hospital, Edinburgh, Scotland;
bCase Management Services Ltd, Edinburgh, Scotland;
cBalanced Physiotherapy, Edinburgh, Scotland

ABSTRACT
Background: Research into dopamine agonist (DA) use in
traumatic brain injury (TBI) has focused on acute or recovery
phase consciousness or cognition (1–5). The role of DA in
later rehabilitation or in functional outcome is less well
defined.
Objective: We report a single-case experimental design
demonstrating amantadine-associated functional improve-
ment, 6 years following TBI with bifrontal and bitemporal
contusions, traumatic subarachnoid haemorrhage and intra-
ventricular bleeding.
Method: The subject was initially given amantadine 2 years
post-injury when in a low awareness state. Due to associated
infrequent seizures, repeated attempts were made to discon-
tinue or use alternative stimulants, but with loss of function
on each occasion. To justify continuation with amantadine, a
non-blinded trial of withdrawal using an ABA format was
performed. Based on the subject’s ability to participate in
dressing, personal care, oral hygiene, feeding, mobility, com-
prehension, vocalization and musical ability, 41 individual
activities were graded in a range of 1–4 according to complex-
ity or degree of prompting required. At baseline, his grades
were skewed towards upper end of range (21 ‘4’s; 10 ‘3’s; 1 ‘2’
and 9 ‘1’s) possibly reflecting impact of learning effect from
task repetition in preparation for the trial. Score on Disability
Rating Scale (6) at baseline was 11.
Results: At 25 and 36 days post withdrawal, deterioration was
recorded in 21 and 26 respectively of the 41 graded activities,
and deterioration by 2 or more grades in 11 and 12 activities
respectively. By 17 and 31 days following reintroduction, most
grades returned to baseline or better (higher in 10, lower in 2).
Conclusion: This is the first comparable report of DA-asso-
ciated improvement in late-phase rehabilitation following
TBI. Were this pattern is to be researched further, client-
specific scales, rather than standardized outcome measures,
may be required if trials are to be sufficiently sensitive to
quantify change in function or quality of life.
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0709 The quest for data in a state without
significant brain injury resources

Ashley Bryant Harbin and Stephen Firsing, III

South Carolina Brain Injury Leadership Council, Columbia,
SC, USA

ABSTRACT
Introduction and Methods: Decisions are being made every
day about TBI patients in the state of South Carolina (SC).
Decisions are being made by patients, families, providers,
schools, insurance carriers, hospitals and legislators. SC has
no TBI Model System Center. The Brain Injury Association of
SC, although committed to serving this population, only has
the limited financial resources to maintain a small staff for
community outreach and education. Without specific data
about what is actually happening in this state, future efforts
to support and advocate for brain injury patients were at risk
for being driven only by national trends and locally available
resources. Some states are fortunate to have medical and
educational institutions funding multidisciplinary teams with
the time to seek large grants and engage in impressive
research. Many, like ours, are not. A significant risk associated
with this discrepancy is that much of the research being
published is coming from the states in which patients may
already have the greatest access to data-driven services, and
these patterns may be dramatically different in states without
those types of resources.
Results: Already a year into this quest by the SC Brain Injury
Leadership Council, there are as many unanswered questions
as answered ones. As expected, small amounts of data have
been gathered fairly easily from the SC Department of
Education and regional emergency departments.
Conversations are ongoing with Blue Cross Blue Shield of
SC and local hospitals, but no promises have been made to

grant access to their records. Our greatest success has been in
collaboration with SC Medicaid. Although Medicaid-funded
services are only a portion of those being provided in our state
and target a very specific demographic of the population,
these efforts have provided the first ever actual (but very
preliminary and with significant limitations) global data set
on the numbers of brain injury patients in SC and the services
being provided. Ultimately, the goal is to gather data from
other payer and provider sources and to place this state-wide
data into a national context, but even the latter has been
daunting and complex as well. BIAA and NASHIA publish
national data, but many states configure this information
differently making direct comparisons challenging and poten-
tially unreliable. Access to commercially managed Medicaid
data would require exactly the kinds of financial resources
that our committee is without.
Conclusion: While the SCBILC plans to publish and present
the limited data we have been able to collect, it has been the
time, effort and obstacles faced during this process that are
worthy of attention as well. In fact, sharing these experiences
may be one of the greatest contributions this committee can
make to the ongoing research on this population around the
world.

0710 Teleneuropsychology rehabilitation services
for regional inpatients with stroke: Development and
evaluation of a novel pilot programme

Rene Stolwyka,b, Lauren Arthursonc, and Dominique
Cadilhacd

aSchool of Psychological Sciences, Monash University,
Melbourne, Australia; bInstitute of Cognitive and Clinical
Neurosciences, Monash University, Melbourne, Australia;
cEchuca Regional Health, Echuca, Australia; dStroke and
Ageing Research, School of Clinical Sciences, Monash
University, Melbourne, Australia

ABSTRACT
Background: Over two-thirds of survivors of stroke exhibit
cognitive impairment and over one-third experience clinical
levels of mood disturbance. If left untreated, these neuropsy-
chological impairments can result in protracted inpatient
admissions, poor response to rehabilitation and compromised
long-term recovery and quality of life. Unfortunately, access
to neuropsychology services in remote and regional settings is
extremely limited. The overwhelming majority of patients
with stroke do not have access to cognitive or mood assess-
ment and treatment.
Aim: The aim of this research programme is to develop and
evaluate a new teleneuropsychology rehabilitation service for
a regional Australian hospital. In particular we seek to deter-
mine the feasibility and effectiveness of this service model,
including the critical success factors to support sustainability
and upscale.
Methods: A pilot model of neuropsychological assessment and
rehabilitation service provision has been developed since July
2016. Clinical services are provided to an Echuca Regional
Health inpatient rehabilitation unit by an experienced clinical
neuropsychologist based at a Monash University clinic located
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in metropolitan Melbourne, Australia, 1 day/week. The ser-
vice includes comprehensive assessment of patient cognition,
mood and behaviour in addition to provision of cognitive
rehabilitation and psychological interventions for mood.
Consultations are also provided to medical, nursing and allied
health clinicians to assist them to manage patient neuropsy-
chological impairments within therapy sessions. An education
programme is also being delivered to build team capacity
regarding detection and management of neuropsychological
dysfunction. Furthermore, the neuropsychologist attends
weekly team meetings via telehealth to identify appropriate
referrals and for on-going team communication and advice.
The service is provided using various telehealth information
communication technologies, with Zoom the primary soft-
ware programme utilized. Within the first 3 months of service
implementation, six team education sessions, five neuropsy-
chological assessments and three team consultations for
patient management have been successfully provided via tele-
health. A pre/post service implementation design is utilized to
evaluate the feasibility and effectiveness of this service. Initial
pilot evaluation data of the first 3 months of service imple-
mentation will be provided.
Key Areas of Evaluation and Conclusion: The key areas of
evaluation include medical and allied health clinician knowl-
edge and confidence; proportion of patients receiving cogni-
tive and mood assessments and associated waiting times;
proportion of patients receiving cognitive rehabilitation and
psychological therapy and associated waiting times; number
of interdisciplinary rehabilitation goals set relating to neurop-
sychological function; and changes in patient cognition and
mood function during inpatient rehabilitation admission. A
cost description analysis is also planned and will be used to
describe the potential economic benefits of a teleneuropsy-
chology rehabilitation service, compared to other service
options. These analyses will be used to support a business
case for on-going application of this new model of care.

0711 Discrepancies between patient and clinician
reports of disability following stroke differ across
functional domains and time points

Rene Stolwyka,b,c, Kate Camerona,b,c, and Jennie Ponsforda,b,c

aSchool of Psychological Sciences, Monash University,
Melbourne, Australia; bInstitute of Cognitive and Clinical
Neurosciences, Monash University, Melbourne, Australia;
cMonash-Epworth Rehabilitation Research Centre,
Melbourne, Australia

ABSTRACT
Background and Aims: Reduced self-awareness of impair-
ments following stroke is well-acknowledged in existing lit-
erature; however, studies to date have predominately focused
on physical impairments. Self-awareness of functional activity
limitation and participation restriction, which incorporate
both physical and cognitive abilities, is less well understood.
Furthermore, most studies have examined self-awareness of
current impairments during inpatient rehabilitation, with lim-
ited focus of function post-discharge. Thus, the primary aim
of this study was to examine discrepancies between patient

and clinician reports of disability post-stroke (commonly
referred to as ‘self-awareness’) across activity limitation and
participation restriction domains and across current and pre-
dicted functioning 3 months post-discharge. A secondary aim
was to compare patient and clinician predicted functioning
with close other reports at 3 months post-discharge.
Methods: Fifty sub-acute inpatients with stroke (Age M = 70.3,
standard deviation [SD] = 15.80, 56% female) and their treat-
ing occupational therapist independently completed three
measures assessing patient motor, cognitive and instrumental
activity limitations (Functional Independence Measure Motor
subscale; Functional Independence Measure Cognitive sub-
scale; Patient Competency Rating Scale respectively), and
participation restrictions (Mayo Portland Adaptability
Inventory-4). Measures were completed twice, for current
inpatient functioning and predicted functioning 3 months
post-discharge. Close-others completed measures at 3 months
post-discharge.
Results: Patients reported higher levels of functioning than
clinicians across all functional domains and time points; how-
ever, patient–clinician discrepancies were greater for cognitive
(p =<.001, r=.510) and instrumental activity limitation (p
=<.001, r=.606) compared to motor activity limitation (p
=.182, r=.136) and participation restriction (p =.195, r=.130).
Patient–clinician discrepancies were greater for current func-
tion, compared to predicted function, for cognitive (Z=-4.21,
p <.001) and instrumental (Z=-4.00, p <.001) activity limita-
tions. In contrast, patient–clinician discrepancies were smaller
for current, compared to predicted, participation restriction
(Z=-4.03, p <.001) while no differences were found between
current and predicted motor activity limitation discrepancies
(Z=-1.35, p =.177). Finally, clinician predictions of function
were highly correlated with close other reports of function at
3 months post-discharge across all activity limitation and
participation domains, while patient predictions were only
significantly correlated for motor activity limitation.
Conclusions: Discrepancies between patient and clinician
appraisals of function vary across disability domains and
time points, with patient–clinician discrepancies particularly
evident for current cognitive and instrumental activity limita-
tions. Furthermore, clinician predictions of post-discharge
function appear to be more reliable than patient predictions.
These findings support the concept of awareness as a multi-
dimensional construct and emphasize the importance of con-
sidering the object of appraisal when making assessments
regarding insight. The results can be used to inform discharge
planning and post-discharge support plans and to develop
future measures of self-awareness.

0712 Neuroimaging of tauopathy in chronic TBI

James Mountz, Nora Presson, Davneet Minhas, Charles
Laymon, Brian Lopresti, Chester Mathis, and David Okonkwo

University of Pittsburgh, Pittsburgh, PA, USA

ABSTRACT
Introduction: Although several studies have used positron
emission tomography (PET) with [11-C] Pittsburgh
Compound-B to examine Aβ deposits after TBI, at present,
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there is no specific, noninvasive assessment of trauma-related
tau pathology that can be performed in vivo. Tau imaging via
[18F] AV-1451 PET has been recently reported in Mild
Cognitive Impairment, Alzheimer’s Disease and normal age-
ing. We imaged a cohort of TBI subjects in the chronic phase
and control subjects with [18F] AV-1451 as an indicator of
trauma-related neurodegeneration.
Methods: Seven chronic TBI subjects (all males, mean age
47yrs) and six healthy controls (three males, mean age
30yrs) underwent PET imaging after i.v. injection of 10 mCi
[18F] AV-1451. PET data were acquired on a Siemens mCT-
Flow Biograph PET/CT 75 minutes after injection. Structural
T1-weighted MPRAGE MR images were acquired on a 3T
Siemens TIM Trio scanner. PET images were normalized to
Montreal Neurological Institute template space using the cor-
egistered MR. Cerebellar grey matter activity was sampled and
SUVR PET images were generated by dividing the image by
cerebellar grey matter activity. Normalized SUVR PET images
were visually inspected for abnormal uptake and asymmetry
and quantitative regional SUVR analyses were performed.
Results: Various degrees and patterns of uptake were observed
in the TBI subjects, whereas controls showed more uniform
results. We present results for three TBI subjects and one
control that span the observed uptake patterns. There was
absence of uptake in both grey and white matter and minimal
uptake in the brainstem and substantia nigra in the normal
control (24y/o). TBI subject 1 (39y/o) had multiple blast
injuries and severe neuropsychiatric symptoms, but the
[18F] AV-1451 was overall minimally above background
levels (1.10 SUVR in cerebral grey matter). There was slightly
increased substantia nigra uptake. TBI subject 2 (21y/o) had a
single severe TBI and prolonged coma. The [18F] AV-1451
uptake in much of the brain was only minimally above back-
ground levels. But specific lacunar encephalomalacic regions
(predominately left pallidum (2.25 SUVR), left medial tem-
poral cortex (1.33 SUVR), and bilateral orbitofrontal cortices
(1.54 and 1.40 SUVR respectively) showed focal intense
uptake. TBI subject 3 (60y/o) sustained multiple TBIs and
received a diagnosis of early dementia. The most striking
areas of uptake are in the bilateral occipital, parietal and
precuneus regions (3.09–3.48 SUVR), diffusely in the orbito-
frontal (1.94 left and 1.83 right SUVR), lateral temporal (2.66
left and 2.50 right SUVR), and hippocampus (2.34 left and
2.35 right SUVR) brain regions.
Conclusion: Overall, the prevailing pattern on the [18F] AV-
1451 PET images is notable for the absence of specific uptake
in controls and regions of intense uptake in two of three
chronic TBI subjects with lasting sequelae. The importance
of focal [18F] AV-1451 uptake has been suggested to mirror
clinical and neuroanatomical functional variability in chronic
TBI subjects.

0713 Outcome research of head injury patients
undergoing emergency air medical transport (EAMT)

Shin-Han Tsai, Hon-Ping Ma, Wan-lin Chen, and Wen-Ta
Chiu

Taipei Medical University, Taipei, Taiwan

ABSTRACT
Introduction: Emergency air medical transport (EAMT) has
become a major part of the modern trauma care system and is
frequently used to transport patients from remote islands to a
tertiary centre.
Methods: Data of all patients with traumatic brain injury and
underwent EAMT were retrospectively retrieved from the
National Aeromedical Approval Center (NAAC), Taiwan.
Patient data were analysed by using the following parameters:
age, gender, injury of severity score and outcome within 3
days after air transport.
Results: Between 1 October 2002 and 31 December 2016, there
were 4236 EAMS requests from the four major remote islands
to Taiwan Main Island. Among them, 3701 were approved.
Brain injury patient has been a major component of patient
group. Male predominates in the head injury patient popula-
tions (M:F = 2.8:1). Patients between 21 and 30 years old
comprised the majority (25%). There was higher percentage
of moderate-to-severe head injury patients compared with
ground transport. Moderately injured patients comprised
31% and severe head injury patients comprised 35%. Of
these moderate and severe injury patients, 29% were intu-
bated. Mannitol (or Glycerol) was routinely used. Thirty-
eight patients expired within 7 days after air medical
transport.
Conclusion: These findings demonstrated that proper preflight
assessment and airway maintenance is a key factor for trau-
matic brain injury patient transport both in air and ground.

0714 Do individual domains of cognitive functioning
predict community participation at 1, 2 and 5 years
after moderate-to-severe traumatic brain injury?

Thida Hana, Kimberly Gorgensa, Don Gerberb, and Laura
Meyera

aUniversity of Denver Graduate School of Professional
Psychology, Denver, CO, USA; bCraig Hospital, Englewood,
CO, USA

ABSTRACT
Background: Given the breadth of adverse long-term sequelae
that can follow a moderate-to-severe traumatic brain injury
(TBI), it is crucial that early predictors of optimal and sub-
optimal outcomes are identified. Community participation is
a meaningful way to measure how individuals reintegrate into
their lives after an injury, but few studies have examined
rehabilitation outcomes using this construct. Five domains
of cognitive functioning are commonly measured during
inpatient rehabilitation: language expression, language com-
prehension, memory, problem solving and social interaction.
It is not yet known whether cognitive functioning in these
domains predicts participation after TBI.
Objective: Identify whether the individual domains of cogni-
tive function measured by the FIM at inpatient rehabilitation
discharge predict participation outcomes at 1, 2 and 5 years
after TBI.
Methods: Secondary data analysis was performed on a sample
of 1000 individuals with moderate-to-severe TBI from the TBI
Model Systems National Database. All participants were over
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the age of 16 and received acute inpatient rehabilitation treat-
ment from a facility in the TBI Model Systems of Care.
Hierarchical linear regression analyses were conducted in
block format on follow-up data collected at 1, 2 and 5 years
post-injury. Scores on the five cognitive FIM subscales served
as independent variables and scores on the Participation
Assessment with Recombined Tools—Objective (PART-O)
served as the dependent variable.
Results: Of the five cognitive domains that were examined,
only memory scores were found to be a significant predictor
of participation over and above the contribution of demo-
graphic and injury severity predictor variables, and only at 2
years post-injury (p <.05). At 2 years, higher memory scores
were associated with more participation. Language expression,
language comprehension, problem solving and social interac-
tion scores were not found to be significant predictors of
participation at 1, 2 or 5 years after injury.
Conclusions: Based on these findings, rehabilitation interven-
tions that incorporate memory training may have positive
implications for participation after discharge. Cognitive
impairments that are isolated to a specific domain may not
have a significant impact on community participation if
injured persons can use preserved abilities to compensate
after TBI. Participation is a meaningful measure of health
care outcomes that should continue to be utilized in future
studies. Future studies should also examine the relationship
between participation and objective neuropsychological
assessment, which may provide a more comprehensive mea-
sure of cognitive functioning.

0719 Deficit in memory for faces in delayed recall
condition in children with hypoxic-ischaemic
encephalopathy

Sergey Kiselev and Olga Lvova

Ural Federal University, Ekaterinburg, Russian Federation

ABSTRACT
Background: The investigation of deficits in memory for faces
in delayed recall condition in children with hypoxic-ischaemic
encephalopathy can shed light on the nature of neurodevelop-
mental abnormalities in these children.
Goal: The goal of this research was to examine the hypothesis
that preschool children, born with perinatal Hypoxic-ischae-
mic Encephalopathy, have deficit in memory for faces in
delayed recall condition.
Participants and Methods: The experimental group included
26 children aged 6–8 years (mean age = 6.8) with ADHD,
born full-term with perinatal Hypoxic-ischaemic
Encephalopathy. The control group included 26 typically
developing children. The children from experimental and
control group were matched for IQ, gender and age.
Children from both groups were assessed with NEPSY using
Memory for Faces subtest. This subtest is designed to assess
the ability to learn and recall 16 faces in immediate and
delayed recall conditions. Each child was asked to recall 16
faces immediately after first presentation and 30 minutes later.

Results: Two-way ANOVA was used to reveal group differ-
ences in reproducing the faces in immediate and delayed
conditions. We have not revealed significant differences
between children from experimental and control group in
the recalling the faces in immediate condition. However, the
interaction of condition type and group was significant.
Children from experimental group were less successful in
recalling the faces in delayed condition.
Conclusion: This research has shown that preschool children,
born with perinatal Hypoxic-ischaemic Encephalopathy, have
deficit in memory for faces in delayed recall condition. It can
be assumed that perinatal Hypoxic-ischaemic Encephalopathy
can cause specific (not global) memory deficit in childhood—
the deficit in recall in delayed condition.
Funding: The research was supported by Russian Foundation
for Basic Research, grant no. 15-06-06491А.

0720 Impact of motor sequencing training on
executive and motor abilities in children with
hypoxic-ischaemic encephalopathy

Sergey Kiselev and Aleksandra Parshakova

Ural Federal University, Ekaterinburg, Russian Federation

ABSTRACT
Introduction: It is known that children with hypoxic-ischae-
mic encephalopathy (HIE) have a risk for neurodevelopmen-
tal disorders. Particularly these children often develop ADHD.
It is of great significance to receive the evidence for efficiency
of different training programmes that are aimed to help
children with perinatal trauma.
Goal: The goal of this study was to assess the impact of 12 weeks
of motor sequencing training on the executive and motor abil-
ities in children who were born at full-term with perinatal HIE.
Participants and Methods: The participants were 24 children
aged 5–7 years (mean age = 5.9) with ADHD, born full-term
with perinatal HIE. Children were randomly assigned to the
intervention and comparison group. Children from interven-
tion group participated in 12 weeks of motor sequencing train-
ing. This programme trains the child to plan, sequence and
process information more effectively through repetition of
goal-directed movements. This programme is built on the
conceptual framework derived from the work of Luria’s theory
of restoration of neurocognitive functions (Luria, 1963, 1974).
The Luria’s child neuropsychological assessment battery was
administered before and after the intervention period.
Results: Analysis of covariance tested the effect of motor
training programme on four scales of the Luria’s child neu-
ropsychological assessment battery: Executive scale; Motor
scale; Visuo-spatial scale; Memory scale. Group differences
were found for the Executive scale and Motor scale. Post-
test mean for the intervention group were significantly greater
than the control group.
Conclusion: Motor sequencing training in children with
ADHD who were born at full-term with perinatal HIE bene-
fits both motor abilities and executive functions.
Funding: The research was supported by Act 211 Government
of the Russian Federation, agreement no. 02.A03.21.0006.
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0721 Impact of preterm birth on early cognitive
development in infants at 5 months of corrected age

Sergey Kiselev, Olga Lvova, and Ekaterina Suleymanova

Ural Federal University, Ekaterinburg, Russian Federation
ABSTRACT
Background: It is known that brain injury in premature
infants has serious and diverse effects on subsequent brain
and neurocognitive development [Anderson & Doyle, 2008;
Inder et al., 2005; Volpe, 2009]. However, the impact of
prematurity on the neurocognitive abilities during early stages
of development is not investigated thoroughly.
Aim: The aim of this research was to reveal the differences in
the neurocognitive development in premature infants and
full-term infants at 5 months of age using the Bayley Scales
of Infant and Toddler Development. This research is a part of
longitudinal study designed to track the developmental tra-
jectory in cognitive and brain measures as preterm children
transition from 5 to 36 months of age using multidisciplinary
approach.
Participants and Methods: The participants were 26 premature
infants and 26 gender-matched healthy full-term infants at 5
months of age. The gestational age of preterm infants was
between 29 and 35 weeks. The Bayley Scales of Infant and
Toddler Development (3rd Edition) were used to evaluate the
neurocognitive abilities in infants.
Results: The one-way ANOVA has revealed that premature
infants performed significantly (p ≤ 0.05) more poorly than
the full-term infants on cognitive scale, receptive language
and gross motor. No significant differences were found
between preterm and full-term infants on expressive language
and fine motor. Two-way ANOVA with age and gender as
between-subjects factors has revealed no significant (p ≤ 0.05)
differences between female premature infants and full-term
female infants on gross motor in comparison to male infants.
Conclusion: It can be assumed that the prematurity has spe-
cific (not global) negative effect on neurocognitive develop-
ment at 5 months of age with gender effect on development of
gross motor.
Funding: The research was supported by grant of the Russian
Science Foundation no. 16-18-10371.

0722 Neurocognitive outcome at the age of 5
months after perinatal hypoxic-ischaemic
encephalopathy

Sergey Kiselev, Olga Lvova, and Maria Lavrova

Ural Federal University, Ekaterinburg, Russian Federation

ABSTRACT
Background: Hypoxic-ischaemic encephalopathy (HIE) in the
full-term newborn is a major cause of neurodevelopmental
abnormalities in childhood (Haataja, 2001; Levene, 1995).
However, the impact of HIE on the neurocognitive abilities
during early stages of development is not investigated
thoroughly.
Aim: The aim of this report is to compare the early neuro-
cognitive outcome of infants from two groups—infants at 5

months of age who were born at full-term with perinatal HIE
and healthy infants. This research is a part of longitudinal
study designed to track the developmental trajectory in cog-
nitive and brain measures as children with HIE transition
from 5 to 48 months of age using multidisciplinary approach.
Participants and Methods: The participants were 17 surviving
children, born full-term with perinatal HIE, and 17 gender-
matched healthy full-term infants at 5 months of age.
At 5 months of age, neurocognitive abilities in infants were
assessed with the Bayley Scales of Infant and Toddler
Development (3rd Edition).
Results: The one-way ANOVA has revealed that infants with
perinatal HIE performed significantly (p ≤ 0.05) more poorly
than the infants from control group on cognitive scale, recep-
tive language, expressive language and gross motor. No sig-
nificant differences were found between preterm and full-
term infants on fine motor.
Conclusion: It can be assumed that hypoxic-ischaemic ence-
phalopathy has specific (not global) negative effect on neuro-
cognitive development in infants at 5 months of age. We
expect to reveal the impact of HIE on neurocognitive abilities
during next stage of development in the framework of long-
itudinal study—in 10, 14, 24, 36 and 48 months.
Funding: The research was supported by grant of the Russian
Foundation for Basic Research no. 15-06-06491A.

0723 Arterial ischaemic stroke in children: Whether
or not procoagulant and prothrombotic genes are
able to predict the outcome?

Olga Lvovaa,b, Alexander Sergeeva,c, Anastasia Dron’b, Vadim
Guseva,d, and Sergey Kiseleva

aUral Federal University Named After First President of
Russia B.N. Yeltsin, Yekaterinburg, Russian Federation;
bPaediatric Clinic City Hospital 9, Yekaterinburg, Russian
Federation; cInstitute of Industrial Ecology UB RAS,
Yekaterinburg, Russian Federation; dCity Clinic Hospital 23,
Yekaterinburg, Russian Federation

ABSTRACT
Introduction: Paediatric Arterial Ischaemic Stroke (PedAIS) is
rare and severe disorder, which leads to severe palsies, epi-
lepsy, mental retardation, etc. At the same time disability as
PedAIS outcome is poorly investigated and poorly predictable
state.
Methods: Series of clinical cases, the forecast cohort study. The
assessment of outcomes in 142 children after 4 and more
years later PedAIS has been held in November and
December 2016—whether or not there was disability. 67
patients were recognized as disabled (Dis), 75 children were
recognized as nondisabled (NotDis). Disability was inter-
preted as the state that is required constant external support
and replacement of irreversibly lost functions of the nervous
system. PedAIS in both groups was confirmed by brain CT
(MRI) scan; all patients signed informed consent form. All the
children has been tested of 12 single nucleotide polymorph-
isms (SNP) in eight thrombophilic genes (FGB:-455G > A,
F2:20210G > A, F5:1691G > A, F7:10976G > A, F13:103 G >
T, ITGA2:807C > T, ITGB3:1565T > C, PAI-1:-675 5G > 4G),
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four genes of folic acid enzymes (MTHFR:677С>Т,
MTHFR:1298А>С, МТRR:66А>G, MTR:2756А>G), by poly-
merase chain reaction.
Results: Quantitative analysis showed that the carriage of four
thrombophilic genes SNP raised the risk of disability (OR =
2.03, 95%CI 0.92–4.47, Fisher 0.05) as well as the carriage of
four SNP genes of folic acid enzymes (OR = 8.69, 95%CI
1.00–75.77, Fisher 0.02). As a result of stepwise discriminant
function analysis and logit regression the prognostic rule for
disability outcome after PedAIS has been created: Z = 0.381–
0.0214* FGB:-455G > A + 1.09* F2:20210G > A − 0.99*
F5:1691G > A + 0.228* F7:10976G > A − 0.704* F13:103
G > T − 0.116* ITGA2:807C > T + 0.569* ITGB3:1565T >
C − 0.126* PAI-1:-675 5G > 4G + 0.172*MTR:2756A >
G − 0.381*MTRR:66A > G + 0.471*MTHFR:677C > T +
0.286*MTHFR:1298A > C − 0.0665*StrokeAge. Each variable
of 12 genes could take three values: 0, 1, 2—depending on the
number of SNP (not wild) alleles; ‘StrokeAge’ takes the value
of the number of full years old when stroke occurred. If the
summation obtained a positive (greater than zero) result,
disability is predicted, negative (less than zero)—absence of
disability. Sensitivity and specificity for the training set rules
has amounted to 0.73 and 0.55, accordingly.
Conclusion: Disability has a close relationship with the num-
ber of 12 detected procoagulant and prothrombotic genes’
SNPs. There are no clear genes which inevitably lead to
disability after PedAIS in children, but we consider that eval-
uating the number and the condition of those thrombophilic
genes and genes of folic acid enzymes seems to be good
applicants to become such genes–candidates combinations.
Funding: This work was supported by grant Russian Science
Foundation 17-15-01144.

0724 GFAP and UCH-I1 as predictors of outcome in
mild and moderate traumatic brain injury

Iftakher Hossaina, Jussi Postia,b,c, Riikka Takalad, Mehrbod
Mohammadiana,b, Joanne Outtrime, Ari Katilad, Janek
Frantzénb,c, Henna Ala-Seppäläa, Jonathan Colesf, Anna
Kyllönena, Henna-Riikka Maanpääa, Jussi Tallusa, Peter
Hutchinsonf, Mark Van Gilsg, David Menone, and Olli
Tenovuoa,b

aDepartment of Neurology, University of Turku, Turku, Finland;
bDivision of Clinical Neurosciences, Department of Rehabilitation
and Brain Trauma, Turku University Hospital, Turku, Finland;
cDivision of Clinical Neurosciences, Department of
Neurosurgery, Turku University Hospital, Turku, Finland;
dPerioperative Services, Intensive Care Medicine and Pain
Management, Turku University Hospital and University of
Turku, Turku, Finland; eDivision of Anaesthesia, Department of
Medicine, University of Cambridge, Addenbrooke’s Hospital,
Cambridge, United Kingdom; fDepartment of Clinical
Neurosciences, Neurosurgery Unit, University of Cambridge,
Addenbrooke’s Hospital, Cambridge, United Kingdom;
gSystems Medicine, VTT Technical Research Centre of Finland,
Tampere, Finland

ABSTRACT
Objectives: To correlate the levels of glial fibrillary acidic
protein (GFAP) and ubiquitin C-terminal hydrolase-L1
(UCH-L1) in patients with computed tomography (CT) posi-
tive and CT-negative mild and moderate traumatic brain
injury (TBI) with outcome during the first three post-injury
days.
Methods: 191 patients with mild or moderate TBI [Glasgow
Coma Scale (GCS) ≥9] having the blood samples for GFAP
and UCH-L1 available on the day of arrival or day 1 were
included in this study. In some patients, also day 2 and day 3
samples were available, and these were included in the ana-
lyses. Patients with TBI were divided into CT-positive and
CT-negative groups based on Marshall classification. Glasgow
Outcome Scale (GOS) or its extended version (GOSE) was
used to assess the outcome. Outcomes were defined as, full:
GOSE 8 or GOS 5, incomplete: GOSE < 8 or GOS 1–4;
favourable: GOSE 5–8, unfavourable: GOSE 1–4; good:
GOSE 7–8, and compromised recovery: GOSE 1–6.
Results: Patients with full recovery had significantly (p =
0.030) lower GFAP levels on day 1 compared with patients
with incomplete recovery. The levels of GFAP and UCH-L1
were significantly lower in patients with favourable recovery
on arrival day, day 1 and day 2 than in patients with unfa-
vourable recovery (p = 0.014, p < 0.001, p = 0.026 and p =
0.008, p = 0.020, p = 0.039, respectively). Patients with good
recovery had significantly lower levels of GFAP and UCH-L1
on arrival day and days 1 and 2 than in patients with com-
promised recovery (p = 0.015, p = 0.001 and p = 0.019, p =
0.039, respectively). For predicting favourable recovery, the
area under the receiver operating characteristic (ROC) curve
for GFAP 0.676, 0.718, 0.643 and for UCH-L1 0.691, 0.637,
0.633 on arrival day, day 1 and day 2, respectively, was used.
The biomarkers predicted good recovery on day 1 with the
area under ROC curve for GFAP 0.680 and for UCH-L1
0.622. In a multivariate logistic regression model including
age, GCS and post-traumatic amnesia, UCH-L1 on day 1 was
an independent predictor for full recovery.
Conclusion: GFAP and UCH-L1 are significantly correlated
with the outcome in patients with mild and moderate TBI.
UCH-L1 at day 1 has a significant predictive value in mild
and moderate TBI also in a multivariate model.

0725 White matter alterations in acute/sub-acute
stage after mild traumatic brain injury

Mehrbod Mohammadiana,b, Timo Roinec,d, Jussi Hirvonena,b,
Timo Kurkia,b, and Olli Tenovuoa,b

aDepartment of Neurology, University of Turku, Turku,
Finland; bDivision of Clinical Neurosciences, Department of
Rehabilitation and Brain Trauma, Turku University Hospital,
Turku, Finland, ciMinds-Vision Lab, Department of Physics,
University of Antwerp, Antwerp, Belgium; dMedical Image
Analysis Laboratory, Centre d’Imagerie Biomédicale,
Lausanne, Switzerland
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ABSTRACT
Objective: To investigate brain white matter alterations in
patients with mild traumatic brain injury (mTBI) in acute/
sub-acute stage compared to healthy controls using diffusion
tensor imaging (DTI).
Methods: Diffusion-weighted (DW) magnetic resonance ima-
ging (MRI) was performed on 86 patients with mTBI (GCS ≥
13) aged 47 ± 20 years within 2 months post-injury (22 ± 15
days) (acute/sub-acute). In addition, 30 controls aged 50 ± 20
years were scanned for comparison. DW MRI images were
acquired using Magnetom Verio 3T (Siemens Healthcare,
Erlangen, Germany) in 64 directions and with a b-value of
1000 s mm-2. Images were then analysed using tract-based
spatial statistics (TBSS) voxel-wise method in FMRIB
Software Library (FSL). Fractional anisotropy (FA), mean
diffusivity (MD), axial diffusivity (AD) and radial diffusivity
(RD) were calculated along the white matter skeleton.
Statistical analysis was performed using age as a covariate
with randomize tool in FSL, and 5000 permutations were
performed using threshold-free cluster enhancement and cor-
rected for multiple comparisons using family-wise error rate
(FWE). Statistically significant (p < 0.05) clusters with more
than 10 voxels are examined in more detail in this study. JHU
DTI-based white matter atlas was used to define studied brain
regions.
Results: FA was found to be significantly lower (FWE-corrected
p < 0.05) in patients with mTBI at the acute/sub-acute stage
compared to controls in many white matter regions: body of
corpus callosum (CC), left (L) superior longitudinal fasciculus
(SLF), right (R) SLF, anterior limb of internal capsule R, poster-
ior thalamic radiation L, sagittal stratum L, anterior corona
radiata (CR) L, anterior CR R, posterior CR L, external capsule
R. MD was higher in anterior CR R, SLF L, cerebral peduncle R,
fornix, posterior CRR, posterior CR L, sagittal stratum L, poster-
ior limb of internal capsule R, SLF R, superior CR R, superior CR
L, cingulum L. Additionally, patients showed higher AD values
only in anterior CR R and higher RD in anterior CR R, sagittal
stratum R, SLF R, splenium of CC, posterior limb of internal
capsule R, sagittal stratum L, external capsule R, fornix, posterior
CR R, SLF L, superior CR L, cingulum L, anterior limb of
internal capsule L, body of CC, posterior thalamic radiation L,
uncinate fasciculus R.
Conclusion: mTBI is associated with widespread white matter
alterations in acute/sub-acute stage and patients have signifi-
cantly lower FA and higher MD, and RD values in several
white matter regions compared to controls.

0727 Disorders of visual orienting in a social context
in premature children

Sergey Kiselev, Olga Lvova, and Ksenia Kunnikova

Ural Federal University, Ekaterinburg, Russian Federation

ABSTRACT
Background: Brain injury in premature infants can cause the
serious problems in brain and neurocognitive development
[Anderson & Doyle, 2008; Inder et al., 2005]. However, the
impact of prematurity on the neurocognitive abilities during
early stages of development is not investigated thoroughly.

Aim: The aim of the study was to investigate the influence of
prematurity on development of communication skills related
to gaze following behaviour in infants.
Participants and methods: Totally 65 infants aged 5–11
months participated in this study—31 preterm infants and
34 full-term infants, who were born in gestation period from
37 to 42 weeks. Participants in experimental group were born
in gestation period from 27 to 35 weeks (mean gestational age
—31.86 ± 2.38). Infants in both groups were matched by sex
and age. Data recorded with eye-tracking were taken for
statistical analyses if the eye-tracker was calibrated correctly
for participant. Finally we have chosen 18 infants for experi-
mental and 16 infants for control group. Each trial was
divided in four phases: 1—the model sits, looking down; 2—
the model is looking straight ahead; 3—the model is shifting
her gaze to the toy; 4—the residual time. The number of valid
trials, the percentage of performed trials, fixation duration
(ms) on relevant and irrelevant stimulus, fixation duration
(ms) on the model’s face were analysed for each participant.
Results: ANOVA was used to evaluate the influence of pre-
maturity on different parameters of oculomotor behaviour.
The statistically significant difference between groups in the
number of performed trials was found (р=0.015). Participants
from control group shifted their gaze to the relevant toy in a
larger percentage of trials (70%) than participants from the
experimental group (49%). The difference in fixation duration
on the relevant object during the fourth phase was also
obtained (р=0.007). The average value of this parameter was
631.96 ms in the full-term, whereas the average fixation dura-
tion in children with prematurity was 276.45 ms. There were
no significant differences between groups in fixation duration
on irrelevant object in this study. There were also no differ-
ences in average fixation duration on the model’s face during
the second phase of the presentation. This result is consistent
with studies that have shown delayed maturation and atypical
variants of visual orienting in a social context in children with
prematurity [DeSchuymeretal, 2012; Telfordetal, 2016;
Imafukuetal, 2016].
Conclusion: This eye-tracking study has shown that premature
infants have lower level of gaze following behaviour than
infants from control group. Received results may indicate
that prematurity is a risk factor for disorders of visual orient-
ing in a social context.
Funding: The research was supported by grant of the Russian
Science Foundation no. 16-18-10371.

0728 Organized neurosurgical care in Ontario

Brenda Bousfield

Hamilton Health Sciences, Hamilton, ON, Canada

ABSTRACT
Intended Level of Audience: All participants.
Intended Subspecialty: Neurosurgery/Critical Care.
Purpose: The purpose of this paper is to identify the role and
responsibilities of the Neurosurgical members within
Neurosurgical Education Outreach Network (NEON).
Identify the scope of practice of NEON members including
the Educator and the Clinical Outreach Nurse.
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NEON roles: Neurosurgery Nurse Educators (NNEs) were
established in Ontario’s 11 adult neurosurgery centres in
January 2011 to support the management of the specialized
neurosurgical patients. The role of the NNE involves devel-
oping and delivering educational material for community
hospitals within the Local Hospital Integrated networks
(LHINs) they serve. They address the needs of the neurosur-
gical patient throughout the entire continuum of care and
provide support and education as required. NNEs can be a
great resource for community hospitals they can help mitigate
knowledge gaps and identify priorities for neurosurgical edu-
cational needs.
NEON roles: Clinical Outreach Nurse (Clinical Nurse
Specialist or Advanced Practice Practitioner) has the respon-
sibility to improve patient neurosurgical care at the commu-
nity hospitals within their region. These two roles will work
together to expedite timely access to specialized neurosurgical
services and assist with repatriation and transfer across the
continuum of care developing tools and providing education
to enhance the care of the neurosurgical patient. The two roles
will provide expertise in neurosurgical care to aid in access to
beds and repatriation including patient care plans, develop-
ment of protocols and care practice and participate in quality
improvement initiatives related to the Neurosurgical
population.
Results and Discussion: Increasing demand for neurosurgical
services across Ontario (Neurosurgery Ontario, 2011) is chan-
ging the way we provide care. This abstract will describe how
neurosurgical centres are bringing specialty care to non-neu-
rosurgical sites throughout Ontario. The Neurosurgical
Outreach Program was established by Critical Care Services
Ontario, Provincial Neurosurgery Ontario and Ministry of
Health and Long-Term Care in 2011. Two roles were devel-
oped to support this programme, the NNE and the Clinical
Outreach Role. Developed in 2015, the NEON is comprised of
educators, outreach nurses and administrators. NEON is
responsible to increase knowledge and expertise, support
equitable and timely access to neurosurgical care, and help
maintain the province’s neurosurgical capacity. NEON has
developed many educational tools provincially and regionally
including assessment guidelines for the Neurosurgical popu-
lation. These tools, in conjunction with outreach activities, are
used to improve the healthcare provider’s knowledge and
skills when assessing and caring for patients. NEON also
support real-time decision-making by healthcare providers
to ensure timely access to neurosurgical care.

0729 A systematic review of the usefulness of glial
fibrillary acidic protein (GFAP) for predicting acute
intracranial lesions following head trauma

Teemu Luotoa, Rahul Rajb, Jussi Postic, Andrew Gardnerd,
William Panenkae, and Grant Iversonf

aDepartment of Neurosurgery, Tampere University Hospital,
Tampere, Finland; bDepartment of Neurosurgery, University
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Finland; cDivision of Clinical Neurosciences, Department of
Neurosurgery, Turku University Hospital and University of

Turku, Turku, Finland; dPriority Research Centre for Stroke
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Australia; Sports Concussion Program, Hunter New England
Local Health District, John Hunter Hospital, New Lambton
Heights, Australia; eBritish Columbia Neuropsychiatry
Program and Department of Psychiatry, University of British
Columbia, Vancouver, BC, Canada; fDepartment of Physical
Medicine and Rehabilitation, Harvard Medical School &
Home Base, A Red Sox Foundation and Massachusetts
General Hospital Program, Boston, MA, USA

ABSTRACT
Objectives: The extensive use of computed tomography (CT)
in acute head injury management has caused concerns in
relation to health care costs and cancer risk. Blood-based
biomarkers may predict which patients will have acute intra-
cranial abnormalities, thus reducing unnecessary head CT
scanning. We conducted a systematic review of the usefulness
of glial fibrillary acidic protein (GFAP) for predicting acute
CT-positive intracranial lesions following head trauma.
Methods: In this systematic review, we screened MEDLINE,
EMBASE, PsychInfo, CINAHL, Web of Science, the Cochrane
Database, Scopus, Clinical Trials, OpenGrey, Research Gate,
and the reference lists of eligible publications for original
contributions published between 1 January 1980, and 12
October 12 2016. Eligibility criteria included: (i) population:
human head and brain injuries of all severities and age
groups; (ii) intervention: blood-based GFAP measurement
≤24 hours post-injury; and (iii) outcome: acute traumatic
lesion on non-contrast head CT ≤24 hours post-injury.
Three authors completed the publication screening, data
extraction and quality assessment of eligible articles. The
review was registered with PROSPERO and adhered to the
PRISMA guidelines. The scientific quality of each article was
evaluated with the Newcastle–Ottawa Scale (NOS). The level
of evidence was rated according to the Oxford Centre of
Evidence-based Medicine (CEBM) and GRADE rankings.
Results: The initial search identified 2394 articles, and 49 were
eligible for full-text assessment. Twenty-three full-text articles
were excluded because of the following reasons: (i) study
population consisted of non-TBI patients (n = 4), (ii) no
blood-based GFAP sampling (n = 3), (iii) no CT data available
(n = 6), (iv) autopsy or animal study (n = 2), (v) editorial (n =
1), and (vi) no GFAP-CT analyses included (n = 7). A total of
26 articles (all case–control and cohort studies, 4 paediatric
studies) were included in the review. The 26 studies included
3354 TBI patients and 1533 controls (blood donors, non-TBI
trauma patients and healthy volunteers). Twenty-two (n = 22,
85%) studies reported a positive association between GFAP
level and head CT trauma lesions. The area under the receiver
operating curves were 0.79–0.98 for GFAP to identify CT-
positive cases. In four studies, a GFAP cut-off value (range =
0–0.2 ng/mL) with a 100% sensitivity for CT-positivity was
established. Based on Marshall grading, which was the most
common CT head trauma scoring system employed, GFAP
seemed to discriminate mass lesions and diffuse injury, with
mass lesions having significantly higher GFAP levels. There
was considerable variability on the measured GFAP averages
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between studies and assays (i.e. CT-positive TBIs: range =
0.1–2.9 ng/mL and non-trauma controls: range = 0–0.3).
The average NOS was 4 and CEMB 4. The GRADE score
was ‘very low’.
Conclusions: Intracranial CT-positive trauma lesions were
consistently associated with blood-based GFAP levels.
Methodological heterogeneity and limitations hinder the
level of evidence. However, GFAP holds promise to reduce
unnecessary head CT scanning in head trauma.

0730 Post-deployment prevalence of TBI, PTSD and
chronic pain among OEF/OIF soldiers who utilized
care in the veterans affairs polytrauma/TBI system of
care

Rachel S. Adamsa, Alex H.S. Harrisb, Chen Chengb, Esther L.
Meerwijkb, Thomas V. Williamsc, and Mary Jo Larsona

aBrandeis University, Waltham, MA, USA; bVeterans Affairs
Palo Alto Health Care System, Menlo Park, CA, USA;
cDefense Health Agency, Department of Defense, Falls
Church, VA, USA

ABSTRACT
Background: The Department of Veterans Affairs’ (VA)
Polytrauma/TBI System of Care (PSC) is designed to provide
integrated, coordinated rehabilitation services for both
Veterans and military members with combat and civilian-
related polytrauma (i.e. injuries to multiple body parts and
organ systems). Combat-related polytrauma often includes
traumatic brain injury (TBI), chronic pain and psychological
health problems such as post-traumatic stress—referred to as
the polytrauma clinical triad.
Methods: We conducted a retrospective analysis of soldiers
returning from Operation Enduring Freedom or Operation
Iraqi Freedom (OEF/OIF) in FYs 2008-11 as a part of the
Substance Use and Psychological Injury Combat Study-Pain
Management (SUPIC-PM; N = 643 205). We determined the
proportion of these soldiers who utilized care in the PSC
within 12 months after returning from an OEF/OIF deploy-
ment by examining VA PSC stop codes for inpatient bed
section and outpatient clinic. Among soldiers who used the
PSC, we described their demographic characteristics and mili-
tary history using Military Health System enrolment and
Contingency Tracking System deployment records. We uti-
lized VA ICD-9 diagnosis codes to identify the prevalence and
co-prevalence of conditions [TBI, post-traumatic stress disor-
der (PTSD), and chronic pain]. Chronic pain was defined as
having 2+ pain diagnoses from the same category (e.g. back
and neck, headache/migraine) at least 3 months apart within
the post-deployment year. This paper will present findings of
opioid utilization and complementary and integrative medi-
cine treatments among this PSC population by condition sub-
groups.
Results: Among soldiers returning from deployment, 1.8% (n
= 11 743) utilized care within the PSC during the post-
deployment year. The majority were male (92.6%) and white
(70.2%), with an average age of 32. A disproportionate share
was from the Guard (58.0%), with 25.8% Active Duty and
16.1% Reserve. More than half were junior enlisted (55.1%).

More than half (53.5%) were returning from their first
deployment. VA data showed that during the post-deploy-
ment year, 47.1% were diagnosed with TBI, 49.4% were diag-
nosed with PTSD, and 66.7% had chronic pain. Among the
co-prevalence of these three conditions, the polytrauma clin-
ical triad was the most common (23.1%), followed by chronic
pain only (17.0%). Approximately 14% had PTSD and chronic
pain only, and more than 12% had TBI and chronic pain only.
As expected, few soldiers had TBI only (5.9%), PTSD only
(6.4%), or PTSD and TBI without chronic pain (5.7%).
Among those with chronic pain, the most common non-
mutually exclusive pain conditions were back/neck pain
(60.1%), non-traumatic joint pain (56.1%), headache/migraine
(50.7%), and musculoskeletal pain (50.0%).
Conclusions: A disproportionate share of those utilizing the
VA’s PSC was Guard members and the clinical triad was
present in about one-quarter of the utilizers. Chronic pain
was the most common condition highlighting the importance
of incorporating integrated pain management treatment mod-
alities that best support the health of soldiers with polytrauma
into the PSC.
Funding and Disclosure: Funded by NCCIH (R01 AT008404)
and sponsored by Department of Defense (DoD)’s Defense
Health Agency. The opinions or assertions herein are those of
the authors and do not necessarily reflect views of DoD
or NIH.
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ABSTRACT
Objectives: Over 20 000 Iraq and Afghanistan War Veterans
with traumatic brain injury (TBI) use Veterans Health
Administration (VHA) healthcare each year. Research has
shown relatively high unemployment rates among civilians
with TBI, but little is known about unemployment among
recent war Veterans with TBI, particularly those receiving
VHA care. The purpose of this study was to estimate the
prevalence and correlates of unemployment in this
population.
Methods: We conducted a mailed survey of 1800 randomly
sampled Iraq and Afghanistan War Veterans with clinician-
confirmed, deployment-related TBI who used VHA care.
Veterans with moderate/severe TBI were oversampled.
Surveys asked Veterans about their employment and job-
seeking status, and select demographic, health and financial
characteristics. VHA databases were also used to identify
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Veterans’ demographics, TBI severity and healthcare utiliza-
tion. We estimated the prevalence of unemployment by
Veterans’ TBI severity and examined Veterans’ characteristics
associated with unemployment and job-seeking status.
Multivariable and multinomial logistic regression models
were used to compute adjusted odds ratios (aORs) and 95%
confidence intervals (CIs) while controlling for age, sex, race
and service connection (disability) status. Results were
weighted to account for oversampling of Veterans with mod-
erate/severe TBI and to adjust for potential non-response bias.
Results: Among 616 Veterans with TBI who completed the
survey, 389 (63%) had mild TBI and 227 (37%) had moderate/
severe TBI history. Nearly half (45%) reported being unem-
ployed at the time of the survey (43% mild TBI; 52% moder-
ate/severe TBI). Among all unemployed Veterans with TBI,
31% were actively looking for work. The most frequent rea-
sons unemployed Veterans with TBI reported for not looking
for work were illness/injury/disability (55%); school (26%);
retirement (16%); and caregiving (7%). Compared to
employed Veterans with TBI, those who were unemployed/
not looking for work were more likely to have moderate/
severe TBI (aOR = 1.5; 95% CI: 1.0–2.3); comorbid diagnoses
for post-traumatic stress disorder (PTSD; aOR = 2.4; 95% CI:
1.2–4.5), depression (aOR = 2.0; 95% CI: 1.3–3.2), or sub-
stance use disorder (SUD; aOR = 2.4; 95% CI: 1.5–3.7); high
levels of anger (aOR = 2.9; 95% CI: 1.8–4.9); and annual
household incomes ≤$25 000 (versus >$25 000; aOR = 2.0;
95% CI: 1.1–3.6). Veterans who were unemployed but looking
for work were also more likely to have diagnosed PTSD,
depression or SUD, and annual household incomes ≤$25
000. Additionally, they were more likely to be unmarried
(aOR = 3.7; 95% CI: 2.1–6.7); living at or below federal
poverty level (aOR = 2.7; 95% CI: 1.2–6.1); and experiencing
financial difficulty (aOR = 3.2; 95% CI: 1.9–5.7).
Conclusion: The prevalence of unemployment among VHA-
enrolled, Iraq and Afghanistan War Veterans with TBI was
high; only one-third were actively looking for work. Mental
health-related diagnoses were related to unemployment status,
while financial characteristics appeared to drive employment-
seeking status. These factors may serve as indicators of need
for vocational rehabilitation services among Veterans
with TBI.

0733 Concussion and return to school: Evaluating a
group model of intervention for secondary and post-
secondary students with persistent post-concussion
symptoms

Penny Welch-Westa, Andrew Johnsonb, Bedoor Al-Qenaic,
Jeffery Holmesd, Mitchell Longvalc, and Connie Marshalla

aSt. Joseph’s Health Care, Parkwood Institute, London, ON,
Canada; bSchool of Health Studies, The University of Western
Ontario, London, ON, Canada; cGraduate Program in Health
and Rehabilitation Sciences, The University of Western
Ontario, London, ON, Canada; dSchool of Occupational
Therapy, The University of Western Ontario, London, ON,
Canada

ABSTRACT
Background: Current research efforts have focused on guide-
lines for post-concussion return-to-play/work/learn, and yet
there remains relatively little literature that focuses on specific
treatment methods.
Hypothesis: This study proposes that a 7-week group inter-
vention will improve self-reported symptom scores.
Methods: Participants (n = 71; 45 females, 26 males) were
provided with treatment and novel strategies in reading, writ-
ing, study skills, social communication and technology use.
Self-assessment of symptoms was obtained weekly, both
before and after each session of the treatment programme,
in an effort to monitor the cognitive demand of each session,
and to identify the extent to which the programme produced
an improvement over the course of 7 weeks.
Results: Symptoms were transiently exacerbated by treatment,
F(1, 343) = 255.69, p < .05, within each week of the pro-
gramme, but overall, the treatment was found to be effective,
F(6, 343) = 2.29, p < .05. Post hoc analysis of means (using
Tukey’s HSD) suggests that there was a significant improve-
ment (alpha = 0.05) of self-reported symptoms when compar-
ing weeks 1 and 6, and between weeks 1 and 7.
Conclusions: Transient exacerbation of symptoms aside, the 7-
week Return to School (RTS) Group treatment model pro-
duced a statistically significant benefit in patients’ reporting of
their persistent concussion symptoms pre to post participa-
tion in the Group series.

0735 Late seizures in mTBI: A prospective study

Suresh Kumar, Pooja Shah, William Boles, Monika Kumar,
and Martin Brigham

Headache, TBI & Memory Research Institue, Shreveport,
LA, USA

ABSTRACT
Objective: Persistent symptomatic mild traumatic brain Injury
(mTBI) is a focal disease process. Almost 80% for the patients
have spontaneous resolution after mTBI, but 5–10% who have
persistent mTBI disease presented to our clinic with persistent
symptoms. The study was conducted on this group of patients
with symptoms after mTBI for more than 1 month. Abnormal
EEG results increase with persistent symptoms as the focal
abnormalities increase due to the underlying focal shear brain
cell injury. To study the predictor of late complications of
seizure after episodes mTBI.
Method: A perspective study of patients who presented to a
TBI clinic for 5 years. On initial visit after neurological eva-
luation and detail questioning about the history of the mTBI
and possible seizure semiology with strict inclusion criteria, a
Montreal Cognitive Assessment (MoCA) was administered to
patients. Following neurological evaluation, a 1-hour routine
EEG as a standard protocol was performed after 4 weeks of
the mTBI.
Results: 202 patients presented and followed over 3 years after
mTBI, 105 females:97 males, an average age of 42 years. In
total 14 patients (6.9%) had seizures and 12 (5.9%) late
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seizures with average time of 22 months. 8/14 (57%) patients
experienced complex-partial seizures and 6/14 (42%) encoun-
tered partial seizures episodes. 11/14 (78%) had recurrent
seizure episodes while three patients had single episodes.
111/202 (55%) experienced transient LOC and 35/202
(12.4%) patients had abnormal focal EEG reports. 24/35
(68.6%) patients had an abnormal EEG and LOC. 12/14
(85.7%) patients had abnormal EEG results in predominantly
frontal and temporal lobes, but only 10/14 (71.4%) of those
also had LOC. On further analysis LOC has a relative risk of
81.8% for future seizure episodes. Abnormal EEG is 37.14%
directly correlated with seizures and 20.12% related with
memory loss. p < 0.0392. LOC is 5.35% related with
Memory Loss. p < 0.0412. Since the relative risk is 6.15, the
patients who experienced seizures after the mTBI were six
times more likely to have an abnormal EEG than those who
did not experience any seizure. The sensitivity of the EEG at
discovering abnormal brain wave-like activity was 85.7% with
LOC group.
Conclusion: We do not have any standard protocol for recom-
mendation and follow-up after mTBI and to determine the
late risk of seizure. From our study loss of consciousness,
abnormal EEG and memory loss are directly correlated with
each other after mTBI and the abnormal EEG will increase the
risk of late seizure in mTBI patients. Persistent symptomatic
mTBI needs further testing with EEG to define future risk of
seizure or increase risk of memory loss. The late risk of
seizure after mTBI from this study was 6.9% and had an
onset up to 6 years.

0736 [18F]T807/av-1451 (flortaucipir) imaging in
athletes with post-concussive syndromes including
clinically probable CTE: Prominence of psychiatric
clinical symptoms and implications for experimental
therapy
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ABSTRACT
Background: Chronic post-concussive syndromes are a major
source of morbidity and mortality across the lifespan. Methods
of assessment and prediction of outcome are major areas of
research focus on (1) cognitive, behavioural and emotional
assessment; (2) non-cognitive physiology; (3) structural neuroi-
maging; and (4) measurement of brain-specific proteins in
blood following damage to brain and blood–brain barrier,
among others. Functional and molecular neuroimaging provide
other modalities for noninvasive investigation. Traditionally,

imaging has included functional magnetic resonance imaging
(fMRI) and positron emission tomography (PET) with [18F]
fluorodeoxyglucose. The advent of molecular neuroimaging
(i.e. application of ligands that are retained by structural neu-
ropathological lesions such as plaques, tangles or activated
microglia) has led to new insights into the antemortem bio-
marker support of post-concussive neurodegenerative diag-
noses. Among these, the best characterized is chronic
traumatic encephalopathy (CTE), a neurodegenerative condi-
tion associated with repetitive mild traumatic brain injuries
(mTBIs) that occur in high-impact collision sports like football,
hockey, soccer and boxing. Pathologically, CTE is characterized
by the presence of hyperphosphorylated tau in neurofibrillary
deposits. While the rising awareness of mTBI and CTE has
galvanized research into the mechanisms and pathology by
which mTBI leads to CTE, how to confirm the clinical diag-
nosis in living persons remains an issue. Advances have been
made in diagnosing CTE using the [18F]T807 tau PET tracer
that binds to aggregated tau.
Goal: Our goal in the present study was to examine [18F]T807
uptake in athletes with mTBI resulting from multiple
concussions.
Methods and Results: Out of the twenty-four athletes enrolled,
eight have abnormal [18F]T807 ligand retention. None
retained [18F]florbetapir, the fibrillary amyloid ligand. While
the amount of ligand retention varied, the pattern of tau
distribution resembles that observed postmortem in CTE,
namely at the white matter–grey matter junction. Our data
also show a high frequency of positive tau scans in clinically
probable CTE while mostly negative in less severe post-con-
cussive states. Our experience also leads us to propose mod-
ification of the general awareness of the clinical syndrome
associated with CTE. As a tauopathy, CTE is recognized as a
dementing disorder and there is growing recognition of beha-
vioural and emotional symptoms often early, across the spec-
trum of dementing conditions including in Alzheimer’s
disease. In CTE the presenting symptoms are often irritability,
anger, dyscontrol and depression. These behavioural features
are present when little or no cognitive decline can be detected.
Conclusion: Our study of in vivo PET imaging of tauopathy
deposition in the brains of retired athletes can provide insight
into the pathogenesis, diagnosis and potential treatment of
tauopathies such as CTE. Whether tauopathy PET imaging
can provide useful diagnostic or prognostic screening infor-
mation and/or clinically important outcome measures for
anti-tauopathy therapies, such as tauopathy-reducing inter-
ventions, are major questions for the future.

0737 Risk of depression following mTBI

William Boles, Suresh Kumar, Jennifer Stephans, Pooja Shah,
Monika Kumar, and Sara Smith

Headache, TBI & Memory Research Institute, Shreveport,
LA, USA

ABSTRACT
Background: Depression is well studied in Traumatic Brain
Injury (TBI) but there is scarce data on single episode mTBI
with depression and prognosis is clouded by umbrella
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diagnosis of the post-concussion syndrome. There is no pre-
dictor other than well-defined risk of depression with a his-
tory of depression. Lack of follow-up with mTBI patients,
leaves many at risk for developing post-mTBI depression
without proper monitoring.
Method: A retrospective analysis of 174 mTBI patients
(87 females and 87 males) presenting with a headache to TBI
clinic over 4 years was conducted. The criteria for inclusion in
this study were a diagnosis of mTBI, with normal radiological
findings and persistent physical and emotional symptoms.
Participants ranged in age from 14 to 84 years (M = 43.92).
Analysis was done to determine risk of depression, post-mTBI,
using the Patient Health Questionnaire (PHQ-9). The PHQ-9
scores of 5, 10, 15 and 20 represent mild, moderate, moderately
severe and severe depression, respectively.
Results: Taking into account prior diagnoses of depression, it was
found that females developed a twofold prevalence of depression
as compared to males. In addition, it was found that those who
had a prior diagnosis of depression (N = 105) had a statistically
higher PHQ-9 score than those who had not been previously
diagnosed (N = 69). An independent-samples t-test was con-
ducted to compare the PHQ-9 scores in mTBI patients with
depression and mTBI non-depressed conditions. There was a
significant difference in the scores for patients with a previous
diagnosis of depression (M = 14.981, standard deviation [SD] =
5.77) and patients with no previous diagnosis of depression (M =
11.387, SD = 7.52) conditions; t(127) = −2.943, p = .004.
Temporal correlation was established into groups based on the
length of time in new onset depression after mTBI; it was found
that incidence of depressive symptoms increased with time since
mTBI. In patients with no prior diagnosis before mTBI, it was
also found that having an mTBI increased the risk of developing
moderate-to-severe depression to 25.90% at 3 months.
Discussion: Routine follow-up visits on mTBI patients 2 and 4
weeks post-mTBI, in addition to constant vigilance for the
emergence of new symptoms of cognitive impairment and
depression disorders and early intervention, are not well
adapted in clinical practice. This current study supports the
need to monitor the patient following mTBI due to the
increased risk of developing depression as time progresses
independent of diagnosis of post-concussion syndrome.
Conclusion: The results of this study support the need for re-
evaluation of current guidelines for psychological monitoring
following mTBI. The increased risk of depression as time
passes is a serious health issue that should be carefully mon-
itored and prevented in patients with mTBI.

0738 A large-scale study of brain injury survivors
undergoing technology-based cognitive
rehabilitation shows potential for improvement
regardless of severity

Swathi Kirana and Jason Godloveb

aBoston University, Boston, MA, USA; bConstant Therapy,
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ABSTRACT
Objective: Advances in technology has provided a unique
opportunity to facilitate rehabilitation in TBI individuals.
This project examined the effectiveness of cognitive rehabili-
tation in adults with TBI to understand factors that predict
outcomes.
Methods: 219 patients with TBI, all of whom presented with
language/cognitive disorders used a mobile therapy platform,
Constant Therapy, which includes over 60 evidence-based
tasks. Patients used the programme in the clinic with clini-
cians, at home as homework, and independently if they were
not currently receiving therapy. Therapy was designed and
administered in a uniform way, but also individualized in that
patients were assigned tasks that addressed their individual
strengths and weaknesses and dynamically adapted to each
individual’s progress.
Analysis: Based on an initial baseline assessment, a given task
was assigned to a patient if performance was below 90%
accuracy and average latency. To account for familiarity
effects, the first 3 items of each task were ignored for each
individual, and accuracy and latency of the first and last 10
items were compared using a paired T-test. Thus, patients’
data were analysed in case-mix adjusted way controlling for
intensity of practice and initial severity to determine which
types of patients improved after rehabilitation.
Results: Across patients, problem solving (29%), reading
(16%), auditory processing (13%), naming (12.5%), and visual
processing (12.4%) comprised the main rehabilitation
domains completed. ANOVAs using accuracy and latency as
the dependent measures and initial performance (binned from
0–40%, 40–50%, 50–60%, until 80–90%) and the aforemen-
tioned domains (and others) showed a significant interaction
effect (F (52, 1077) = 3.8, p < .0001) indicating that more
severe patients (starting accuracy at 0–40%, 40–50%) showed
gains (~30–40 points) on targeted domains. Analysis of the
interaction between initial severity and intensity of practice
was also significant (F (23, 1077) = 7.24, p < .0001), indicating
that more severe patients improved with increased practice
(100–1000 trials); and patients with initial accuracy less than
50% could achieve mastery (>80% accuracy with practice of
100 trials or more [F (23, 1077) = 8.49, p < .0001)].
Importantly, analysis of speed revealed that while severe
patients made gains in speed with increased practice, mildly
impaired patients (initial accuracy 70–90%) also improved (F
(23, 1077) = 2.5, p < .0001).
Discussion and Conclusions: To our knowledge, this is the first
large-scale examination of rehabilitation for patients TBI and
show that patients can make strong gains in cognitive and
language skills following repeated practice of therapy items.
Notably, while all patients show improvements, the severe
patients (starting accuracy < 50%) show robust gains across
domains with increased practice. Mildly impaired patients
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also show gains in speed of processing across language/cog-
nitive domains. Ongoing analysis is identifying other prog-
nosticators of outcome.
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ABSTRACT
Objective: To characterize suicide-related ideation and
attempts, as well as pre- and post-traumatic brain injury
(TBI) mental health utilization among a cohort of individuals
who received care within the Department of Veterans Affairs’
(VA) Polytrauma Rehabilitation Centers (VA PRCs).
Setting: Inpatient VA PRCs facilities.
Participants: VA TBI Model Systems participants enrolled
within 1 year of TBI and eligible for a 1-year post-injury
follow-up (N = 284).
Design: Descriptive, prospective observational cohort study.
Main Outcome Measures: Self-reported suicide-related idea-
tion from the Patient Health Questionnaire (PHQ-9)
(‘Bothered by thoughts that you would be better off dead’ in
the past 2 weeks), and suicide attempts between discharge and
the 1-year follow-up evaluation.
Results: At the 1-year post-TBI evaluation, 13% (N = 37) of
Veterans and Service Members reported suicide-related

thoughts of varying frequency in the previous 2 weeks: ‘sev-
eral days (11%)’, ‘more than half the days (1%)’ or ‘nearly
every day (1%)’. In addition, eight individuals endorsed a
history of a suicide attempt (3%) within the initial year post-
TBI. Of those attempting suicide, only one participant had
attempted suicide prior to sustaining the TBI. Three of these
individuals had mental health treatment over the course of
their lifetime (none in the year prior to TBI). All participants
who attempted suicide during the time period of interest
received mental health treatment post-TBI primarily for
depression (N = 8; 100%) or post-traumatic stress disorder
(PTSD) (N = 5; 65%), and a majority (N = 7, 88%) reported
no suicidal ideation on the PHQ-9 in the 2 weeks prior to 1-
year follow-up. Among those not attempting suicide (N =
276) during the 1-year follow-up period, 88% had a lifetime
history of mental health treatment (55% in the year prior to
TBI; 53% in the year post-TBI)
Conclusions: Findings suggest that members of this cohort are
endorsing concerning levels of suicide-related ideation and
attempts. Increased implementation of suicide-prevention
strategies pre- and post-discharge is warranted.

0740 Functional and cerebral metabolites
evaluation of single episode mTBI with MRS and DTI

Suresh Kumara,b, Pooja Shaha, William Bolesa, Monika
Kumara,b, and Martin Brighama

aRegain Memory Center, Shreveport, LA, USA; bHeadache,
TBI & Memory Research Institue, Frisco, TX, USA

ABSTRACT
Background: Traumatic brain injuries (TBIs) are widespread
and well documented. However, impact of a single episode
mTBI has been under-diagnosed, with symptoms and under-
lying microscopic injuries being ignored. Studies with func-
tional Magnetic Resonance Imaging (fMRI), Diffusion Tensor
Imaging (DTI) and reconstruction software are becoming
more popular in mTBI diagnoses. These methods have proven
problematic and their use as a diagnostic tool for mTBI has
been called into question.
Methods: Retrospective study on 250 mTBI patients was con-
ducted in TBI clinic over last 4 years. 160 patients were given
WMS-IV standardized test after scoring <26 on MoCA cog-
nitive screening. fMRI/DTI tests were performed within an
average of 22 months after initial mTBI. 31 patients were
further tested with fMRI, SWAN, Flair and DTI with
Fractional Anisotropy (FA) on white matter (WM), and the
cortical thickness was measured in grey matter (GM) with
colour representation. Magnetic Resonance Spectroscopy
(MRS) was done on bilateral frontal lobe and posterior cin-
gulate consistently in all patients, if decreased cortical thick-
ness was observed with neuronal loss. We identified subject-
specific regions of abnormally high and low FA, axial diffu-
sivity (AD), radial diffusivity (RD), and mean diffusivity
(MD) across all white matter voxels and several WM regions.
Results: The decrease cortical thickness in Left Frontal Lobe
(LFL) and Right Frontal Lobe (RFL) 89% (26/29) patients had
MRS with decreased NAA, increased choline and myo-inositol
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were compared WM tract low FA. Corpus Callosum (CC) WM
DTI with decrease FA is 83.33% correlated with LFL GM MRS.
Similarly CC is 95% related with RFL with p value < 0.05. (23/
29) 79% of lesions in the CC, Hippocampus and SLF are well
published in DTI literature as characteristic of mTBI.
Immediate and Delayed Memory index is 36.79% related with
Rt. Temporal lesion. Decrease probability of Attention Score is
61.25% related with RFL and 64.51% with CC with p value <
0.039. Executive Functioning probability of low score is 100%
related with LFL and 82.6% with RFL with p value < 0.05.
Conclusion: There was no statistical difference between the
areas tested by MRS in GM and DTI on WM, but they
complement each other by detecting the lesions in the same
patients in two different places. These tests can be used
simultaneously to increase the predictive value. The MRS
study with cerebral metabolites changes were seen at an aver-
age of 22 months, which was a longer interval than prior
studies. WMS-IV findings of delayed recall and executive
functioning are hallmarks of TBI and confirm disruptions in
the memory circuit pathway. fMRI/DTI study further support
the memory loss in patients with cognitive deficits on WMS-
IV battery. There is a direct correlation between single-inci-
dent mTBI to underlying cerebral lesions and cognitive defi-
cits. Strong correlations seen secondary to patient selection,
after low WMS-IV scores.

0741 Machine learning models including
biomarkers, age and sex identify brain-injured
patients with greater accuracy: Results from the
headsmart trial

Timothy Van Metera, Nazanin Mirshahia, Kyle Ferbera, Vani
Raob, Haris Sairc, W. Frank Peacockd, Ramon Diaz-Arrastiae,
and Frederick Korleyf,g

aImmunarray, Inc., Richmond, VA, USA; bDepartment of
Psychiatry, Johns Hopkins University, Baltimore, MD, USA;
cDepartment of Radiology, Johns Hopkins University,
Baltimore, MD, USA; dDepartment of Emergency Medicine,
Baylor College of Medicine, Houston, TX, USA; eDepartment
of Neurology, University of Pennsylvania, Philadelphia, USA;
fDepartment of Emergency Medicine, Johns Hopkins
University, Baltimore, MD, USA; gDepartment of Emergency
Medicine, University of Michigan, Ann Arbor, MI, USA

ABSTRACT
Background: Head injury brings nearly 5 million patients into
emergency departments per year in the USA. While many
receive a CT scan, only a small percentage show structural
evidence of injury.
Purpose: Our purpose was to identify serum biomarkers that
objectively identify patients with traumatic brain injury.
Methods: The HeadSMART prospective clinical trial was con-
ducted at Johns Hopkins University School of Medicine. A
total of 500 brain-injured patients were enrolled, along with
160 control subjects. Additional healthy control subjects (n =
250) were recruited from Baylor College of Medicine.
Previously we have reported on preliminary results from
HeadSMART in which biomarker panels were shown to accu-
rately predict TBI in objective blood tests.

Results: The current analyses present more comprehensive
biomarker data analysis across the complete HeadSMART
mild TBI cohort and control subjects. Of eight biomarkers
examined, Neurogranin (NRGN), Brain-derived
Neurotrophic Factor (BDNF) and Synuclein beta (SNCB)
were chosen for superior performance by ROC analysis in
and using univariate statistics in distinguishing TBI from
healthy control subjects (p < 0.001). Serum samples were
tested in colorimetric or electroluminescence-based sandwich
ELISAs in all subjects. Extensive clinical data was collected for
TBI patients, including functional and neurological outcomes
at 1, 3 and 6 months post-injury. Models for classification
were built in R using logistic regression and in random forest
to differentiate between healthy controls and in TBI patients
meeting the American College of Rehabilitative Medicine
diagnostic criteria (ACRM+). Model performances for single
biomarkers and in combinations were compared using ROC
curve analysis, minimizing overfitting using extensive cross-
validation. To adjust for any imbalances in age and sex
between the cohorts, the models were also built using bio-
markers with patient age and sex included, and the results
were compared. Combining biomarkers in panels was asso-
ciated with an improved C-statistic, with the best performing
panel including all three biomarkers, age and sex (AUC =
0.97; Sens = 0.986; Spec = 0.913; NPV = 0.970). The top
performing panel built using random forest also outper-
formed models built in logistic regression. Panel performance
was found to differ between male and female subjects, a
phenomenon reported with cardiac biomarkers but never
before described in TBI. Furthermore, methods were devised
to examine stability of the models generated by these meth-
ods, providing a useful technique with which to evaluate the
reproducibility of model-generated classifications, particularly
of different panels of biomarkers that may have similar ROC
curves statistics.
Conclusion: These results identify a panel of three biomarkers
that can accurately classify patients with TBI who may be CT
negative or ACRM negative, but have significant injury. In
addition, the methods developed further refine the evaluation
of reliability in clinically relevant classification models built
with machine learning techniques. These methods form the
basis of ImmunArray’s testing panels for objectively identify-
ing brain injury irrespective of neuroimaging.

0742 An evaluation of the effectiveness of
functional electrical stimulation (FES) to improve
upper limb function in children with hemiplegic
cerebral palsy (HCP)

Luisa Garzona,b, Lauren Switzera, Betty Chana, Yvonne Nga,
and Darcy Fehlingsa,b

aHolland Bloorview Kids Rehabilitation Hospital, Toronto,
ON, Canada; bDepartment of Rehabilitation Sciences
Institute, University of Toronto, Toronto, ON, Canada

ABSTRACT
Introduction: Functional electrical stimulation (FES) therapy
involves the transcutaneous administration of electrical
impulses to activate muscles and obtain functionally useful
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movement (1). FES of the upper limb (UL) has been used
widely for patients with a variety of neurological conditions,
including stroke, but few studies have been conducted on its
use for children with hemiplegic cerebral palsy (HCP) (2).
Prenatal or perinatal stroke is often the underlying mechan-
ism of injury in children with HCP (3); it affects one UL and
often results in reduced selective motor control, weakness,
decreased sensation and spasticity. Motivated by a prior suc-
cessful study showing that FES therapy can be effective at
improving voluntary hand function in paediatric chronic
stroke patients (1), the aim of this study was to evaluate the
use of a new multichannel FES system for improving UL
function as measured by the Quality of Upper Extremity
Skills Test (QUEST) grasp score (and other secondary out-
come measures) in children with HCP.
Method: Case studies of three children with HCP (aged 6–13
years; mean = 9; SD = 3.6) completed up to 48 FES therapy
sessions (mean = 47.3; SD = 0.5), administered for 1 hour, 3
times/week, for 16 weeks. The study design involved a base-
line, and a post-intervention assessment.
Primary outcome measure: QUEST (grasp domain) score, which
evaluates movement patterns and hand function of the affected
UL. Secondary outcome measures: unimanual capacity (Jebsen–
Taylor Test of Hand Function, JTTHFT), functional goals
(Canadian Occupational Performance Measure, COPM), biman-
ual performance (Children’s Hand-use Experience Questionnaire,
CHEQ), spasticity (Australian Spasticity Assessment Scale), and
different sensory modalities of UL function.
Results: Case 1 and Case 3 improved on the grasp component of
the QUEST (>7 points). But, consistent improvement across all
subcomponents was present only for Case 1, as demonstrated by
the change in the overall score (15.4 points). Only Case 2 had an
improvement in ‘independent execution’ of CHEQ activities after
the intervention (20.6%). The COPM-Performance and COPM-
Satisfaction for Case 1 showed a clinically significant increase of
3.7 and 2.1 points between baseline and post-intervention, respec-
tively. Proprioception accuracy increased for all three cases after
FES therapy. The JTTHFT total scores decreased for Case 1 and
Case 2, implying improved movement efficiency and dexterity.
Case 3 was unable to complete any of the JTTHFT subtest within
the maximum allowable time of 2 minutes.
Discussion and Conclusions: The pre–post differences in
scores on most measures clearly demonstrated improvement
in voluntary hand function following FES sessions for only
one child. Interestingly all three children improved in pro-
prioception and grip strength. A second follow-up assessment
is planned to determine if any effect is maintained at 6
months post-FES to help guide the significance of the
immediate gains observed post-intervention.

0743 Development of neurofilament light chain (NF-
l) digital immunoassay for blood and cerebral spinal
fluid (CSF) samples

Yao Chen, Dandan Shan, Marcella Holdridge, Jason
Wickman, Christina Raso, David Wilson, and Lei Chang

Quanterix, Lexington, KY, USA

ABSTRACT
Background: Neurofilament light chain (NF-L) has been
shown to be a potential biomarker for traumatic brain injury.
Recently ultrasensitive digital ELISA made it possible to mea-
sure NF-L in plasma or serum.
Objective: Here we develop a fully automatic digital immu-
noassay to reliably measure NF-L in serum, plasma and CSF
in both healthy and diseased individuals.
Methods: The assay reagents were designed to be used on
Simoa HD-1 Analyser. Conjugated capture beads and bioti-
nylated detection antibody were prepared following home-
brew protocol. During the assay, for the first step, antibody-
coated capture beads and biotinylated antibody detector were
incubated with calibrator/samples together. After wash,
immunocomplex were labelled with enzyme and transferred
to an array of microwells. A single labelled NF-L molecule
provided sufficient fluorescence in 30 seconds to be detected.
The concentration of NF-L is then interpolated from a cali-
bration curve. The assay was evaluated for sensitivity, preci-
sion, linearity, spike/recovery etc. Acute traumatic brain
injury (TBI) and healthy control samples were evaluated for
plasma NF-L.
Results: Limit of detection (2.5 SD) was 0.040 pg/mL and limit
of quantification was 0.171 pg/mL. Recovery of NF-L spiked
into human serum and plasma averaged 89.5%. Recovery of
NF-L spiked into human CSF averaged 100.4%. Mean dilution
linearity of spiked serums was 97.4%. Mean dilution linearity
of CSF was 89.4%. Precision was determined using 3 native
and spiked serum samples across 5 runs. Mean inter-assay
and intra-assay CVs were 10.2% and 7.8% respectively. In
normal healthy individuals (n = 20), median [NFL] was 8.87
pg/mL (Range 2.68–15.4 pg/mL) and 7.57 pg/mL (Range
3.23–16.0 pg/mL) in serum and EDTA plasma respectively.
Median [NFL] in CSF was 2127 pg/mL (range 258–87 559 pg/
mL). Acute TBI plasma samples (n = 30) had a much higher
median [NFL] of 25.18 pg/mL (3.69–892.9 pg/mL).
Conclusion: The Simoa NF-L assay measured Neurofilament
Light chain in plasma, serum and CSF samples reliably from
both healthy and diseased individuals. Preliminary data sug-
gest plasma NFL level is higher in acute TBI patients than
healthy controls. This assay should facilitate the research and
diagnostic development of NF-L related diseases, such as TBI
and other disease.

0744 Elevated matrix metalloproteinase-9 blood
levels after mTBI decline over 30 days post-injury

Jessica Dawlaty, Katrine Madsen, and Michael Harrington

Huntington Medical Research Institutes, Pasadena, CA, USA

ABSTRACT
Background and Objective: Diagnosis and treatment of mild
traumatic brain injury (mTBI) is challenging since there are
no clinically validated biomarkers. We hypothesized that the
blood–brain barrier will be disrupted after mTBI and proteins
will leak from the brain into the blood circulation.
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Methods: We studied nine proteins to represent different types
of head injury: matrix metalloproteinase 9 (MMP-9) for
blood–brain barrier integrity; GLUT-1 for endothelial and
vascular changes; S100β and CKBB for astrocytic damage;
NSE and UCHL1 for neuronal and astrocytic damage; glial
fibrillary acidic protein (GFAP) for astrocyte integrity;
FABP7, a modulator of astrocytic function, and FABPH for
fatty acid transport. We developed an assay in which tryptic
peptides unique to each protein were identified and standards
containing stable isotope amino acids (13C, 15N) were synthe-
sized. A known amount of the stable isotope standards was
spiked into the plasma prior to enzyme digestion, and the
mixture was analysed by liquid chromatography mass spectro-
metry. We recruited 14 patients from the Emergency
Department at Huntington Memorial Hospital after their
diagnosis with mTBI, and 9 trauma controls without head
injury, and collected blood on three visits over 30 days post-
injury.
Results and Discussion: The levels of peptides specific for
MMP-9 increased in blood from mTBI study participants at
their first visit (1–5 days post-injury) that gradually returned
to normal by their third visit (~30 days post-injury) compared
to controls (p < 0.05, Wilcoxon matched-pairs signed rank
test). The other eight proteins were not detected in any
sample. MMP-9 may be useful as a biomarker after mTBI.
Funding: This study was funded by the Department of
Defense (DoD) W81XWH-13-1-0005.

0745 Development of glial fibrillary acidic protein
(GFAP) digital immunoassay for blood and cerebral
spinal fluid (CSF) samples

Yao Chen, Dandan Shan, David Wilson, and Lei Chang

Quanterix, Lexington, KY, USA

ABSTRACT
Objectives: Glial Fibrillary Acidic Protein (GFAP) has been
shown to be a potential biomarker for brain-trauma-related
diseases such as traumatic brain injury (TBI) and stroke. Here
we develop a fully automatic digital immunoassay to reliably
measure GFAP in serum, plasma and Cerebral Spinal Fluid
(CSF) in both healthy and diseased individuals.
Methods: The assay reagents were designed to be used on
Simoa HD-1 Analyser. Conjugated capture beads and bioti-
nylated detection antibody were prepared following home-
brew protocol. During first step of the assay, antibody-
labelled capture beads and biotinylated antibody detector
were incubated with calibrator/samples together. After wash,
immunocomplex were labelled with enzyme and transferred
to an array of microwells. A single labelled GFAP molecule
provided sufficient fluorescence in 30 seconds to be detected.
The concentration of GFAP was then interpolated from a
calibration curve. The assay was evaluated for sensitivity,
precision, linearity, spike/recovery etc. Acute traumatic brain
injury (TBI) and healthy control samples were evaluated for
plasma GFAP.
Results: Limit of detection (2.5 SD) was 0.211 pg/mL and limit
of quantification was 0.686 pg/mL. Recovery of GFAP spiked
into serum and plasma averaged 92.8%. Mean dilution

linearity in serum was 106.2%. Mean dilution linearity in
CSF was 90.1%. Precision was determined using 3 native
and spiked serum samples across 5 runs. Mean inter-assay
and intra-assay CVs were 10.8% and 8.47% respectively. In
normal healthy individuals (n = 20), median [GFAP] was 90.6
pg/mL (Range 44.3–152 pg/mL, in serum, n = 20) and 88.0
pg/mL (Range 45.9–180 pg/mL in EDTA plasma, n = 20).
Median [GFAP] in CSF was 10 427 pg/mL (range 2013–41
757 pg/mL, n = 10). Acute TBI plasma samples (n = 30) had a
much higher median [GFAP] of 1044.5 pg/mL (Range 50.0–
18 817 pg/mL).
Conclusions: The Simoa GFAP assay can reliably measure glial
fibrillary acidic protein in plasma, serum and CSF samples
from both healthy and diseased individuals. Preliminary data
suggest plasma GFAP level is higher in acute TBI patients
than healthy controls. This assay will facilitate the research
and diagnostic development of GFAP-related diseases, such as
TBI and other diseases.

0746 The hospital class: A case study with inpatient
patients in a public hospital

Rafaele Lima Batista Oriá and Francisca Silesia Diniz Pereira
de Siqueira

Prefeitura Municipal De Fortaleza, Fortaleza, Brazil

ABSTRACT
Objective: Considering that education is a right provided for
in the Federal Constitution of 1988 and extends to all, the
main objective of this study was to elucidate the importance
and necessity of the implementation and implementation of a
hospital class in the public hospitals of the Municipality of
Fortaleza. Therefore, it is necessary to create a public policy
that can guarantee specialized educational services for chil-
dren and adolescents who are unable to attend classes because
of the illness process that requires hospital admission.
Methods and Results: Thus, it is proposed the partnership with
the Municipal Education Department—SME, in order to carry
out and ensure this service for the students of the municipal
education network fit into this profile, favouring the continu-
ity of the teaching and learning process of these. The qualita-
tive methodology was used, with two research steps:
bibliographic research and interviews, resulting in the absence
of a hospital.

0747 Academic effects post concussion in
undergraduate college students: A campus-wide
survey

Traci Snedden, Rocio Norman, and Lyn Turkstra

University of Wisconsin-Madison, Madison, WI, USA

ABSTRACT
Purpose: The purpose of this study was to describe the ‘return
to academics’ experience from a campus-wide online survey
in a sample of collegiate students with self-reported concus-
sion injury versus musculoskeletal injury in a large public
university in the Midwestern USA.
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Background: Current guidelines for return to academics are a
product of an expert panel of the 4th International
Conference on Concussion in Sport (Zurich, 2012) and
focus on elementary and high-school students. College stu-
dents also are at risk for post-concussion symptoms that can
affect academic performance, but there are no guidelines for
this population.
Methods: A previously validated survey (Kennedy&Krause, 2009)
that assessed the college experience of students with moderate-to-
severe traumatic brain injury was adapted for students with con-
cussion and sent via mass email to 29 195 enrolled undergraduate
students. Students who reported concussion or musculoskeletal
injury while enrolled at the university were eligible to be included
in this analysis. Students who reported being <18 years, not fluent
in written English, reported both a musculoskeletal injury and a
concussion, or a history of other intracranial morbidities was
excluded. In addition to academic-related effects, the survey also
inquired about injury history, reporting behaviour, healthcare
services utilized, social and behavioural symptoms, and knowl-
edge and use of campus-based resources.
Results: 1749 students completed the survey. Of those, 4.2% (n =
76) reported a concussion and 9.5% (n = 167) reported a muscu-
loskeletal injury while enrolled. Those who reported concussion
had an average age of 20 years (Range = 18–41), with 72% female;
90% self-identified as white, 12.5% Asian, 1.4% Black and 1.4%
American Indian; and 96% self-identified as not of Hispanic,
Latino or Spanish origin. The highest percentage of students
(35%) had completed 2–3 years of undergraduate coursework.
Demographics for those who reported musculoskeletal injury
were comparable. Of the students who reported concussion and
completed the academic section of the survey (n = 64) versus those
who reported a musculoskeletal injury (n = 154), differences were
found. For example: took a break from school (20.3% vs 7.1%);
difficulty concentrating (67.9% vs 25.3%); difficulty remembering
(86.4% vs 26.1%); felt disorganized (80% vs 37.9%), felt foggy
(92.9% vs 25%), forgot what was said in class (21.7% vs 3.2%)
and reduced their college credits due to injury (8.3% vs 4.1%).
Additional analyses examining relationships are in progress.
Implications: A large number of college students who had
sustained a concussion reported adverse academic effects.
Students with musculoskeletal injuries reported a much smal-
ler proportion, supporting an argument that these effects are
not solely attributable to an injury experience. Future direc-
tions for research should address the burden of academic
effects with the goal of developing empiric guidelines to sup-
port collegiate students.

0748 Communication problems reported by college
students with and without concussion

Rocio Norman, Traci Snedden, and Lyn Turkstra

University of Wisconsin-Madison, Madison, WI, USA

ABSTRACT
Objectives: Individuals with concussion have been shown to
be at risk for communication problems. It is important to
characterize these problems because they have a significant
negative impact on employment opportunities, social integra-
tion and health-related outcomes. The purpose of the current
study was to characterize communication problems of college
students with concussion, by surveying students with and
without concussion in a large public university in the
Midwestern USA.
Methods: We used a validated survey (Kennedy & Krause, 2009)
that assessed the college experience of students with traumatic
brain injury, adapted for students with concussion. The survey
was sent via mass email to 29 195 undergraduate students, and
we analysed responses of students who reported concussion or
orthopaedic (i.e. musculoskeletal) injury while enrolled at the
university. In addition to questions about communication, the
survey asked questions about history of concussion, students’
reporting behaviour, services utilized, concerns about prolonged
symptoms (academic, social and behavioural), and knowledge
about campus-based resources for individuals experiencing pro-
longed symptoms after their injuries.
Results: 1749 students completed the survey. Of those, 4.2%
(n = 76) reported incurring a concussion while enrolled.
Those who reported concussion had an average age of 20
years (Range = 18–41), with 72% female; 90% self-identified
as white, 12.5% Asian, 1.4% Black and 1.4% American
Indian; and 96% self-identified as not of Hispanic, Latino
or Spanish origin. The highest percentage of students (35%)
had completed 2–3 years of undergraduate coursework.
Sixty of the students who reported concussion completed
the communication portion of the survey. Of those, 18% (n
= 11) reported difficulties with receptive communication
(e.g. understanding directions), 27% (n = 16) reported
difficulties with expressive communication (e.g. difficulty
putting thoughts into words) and 15% (n = 9) reported
difficulties with reading. Of the students who reported
orthopaedic injuries and completed the communication
portion of the survey (n = 126), 10% (n = 13) reported
difficulties with receptive communication, <1% (n = 5)
reported expressive communication problems and <1% (n
= 3) reported difficulties with reading. Additional analyses
specific to variable relationships and comparisons between
concussion vs orthopaedic injury are in progress.
Conclusions: A significant portion of college students who had
incurred a concussion reported communication problems.
These problems were not reported by students with orthopae-
dic injuries and thus were not attributable to the injury
experience alone. Future directions for research should
address the trajectory of recovery for communication pro-
blems related to concussion and characterize the underlying
mechanisms of these deficits in order to develop sensitive
assessments and interventions.
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0749 Exploring the relationship between
behavioural, somatic, cognitive and emotional
symptoms following concussion with considerations
for treatment

Cirelle Rosenblatt

Advance Concussion Clinic, Vancouver, BC, Canada

ABSTRACT
Introduction: A concussion, typically classified as a mild trau-
matic brain injury (MTBI), is known to result in various
behavioural, somatic, cognitive and emotional symptom con-
stellations with differing degrees of severity. While research
related to other health events, such as diabetes or chronic
pain, approach questions related to assessment and treatment
of these conditions in a more integrated manner, concussion
research typically focuses on one symptom category, with
little attention given to the relationship between the multi-
factorial symptoms associated with concussive events.
Cognitive dysfunction, impaired sleep, fatigue and pain are
known to impact mood, yet concussion research tends to
focus on each of these symptom areas in isolation, overlook-
ing the interaction between the factors and their relationship
to one another in context of MTBI.
Method: Data was collected at Advance Concussion Clinic (ACC),
an interdisciplinary outpatient clinic based in Vancouver specia-
lizing in the treatment of concussion. Patients completed the
Patient Reported Outcomes Measurement Information System
(PROMIS-57 and Applied Cognition measures) at admission.
This sample included 160 patients—53% female; age range
18–91 with a mean age of 39.79.
Results: A bivariate correlation was calculated using SPSS
statistics to identify relationships between symptom cate-
gories. Sub-factors within these categories included physical
function, fatigue, sleep disturbance, satisfaction with social
role, pain interference, pain intensity and subjective cognitive
function. All behavioural, somatic, cognitive and quality of life
symptoms were positively correlated with anxiety and depres-
sion. Fatigue and subjectively impaired cognitive functioning
correlated most significantly with anxiety and depression. The
correlation between anxiety, depression and fatigue was more
significant than anxiety, depression and sleep disturbance.
Implications and Conclusions: Depression and anxiety are
commonly identified following concussion, and are frequently
the sole treatment targets for physicians or psychologists in
treating MTBI sufferers. Our findings suggest that an inter-
disciplinary approach is needed in the treatment of concus-
sion, as treating mood in isolation may be ineffective if what
may be causal symptom factors are overlooked. MTBI patients
may require physiotherapy, psychotherapy, sleep management
and exercise tolerance or cognitive training, to effectively treat
behavioural, somatic, cognitive and emotional symptoms.
Such an aggregate approach would be expected to improve
outcomes in this patient population. Medical professionals
should refrain from solely prescribing psychotherapy or med-
ication for anxious or depressed mood associated with con-
cussion and consider a broader range of interdisciplinary
treatment options to achieve optimal recovery outcomes.

0750 The use of functional near-infrared
spectroscopy (fNIRS) for assessing cognitive
workload after concussion

Eileen Storeya, Lei Wangb, Hasan Ayazb, Olivia Podolaka,
Matthew Gradya,c, and Christina Mastera,c

aThe Children’s Hospital of Philadelphia, Philadelphia, PA,
USA; bDrexel University School of Biomedical Engineering,
Philadelphia, PA, USA; cPerelman School of Medicine at The
University of Pennsylvania, Philadephia, PA, USA

ABSTRACT
Objectives: Functional near-infrared spectroscopy (fNIRS), a
noninvasive and portable neuroimaging modality that detects
changes in blood oxygenation related to human brain func-
tion, is a promising tool to address the current lack of objec-
tive biomarkers to identify pathophysiologic changes
associated with concussion. We sought to determine the uti-
lity of fNIRS to detect and differentiate cortical brain activity
between concussed and healthy subjects when they performed
the King–Devick test.
Methods: We conducted a prospective study of 19 concussed
subjects and 9 healthy controls who completed the King–Devick
test while wearing an fNIRS headband that recorded anterior
prefrontal cortex oxygenation changes with 12 channels/4
optodes at 4 Hz sampling rate. Linear mixed model analysis was
performed to compare oxygenation changes in the two cohorts.
Results: There were significant differences across increasing
difficulty of the King–Devick test conditions when comparing
concussed subjects with healthy controls in both the left pre-
frontal cortex (F(1, 26) = 9.906, p < 0.005) and right prefrontal
cortex (F(1, 25) = 7.965, p < 0.01). Among this pilot cohort,
healthy controls showed significantly higher levels of oxyge-
nation changes upon initiation of the King–Devick test com-
pared to concussed subjects, but had decreased oxygenation
changes over each successive test card. This pattern was not
mirrored in concussed subjects who maintained consistent
levels of oxygenation changes in the left prefrontal cortex
and increasing levels in the right prefrontal cortex over the
course of the test.
Conclusions: Our preliminary experimental results suggest
that fNIRS detects changes in cerebral blood oxygenation
between concussed and healthy subjects. Further investigation
into the utility of this neuroimaging modality for quantifying
changes in cognitive workload after injury and over the course
of recovery is warranted. fNIRS may be a useful objective tool
to assess concussion and aid decision-making in clinic and on
the sidelines.

0751 Brain injury and gender differences in
emergency head trauma admissions among infants
and young children: A data-linkage study

Steven M. McPhail

Queensland University of Technology and Metro South
Health (Queensland), Fairfield, Australia

BRAIN INJURY 1013



ABSTRACT
Background: Children under the age of two are at elevated risk
of non-accidental trauma, including abusive head trauma.
Unfortunately, it has historically been difficult to acquire
large representative samples to examine rates of brain injury
among males and females admitted to hospital with head
trauma during the first 5 years of life, particularly during
infancy. This study aimed to examine gender differences (in
rates of presentation to hospital for head trauma and head
trauma with brain injury, and hospital length of stay) during
the first 5 years of life. This has been enabled by recent data-
linkages of trauma-related hospital records.
Methodology: Hospital records (n = 205 135) for people
admitted with head-trauma-related primary diagnoses identi-
fied from the Queensland Hospital Admitted Patient Data
Collection were linked and analysed. This included public
and private hospitals that provide inpatient care to people
within a 1.85 million km2 geographically and ethnically
diverse region of an industrialized nation (Queensland,
Australia). This study included head trauma emergency inpa-
tient admissions (children < 5 years of age), including both
neurological and non-neurological injuries. Primary diagnosis
codes (ICD-10) were used to identify relevant head and brain
injury diagnostic categories. Elective or planned admissions
were excluded. Descriptive statistics, univariate analyses and
multi-level modelling (admissions = level-1, individuals =
level-2, facilities = level-3) were undertaken to examine gen-
der differences in incidence of presentation to hospital across
diagnostic categories and length of stay in hospital.
Results: A total of 27 690 (males = 15 964, 58%) emer-
gency admissions for head-trauma injuries from 12 318
unique children (males = 7108, 58%) <5 years from 105
hospitals were identified. Of these, 3761 (14%) admissions
were for a brain/intracranial injury primary diagnosis:
concussion (total = 938/3761, 25%), subdural haemorrhage
(total = 600/3761, 16%), subarachnoid haemorrhage (total
= 228/3761, 6%) and focal brain injuries (total = 168/3761,
4%) were frequently represented primary diagnoses. Males
were consistently more prevalent than females (each year-
of-age from infancy to the fifth year of life). There was
some variation in the extent to which males proportionally
exceeded females across brain injury diagnostic categories
(chi-square(8)=38.5, p < 0.001). Mixed-effects generalized
linear modelling indicated that even after adjusting for
diagnosis-related factors (fixed effects) and clustering
(three-level, random intercept model) the length of stay
was slightly longer for males than females (coefficient =
0.08, 95%CI 0.03, 0.13; p < 0.001).
Conclusions: Emergency hospital admissions for head injuries,
including an array intracranial injury diagnoses, were higher
for males than females from infancy onward. The inability to
accurately discern accidental from non-accidental trauma is a
limitation of this study. However, it is unlikely that contribu-
tors to traumatic brain injury often attributed to older males
(e.g. aggressive behaviour) are applicable to infants. Both male
and female infants and young children are at an elevated risk
of abusive head trauma, the risk seems higher for males even
during the first year of life.

0752 Oculomotor treatment in traumatic brain
injury rehabilitation: A pilot trial

Amy Berryman, Karen Rasavage, Tom Politzer, and Don
Gerber

Craig Hospital, Englewood, CO, USA

ABSTRACT
Objective: To determine feasibility of a randomized controlled
trial examining the efficacy of oculomotor treatment in trau-
matic brain injury rehabilitation. A protocol of impairment-
based oculomotor exercises was compared to activity-based
standard of care interventions.
Methods: Twenty individuals with TBI in inpatient rehabilita-
tion who had oculomotor impairments were randomized into
an experimental arm (n = 10) participating in Six Eye Exercises
protocol or into a control arm (n = 10) participating in stan-
dard of care treatment. Participants in each arm individually
worked with an occupational therapist 30 minutes/day, 5 days/
week, for 4 weeks. Severity of oculomotor impairments and
their impact on function were measured at baseline and post-
treatment.
Results: Sixteen participants completed the trial. Fatigue was
the primary reason for withdrawal. No other negative effects
or adverse events were reported. The selected outcome mea-
sures captured positive improvements in both groups.
Conclusions: The study findings support the feasibility of a
powered randomized controlled trial to evaluate the efficacy
of oculomotor rehabilitation in this population.

0753 Autologous neural progenitor cell based on 3d
biodegradable scaffold improve long-term functional
outcome after traumatic brain injury of C57BL/6 mice

Olga Tikhobrazovaa, Irina Mukhinaa, Alexander Baliabinb,
Arseniy Gladkova, Anastasia Poniatkovskayaa, Maria
Muravevac, Eugene Klueva, Petr Timashovd, and Victor
Bagratashvilid

aNizhny Novgorod State Medical Academy, Nizhny
Novgorod, Russian Federation; bVolga Federal Medical
Research Centre, Nizhny Novgorod, Russian Federation;
cNizhny Novgorod State University, Nizhny Novgorod,
Russia; dInstitute of laser and information technologies
Russian Academy of Sciences, Moscow, Russia

ABSTRACT
Objectives: One of the most promising methods of the
treatment of TBI is neurotransplantation of progenitor
cells based on 3D scaffolds from synthetic biodegradable
materials. However, clinical and experimental effects of cell
transplantation creating a suitable environment for tissue
regeneration and neurotransplantation are not well
understood.
Methods: The neurological (mNSS, open field test) and
cognitive functions’ (passive avoidance behaviour, novel
object recognition test) long-term outcomes were studied
during reconstructive therapy of open TBI by autologous
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neural progenitor cells on the 3D biodegradable scaffold
consisting from hydrogel of high molecular weight hyaluro-
nic acid and modified chitosan and performing the role of
the basis for transplanted cells and replacement matrix of
neural tissue.
Results: It has been shown that transplantation of autologous
neural progenitor cells on the 3D scaffold in the brain sig-
nificantly reduces the neurological and motor functions
impairments, lead to the restoration of learning, and short-
term and long-term memory functions of mice at 6 months of
post-traumatic period. MRI data analysis showed the reduc-
tion of the volume of the brain injury in comparison with
control.
Conclusions: Thus, the transplantation of autologous neural
progenitor cells on the 3D biodegradable scaffold promote to
maintain the volume of the injured site in the first months
after the injury and prevented the disruption of the neural
networks of the brain that, in turn, leads to recovery of
cognitive and neurological functions of the CNS in the remote
period.
Funding: This work was supported by a grant from RNF no.
14-25-00055.

0754 Computational assessment of dynamic
interaction of neural probes with the brain motion
under mechanical motion and impacts

Michael Polancoa, Seonhye Hanb, Hargsoon Yoonb,c, and
Sebastian Bawaba

aOld Dominion University, Norfolk, VA, USA; bNorfolk State
University, Norfolk, VA, USA; cEastern Virginia Medical
School, Norfolk, VA, USA

ABSTRACT
Objective: The improvement of the design of neural probes to
monitor neural signals in the brain under mechanical motion
and impact is addressed in this study. Novel designs and
materials will aid to assess better brain function and damage
mechanisms while reducing the risk of injury in the brain
under mechanical motion. According to our computational
analysis, reducing the stiffness discrepancy between the probe
and the brain is the best solution to minimize the impact to
neural recordings and injury to brain tissue surrounding the
neural probe.
Methods: Various material stiffnesses were examined for the
probe to quantify the degree of injury from the probe when
interfaced with surrounding brain tissue using Finite Element
Analysis (FEA).
Results and Discussion: The probe stiffnesses examined in the
study range from 10^11 to 10^5 Pa, corresponding to com-
monly used silicon probes to softer polymers such as hydro-
gel, respectively. Deformation profiles are assessed along the
probe-to-brain interface for mechanical motion typically seen
in the brain due to pulsation, breathing and walking. The
study is extended to the dynamic interaction of various tung-
sten array configurations and is examined using FEA.
Specifically, the effects of design parameters such as spacing,
probe quantity and geometry on the deformation build-up
within the brain are presented.

0755 Mechanically flexible and soft neural probes
for in vivo neural recordings in the brain under
mechanical impacts

Hargsoon Yoon, Min Kim, Seonhye Han, Obadiah Koech,
and Montrey Freeman

Norfolk State University, Norfolk, VA, USA

ABSTRACT
Introduction: Traumatic brain injury (TBI) is comprised
of a continuum of mild-to-severe brain injuries which
may result from linear and rotational accelerations. The
physiological and psychological state change during the
course of mechanical impact on the brain is becoming
recognized as an important variable to understand the
impacts of TBI.
Purpose: The design and material improvement of neural
probes is addressed in this study to monitor neural signals
in the brain under mechanical motion and impact. Novel
designs and materials for highly soft and flexible probe struc-
tures will aid to record neural signals while reducing the risk
of injury in the brain under mechanical motion of brain.
Results and Discussion: We developed neural probe array with
nano-electrodes to measure and image neural networks under
mechanical motion and impacts into the brain. Various pro-
cessing conditions were implemented for flexible and soft
multilayer depth probe structures with overall thickness of
50 µm with Parylene-C/polydimethylsiloxane layers.
Especially, by applying nanotechnology, we significantly
reduced electrode impedance to much less than that of the
previously used planar microelectrodes by the order of three.
The novel design of soft depth probe and functional advan-
tages of nano-electrodes in neural recording under mechan-
ical motion and impacts will be discussed in this presentation.

0756 Using of accelerometer in neurorehabilitation
of brain damage patients with upper limb paresis

Petra Sladkova and Olga Svestkova

Charles University, Prague, Czech Republic

ABSTRACT
Introduction: Neurorehabilitation intervention of patients
with brain damage is an interprofessional, complex, intensive,
long-term and individual process. Motor disorder of the brain
damage patients is often hemiparesis.
Main Text: The main aim of the study was to demonstrate
that the monitoring of motor functions in patients after brain
damage leads to improved motivation, thereby improving
motor functions. New technological developments have led
to the production of miniature accelerometer sensors. The use
of accelerometer is possibility for objective functional assess-
ment in rehabilitation. In neurorehabilitation of the patients
with hemiparesis it is possible to use accelerometer for mon-
itoring of functional changes of movement pattern. The basic
principle is measuring of static and dynamic acceleration.
Sensors can be used objectively to quantify amount of move-
ment paretic and healthy upper arm activity. We used three
different types of sensors: left blue sensor is on the left wrist,
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right red sensor is on the right wrist and green body sensor on
the left hip. Our clinical study was undertaken with selected
patients after brain damage with paresis.25 patients after brain
damage with upper arm activity were measured by acceler-
ometer. Data from accelerometer monitoring were analysed in
special programme Wrist Motion Sensor APPlication
(WMSAPP) software. The following parameter was all-day
percentage movement activity of paretic and healthy upper
arm activity. The patients were detected at the first and the
last week during 4 weeks in a rehabilitation day-care centre
from 9 a.m. to 4 p.m.
Methods: 55 patients after brain damage with upper
arm paresis were randomized to an experimental group
(A, n = 25) and a control group (B, n = 25). Patients in
both group attended a rehabilitation day-care centre for 4
weeks. Patients in group A were measured by sensor/acceler-
ometer for 7 hours per day of first week after admission and
the last week in the care centre. The FIM and Jebsen–Taylor
(JT) tests were applied on all patients at the beginning
and after 4 weeks of rehabilitation intervention during the
final examination. Both tests are used for measurement of
quantitative and qualitative changes in activities of daily living
during rehabilitation process.
Results: Using of sensor/accelerometer in the experimental
group (group A) significantly improved upper arm movement
activity and can objectively detect the positive changes in
movement spastic pattern. The accelerometer has the role of
virtual therapist for the idea of permanent monitoring by the
therapist. The patients were more motivated for active coop-
eration during the whole rehabilitation process.
Conclusion: Sensor/accelerometer can improve motivation
(virtual therapists) of patients and also improve movement
pattern and functioning of upper extremity. Activities of daily
living of the patients with brain damage were also improved.

0832 Developing symptom profiles in depressed
versus non-depressed youth recovering from
concussion

Kathy Stazyk and Carol DeMatteo

School of Rehabilitative Science, McMaster University,
Hamilton, ON, Canada; CanChild Centre for Childhood
Disability Research, McMaster University, Hamilton, ON,
Canada

ABSTRACT
Objectives: Concussion and subsequent recovery protocols
lead to many losses in children’s lives as routines and normal
activities are disrupted. Reactions to these losses can range
from immediate distress and grief to long-term depression.
Distinguishing between normal reactions and potential
depression is a clinical dilemma that we sought to explore.
The purpose of this study was to investigate the relationship
between post-concussive symptoms and scores on the
Children’s Depression Inventory to determine any pattern
and association between those with depression and those
with no depression.
Methods: A prospective cohort study was conducted and data
collected as part of a bigger study investigating whether

adherence to guidelines decreases the duration of symptoms.
Depression data was collected for 117 children at 1–3 time
points during their recovery from concussion using the
Children’s Depression Inventory-2 (CDI-2). At each of these
time points, post-concussive symptom inventories were com-
pleted. Independent t-tests, chi-square and correlational ana-
lyses were used to examine the associations between
individual post-concussive symptoms and scores on the
CDI-2.
Results: Clinically significant depressive symptoms (T-score
on CDI-2 > 65) were found in 18.8% of the children aged
7–18 years (mean = 13.92). Children with evidence of depres-
sive symptomatology had significantly higher mean post-con-
cussive symptom inventory scores (M = 35.8) in recovery (p =
0.000) than children who were not depressed (M = 13.9).
While headache, fatigue and concentration were commonly
reported in those without depression, there remains a signifi-
cant difference in the means between the depressed and non-
depressed groups (p = 0.000) for these symptoms. Sadness,
being more emotional and vision problems are also highly
discriminating between the groups (p = 0.000).
Conclusions: Depression is commonly reported in this cohort
of children during their recovery from concussion. The post-
concussion symptom inventory score is significantly different
between the groups of depressed and non-depressed youth
reflecting a greater number and intensity of symptoms in the
depressed youth. Numerous emotional and cognitive symp-
toms were reported to be highly different between the two
groups. These results begin to build symptom profiles that are
associated with depression. Symptom profiles will help in
clinical decision-making and assist in early intervention to
prevent poor outcomes.

0853 Alpha power during working memory is
compromised in acute mild traumatic brain injury

Xianghong Arakakia, Michael Shogaa, Lianyang Lib, George
Zouridakisb, Jessica Dawlatya, Robert Goldweberc, and
Michael Harringtona

aNeurosciences, Huntington Medical Research Institutes,
Pasadena, CA, USA; bBiomedical Imaging Lab, Department
of Engineering Technology, University of Houston, Houston,
TX, USA; cEmergency Department, Huntington Memorial
Hospital, Pasadena, CA, USA

ABSTRACT
Background and Objectives: We aimed to explore alpha power
during working memory (WM) processing in a longitudinal
study of acute mild traumatic brain injury (mTBI).
Methods: We used quantitative electroencephalography
(qEEG) to explore alpha frequency power during WM proces-
sing in an ongoing acute mTBI study. Thirteen acute mTBI
patients and seven non-head trauma controls, 18–50 years of
age, were recruited from the emergency department of
Huntington Memorial Hospital in Pasadena, CA. Brain chal-
lenges using the N-back (0-back and 2-back) WM test were
administered. Behavioural performance and EEG data from
21 recording electrodes were collected at three different
recording sessions: within 1 week, 14 and 30 days after injury.
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We observed the symptomatic progression of the TBI patients
over the three visits and analysed the EEG alpha power overall
(MANOVA) and for specific channels (exploratory approach),
relating the analysis results to the patients’ symptoms at each
visit.
Results and Discussion: During the first visit, mTBI patients did
not realize they were not well; they were ‘a little shaken up’,
indicating an executive dysfunction. Compared to controls, the
0-back responses of mTBI patients showed excessive alpha
event-related desynchronization (ERD) in the frontal areas (Fz)
that was not phase-locked to the eliciting events, consistent with
an executive dysfunction. At the second visit, mTBI subjects
knew they were not well and their experience was described
‘like a dream’. The phase-locked alpha power computed over
parietal regions was significantly lower in the mTBI group,
consistent with the ‘dream-like’ detached perception of the real
world. At the third visit, they knew they were better, but still they
were not back to ‘normal’. However, no different alpha powers
were shown during 0-back test. Behavioural responses to the 2-
back trials showed initial WM impairment in the mTBI group
that improved at the later visits. In response to the 2-back task,
the frontal (Fp1) alpha ERD was decreased in the controls
between the first and third visits, possibly indicating a learning
mechanism. In mTBI patients, however, no decrease was
observed over the three visits, indicative of a learning impair-
ment that correlated well with their feelings that they were not
back to ‘normal’.
Conclusions: Our results indicate that alpha ERD during WM
processing is sensitive and correlates well with the evolution
of subjective symptoms occurring in acute mTBI. These
results suggest that WM parameters may have significant
potential as objective biomarkers that can reliably quantify
mTBI symptoms and may also help with the diagnosis, prog-
nosis and monitoring of treatment efficacy.
Funding and Acknowledgments: This work was supported by
the Department of Defense (DoD) grant W81XWH-13-1-
0005. Special thanks to Thao Tran, David Strickland, Megan
Gomez and Alfred Fonteh for their help with data collection,
and Ryan Lee and Liu Yu for their help with Matlab.

0872 Supramarginal gyrus to thalamus functional
connectivity in brains of active and retired national
football league players

Matthew Peters, Jennifer Coughlin, Yuchuan Wang, Melin
Vranesic, Paul Kim, Constantine Lyketsos, Martin Pomper,
and Haris Sair

Johns Hopkins University School of Medicine, Baltimore,
MD, USA

ABSTRACT
Background: There is rising concern that former National
Football League (NFL) players may experience onset of cog-
nitive and other neuropsychiatric symptoms linked to history
of sports-related head injury. Recently, we showed that brains
of active, recently retired, and elderly retired NFL players had
higher binding of the PET ligand [11C]DPA-713 to translo-
cator protein 18 kDA (TSPO), a marker of brain injury and
repair, compared to healthy controls. Higher binding of [11C]
DPA-713 was found in the supramarginal gyrus (SMG) and
thalamus of players compared to controls in studies of both
younger and older individuals.
Objective and Hypothesis: To conduct a focused investigation
of functional connectivity between the SMG and thalamus
using resting state functional magnetic resonance imaging
(rsfMRI). We hypothesized that NFL players would show
evidence of disrupted functional connectivity in the analysed
regions compared to controls.
Methods: NFL and control groups were recruited in two
separate studies: one with older (age > 55 years) and one
with younger (age < 55 years) individuals as previously
published. Younger NFL players consisted of active or
recently retired (within 12 years from last NFL play)
individuals. Resting state Bold Oxygen Level Dependent
(BOLD) data was obtained and analysed using a seed-
based analysis with 6-mm spherical regions of interest
placed in bilateral SMG and bilateral thalamus. The com-
parison was bilateral thalamus-to-SMG connectivity by
side using t-test.
Results: rsfMRI data from 14 younger NFL players, 15
younger controls, 10 older NFL players and 6 older con-
trols were analysed. Mean correlation values (younger
NFL, younger control, older NFL, older control, respec-
tively) were as follows: bilateral thalamus to LEFT SMG
(0.01, −0.42, 0.11, −0.11) and bilateral thalamus to RIGHT
SMG (0.05, −0.39, 0.01, −0.08). Results of t-test by age and
SMG side are as follows (statistic, p value): left younger
(-2.3352, 0.0272), right younger (-1.7194, 0.0970), left
older (-0.7982, 0.4381), and right older (-0.2642, 0.7955).
Conclusions: The anti-correlation in resting state connec-
tivity between bilateral thalamus and left SMG seen in
younger controls was absent in the younger NFL group.
Absence of anti-correlation was also seen in both the older
controls and older NFL players. These results together
with our published PET data suggest that brain injury or
repair, marked by higher TSPO PET signal in SMG and
thalamus, may be associated with altered thalamus-to-
SMG resting state functional connectivity in younger
NFL players.
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