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Enhancing Emotional Insight after Traumatic Brain Injury: A Treatment 
for Alexithymia 

Dawn Neumann1,2,3, James Malec1,2, Flora Hammond1,2 

1Indiana University, Indianapolis, United States, 2Rehabilitation Hospital of Indiana, Indianapolis, United States, 
3EmotEd, Indianapolis, United States 

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 emotional awareness, difficulty 
labeling and differentiating emotions, and poor interoceptive awareness. Alexithymia is often associated 
with emotion dysregulation, including anxiety, depression, and anger. The purpose of this study was to 
explore the preliminary effectiveness of an intervention designed to improve emotional insight in 
people TBI. 
 
Methods: Seventeen adults who had a moderate to severe TBI, who were a minimum of one year post-
injury and had moderate to severe alexithymia, completed an intervention targeting problems 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 labeling. 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 emotion dysregulation (Difficulty 
with Emotion Regulation Scale, DERS). The intervention consisted of eight 60-90 minute sessions (2 per 
week) for one month. Sessions were one-on-one between a therapist research assistant and participant, 
in which a web-based training program was used to deliver structured content and exercises aimed at 
ŜƴƘŀƴŎƛƴƎ ǇŀǊǘƛŎƛǇŀƴǘǎΩ ŜƳƻǘƛƻƴŀƭ ǾƻŎŀōǳƭŀǊȅΣ ŜƳƻǘƛƻƴŀƭ ƛƴǎƛƎƘǘΣ and interoceptive awareness. 
 
Results: Thirteen participants completed the intervention. Repeated measures ANOVA revealed 
significant improvements on the TAS-20, LEAS, TAI, STAXI, Positive Affect, and DERS, which were 
followed by planned comparisons. Changes on these measures were all significant between baseline and 
posttest. 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 program. 
 
Conclusions: These preliminary findings suggest that alexithymia can be reduced after TBI with 
treatment, and may also coincide with better emotion regulation. More research needs to be conducted 
using a randomized controlled trial and a larger sample.   
 



 

2 

The Influence of Alexithymia, Depression and Anxiety on Aggression After 
Brain Injury 

Dawn Neumann1,2,3, James Malec1,2, Flora Hammond1,2 

1Indiana University, Indianapolis, United States, 2Rehabilitation Hospital of Indiana, Indianapolis, United States, 3EmotEd, 
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Objective: The aims of this study were twofold: 1) To determine differences in aggression severity and 
prevalence in people with traumatic brain injury (TBI) and healthy controls (HC), and 2) examine the 
influence of alexithymia (blunted emotional insight), depression, and anxiety on aggression.   
 
Methods: Forty-six participants with moderate to severe TBI and 49 age and gender matched HCs. 
Participants with TBI were a minimum of 3 months post-injury.  Participants completed measures of trait 
aggression (Buss Perry Aggression Questionnaire); depression (Patient Health Questionnaire-9); trait anxiety 
(State Trait Anxiety Inventory (STAI); and alexithymia (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 since alexithymia is prevalent in up to 61% of people with TBI. 
Because people with alexithymia have poor emotional 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.  
 



 

3 

The Relationship Between Anger and Negative Attribution Bias After Brain 
Injury 

Dawn Neumann1,2,3, James Malec1,2, Flora Hammond1,2 
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Objective: Negative attributions pertain to judgments of intent, hostility, and blame that one makes 
ǊŜƎŀǊŘƛƴƎ ƻǘƘŜǊ ǇŜƻǇƭŜΩǎ ōŜƘŀǾƛƻǊǎΦ bŜƎŀǘƛǾŜ ŀǘǘǊƛōǳǘƛƻƴ ōƛŀǎ ƛǎ ǿƘŜƴ ǎƻƳŜƻƴŜ Ƙŀǎ ǘƘŜ ǘŜƴŘŜƴŎȅ ǘƻ 
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 situational anger.  
 
Methods: Forty-six adults with moderate to severe TBI and 49 HCs who were frequency matched for age 
and gender, participated in the study. Participants were presented with hypothetical scenarios describing 
ŎƘŀǊŀŎǘŜǊǎΩ ōŜƘŀǾƛƻǊǎ ǘƘŀǘ ǳƭǘƛƳŀǘŜƭȅ ǊŜǎǳƭǘŜŘ ƛƴ ƘȅǇƻǘƘŜǘƛŎŀƭƭȅ ƴŜƎŀǘƛǾŜ ƻǳǘŎƻƳŜǎ ŦƻǊ ǘƘŜ ǇŀǊǘƛŎƛǇŀƴǘΦ 
Actions described in the stories were clearly hostile, ambiguous, or benign, resulting in three story types. 
tŀǊǘƛŎƛǇŀƴǘǎ ǊŀǘŜŘ ŎƘŀǊŀŎǘŜǊǎΩ ōehaviors for intent, hostility, and blame, as well as how angry they would be 
in response to each scenario.   
 
Results: Compared to healthy controls, participants with TBI had significantly stronger anger ratings in 
ǊŜǎǇƻƴǎŜ ǘƻ ǎŎŜƴŀǊƛƻǎ όǇғΦлрύΦ !ŘŘƛǘƛƻƴŀƭƭȅΣ ǇŀǊǘƛŎƛǇŀƴǘǎ ǿƛǘƘ ¢.L ǊŀǘŜŘ ŎƘŀǊŀŎǘŜǊǎΩ ōŜƘŀǾƛƻǊǎ ǘƻ ōŜ 
significantly more intentional, hostile, and blameworthy than healthy controls 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 bƛŀǎŜŘ ƛƴ ƧǳŘƎƛƴƎ ƻǘƘŜǊǎΩ ōŜƘŀǾƛƻǊǎ ŀǎ ƳƻǊŜ ƛƴǘŜƴǘƛƻƴŀƭƭȅ ƘƻǎǘƛƭŜ 
and blameworthy. Furthermore, it appears that these negative attribution 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 understanding and 
treating anger deficits in the TBI population.  
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The Use of an Algorithm and a Modified Agitated Behavior Scale to 
Evaluate the Effectiveness of Interventions and the Necessity for Constant 
Supervision with Brain Injured Inpatients 

Martin Diorio1, Jolene Klotz1 

1Good Shepherd Rehabiliation Hospital, Allentown, United States 

Individuals who suffer severe traumatic brain injuries often exhibit agitated and aggressive behaviors 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. 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, J, 2000) has been 
developed to identify and evaluate the level of agitation for a designated period of time. The scale lists 14 
specific behaviors which are rated from 1 (none) to 4 (extreme). However, valuable information is lost with 
regard to the effectiveness of interventions including; medications, sleep patterns, the identification of 
specific behaviors (eg. restlessness versus agitation) and whether there are certain periods 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 behavior over a longer period of time was developed which utilizes a 
24 hour monitoring approach in which all 14 behaviors 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 behavioral perspective and 
determining when an individual can be taken off one to one supervision. The lecture will provide 
information on the algorithm and Agitated Behavior Scale as a clinical tool in treatment planning for brain 
injured individuals.   
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Report to Congress on the Management of Traumatic Brain Injury in 
Children 

Juliet Haarbauer-Krupa1, Ann Glang2, Brad Kurowski3, Matthew Breiding1 

1TBI Team, National Center for Injury Prevention and Control, CDC, Atlanta, United States, 2University of Oregon, Eugene, 
United States, 3Cincinnati Children's Medical Center, Cincinnati, United States 

Background: Children and adolescents have some of the highest 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 neurobehavioral impairment can impact 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 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 Report to Congress on the Management of Traumatic Brain Injury in Children.  
 
Methods: The report was developed through a collaboration between CDC scientists and researchers that 
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 
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. ¢ƘŜǎŜ ǎȅǎǘŜƳǎ ŀǊŜ ƴƻǘ ƻǇǘƛƳŀƭƭȅ ŎƻƻǊŘƛƴŀǘŜŘ ǘƻ ǇǊƻǾƛŘŜ ŎŀǊŜ ŀŎǊƻǎǎ ǘƘŜ ŎƘƛƭŘΩǎ ƭƛŦŜǎǇŀƴΦ Lƴ 
particular, there is large variation in follow-up care and service delivery at the state level with respect to 
pediatric trauma center 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 
ŎǊŜŀǘŜǎ ŎƘŀƭƭŜƴƎŜǎ ŦƻǊ ƻǇǘƛƳŀƭ ŎŀǊŜΦ !ŘŘǊŜǎǎƛƴƎ ƛŘŜƴǘƛŦƛŜŘ ōŀǊǊƛŜǊǎ Ŏŀƴ ǇǊƻƳƻǘŜ ŎƘƛƭŘǊŜƴΩǎ ŀŎƘƛŜǾŜƳŜƴǘ ƻŦ 
long term milestones as adults, such as high school graduation, employment, and engagement in healthy 
lifestyle practices. 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.  
 



 

9 

Neuro-Net: An Innovative Continuum of Care Pilot for Those with 
Catastrophic Brain and Spinal Cord Injury 

Debra Braunling-McMorrow1,2,3, Shannon Swick, MA LLP1,4, Ann Perkins, MA1,5 

1Neruo Net, San Jose, United States, 2North American Brain Injury Society, Dallas, US, 3Learning Services, Boston, US, 
4Rehab Without Walls, lansing, US, 5Santa Clara Valley Medical Center, San Jose, US 

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 consumers.  
 
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 majority of these patients are 
currently treated in separate and often fragmented systems that do not provide good clinical integration.  
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 innovation pilot to begin such a 
continuum: They are Santa Clara Valley Medical Center, Level 1 Trauma and Acute Inpatient Rehabilitation, 
Care Meridian, sub-acute 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. Neuro-Net is a 
private/ public partnership, combining health care providers with different cultures, payment systems and 
outcome methodologies. 
 
The presentation will include an overview of the coordination of care model managed by a nurse case 
manager. 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. We will discuss the challenges in designing and implementing such a model and well as future 
directions and replication of the model. 
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Hope and Engagement Following Acquired Brain Injury: A Qualitative 
Study 

Rosemary Gravell1,2, Shelagh Brumfit1, Richard Body1 

1University of Sheffield, UK, Sheffield, United Kingdom, 2Livability Icanho, Stowmarket, United Kingdom 

Background/Aims: It is widely recognised within rehabilitation services for people with Acquired Brain 
Injury, that there is wide variation in the degree of engagement with therapy, and that this has the potential 
to affect outcomes. While it is recognised 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 
recovery and rehabilitation, and how their perceptions impact on 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 ŎƭƛŜƴǘǎΩ ǇŜǊǎǇŜŎǘƛǾŜǎ ŀƴŘ ƛƴŎǊŜŀǎŜ ƪƴƻǿƭŜŘƎŜ ƻŦ ŎƭƛŜƴǘǎΩ ŜȄǇŜŎǘŀǘƛƻƴǎ ƻŦ 
recovery and rehabilitation, prior to beginning community based rehabilitation; and to develop a theoretical 
explanation, upon which improvements in service delivery and practice can be based.  
 
Method: The research aims were explored through a qualitative methodology, using a symbolic 
interactionist theoretical perspective to grounded theory, which was chosen to facilitate the process of 
theory generation (Glaser & 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 cognitive impairments were purposefully included, if they had capacity to consent to 
the research.  
 
Results: The central theme that emerged was hoping-despairing, with five further main categories: Making 
sense of what 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 generate hope and readiness to engage. A focus group consisting of 
specialist clinicians was conducted, to compare the expectations 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.   
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The Effect of Post-Injury Erythropoietin Administration on Mortality and 
Glasgow Outcome Scales of Patients with Traumatic Brain Injury: A Meta-
analysis 

Faye Garciano1, Perry Noble1 

1Makati Medical Center, Makati City, Philippines 

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, regardless of dose, dosing regimen, and route of 
administration yielded lower mortality rates in patients with traumatic brain injury but had no significant 
effect on Glasgow Outcome Scales. It is recommended that further large scale randomized controlled trials 
be performed in order to fully establish the safety and support the efficacy of erythropoietin administration 
in patients with traumatic brain injury. 
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Long-Term Adaptive Strategies Addressing Cognitive and Emotional 
Deficits of Brain Injury for Survivors and Primary Caregivers 

Deana Adams1, Patti Foster1 

1Hope After Brain Injury, Fort Worth, United States 

Creating adaptive strategies for long-term recovery 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 
clinic and private practice settings. 
 
Purpose: The purpose is to identify long-term adaptive strategies identified by brain injury survivors and 
primary caregivers 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 coping and adaptive strategies by the participants after their discharge from inpatient and rehabilitation 
treatment. Survivors were at least 3 years post-injury. 
 
Results:  Both brain injury survivors and primary caregivers identified 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 behaviors 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 
work most effectively with brain injury survivors and primary caregivers. Presentation highlights Dr. Adams 
work, "Coping and adaptive strategies of traumatic 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.  
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Neuropsychological Rehabilitation in Adolescent with Brain Injury: Results 
of Individualized Program 

Solovieva Yulia1, Luis Quintanar1, Elsa Paola Quesada Richart1 

1Faculty of Psychology, Puebla, Mexico 

Cases of acquired brain injury can take place in patients of different psychological ages. Specific paths and 
strategies for neuropsychological assessment and rehabilitation should be applied in order to obtain 
favorable clinical results. The methods for neuropsychological rehabilitation should be developed on the 
basis of precise clinic assessment and diagnosis. The program should include the tasks considering not only 
affected brain mechanisms but also aspects of motivation and personality of psychological age of 
adolescence. 
  
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 program of individualized rehabilitation.  
 
The masculine patient of 14 years old, right handed, pupil of the 3th 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 2 months 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 program of rehabilitation. The tasks of assessment included: 
copy of objects with elements of spatial orientation, free drawing, 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.  
 
On the basis of results of this assessment, individualized program for neuropsychological rehabilitation was 
designed. The program 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 interactive 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 program. Tasks for 
regulation and control included table games based of external orientation provided by therapist, reflective 
analysis of grammar rules, analysis of sense and logic relations in texts.  
   
After rehabilitation program positive changes were observed in intellectual and emotional sphere of the 
patient. The patient started to fulfill school tasks independently, obtained high marks at school and became 
able to read complex texts and solve mathematic problems; motivation for intellectual activity became 
stronger. We discuss the necessity of individualized approach instead of standard general proposals for 
patients with acquired brain injury. Aspect of personality and motivation should be included as fundamental 
aspects of creation and application of neuropsychological rehabilitation in adolescent patients. 
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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 Chu1, Yi-Hsin Tsai2, Sheng Huang Xiao3, Sheng Jean Huang4, Chi Cheng Yang1,5 

1Department Of Occupational Therapy, College of Medicine, Chang-gung University, Taoyuan, , 2Department of 

Neurosurgery, Far-Eastern Memorial Hospital, New Taipei City, , 3Taipei City Hospital, Ren-Ai Branch, Taipei, , 
4Taipei City Hospital, Taipei, , 5Department of Radiation Oncology, Chang-Gung Memorial Hospital, Taoyuan,  

hōƧŜŎǘƛǾŜΥ !ƭǘƘƻǳƎƘ ΨǊŜǘǳǊƴ ǘƻ ǿƻǊƪΩ όw¢²ύ Ƙŀǎ ōŜŜƴ ƛŘŜƴǘƛŦƛŜŘ ŀǎ ƻƴŜ ƻŦ ǘƘŜ Ƴƻǎǘ ƛƳǇƻǊǘŀƴǘ ƻǳǘŎƻƳe 
measures for patients with mild traumatic brain injury (MTBI), methodological drawbacks still weakened its 
ǊŜǇǊŜǎŜƴǘŀǘƛǾŜƴŜǎǎΦ ¢Ƙƛǎ ǎǘǳŘȅ ǘƘǳǎ ŀƛƳǎ ǘƻ ŜǾŀƭǳŀǘŜ ǘƘŜ ΨǿƻǊƪ ǉǳŀƭƛǘȅϥ ό²vύ ƻǊƛƎƛƴŀǘŜŘ ŦǊƻƳ ΨǿƻǊƪ ǎǘŀǘǳǎΩ 
ŀƴŘ ΨǿƻǊƪ ǎǘŀōƛƭƛǘȅΩ ǎƛƳǳƭǘŀƴŜƻǳǎƭȅΣ ŀƴŘ 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 prospectively 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 
ŀŘŘƛǘƛƻƴΣ ²v ŀǘ ¢м ǿŀǎ ǎƛƎƴƛŦƛŎŀƴǘƭȅ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ǇŀǘƛŜƴǘǎΩ ŜŘucational levels, while WQ at T1 and 
physical PCS at T2 can be significantly associated with WQ at T2.  
 
Conclusions: Simultaneously considering work status and stability to reveal quality of RTW is merited. 
Moreover, ameliorating physical symptoms is also necessary to get favorable WQ by 1 month after MTBI. 
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Evidence Based Rehabilitation for Cognitive-Communication Reading 
Comprehension Deficits: Identifying Evidence (I-V) and Clinical 
Implications 

Kerrin Watter1,2, Anna Copley1, Emma Finch1,2,3 

1University of Queensland, Brisbane, Australia, 2Speech Pathology Dept, PA Hospital, Metro South Health, Brisbane, 
Australia, 3Centre for Function and Health Research, Metro South Health, Brisbane, Australia 

Objectives: Reading deficits after acquired brain injury (ABI) can impact upon 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 evidence-ōŀǎŜŘ ǎŜǊǾƛŎŜǎ ƛƴŎƭǳŘŜǎ ǳǎƛƴƎ άŜȄǘŜǊƴŀƭέ ǊŜǎŜŀǊŎƘ ŜǾƛŘŜƴŎŜΣ 
άƛƴǘŜǊƴŀƭέ ŎƭƛƴƛŎŀƭ ǇǊŀŎǘƛŎŜ ŜǾƛŘŜƴŎŜ ŀƴŘ ǇŀǘƛŜƴǘ ǇǊŜŦŜǊŜƴŎŜǎΦ ¢Ƙƛǎ ǎǘǳŘȅ ŀƛƳŜŘ ǘƻ ŜȄǇƭƻǊŜ the evidence base 
for CCRC interventions during subacute SLP rehabilitation; and investigate and compare internal clinical 
practice evidence with current external evidence to provide levels I-V evidence.  
 
Methods: Internal clinical practice evidence was collected from Australian SLPs with experience in subacute 
ōǊŀƛƴ ƛƴƧǳǊȅ ǊŜƘŀōƛƭƛǘŀǘƛƻƴ Ǿƛŀ ŀƴ ƻƴƭƛƴŜ ǎǳǊǾŜȅΣ ǘƻ ǇǊƻǾƛŘŜ άŜȄǇŜǊǘ ƻǇƛƴƛƻƴέ ό[ŜǾŜƭ ± ŜǾƛŘŜƴŎŜύΦ ! ǎȅǎǘŜƳŀǘƛŎ 
review (SR) of the literature for comprehension-based discourse reading interventions following ABI 
provided Levels I-L± ŜǾƛŘŜƴŎŜΦ 5ŀǘŀ ǿŜǊŜ ŎƻƳǇŀǊŜŘ ǿƛǘƘƛƴ ǘƘŜ ²ƻǊƭŘ IŜŀƭǘƘ hǊƎŀƴƛȊŀǘƛƻƴΩǎ L/C ƳƻŘŜƭΣ ǘƻ 
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); while small this number is 
similar to other studies investigating subacute ABI communication rehabilitation 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 strategy 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.  
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άLΩƳ ¢ǊȅƛƴƎ ǘƻ .Ŝ ǘƘŜ {ŀŦŜǘȅ bŜǘέΥ CŀƳƛƭȅ tǊƻǘŜŎǘƛƻƴ ƻŦ tŀǘƛŜƴǘǎ ǿƛǘƘ ¢.L 
During the Hospital Stay 

Tolu Oyesanya1, Barbara Bowers2 

1Shepherd Center, Crawford Research Institute, Atlanta, United States, 2University of Wisconsin-Madison, School of 
Nursing, Madison, United States 

Research has shown that during the hospital stay, family caregivers of patients with traumatic brain injury 
(TBI) perceive one their roles is to protect the patient; however, research on this topic is limited. The 
ǇǳǊǇƻǎŜ ƻŦ ǘƘƛǎ ǎǘǳŘȅ ǿŀǎ ǘƻ ƛƴǾŜǎǘƛƎŀǘŜ ŦŀƳƛƭȅ ŎŀǊŜƎƛǾŜǊǎΩ ŜȄǇŜǊƛŜƴŎŜ ƻŦ ǇǊƻǘŜŎǘƛƴƎ ǇŀǘƛŜƴǘǎ ǿƛǘƘ ƳƻŘŜǊŀǘŜ-
to-severe TBI during the hospital stay. Grounded theory was used to conduct twenty-four interviews with 16 
family caregivers of patients with moderate-to-severe TBI. Findings showed caregivers worked to protect 
ǘƘŜ ǇŀǘƛŜƴǘΩǎ ǇƘȅǎƛŎŀƭ ŀƴŘ ŜƳƻǘƛƻƴŀƭ ǎŀŦŜǘȅ ǘƘǊƻǳƎƘƻǳǘ ǘƘŜ ƘƻǎǇƛǘŀƭ ǎǘŀȅΦ {ǘǊŀǘŜƎƛŜǎ ǘƻ ǇǊƻǘŜŎǘ ǘƘŜ ǇŀǘƛŜƴǘΩǎ 
physical safety included: 1) influencing the selection of staff; 2) attempting to prevent overstimulation; 3) 
ōǊŜŀƪƛƴƎ ǘƘŜ ǇŀǘƛŜƴǘΩǎ ōŀŘ ƘŀōƛǘǎΤ ŀƴŘ пύ ŀƴǘƛŎƛǇŀǘƛƴƎ Ƙƻǿ ǘƻ ƻǊŎƘŜǎǘǊŀǘŜ ǘƘŜ ƘƻƳŜ ŜƴǾƛǊƻƴƳŜƴǘΦ {ǘǊŀǘŜƎƛŜǎ 
ǘƻ ǇǊƻǘŜŎǘ ǘƘŜ ǇŀǘƛŜƴǘΩǎ ŜƳƻǘƛƻƴŀƭ ǎŀŦŜǘȅ ǿŜǊŜΥ мύ ŎƻƴƴŜŎǘƛƴƎ ƻƴ ŀƴ ŜƳƻǘƛƻƴŀƭ ƭŜǾŜƭ ŀƴŘ нύ ƳŀƴŀƎƛƴƎ 
visitors. 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. 
 



 

25 

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 Bell2 

1Chamberlain College of Nursing, White Plains, United States, 2National Intrepid Center of Excellence, Fort Belvoir, USA 

Picot: Will the development of a Standard Operating Procedure (SOP) and an internal tracking system aid in 
standardization of practice and increased patient throughput of the Traumatic Brain Injury (TBI) treatment 
plan for adult Soldiers 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 practice (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 provided a customized treatment plan by the 
multidisciplinary team based on 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 centered around the five pillars of the clinic to include sleep, nutrition, physical movement, pain 
management and resiliency; 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 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 consideration of military 
service-specific and Department of Defense policy are integrated within an evidenced-based, systematic 
clinical recommendation development process (Abstract section, para. 1). 
 
T: Eight weeks: The first four weeks will be spent gathering input from stakeholders developing and refining 
the SOP.  
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A Controlled Study of The Presence of Upper Cervical Dysfunction in 
Concussion Vs. Whiplash Patients 

Howard Vernon1, John Crawford1, Lauren Ercolao1 

1Canadian Memorial Chiropractic College, Toronto, Canada 

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 testing 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 concussion group vs. controls.  
Joint restriction and F-R test findings were similar between concussion and whiplash groups.  
 
Conclusion: Our results provide preliminary support for similarity 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. 
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Te Waka Kuaka, Rasch Analysis of a Cultural Assessment Tool in Traumatic 
.Ǌŀƛƴ LƴƧǳǊȅ ƛƴ aņƻǊƛ 

Hinemoa Elder1, Karol Czuba2, Paula Kersten3, Alfonso Caracuel4, Kathryn McPherson5 

1¢Ŝ ²ƘŀǊŜ ²ņƴŀƴƎŀ ƻ !ǿŀƴǳƛņǊŀƴƎƛΣ !ǳŎƪƭŀƴŘΣ bŜǿ ½ŜŀƭŀƴŘΣ 2Auckland University of Technology, Auckland, New 
Zealand, 3University of Brighton, Brighton, UK, 4University of Granada, Granada, Spain, 5Health Research Council of NZ, 
Auckland, NZ 

AƛƳΥ ¢ƻ ŜȄŀƳƛƴŜ ǘƘŜ ǾŀƭƛŘƛǘȅ ƻŦ ŀ ƴŜǿ ƳŜŀǎǳǊŜ ƛƴ ŀǎǎŜǎǎƛƴƎ ǘƘŜ ŎǳƭǘǳǊŀƭ ƴŜŜŘǎ ƻŦ aņƻǊƛ όƛƴŘƛƎŜƴƻǳǎ ƴŜǿ 
½ŜŀƭŀƴŘŜǊǎΣ ǿƘƻ ƳŀƪŜ ǳǇ мт҈ ƻŦ ǘƘŜ b½ ǇƻǇǳƭŀǘƛƻƴύ ǿƛǘƘ ǘǊŀǳƳŀǘƛŎ ōǊŀƛƴ ƛƴƧǳǊȅΣ ǳǎƛƴƎ wŀǎŎƘ ŀƴŀƭȅǎƛǎΦ aņƻǊƛ 
TBI is important because of the high rates of TBI compared to non-aņƻǊƛ ŀƴŘ aņƻǊƛ ŎǳƭǘǳǊŀƭ ǾŀƭǳŜǎ ŀōƻǳǘ 
the head and brain that impact on rehabilitation following TBI. The measure was named Te Waka Kuaka 
όƳŜŀƴƛƴƎ ŀ ŦƭƻŎƪ ƻŦ ƎƻŘǿƛǘǎύ ōŜŎŀǳǎŜ ƛǘ ŜƴŀōƭŜǎ ǿƘņƴŀǳ ŀƴŘ ƘŜŀƭǘƘ ǿƻǊƪŜǊǎ ǘƻ ƻǊƎŀƴƛȊŜ ǘƘŜƛǊ ǇǊƛƻǊƛǘies 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 conceptual and qualitative work was explored with 
aņƻǊƛ ƛƴ ŀ ǊŀƴƎŜ ƻŦ ǎŜǘǘƛƴƎǎ ƛƴ ǘƘŜ North Island of Aotearoa New Zealand. The development of the measure 
Ƙŀǎ ōŜŜƴ ǊŜǇƻǊǘŜŘ ŜƭǎŜǿƘŜǊŜΦ ¢ƘǊŜŜ ƘǳƴŘǊŜŘ ŀƴŘ ƴƛƴŜǘŜŜƴ ǇŀǊǘƛŎƛǇŀƴǘǎ ǿƛǘƘ ŀ ƘƛǎǘƻǊȅ ƻŦ ¢.LΣ ǘƘŜƛǊ ǿƘņƴŀǳ 
(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 8 non-aņƻǊƛ ǎǇƻǳǎŜǎΦ wŀǎŎƘ ŀƴŀƭȅǎƛǎ ƻŦ ǘƘŜ Řŀǘŀ ǿŀǎ ǳƴŘŜǊǘŀƪŜƴΦ 
 
wŜǎǳƭǘǎΥ !ƭƭ ŦƻǳǊ ǎǳōǎŎŀƭŜǎΤ ²ņ όǘƛƳŜύΣ ²ņƘƛ όǇƭŀŎŜύΣ ¢ŀƴƎŀǘŀ όǇeople) and Wairua practices were 
unidimensional. 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 including 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 
ōŜŜƴ ǳǎŜŘ ǘƻ ŘŜǾŜƭƻǇ ŀƴŘ ǾŀƭƛŘŀǘŜ ŀ aņƻǊƛ ƘŜŀƭǘƘ ƳŜŀǎǳǊŜΦ ¢Ƙƛǎ ǇǊƻŎŜǎǎ ǇǊƻǾƛŘŜǎ ŀ ōƭǳŜǇǊƛƴǘ ŦƻǊ ƻǘƘŜǊ 
researchers. 
 
YŜȅǿƻǊŘǎΥ ǘǊŀǳƳŀǘƛŎ ōǊŀƛƴ ƛƴƧǳǊȅΣ aņƻǊi, Rasch analysis, measurement 
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Phenylephrine Protects Cerebral Autoregulation and Reduces 
Hippocampal Necrosis after Traumatic Brain Injury via Block of ET-1 and 
ERK MAPK in Juvenile Pigs 

William Armstead1, Victor Curvello1, Hugh Hekierski1, John Riley1, Monica Vavilala2 

1University of Pennsylvania, Philadelphia, United States, 2University of Washington, Seattle, United States 

Traumatic brain injury (TBI) contributes to morbidity in children, and boys are disproportionately 
represented. Cerebral autoregulation is impaired after TBI, contributing to poor outcome. Cerebral 
Perfusion Pressure (CPP) is often normalized by use of vasoactive agents to increase mean arterial pressure 
(MAP).  Maturationally, a 1-5 day old pig approximates a 1-2 yr old human child while a 4 week old juvenile 
pig approximates an 8-10 yr old child.  In prior studies of 1-5 day old newborn piglets, we observed that 
phenylephrine (Phe) preferentially protected cerebral autoregulation in females but not 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 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 hippocampal 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 autoregulatory impairment associated with worse GCS. The present data suggest 
that vasoactive agent support may affect cognitive 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. 
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Turning on the Lights in TBI: Applying Smart-Home Technology in a 
Residential Environment. Turning on the Lights in TBI: Applying Smart-
Home Technology in a Residential Environment 

Dana Larson6, Nathan Zasler1,2,3,4,5 

1 CEO & Medical Director, Tree of Life Services, Midlothian, United States, 2 CEO & Medical Director, Concussion Care 
Centre of Virginia, Ltd., Richmond, United States, 3 Professor, Affiliate, Virginia Commonwealth University Department of 
Physical Medicine and Rehabilitation, Richmond, United States, 4Associate Professor, Adjunct, University of Virginia 
Department of Physical Medicine and Rehabilitation, Charlottesville, United States, 5Vice- Chairperson, International 
Brain Injury Association, 6Tree of Life Services, Richmond, United States 

Purpose: !ŦǘŜǊ ¢.L ƳȅǊƛŀŘ ǘȅǇŜ ƻŦ ǎŜǉǳŜƭŀŜ Ŏŀƴ ƘŀǾŜ ŀ ǎƛƎƴƛŦƛŎŀƴǘ ƛƳǇŀŎǘ ƻƴ ŀ ǇŜǊǎƻƴΩǎ ŀōƛƭƛǘȅ ǘƻ ŀŎŎŜǎǎ ǘƘŜƛǊ 
environment 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 rehabilitation 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, behavioral 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 strategies and gradual skill building to 
facilitate successful learning. 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 functional 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 control for an individual with TBI living in a 
supported residential environment. The authors plan to continue implementation with other residents as 
appropriate and continue tracking functional benefits of said interventions. 
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Resolution of Paroxysmal Autonomic Instability with Dystonia (PAID) 
Syndrome with Serial Casting 

Ondrea Mckay1, Peter Yonclas1 

1Rutgers-New Jersey Medical School, Department of Physical Medicine and Rehabilitation, Newark, United States 

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 hemorrhages in the right parietal lobe and left temporal lobe. SAH in the pineal cistern, 
Bilateral parietal fractures. Extensive right parietal and right occipital edema. An ICP monitor was placed 
and she was admitted to the ICU. 
 
Hospital day 2, when sedation was held there was generalized movement of her fingers to noxious 
stimulation, with no eye opening and her ICPs became elevated from 9 to 19. 
 
Hospital day 6, the patient began having intermittent storming episodes associated with posturing, 
tachycardia, tachypnea and hypertension with unclear precipitating factors. There was noted increased tone 
(MAS 3) in the left upper and worsening of dysautonomia and posturing with PROM. Given concern for 
contracture, serial casting was decided by the family and rehab team. 
 
Hospital day 8, patient had 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 degrees, from initial -70 degrees.  The patient 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 
centers 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 sympathoexcitatory regions such as the paraventricular hypothalamic nucleus, 
lateral periaqueductal gray substance, lateral parabrachial nucleus, or rostral ventricular medulla. Early 
recognition and treatment is aimed at easing care and preventing secondary injury.  
 
There are many proposed treatments for PAID which include baclofen, benzodiazepines, and propranolol. 
Many of which were trialed in our patient with only short term relief of her symptoms.  In a recent case 
report Lee et al managed intractable PAID in brain injured patient with alcohol neurolysis and botulinum 
toxin injection with resolution of dysautonomia following injection. With our patient, PROM of the left 
upper extremity was associated with worsening symptoms, we hypothesized 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.  
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Working in Partnership ς Health & Social Care Across the Statutory & 
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 Armstrong1, Robert Rauch2 

1Cedar Foundation, Ballymena, United Kingdom, 2Northern Health & Social Care Trust Community Brain Injury Service, 
Ballymena, United Kingdom 

1. Context: In the UK, the Northern Ireland regional context is unique.  Statutory health & social care are 
fully integrated and delivered through 5 Health & 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 provision. For example Cedar Foundation has developed services aimed at 
promoting employability and inclusion for people with ABI. 
 
2. ABI Care Pathway: The ABI care pathway was devised following 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, coordinated high quality service delivery (2).  This was further 
validated as a model of good practice in a subsequent RQIA review in 2015 (3). 
 
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 
ŀƴŘ /ŜŘŀǊΩǎ 9ƳǇƭƻȅŀōƛƭƛǘȅ ϧ LƴŎƭǳǎƛƻƴ ǾƻƭǳƴǘŀǊȅ ǎŜǊǾƛŎŜǎ ƛƴ ǘƘŜ ƭŀǎǘ р ȅŜŀǊǎΦ 
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: 
ω Paid work 23% 
ω Education 16% 
ω Voluntary work 24% 
ω Community activity 16% 
ω Goals completed, but inactive 4% 
ω Goals completed, early leaver 17% 
  
4. Success factors: The Northern area statutory and voluntary staff teams participated in a focus group to 
identify the key success factors in working together: 
ω Sharing skills and resources to achieve service-user goals 
ω Good communication between services 
ω Good working relationships 
ω Regular face-to-face meetings  
ω 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:  
ω Confidence 
ω Achieving Outcomes & Goals 
ω Understanding & Managing my Brain Injury 



 
5. Conclusion: Integrated health, social and statutory/voluntary sector delivery of community-based brain 
injury services promotes a coordinated approach to achieving inclusion outcomes for people with ABI. 
Service-user feedback points to the development of well-being through building resilience to manage 
disability-related challenges. This will be further developed to drive improvement in service interventions 
and measure impact that is important to our service users. 
 
References:  
1. Regional Acquired Brain Injury Action Plan, DHSSPS (2010) 
http://www.rcpsych.ac.uk/pdf/ABI%20Action%20Plan%20April%2009.pdf  
2. Review of Brain Injury Services (2015) 
http://www.rqia.org.uk/cms_resources/Review%20of%20Brain%20Injury%20Services%20Report%2023%20
Sept%2015_.pdf 
3. Acquired Brain Injury Adult Community Care Pathway. Regional Acquired Brain Injury 
Implementation Group. NI Health & Social Care Board. 2010 
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Substance Use, Criminal Behaviour and Psychiatric Symptoms following 
Childhood Traumatic Brain Injury: Findings from the ALSPAC Cohort 

Eleanor Kennedy1, Jon Heron1, Marcus Munafò1 

1University Of Bristol, Bristol, United Kingdom  

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 = 2,305) and no injuries (n = 8,307) 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 12 years to 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 to 2.01), tobacco (adjusted OR = 1.46, 95% CI 1.06 to 
2.01) and cannabis (adjusted OR = 1.39, 95% CI 1.07 to 1.80), and of committing offences (adjusted OR = 
1.67, 95% CI 1.22 to 2.29), being in trouble with the police (adjusted OR = 1.44, 95% CI 1.03 to 2.01), and 
having more parent-reported conduct problems (adjusted OR = 1.62, 95% CI 1.08 to 2.41). Participants with 
an orthopaedic injury were at increased risk of committing offences (adjusted OR = 1.38, 95% CI 1.10 to 
1.74), but there was no clear evidence of association with other outcomes. Secondary analyses showed that 
participants 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: Traumatic brain injury may be a risk factor for increased substance use, criminal behaviour and 
disruptive behaviour in late adolescence. Additional analyses suggest that age at injury may be important 
for certain outcomes. 
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The Effects of Concussion on Rapid Word Retrieval in Children 

Melissa D. Stockbridge1, Rochelle S. Newman1 

1University of Maryland, College Park, United States 

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 common 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 
ŀŎŎǳǊŀŎȅ ƻŦ ƴŀƳƛƴƎ ƻōƧŜŎǘǎ ŀŦŦŜŎǘŜŘ όŜΦƎΦΣ ǎŀȅƛƴƎ άŘƻƎέ ǿƘŜƴ ǾƛŜǿƛƴƎ ŀ ǇƛŎǘǳǊŜ ƻŦ ŀ ŘƻƎύΣ ōǳǘ ŀƭǎƻ ǘƘŜǊŜ ƛǎ ŀƴ 
increase in the time that it takes the person to come up with the name (King, Hough, Walker, Rastatter, & 
HolbŜǊǘΣ нллсύΦ 9ȄŀƳƛƴƛƴƎ ŘƛŦŦŜǊŜƴŎŜǎ ƛƴ ǘƘŜ άǇǊƻŎŜǎǎƛƴƎ ǘƛƳŜέ ǊŜǉǳƛǊŜŘ ǘƻ ƴŀƳŜ ŀƴ ƻōƧŜŎǘ Ƴŀȅ ōŜ ǳǎŜŦǳƭ ƛƴ 
better understanding the cognitive changes that occur during the period of spontaneous recovery directly 
following a brain injury. 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 accurate 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. This information helps us 
further understand how even mild injuries can result in changes to cognitive-linguistic performance, which 
in turn result in increased difficulty in social and academic settings. 
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Health-Related Quality of Life, Social Participation and Coping Strategies 
Two Years After Mild or Moderate/Severe Traumatic Brain Injury 
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Québec, Canada 

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 two years after the injury, and (2) to explore relationships between these variables.  
 
Methods: Participants were adults who were hospitalized following a TBI in a Level I trauma centre in 
Canada. They completed six assessments in the first four years after TBI. The current study includes 105 
individuals who completed questionnaires at the two-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 participation (Participation Assessment with Recombined 
ToolςObjective; 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, planning, 
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 significantly associated with social 
participation (rs = 0.52). Coping strategies such as active coping, planning, positive reframing, acceptance, 
and humour were significantly positively correlated with health-related quŀƭƛǘȅ ƻŦ ƭƛŦŜ όлΦоу Җ Ǌǎ Җ лΦртύ ŀƴŘ 
ǎƻŎƛŀƭ ǇŀǊǘƛŎƛǇŀǘƛƻƴ όлΦом Җ Ǌǎ Җ лΦосύΦ hǘƘŜǊ ŎƻǇƛƴƎ ǎǘǊŀǘŜƎƛŜǎ ǿŜǊŜ ǎƛƎƴƛŦƛŎŀƴǘƭȅ ƴŜƎŀǘƛǾŜƭȅ ŎƻǊǊŜƭŀǘŜŘ ǿƛǘƘ 
quality of life (denial, self-blame, behavioural disengagement; -лΦро Җ Ǌǎ Җ -0.30) and social participation 
(behavioural disengagement; 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 two 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.  
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Acute Ischemic Stroke Following Moderate to Severe Traumatic Brain 
Injury: Incidence and Impact on Outcome 
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United States, 5Icahn School of Medicine at Mount Sinai, New York, United States, 6National Institute on Disability, 
Independent Living, and Rehabilitation Research, Washington, United States 

Background: Traumatic brain injury (TBI) is a major public health concern, leading to nearly 300,000 
hospitalizations annually in the U.S.  The injury also increases the lifetime risk of acute ischemic stroke (AIS). 
Despite recent advances in emergent treatment for AIS, its occurrence immediately following 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 Traumatic Brain 
Injury Model Systems (TBIMS) centers and their referring acute care hospitals. Participants were survivors of 
moderate to severe TBI, admitted to inpatient rehabilitation after acute hospitalization. Outcome measures 
were incidence of AIS; emergence from and duration of post-traumatic amnesia (PTA); Functional 
LƴŘŜǇŜƴŘŜƴŎŜ aŜŀǎǳǊŜ όCLaϰύΣ ŀƴŘ 5ƛǎŀōƛƭƛǘȅ wŀǘƛƴƎ {ŎŀƭŜ ό5w{ύΣ ŀǘ ǘƛƳŜ ƻŦ ƛƴǇŀǘƛŜƴǘ ǊŜƘŀōƛƭƛǘŀǘƛƻƴ 
discharge. 
 
Results: Between October 1, 2007 and March 31, 2015, 6,488 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%) had a concurrent acute ischemic stroke (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-dissections, OR 2.986, 95% CI 1.961, 4.547, P<0.001). In 
multivariable 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-Ǉƻƛƴǘ ǊŜŘǳŎǘƛƻƴ ƛƴ CLaϰ ǘƻǘŀƭ 
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: Ischemic stroke is observed acutely in 2.5% of hospitalized moderate to severe 
TBI patients who received inpatient rehabilitation, and predicts worse functional and cognitive outcome.  
Half of patients with new-onset AIS following TBI were age 40 or younger, and AIS patients more often had 
cervical dissection. These findings may help guide initial assessment and treatment 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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International Disaster Risk Management: Reducing the Vulnerability of 
Persons with Brain Injuries Through Emergency Preparedness  

Cindy Daniel1 

1National Concussion Management Center/brave, Lexington, United States 

YŜƛƳ όнллуύ ǊŜǇƻǊǘǎ ƛƴ Ƙƛǎ ǎǘǳŘȅ ǘƘŀǘΣ άDƭƻōŀƭ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜ ǿƛƭƭ ƛƴŎǊŜŀǎŜ ǘƘŜ ǇǊƻōŀōƛƭƛǘȅ ƻŦ ŜȄǘǊŜƳŜ 
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 vulnerability 
ǘƻ ŀƴȅ ŘƛǎŀǎǘŜǊ ƛǎ ŀ ŎƻƳǇƭŜȄ ǇƘŜƴƻƳŜƴƻƴ ǿƛǘƘ ǎƻŎƛŀƭΣ ŜŎƻƴƻƳƛŎΣ ƘŜŀƭǘƘΣ ŀƴŘ ŎǳƭǘǳǊŀƭ ŘƛƳŜƴǎƛƻƴǎΦέ  5ƛǎŀǎǘŜǊ 
άǊŜǎƛƭƛŜƴŎŜέ ŀŦǘŜǊ ŀ ōǊŀƛƴ ƛƴƧǳǊȅ Ŏŀƴ ōŜ ŎƻƳǇƭƛŎŀǘŜŘ ōȅ ǘƘŜ ƛƴŀōƛƭƛǘȅ ƻŦ ǘƘŜ ƛƴŘƛǾƛŘǳŀƭ ǘƻ ōŜ ǇǊŜpared and 
react quickly to an event. This creates a need for very special supports for pre and post disasters.  Keim 
ŘƛǎŎǳǎǎŜǎ ǘǿƻ ŀǊŜŀǎ ǘƻ ŦƻŎǳǎ ƻƴ ǿƘƛŎƘ ƛƴŎƭǳŘŜ ǘƘŜ ƛƴŘƛǾƛŘǳŀƭΩǎ ǎǳǎŎŜǇǘƛōƛƭƛǘȅ ǘƻ ŀ ǘǊŀǳƳŀǘƛŎ ŜǾŜƴǘ όǊŜǎƛƭƛŜƴŎŜύ 
and the capacity to fully recover from it. 
 
The most lethal part of an emergency is the lack of preparedness 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 - particularly 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 precise 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 programs 
for worldwide use.  It hopes to demonstrate 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 
disabilities, especially persons with brain injuries. Further research into programs that have been successful 
in the area of emergency preparedness for people who have experienced 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. 
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Constructing a Systematic Approach to Neurobehavioral Care: A Mixed 
Methods Investigation 

Cara Meixner1, Cynthia O'Donoghue1 

1James Madison University, Harrisonburg, United States 

The challenges involved in caring for individuals with brain injuries, particularly those with complex 
neurobehavioral challenges, has been a topic of international concern. Survivors of brain injury encounter 
many barriers in accessing care, including funding for services, coexisting diagnoses, and limited self-
advocacy. Persistent neuroōŜƘŀǾƛƻǊŀƭ ƛǎǎǳŜǎ ŦǳǊǘƘŜǊ ŎƻƳǇǊƻƳƛǎŜ ƛƴŘƛǾƛŘǳŀƭǎΩ ŎŀǇŀŎƛǘƛŜǎ ǘƻ ŜƴƎŀƎŜ ƛƴ 
professional, social, and educational activities. Further, providers encounter barriers that necessitate 
interagency training and education regarding risk assessment, psychosocial adjustment symptoms, and 
biomechanical causes of psychiatric symptoms.  
 
This presentation addresses these concerns by reporting the findings of a priority, mixed methods research 
initiative. In order to examine this complex problem systemically and empirically, the research team 
conducted a comprehensive review of the literature to formulate an integrated understanding of 
neurobehavioral 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 the United States, 
surveyed care providers to assess statewide needs, and conducted interviews to expand upon survey 
findings. 
 
Based on comprehensive findings from this investigation, 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 neurobehavioral 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 supports. As the data suggest, each component of the system 
should be considered when developing or expanding services. For instance, it is unreasonable to implement 
a 24-hour security unit for high-need cases without also considering 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 and have guided public policy 
in the Commonwealth of Virginia to enhance the continuum of community-based and residential-based 
services for individuals with neurobehavioral issues. This presentation further discusses and provides 
updates on the work group that is currently exploring opportunities for enhancing and expanding services 
through a state-funded pilot program, a Medicaid waiver, or both. This interagency effort, which culminated 
in a decision-brief submitted to governmental decision-makers, combines the resources of numerous state 
agencies, to guide our next steps to address neurobehavioral care. These findings, though specific to 
Virginia, provide insights for other states and nations facing similar challenges. 
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Variations in Concussion Injury Mechanism Across the Pediatric Age Range 

Juliet Haarbauer-Krupa1, Ronni Kessler2, Kristi Metzger2, Jeneita Bell1, Matthew Breiding1, Lara DePadilla1, 
Kristy Arbogast2, Allison Curry2, Christina Master2, Arlene Greenspan1 

1 National Center for Injury Prevention and Control, CDC, Atlanta, USA, 2Children's Hospital of Philadelphia, Philadelphia, 
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Introduction: Concussion in youth has received heightened attention due to emerging evidence that it can 
negatively impact academics, behavior, and neurocognitive functioning. Most studies of youth concussion 
focus on sports-related mechanisms; however, concussions can occur in diverse settings. To better 
understand the diversity of concussion injury mechanisms across the pediatric age range, this study 
examined the distribution of injury mechanisms among children with concussions in a large pediatric 
healthcare system.   
 
Methods: All patients, age 0-17 years, who had at least one clinical encounter with an ICD-9-CM diagnosis of 
ŎƻƴŎǳǎǎƛƻƴ ƛƴ ¢ƘŜ /ƘƛƭŘǊŜƴϥǎ IƻǎǇƛǘŀƭ ƻŦ tƘƛƭŀŘŜƭǇƘƛŀΩǎ ŜƭŜŎǘǊƻƴƛŎ ƘŜŀƭǘƘ ǊŜŎƻǊŘ ǎȅǎǘŜƳ ό9Iwύ ŦǊƻƳ 
7/1/2012-6/30/2014 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 mechanism 
of injury. Mechanism of injury (MOI) codes used in this analyses are derived from similar categories utilized 
in external 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.  
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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 
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Objectives: The objectives were to compare individuals with mild vs moderate/severe traumatic brain injury 
(TBI) regarding perceived needs, use of services, self-management strategies 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 professionals in the first year was 45% in the mild group and 53% in the 
moderate/severe group. Use of prescribed psychotropic medication 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 differences 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% considered 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).  
 
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 rehabilitation services. 
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L-Alanyl-Glutamine Preconditioning and Neuroprotection Against Global 
Brain Ischemia/Reperfusion Injury in Rats 
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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 
ischemia/reperfusion (I/R) injury. Cerebral edema, neuronal death and intracelular protein kinase signaling 
were studied. L-ala-gln was administered intravenously (0.75g/kg), 30 minutes before sham procedure or 
induction of global brain I/R injury surgical procedure. Cerebral tissue was analysed 1h and 24h after 
reperfusion. Brain edema, red neuron counting, hippocampus concentrations of protein kinases (ERK/MAP 
quinase 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 expressed as 
Mean±SD for Normal results and Median±Percentil (25-75) for non parametric data, with p<0.05. Global I/R 
injury promoted increase in brain edema at 24 h after reperfusion, whereas preconditioning with l-ala-gln 
induced no change in edema. On the other hand, l-ala-gln preconditioning reduced red neurons counting 
both at 1h and 24h post reperfusion. L-ala-gln promoted significant decreased concentrations of JNK after 
reperfusion as compared to I/R controls at 1h and at 24h post reperfusion. L-ala-gln preconditioning 
induced significant elevation of brain concentrations of P70 at 1h and at 24h post reperfusion, P38 at 1h 
after reperfusion and CREB at 24h post reperfusion. There was a significant precontitioning effect with l-ala-
gln preserving red neurons counting at early (1h) and late reperfusion (24h) 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 of by this peptide. More studies are 
necessary to explore the present results and to investigate other intracelular pathways and other 
mechanisms envolved in this neuroprotective event. 
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Elsbeth Littooij1, Joost Dekker1,2,3, Judith Vloothuis1, Carlo Leget4, Guy Widdershoven3,5 
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and Department of Psychiatry, VU University Medical Center, Amsterdam, Netherlands, 3EMGO Institute for Health and 
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Netherlands, 5Department of Medical Humanities, Amsterdam, Netherlands 

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 
ƳŜŀƴƛƴƎ ǊŜŦŜǊǎ ǘƻ ƛƴŘƛǾƛŘǳŀƭǎΩ ƎŜƴŜǊŀƭ ƻǊƛŜƴǘƛƴƎ ǎȅǎǘŜƳǎΣ ŎƻƳǇǊƛǎƛƴƎ ŦǳƴŘŀƳŜƴǘŀƭ ōŜƭƛŜŦǎ ŀƴŘ ƭƛŦŜ ƎƻŀƭǎΦ 
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, 
worldview, identity and inner posture. Continuity in all aspects was reported, but worldview, identity and 
inner posture were also subject to change. 
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Global Meaning and Rehabilitation in People with Stroke, A Qualitative 
Study 

Elsbeth Littooij1, Joost Dekker1,2,3, Judith Vloothuis1, Guy Widdershoven3,4, Carlo Leget5 
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! ǎǘǊƻƪŜ Ŏŀƴ ƘŀǾŜ ƛƳǇƭƛŎŀǘƛƻƴǎ ŦƻǊ ŀƭƭ ŀǊŜŀǎ ƻŦ ŀ ǇŜǊǎƻƴΩǎ ƭƛŦŜΦ Lƴ ǊŜǎŜŀǊŎƘ ƻƴ ŀŘŀǇǘŀǘƛƻƴ ǘƻ ǎǘǊƻƪŜΣ ŦƛƴŘƛƴƎ 
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, worldview, identity and inner 
posture) is associated with processes and outcomes of rehabilitation, as experienced by people with stroke. 
In depth semi-structured interviews were conducted, and analyzed using qualitative research methods. 
Aspects of global meaning were associated with the following elements of process and outcome of 
rehabilitation: motivation, handling stress and emotions, physical functioning and acceptance. The influence 
was mostly positive. If rehabilitation professionals took global meaning into account, respondents tended to 
associate this with better or faster recovery. 
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Building a Person Centred Approach to Acquired Brain Injury Services 

Chris MacDonell1 

1CARF International, Tucson, United States 

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 
techniques/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 implementation issues and tips 
to review does your organization have the correct foundations to be person centred will be explored. How 
person centred care happens in different cultural 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. 
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Concept: An Enhanced Case Management Approach for Neurobehavioral 
Issues following TBI 

Cynthia O'Donoghue1, Cara Meixner1 

1James Madison University, Harrisonburg, United States 

Purpose: This grant-funded project investigated using enhanced case management supports for individuals 
following traumatic brain injury who are at-risk for maladaptive, neurobehavioral symptoms. The approach, 
ǘƛǘƭŜŘ /hb/9t¢Σ ŀƛƳŜŘ ǘƻ ƻǇǘƛƳƛȊŜ ƛƴŘƛǾƛŘǳŀƭǎΩ ƛƴŘŜǇŜƴŘŜƴŎŜ ŀƴŘ ǇǊƻŘǳŎǘƛǾƛǘȅ ƛƴ ǘƘŜ ŎƻƳƳǳƴƛǘȅΦ Lƴ 
ŀŘŘƛǘƛƻƴΣ ǘƘƛǎ ǇǊƻƧŜŎǘ ŜƴŘŜŀǾƻǊŜŘ ǘƻ ŀǎŎŜǊǘŀƛƴ ǇŀǊǘƛŎƛǇŀƴǘǎΩ ǇŜǊŎŜƛǾŜŘ ǉǳŀƭƛǘȅ ƻŦ ƭƛŦŜ όvh[ύ ǘƘǊƻǳƎƘ ǎŜƭŦ-
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 prƻƎǊŀƳΦ ¢Ƙƛǎ ŎŀǎŜ ƳŀƴŀƎŜƳŜƴǘ άǇƭǳǎέ ƳƻŘŜƭ ƻŦŦŜǊŜŘ ǎŜǊǾƛŎŜǎ ǘƻ ŀǾŜǊǘ ŜǎŎŀƭŀǘƛƴƎΣ 
maladaptive behaviors, including: 
ω Behavioral supports (e.g., positive behavioral supports, life skills coaching, behavioral analytics) 
ω Neuropsychological evaluation and consultation 
ω Community supports (e.g., budgeting, organizing, cooking) 
ω Other (e.g., home modifications, assistive devices) 
 
Using MPAI-пΣ ŎƭƛƴƛŎƛŀƴǎ ǎŎǊŜŜƴŜŘ млл ƛƴŘƛǾƛŘǳŀƭǎ ǿƛǘƘ ро ƳŜŜǘƛƴƎ ǘƘŜ άŀǘ-Ǌƛǎƪέ ŎǊƛǘŜǊƛƻƴΦ hǳǘŎƻƳŜ 
measurements were pre-post MPAI-4 and the Visual Analog Scale for Quality of Life (VASQOL). 
 
Results MPAI-4 Pre-post Findings:  
wŜǎǳƭǘǎ ŀǊŜ ŘŜǎŎǊƛǇǘƛǾŜΣ ŎƻƴŦƻǊƳƛƴƎ ǘƻ ǘƘŜ ŦǳƴŘƛƴƎ ŀƎŜƴŎȅΩǎ ƻǳǘŎƻƳŜǎ ǊŜǇƻǊǘƛƴƎ ǊŜǉǳƛǊŜƳŜƴǘǎΦ  
ω 83% maintained or improved on Total MPAI Score. Clients maintained or improved their level of 
adaptability, including assessment of abilities, adjustment, and participation. 
ω 92% maintained or improved on MPAI Query-28 (employment). Clients maintained or improved 
their participation in work, school, vocational training, or volunteer activities.   
ω 92% maintained or improved on MPAI Query-26 (residence). Clients maintained or improved their 
living situation.   
 
Visual Analog Scale for Quality of Life (VASQOL) Findings: Using VASQOL in conjunction with subscales of the 
MPAI-4 yielded no statistically significant correlations between clinician 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 clientsΩ ǎŜƭŦ-reported VASQOL ratings. 
 
tŜŀǊǎƻƴΩǎ ŎƻǊǊŜƭŀǘƛƻƴ ŎƻŜŦŦƛŎƛŜƴǘ όǊύ ȅƛŜƭŘŜŘ ƴƻ ǎƛƎƴƛŦƛŎŀƴǘ ǊŜƭŀǘƛƻƴǎƘƛǇ ōŜǘǿŜŜƴ ±!{vh[ ŀƴŘ ǘƘŜ ǎǳōǎŎŀƭŜǎ 
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 
ǎŎƻǊŜǎ ŦǊƻƳ ŀƴƻǘƘŜǊ ǊŀǘŜǊ ƎǊƻǳǇ όŎƭƛŜƴǘύ ƻōǘŀƛƴŜŘ ŦǊƻƳ ŀ ǎŜǇŀǊŀǘŜ ǘŜǎǘΦ aŜŀǎǳǊƛƴƎ ǘƘŜ ŎƭƛƴƛŎƛŀƴΩǎ ŀōƛƭƛǘȅ ǘƻ 
ǳƴŘŜǊǎǘŀƴŘ ǘƘŜƛǊ ŎƭƛŜƴǘΩǎ ǇŜǊŎŜƛǾŜŘ ǉǳŀƭƛǘȅ ƻŦ life through the MPAI-4 has not been reported in the 
literature.  
 
Discussions: Pre-Ǉƻǎǘ at!L ǎŎƻǊŜǎ ŘŜǘŜǊƳƛƴŜŘ ǘƘŀǘ ŎƭƛŜƴǘǎ ŘŜŜƳŜŘ άŀǘ-Ǌƛǎƪέ ŘƛŘ ōŜƴŜŦƛǘ ŦǊƻƳ ǘƘŜ /hb/9t¢ 
approach. Comparing MPAI-4 findings with VASQOL revealed a level of discrepancy betwŜŜƴ ŎƭƛƴƛŎƛŀƴǎΩ 



ǇŜǊŎŜǇǘƛƻƴǎ ƻŦ ǘƘŜƛǊ ŎƭƛŜƴǘǎ ǉǳŀƭƛǘȅ ƻŦ ƭƛŦŜ ŀƴŘ ǘƘŜƛǊ ŎƭƛŜƴǘǎΩ ǎŜƭŦ-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.  
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Cognitive Improvement; An Exciting Discovery Using TLS Technology 

Dafna Paltin1, Yuri Danilov1, Mitch Tyler1 

1University of Wisconsin, Madison, United States 

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 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 neurostimulationτdelivered directly to the tongueτto enhance natural 
recovery mechanisms that exist in the brain. In a case of chronic stroke, cognitive improvement was a 
byproduct of a routine procedure designed to rehabilitate balance and gait, without additional specific 
training.  
 
Method: The Tactile Communication and Neurorehabilitation Laboratory (TCNL) completed a 13-month 
intervention for an 80-year-old woman, four years after her stroke. For the first six months of the 
intervention, this individual used TLS Technology for one hour twice a day to rehabilitate balance and gait. 
After six months of intervention, there was a 30-day withdrawal period, followed by an additional six 
months resuming the exercises and device use. Cognitive improvement was measured using the Stroke 
Impact Scale (SIS) and Repeatable Battery for the Assessment of Neuropsychological Status (RBANS).  
 
wŜǎǳƭǘǎΥ ¢ƘŜ άaŜƳƻǊȅ ŀƴŘ ¢ƘƛƴƪƛƴƎέ ŘƻƳŀƛƴ ƻƴ ǘƘŜ {L{ ŘŜƳƻƴǎǘǊŀǘŜŘ нлΦф҈ ƛƳǇǊƻǾŜƳŜƴǘ ŘǳǊƛƴƎ ǘƘŜ ŦƛǊǎǘ 
six months of the intervention. In the last six months, after a brief withdrawal 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 of the parameters improved in the first six months of 
the intervention, then deteriorated during the withdrawal period, and eventually improved again when the 
intervention was reinstated. Percent improvement on the RBANS during the initial six months of the 
intervention ranged from 10-41% 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.   
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Cogniphobia in Mild Traumatic Brain Injury 
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Objectives: Cogniphobia refers to avoidance of mental exertion 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 hypothesized to contribute to poor cognitive test performance and persistent 
disability in some patients with MTBI.  
 
Methods: Sixty patients with MTBI and post-traumatic headaches 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 neuropsychological 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 exertion (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 performance 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. 
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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 disability. It covers the domains of 
cognition, mobility, self-care, interpersonal functioning, life activities, and community participation. 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 telephone 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 WIh5!{ нΦл άǎƛƳǇƭŜέ ǎŎƻǊƛƴƎ ƳŜǘƘƻŘ ǿŀǎ 
analyzed in the present study. 
 
Results: There were minimal floor or ceiling effects, with four participants (6.8%) obtaining the lowest 
ǇƻǎǎƛōƭŜ ǎŎƻǊŜ ŀƴŘ ƴƻƴŜ ƻōǘŀƛƴƛƴƎ ǘƘŜ ƘƛƎƘŜǎǘ ǇƻǎǎƛōƭŜ ǎŎƻǊŜΦ /ǊƻƴōŀŎƘΩǎ ŀƭǇƘŀ ǿŀs 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 
postconcussional 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) ҐсΦснΣ ǇғΦллмΣ /ƻƘŜƴΩǎ Ř Ґ мΦфсύΦ /ƻƳǇŀǊŜŘ ǘƻ ǇŀǘƛŜƴǘǎ ǿithout comorbid 
conditions, participants with (i) 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), (ii) a current Major Depressive Episode based 
on the MINI (n=16; M=35.19, SD= 8.44), or (iii) 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 provide a more granular assessment of functional 
outcome from MTBI. This scale appears sensitive to postconcussion symptoms 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).  
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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 concussion 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 two 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 difficulties 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 
underemployment and productivity loss associated with residual symptoms. RTW should be considered a 
stŀƎŜ ƻŦ ǊŜŎƻǾŜǊȅ ǊŀǘƘŜǊ ǘƘŀƴ ŀƴ άƻǳǘŎƻƳŜέ ŦǊƻƳ a¢.LΦ aƻǊŜ ƎǊŀƴǳƭŀǊ ŦǳƴŎǘƛƻƴŀƭ ƻǳǘŎƻƳŜ ƳŜŀǎǳǊŜǎ ŀǊŜ 
needed for MTBI research. Further research is needed on absenteeism and presenteeism, as well as on the 
durability of RTW after MTBI. 
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Objective: Repetitive transcranial magnetic stimulation (rTMS) is a non-invasive technique to stimulate the 
cortical areas of the brain. The cerebellum has been considered as a potential stimulation site for rTMS for 
enhancing recovery from ataxia. We present the findings of two subjects with ataxia following rTMS 
intervention 
 
Methods: The rTMS parameters used for each subject were 1-Hz frequency at 100% resting motor potential 
with 30 trains of 30 pulses each and with 5 sec interval between each train, applied for 5 days.The coil was 
on the ipsilesional cerebellar hemisphere. Both the subjects were assessed on the 9-hole peg test and Scale 
for the Assessment and Rating of Ataxia (SARA).  
 
Results: In our study, both the subjects showed some improvement on 9 hole peg test and SARA in terms of 
improved score. Albeit, we did not incorporate any statistical tests owing to small number of sample.There 
were no reported side effects of rTMS treatment 
 
Conclusion: rTMS can be used as a possible adjunct in the management of ataxia. However, there is a need 
for larger randomized controlled trials to further explore the role of cerebellar rTMS to ameliorate the 
effects of ataxia.  
 
Keywords: rTMS, cerebellar stimulation, ataxia 
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Background and Purpose: The incidence of chronic subdural hematoma (CSDH) has been increasing in 
recent years, mainly due to ageing of population. CSDHs are considered to originate from acute subdural 
hematoma (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 2 mechanisms has not been well 
known. The purpose of this study is to investigate the incidence of CSDH in elderly patients with head 
trauma, to clarify the significance of acute traumatic intracranial 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 3 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 1-
month after trauma were followed up to 6 months to investigate whether the CSDH become symptomatic 
or not. The incidences of both CSDH formation and its symptomatic evolution were compared among 3 
groups, using chi-square test with Bonferroni-correction. As subanalysis, relationships between 1-month 
/{5I ŦƻǊƳŀǘƛƻƴ ŀƴŘ ǘƘŜ ǎǳōŘǳǊŀƭ ǎǇŀŎŜ ǘƘƛŎƪƴŜǎǎ ƻƴ ƛƴƛǘƛŀƭ /¢ ƻǊ ǘƘŜ ǇŀǘƛŜƴǘΩǎ ŀƎŜ ǿŜǊŜ ŀƭǎƻ ŜȄŀƳƛƴŜŘ ƛƴ 
group A, using Spearman rank correlation coefficient test. Statistical differences were considered significant 
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 3 groups. CSDH formation is correlated with 
ōƻǘƘ ǘƘŜ ŘŜƎǊŜŜ ƻŦ ǎǳōŘǳǊŀƭ ǎǇŀŎŜ ǘƘƛŎƪƴŜǎǎ ƻƴ ƛƴƛǘƛŀƭ /¢ όǇ ғ лΦлллмύ ŀƴŘ ǘƘŜ ǇŀǘƛŜƴǘΩǎ ŀƎŜ όǇ ғ лΦлрύ ƛƴ 
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 symptomatic evolution. In addition, since 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 thŜ ǇŀǘƛŜƴǘΩǎ ŀƎŜΦ  
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Making a PACT: Group Treatment to Prepare Patients with 
Communication Disorders for Interactions with Healthcare Providers  

Jacqueline Daniels1, Michael Burns1 
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Objectives: Patients with communication disorders at increased risk for adverse events in healthcare due to 
poor communication with their providers. Consequences including inaccurate symptom reporting, 
decreased patient understanding of medical information, lack of patient participation in healthcare 
decision-making, and poorer health outcomes can result from diminished communication during medical 
interactions. 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 pathologists (SLPs) to provide this preparation. This project focuses on piloting this 
specific framework with patients with communication disorders in a group setting.  
 
Methods: Four individuals with acquired neurologic communication 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 appointments. Session three integrated metacognitive strategies through having 
participants watch recorded interactions of poor communication and identifying communication 
breakdowns. Strategies to avoid or repair communication breakdowns were discussed, and role play was 
introduced to allow participants to practice implementing strategies. The final session included reviewing all 
prior material and a group discussion on advocacy of communication skills. Survey data was collected (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 communication, 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 3 of 4 participants using a visual-analogue 
scale. Pre/post measurements (in millimeters) 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 communication 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.  
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Post Traumatic Intracranial Hypertension (Pseudotumor Cerebri) in Mild 
Traumatic Brain Injury: A Specific Post Traumatic Headache Subtype; The 
Importance of Recognition, Evaluation and Management 
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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 edema 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 tumor or other diseases and can result from 
cerebral edema, which is common after MTBI but is not considered as a consequence of mild TBI (mTBI). 
Intracranial hypertension secondary to a specific condition is called pseudotumor cerebri (PTC), typically 
associated with normal imaging findings, although subtle abnormal findings may exist in some patients. 
Pseudotumor 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 headache (PTH) commonly 
presents immediately after injury but in a subset of patients can occur 2-о Řŀȅǎ ŀŦǘŜǊ ƛƴƧǳǊȅΦ ¢Ƙƛǎ άǎŜŎƻƴŘŀǊȅ 
ǇŜŀƪέ Ƴŀȅ ǊŜŦƭŜŎǘ Ǉƻǎǘ-traumatic cerebral edema in a select group of patients. Here we discuss a specific IH, 
or post traumatic pseudotumor cerebri headache (PTPTC) phenotype, found in 5 cases of mTBI and review 
the clinical implications. 
 
Case Series: We conducted a retrospective case series report of 5 patients diagnosed with PTPTC in a 
pediatric population (5-16 years old). Patients were assessed at 2-5 days post primary injury. Symptoms that 
ǇǊƻƳǇǘŜŘ ƘƻǎǇƛǘŀƭ ƻǊ ŎƭƛƴƛŎ Ǿƛǎƛǘǎ ƛƴŎƭǳŘŜŘ ƴŜǿ ƻǊ ŎƘŀƴƎŜǎ ƛƴ ƘŜŀŘŀŎƘŜ ǇŀǘǘŜǊƴ όǇƻǎƛǘƛƻƴŀƭΣ ƛƴǘŜƴǎƛǘȅΣ άŜŀǊƭȅ 
ƳƻǊƴƛƴƎέύΣ ƴŜǿ ƻǊ ŎƘŀƴƎŜ ƛƴ Ǿƛǎƛƻƴ όōƭurry, positional, diplopia), new or change in auditory function 
όǇǳƭǎŀǘƛƭŜ ǘƛƴƴƛǘǳǎΣ άǇƻǇǇƛƴƎέύΣ ŀƴŘ ǿƻǊǎŜƴƛƴƎ ƻŦ ōŀƭŀƴŎŜ ŀƴŘ ŎƻƎƴƛǘƛƻƴΦ {ƛƎƴƛŦƛŎŀƴǘ ŎƭƛƴƛŎŀƭ ŦƛƴŘƛƴƎǎ 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) 
ƛƳŀƎƛƴƎ ǎƘƻǿŜŘ ŘŜŎǊŜŀǎŜŘ ƛƴǘǊŀŎǊŀƴƛŀƭ ǎǇŀŎŜ ǊŀǘƛƻΣ άŜƳǇǘȅ {ŜƭƭŀέΣ ƻǇǘƛŎ ƴŜǊǾŜ ǎƘŜŀǘƘκƘŜŀŘ ŜƴƭŀǊƎŜƳŜƴǘΣ 
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 of 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 carbonic 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.  
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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, movement of an on-screen avatar, activation of a functional electrical stimulator (FES), or a 
ǘƘŜǊŀǇƛǎǘ ǎŀȅƛƴƎ άDƻƻŘ ƧƻōΗέ {ŜǾŜǊŀƭ ƎǊƻǳǇǎ ƘŀǾŜ ŜȄǇƭƻǊŜŘ ǘƘŜǊŀǇȅ ǘƘŀǘ άŎƭƻǎŜǎ ǘƘŜ ƭƻƻǇέ ƛƴ ǎǘǊƻƪŜ ǘƘŜǊŀǇȅ 
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 
functional 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 component 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. 
  
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 
classification), 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 impressive functional 
improvement. Notably, many patients exhibit functional improvement even though classification accuracy is 
only modest, which implies that improved adaptive classification 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. 
  
However, the broader question, as with most emerging clinical research fields, is whether this new 
approach provides a significant improvement over conventional approaches in large clinical trials with 
appropriate controls. This has not yet been demonstrated, and we will address work toward that goal. This 
talk/poster will include a complete system for EEG-based stroke therapy ς attendees can don an electrode 
cap and see their EEG in real-time, and try out different components.  
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Patients diagnosed with a disorder of consciousness (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 classification 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. 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. 
  
We will present results from assessments conducted with over 100 DOC patients across several hospital 
collaborators. 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 minimally 
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 ς although the precise numbers is 
not yet clear. We are conducting follow-up work to develop additional paradigms to assess cognitive 
function in more detail, provide more advanced BCI communication, and develop BCI-based rehabilitation 
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. 
 
This approach could also benefit patients whose assessments reveal that they do not exhibit reliable 
ŎƻƎƴƛǘƛǾŜ ŦǳƴŎǘƛƻƴΣ ŀǎ ǿŜƭƭ ŀǎ ǘƘŜƛǊ ŦŀƳƛƭƛŜǎΦ ¢Ƙƛǎ ƻǳǘŎƻƳŜ ŎƻǳƭŘ ǎǳǇǇƻǊǘ ǘƘŜ ǇŀǘƛŜƴǘΩǎ ŜȄƛǎǘƛƴƎ ŎƭƛƴƛŎŀƭ 
diagnosis and thus provide some confirmation for families, and (with future research) could lead to new 
methods that can help physicians provide treatment 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 behavioral responses.  
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The thousands of U.S. service members sustaining a concussion/mild traumatic brain injury each year 
emphasizes the need for effective clinical guidance for managing 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. To fill this gap, the Defense and Veterans Brain Injury Center, in 
collaboration with clinical, military, and academic subject matter experts, created a clinical 
recommendation (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 presentation, 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 recommendations 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 outcomes from acute injury to six months post-injury were collected to illustrate recovery 
trajectories by group. Information from providers was collected via semi-structured interview pre- and post-
educational intervention about the CR, to evaluate 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-valid settings at multiple military treatment facilities and operational medical units. Special 
consideration was given to expected challenges such as the frequent movement of military 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. 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., 
ƭŜŀŘŜǊǎƘƛǇΩ ŀǘǘƛǘǳŘŜǎ ŀōƻǳǘ ƛƴƧǳǊȅύ ŦƻǊ ŀŎǳǘŜ ŎƻƴŎǳǎǎƛƻƴ ŎŀǊŜ ƛƴ ǘƘŜ ƳƛƭƛǘŀǊȅΦ tǊŜƭƛƳƛƴŀǊȅ Řŀǘŀ ŦǊƻƳ ǘƘŜ 
treatment as usual concussed group are examined to explore the extent to which patient outcomes align 
with practices and variability observed in provider participants. Taken together, these initial findings are 
consistent 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 improvements 
ǘƻ ǘƘŜ ŎƭƛƴƛŎŀƭ ǊŜŎƻƳƳŜƴŘŀǘƛƻƴ ŀƴŘ ǎǳǇǇƻǊǘ ǎŜǊǾƛŎŜ ƳŜƳōŜǊǎΩ ǎŀŦŜ ǊŜǘǳǊƴ ǘƻ ŀŎǘƛǾƛǘȅ ŀƴŘ ŘǳǘȅΦ 
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Hypothesis: Concussion in children is a physiologic brain injury, the concussed patient in a hypermetabolic 
state characterized by altered cerebral blood flow (CBF). Normalization of altered CBF has been shown to be 
a useful neurophysiologic marker for recovery.  
With graded exercise testing (GXT), CBF increases progressively with exercise intensity. GXT, may therefore 
be a convenient clinical measure for assessing concussion-related physiological dysfunction due to altered 
cerebral blood flow and predict patient outcome.  
 
Purpose: To determine if a GXT, performed during the subacute phase following an acute concussion, can 
determine readiness to commence a return to activity protocol and predict 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 12-16years, 
referred to CHISM within 5-7 days following an acute concussion- subacute phase, preceded by a short 
period of rest, ensuring safety to exercise. Concussion was confirmed in all cases by a concussion specialist 
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 were reported.  
 
Results: There were 140 study patients, with a mean age of 12.4 years, with the majority, being males 
involved on organised sport. Most referrals were from Emergency Departments, with 40% reporting loss of 
consciousness and 35% retrograde amnesia. 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 ether 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, significant symptom exacerbation, during 4.2 
minutes of exercise, 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, significant symptom surging during 2.8 minutes of exercise, needed significant 
medical interventions with eventual recovery 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. 
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The Importance of The Minimal Clinically Important Difference (MCID) 
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Background/Aims: The Minimal Clinically Important Difference (MCID) of a measure is critical to identify 
responders to intervention. Because each holds advantages, both distribution- 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.  
 
Method: Data were for individuals with acquired brain injury in rehabilitation programs throughout the U.S. 
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 (5T).  Other 
distribution-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 7.5T and 8.5T. At this point in the analyses, we hypothesized that the MCID might be 5T 
and a more robust change, the RCID might be 9T.  Among those who received intensive rehabilitation, 72% 
ŎƘŀƴƎŜŘ җр¢ ŎƻƳǇŀǊŜŘ ǘƻ мн҈ ƛƴ ǎǳǇǇƻǊǘŜŘ ƭƛǾƛƴƎ ǇǊƻƎǊŀƳǎ ό˔чҐмсфΦтпΣ ǇғΦллмύΤ рп҈ ƛƴ ƛƴǘŜƴǎƛǾŜ 
rehabilitation chaƴƎŜŘ җф¢ ŎƻƳǇŀǊŜŘ ǘƻ п҈ ƛƴ ǎǳǇǇƻǊǘŜŘ ƭƛǾƛƴƎ ό˔чҐфтΦслΣ ǇғΦллмύΦ  ±ƛǊǘǳŀƭƭȅ ŀƭƭ ŎƭƛƴƛŎŀƭ 
raters (99%) considered a 9T change to indicate improvement; depending on time since injury, a change of 
5T was considered improvement by 81-87% of raters.  
 
Conclusions: 5T represents the MCID for the MPAI-4 and 9T, 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.     
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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 population, yet few studies have examined 
incidence of obesity and post-TBI outcomes. To date, two studies reported an association with pre-injury 
obesity and greater mortality and prolonged 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 information 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 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 median initial GCS of 8 consistent with primarily severe injury.  Cross sectional analyses 
reveal low incidence of obesity at time of injury (N=237; 15%) with higher proportions meeting obesity 
criteria at 1-year (N=148; 25%) and 2-years post-injury (N=190; N=26%). To understand trajectory of 
individual participants, the prospective sample (N=84) evidenced slightly higher obesity at time of injury 
(20%) with a slight increase at 1-year post injury (24%). Cross-tab analyses reveals n=2 of 27 normal weight 
participants and n=9 of 37 overweight participants were designated obese class 1 at one-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 
follow-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, obesity was noticeable in sizable 
proportions of participants across study time points highlighting a potential comorbidity with untoward 



health consequences. Trajectory data suggest participants change weight classes in both directions over 
time post TBI. Future studies are needed to develop risk criteria for development of obesity (and 
underweight) classification that may inform preventive measures in the chronic management of TBI.  
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Introduction: At the request of rehabilitation programs seeking to improve the efficacy and efficiency of 
their services, the Quebec Institut national ŘΩŜȄŎŜƭƭŜƴŎŜ Ŝƴ ǎŀƴǘŞ Ŝǘ ǎŜǊǾƛŎŜǎ ǎƻŎƛŀǳȄ όLb9{{{ύ ŀƴŘ ǘƘŜ 
Ontario Neurotrauma Foundation (ONF) strategically partnered with two research teams to develop a 
clinical practice guideline (CPG) aimed at supporting the rehabilitation of adults with moderate to severe 
TBI. 
  
Methodology: The Guidelines Adaptation Cycle process by Graham & 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 multidisciplinary rehabilitation 
for moderate-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 
programs 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 recommendations 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 recommendations 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 workgroups.  A voting process allowed for finalization of the main corpus of the guideline and 
classification of the recommendations.  Indicators and tools were developed to support their utilization. 
 
Results: Available in an interactive web format, the INESSS-ONF CPG contains 266 recommendations 
ǎǇŀƴƴƛƴƎ нл ŘƛŦŦŜǊŜƴǘ ǘƻǇƛŎǎ ƎǊƻǳǇŜŘ ƛƴǘƻ ǘǿƻ Ƴŀƛƴ ǎŜŎǘƛƻƴǎΥ ά/ƻƳǇƻƴŜƴǘǎ ƻŦ ǘƘŜ hǇǘƛƳŀƭ ¢.L 
wŜƘŀōƛƭƛǘŀǘƛƻƴ {ȅǎǘŜƳέ ŀƴŘ ά!ǎǎŜǎǎƳŜƴǘ ŀƴŘ wŜƘŀōƛƭƛǘŀǘƛƻƴ ƻŦ ¢.L {ŜǉǳŜƭŀŜέΦ  9ƭŜǾŜƴ ƻŦ ǘƘŜ нсс 
recommendations are idenǘƛŦƛŜŘ ŀǎ άŦǳƴŘŀƳŜƴǘŀƭέ ŦƻǊ ƻǇǘƛƳŀƭ ǊŜƘŀōƛƭƛǘŀǘƛƻƴ ǎŜǊǾƛŎŜ ŘŜƭƛǾŜǊȅ ŦƻǊ ǘƘƛǎ ǇŀǘƛŜƴǘ 
ǇƻǇǳƭŀǘƛƻƴΣ ǿƘƛƭŜ млп ǊŜŎƻƳƳŜƴŘŀǘƛƻƴǎ ŀǊŜ ŎŀǘŜƎƻǊƛȊŜŘ ŀǎ άǇǊƛƻǊƛǘȅέ ǇǊŀŎǘƛŎŜǎ ǘƻ ōŜ Ǉǳǘ ƛƴ ǇƭŀŎŜ ǘƻ 
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 consensual 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.    
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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 training 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 
attention training and flow experience for patients with attention deficit after traumatic brain injury (TBI) by 
randomized controlled trial. 
 
Methods: We approached patients with chronic attention deficits 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 (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 
regularly. 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 neuropsychological test results between groups at baseline. Flow state scale scores were significantly 
higher in the flow group than in the control group (p <0.05). We employed two-way factorial analysis of 
variance (ANOVA) on neuropsychological 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 significant 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. 
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Introduction: Near-infrared Spectroscopy (NIRS) is a non-invasive method of measuring mixed arteriovenous 
(AV) cerebral 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 supporting its 
use.  We report a case where the NIRS device demonstrated important real time physiological quantitative 
measurements when the patient was having vasospasm as well as sickle cell crisis. 
  
Methods/Results: Case Report. 44 year old African American male with sickle cell disease who suffered a 
severe aneurysmal subarachnoid hemorrhage 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, 
ōƻǘƘ ǎƛŘŜǎ ǿŜǊŜ ƭƻǿŜǊ ǘƘŀƴ ƴƻǊƳŀƭ ŘǳŜ ǘƻ ǇŀǘƛŜƴǘΩǎ ƭƻǿ 5hн ŦǊƻƳ ǎƛŎƪƭŜ ŎŜƭƭ ŘƛǎŜŀǎŜ ŀƴŘ ǇƻƻǊ /ŀhн όŀǊǘŜǊial 
oxygen carrying capacity). The patient received packed red blood cell transfusion (PRBC) with normal donor 
hemoglobin and his bilateral RSO2 values improved to 80% bilaterally along with treatment of his 
vasospasm via injection of intraventricular injection of 4mg nicardipine via external ventricular drain.  Right 
MCA mean flow velocities decreased from 221cm/second to < 150cm/s after injection. A Swan Gans 
catheter noted no major differences in cardiac output among the variables. PaO2 values on ABG remained 
relatively similar vs FiO2. The patient continued to improve his neurological exam and on hospital day 18 
was transferred to an outside rehabilitation center. 
  
Conclusion: NIRS provides a non-invasive method of monitoring 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., hemoglobin level below 10g/dL, RSO2 
values < 40%) to help prevent cerebral hypoxic-ischemic injury and clinical outcomes. 
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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 Svestkova1, Marie Brizova1, Simona Dankova2, Vaclav Krajicek3, Jana Veleminska2 

1Department of Rehabilitation Medicine, General University Hospital in Prague and 1st Medical Faculty of Charles 
University , Praha , Czech Republic, 2Department of Antropology and Human Genetics, Faculty of Science, Charles 
University , Praha, Czech Republic, 3Department of Software and Computer Science Education, Faculty of Mathematics 
and Physics, Charles University , Praha, Czech Republic 

Assessment of the effects of therapy and rehabilitation 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. 
 
There is an ongoing comprehensive rehabilitation program, compiled for the individual patient. The 
rehabilitation program includes doctors, physiotherapists, occupational therapists, a clinical psychologist, a 
speech therapist and an education specialist. Part of the therapy is also made up of non-verbal 
psychotherapeutic methods: music therapy, dance therapy, 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 
traumatic brain injury and patients who have suffered a stroke, with precise indication and contraindication 
criteria. 
 
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 forehead, eyes closed, lips pursed, inflated cheeks, smile). The process and the interpretation 
ƻŦ ǘƘŜ ǇŀǘƛŜƴǘǎΩ ǊŜǎǳƭǘǎ ŀŦǘŜǊ ǎŎŀƴƴƛƴƎ ƛǎ ǘƛƳŜ ŎƻƴǎǳƳƛƴg, 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. 
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Acquired brain injury (ABI) may result in lifelong disabilities, including cognitive and physical impairment. 
Commercially available assistive technology often doesn't match the needs of individuals living with 
complex disabilities. Emerging technologies offer previously untapped solutions, 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, 
validation and implementation. This approach is called user centred design or participatory design.  
 
Blending the exploration of new technologies within the lived 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 is paramount 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.  
 
An overarching ethical framework and associated protocol was 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 individuals with a cognitive 
impairment or those who cannot physically 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.  
 
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 healthcare 
professionals, 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.   
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hōƧŜŎǘƛǾŜǎΥ ¢ƘŜ ŀōƛƭƛǘȅ ǘƻ ŀŦŦŜŎǘƛǾŜƭȅ ǊŜǎǇƻƴŘ ǘƻ ǎƻƳŜƻƴŜ ŜƭǎŜΩǎ ŦŜŜƭƛƴƎǎ όƛΦŜΦΣ ŀŦŦŜŎǘƛǾŜ ŜƳǇŀǘƘȅύ ŀƴŘ 
ǳƴŘŜǊǎǘŀƴŘ ŀƴƻǘƘŜǊ ǇŜǊǎƻƴΩǎ ǇŜǊǎǇŜŎǘƛǾŜ όƛΦŜΦΣ ŎƻƎƴƛǘƛǾŜ ŜƳǇŀǘhy) 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 questionnaire 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 Empathic 
Concern (EC) did not significantly differ between males and females, F (1,190) =.768, p=.38. However, when 
their self-report scores were compared to IRI 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. 
LƴŦƻǊƳŀƴǘ ǊŀǘƛƴƎǎ ŦƻǊ 9/ ŘƛŘ ƴƻǘ ǎƛƎƴƛŦƛŎŀƴǘƭȅ ŘƛŦŦŜǊ ŦǊƻƳ ǿƻƳŜƴΩǎ ƻǿƴ ǊŀǘƛƴƎǎΣ ǘ (39) =3.78, p=.39. 
 
Self-reported PT also did not differ between males and females F (1,190) =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 impairment than the men. 
However, the fact that the informants of the males perceived their affective empathy to be significantly 
ƭƻǿŜǊ ǘƘŀƴ ǘƘŜ ǇŀǊǘƛŎƛǇŀƴǘΩǎ ǎŜƭŦ-report, suggests a possible self-awareness problem for the men. Men may 
perceive themselves 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.  
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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 mediating 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 procedure 
and bias-corrected 95% confidence intervals to determine whether MERS mediated the effect that TBI 
severity 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 min 30 sec (25th-75th percentile: 
1 min 15 sec ς 27 min 30 sec). 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 support for the role of anger in mediating the effect that 
TBI severity had on PTSD severity; the partial standardised effect size was 0.051 (small). There was no 
support that alcohol use mediated the effect of TBI severity on PTSD severity, the partial standardised 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 recognise 
cognitive schemas 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 outcome in veterans 
with co-occurring TBI and PTSD.  
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Purpose: Traumatic brain injury (TBI) has an annual incidence of 200/100000 in Africa. There is little or no 
information 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 presenting 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 prospectively in the acute phase of the injury. The data acquired was analyzed using 
L.aΩǎ ǎǘŀǘƛǎǘƛŎŀƭ ǇŀŎƪŀƎŜ ŦƻǊ ǎƻŎial 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%) presented 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 severity 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 
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Background: Traumatic brain injury (TBI) is a major public health issue, leading to 2.2 million U.S. emergency 
department visits annually. The corpus callosum is a known frequent 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-
ǘǊŀǳƳŀǘƛŎ ŀƳƴŜǎƛŀ όt¢!ύΤ CǳƴŎǘƛƻƴŀƭ LƴŘŜǇŜƴŘŜƴŎŜ aŜŀǎǳǊŜ όCLaϰύΣ ŀƴŘ 5ƛǎŀōƛƭƛǘȅ wŀǘƛƴƎ {ŎŀƭŜ ό5w{ύΣ ŀǘ 
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 intraventricular hemorrhage (44%, CC injury vs. 
22%, no CC injury, OR 2.854, 95%CI: 1.801-4.522, p<0.001.) All factors associated with CC damage in 
univariate tests independently predicted 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-Ǉƻƛƴǘ ǊŜŘǳŎǘƛƻƴ ƛƴ CLaϰ ¢ƻǘŀƭ 
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 time of 
rehabilitation discharge, CC injury accounted for a 10-Ǉƻƛƴǘ ǊŜŘǳŎǘƛƻƴ ƛƴ CLaϰ ¢ƻǘŀƭ ǎŎƻǊŜ όфр҈/LΥ -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: +5 days to +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 intraventricular hemorrhage. 
Presence of CC injury independently predicts worse functional and cognitive outcomes. Further study of CC 
injury in TBI and its possible treatment are warranted. 
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Which Clinician Competencies are Important for Running Groups in 
Neurorehabilitation? 

Dana Wong1 

1Monash University, Monash University Clayton, Australia 

Background and Aims: Group-based programs, 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 programs that have been developed in research contexts are implemented in 
clinical practice. A crucial aspect of clinical translation is training clinicians who can deliver evidence-based 
interventions competently, especially given that research suggests a strong therapeutic relationship is 
necessary to ensure full realisation of the potential efficacy of multiple intervention types. To date, there 
are no published studies identifying the competencies necessary for group facilitators 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 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 minimum 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 additional 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 5 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 
ƎǊƻǳǇ ŦŀŎƛƭƛǘŀǘƛƻƴ ŎƻƳǇŜǘŜƴŎȅ ŎƘŜŎƪƭƛǎǘΦ ¢ƘŜ ƴŜȄǘ ǎǘŜǇ ƛƴ ǘƘŜ ŎƘŜŎƪƭƛǎǘΩǎ ŘŜǾŜƭƻǇƳŜƴǘ ǿƛƭƭ ōŜ ǘƻ ŜǎǘŀōƭƛǎƘ ƛǘǎ 
inter-rater reliability. The checklist can then be used to evaluate clinician competencies in group facilitation, 
and explore the relationship between clinician competence and group participant outcomes.  
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Development of A Neurorehabilitation Specific Falls Risk Screening Tool 

Duncan McKechnie1,2, Murray Fisher1,2, Julie Pryor1,2, Jhoven De Jesus3, Melissa Bonser4 

1The University of Sydney, Sydney, Australia, 2Royal Rehab, Sydney, Australia, 3Westmead Hospital, Sydney, Australia, 
4Liverpool Hospital, Sydney, Australia 

Objective: To develop a falls risk screening tool (FRST) sensitive to the neurorehabilitation population. 
 
Methods: This 18-month multisite prospective cohort study was undertaken in 3 metropolitan brain injury 
rehabilitation units in Australia. A convenience sample of 140 patients with traumatic brain injury was 
recruiǘŜŘΦ tŀǘƛŜƴǘ Řŀǘŀ ǿŜǊŜ ŎƻƭƭŜŎǘŜŘ ŀǘ н ŘƛǎŎǊŜǘŜ ǘƛƳŜǎΥ ƻƴ ŀ ǇŀǘƛŜƴǘΩǎ ŀŘƳƛǎǎƛƻƴ ǘƻ ǊŜƘŀōƛƭƛǘŀǘƛƻƴ ŀƴŘ 
after their first fall. Univariate and multivariate (backward elimination, elastic net and hierarchical) logistic 
regression modelling techniques were used ǘƻ ŜȄŀƳƛƴŜ ŜŀŎƘ ǾŀǊƛŀōƭŜΩǎ ŀǎǎƻŎƛŀǘƛƻƴ ǿƛǘƘ ǇŀǘƛŜƴǘǎ ǿƘƻ ŦŜƭƭΦ 
9ŀŎƘ ǾŀǊƛŀōƭŜΩǎ ǳǘƛƭƛǘȅ ƻƴ ŀŘƳƛǎǎƛƻƴ ǘƻ ǊŜƘŀōƛƭƛǘŀǘƛƻƴ ǿŀǎ ŀƭǎƻ ǘŜǎǘŜŘΦ ¢ƘŜ ǊŜǎǳƭǘƛƴƎ Cw{¢Ωǎ ŎƭƛƴƛŎŀƭ ǾŀƭƛŘƛǘȅ ǿŀǎ 
examined. 
 
Results: Of the 140 patients in the study, 41 fell (29%). All 21 independent variables were significantly 
associated with fallers, however, a high proportion of 2 variables (visual impairment = 54%; dizziness = 46%) 
were unknown on admission to rehabilitation. Through multivariate regression modeling, 11 variables were 
identified as significant predictors 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 behaviour (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 
όaŎCŀŘŘŜƴΩǎ wн Ґ лΦопύΦ ¢ƘŜ ǘƻƻƭΩǎ ŎƭƛƴƛŎŀƭ ǾŀƭƛŘƛǘȅ ǿŀǎ ǎƛƎƴƛŦƛŎŀƴǘƭȅ ōŜǘǘŜǊ όt Ґ Φлот ƻƴ 5Ŝ[ƻƴƎ ǘŜǎǘύ ǘƘŀƴ ǘƘŜ 
Ontario Modified STRATIFY FRST. 
 
Conclusions: The developed tool, the Sydney Falls Risk Screening Tool, should be considered for use in 
neurorehabilitation populations and, due to the generic nature of its items, the generalisability to other 
patient populations could be considered. 
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BrainSTEPS Child & Adolescent Brain Injury School Consulting Program-
Providing Interdisciplinary Support to Students, Schools, and Families 
Following Acquired Brain Injury 

Brenda Eagan Brown1, Janet Tyler2, Heather Hotchkiss3 

1BrainSTEPS Brain Injury School Consulting Program, Brain Injury Association of Pennsylvania, Pittsburgh, United States, 
2Health & Wellness Unit, Colorado Dept of Education, Denver, United States, 3Exceptional Student Services, Colorado 
Department of Education, Denver, United States 

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 training and consultation to 
thousands of students in Pennsylvania. Lessons learned will be explored as well as exploration of the state 
program descriptive data collected.   
  
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 rehabilitation 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-entering 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 graduation. The importance of annual monitoring to track all cognitive and/or behavioral 
issues over time as the brain develops is an integral, key facet of BrainSTEPS. Teams consult on student IEPs, 
504 Plans, conduct medical, rehabilitation, and educational record reviews.  
 
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. 
 
During the Fall of 2016, the Colorado Department of Education joined BrainSTEPS and is replicating the 
processes 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.   
 
(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 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.) 
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Concussion Return to Learn: Two National Models Utilizing an 
Interdisciplinary Trifecta for Concussion Student and Classroom 
Management 

Brenda Eagan Brown1, Karen McAvoy2 

1BrainSTEPS Brain Injury School Consulting Program, Brain Injury Association of Pennsylvania, Inc., Pittsburgh, United 
States, 2Rocky Mountain Hospital for Children, Center for Concussion, Denver, United States 

This presentation is intended to highlight the importance of an interdisciplinary team approach to student 
concussion focused on return to school/return to learn, utilizing consistent communication between the 
medical, school, student & family to facilitate recovery. It will focus on two phases of recovery: acute and 
ǇŜǊǎƛǎǘŜƴǘΣ ŀƴŘ ŎǳǊǊŜƴǘ ǊŜǎŜŀǊŎƘ ƎǳƛŘƛƴƎ ǇǊŀŎǘƛŎŜ ǿƛƭƭ ōŜ ŘƛǎŎǳǎǎŜŘ ǘƘǊƻǳƎƘƻǳǘΦ ¢ƘŜ ǇǊŜǎŜƴǘŜǊǎΩ ŎǳǊǊŜƴǘ 
programs respectively inŎƭǳŘŜ tŜƴƴǎȅƭǾŀƴƛŀΩǎ .Ǌŀƛƴ{¢9t{ wŜǘǳǊƴ ǘƻ [ŜŀǊƴ /ƻƴŎǳǎǎƛƻƴ aŀƴŀƎŜƳŜƴǘ ¢ŜŀƳ 
(CMT) model which is the only statewide program to have trained over 1,300 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. 
 
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 management that must occur at school early in recovery. The importance 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. 
 
CMTs support students returning to the demands of school while promoting recovery. Descriptions of the 
roles that both Academic and Symptom Monitors perform as leaders of their CMT will be discussed. Both 
Academic and Symptom Monitors, evaluate data from the concussion monitoring 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 
decision 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.  
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 
ǘƘŜ bŀǘƛƻƴŀƭ /ƻƭƭŀōƻǊŀǘƛǾŜ ƻƴ /ƘƛƭŘǊŜƴΩǎ .Ǌŀƛƴ LƴƧǳǊƛŜǎ ǘƻ ƎǳƛŘŜ ǇǊƻŦŜǎǎƛƻƴŀƭǎ ǿƻǊƪƛƴƎ ǿƛǘƘ ǎǘǳŘents 
following a concussion. The results of the consensus will help inform the presentation content.  
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Cognitive-communication and Psychosocial Functioning 12 Months after 
Severe Traumatic Brain Injury 

Sarah Tran1, Belinda Kenny1, Emma Power1, Robyn Tate2, Skye McDonald2, Rob Heard1, Leanne Togher1 

1The University of Sydney, Lidcombe, Australia, 2University of NSW, Kensington, Australia 

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 tƘŜ ƛƳǇŀƛǊƳŜƴǘ ƻƴ ŀƴ ƛƴŘƛǾƛŘǳŀƭΩǎ ŀŎǘƛǾƛǘȅ ŀƴŘ ǇŀǊǘƛŎƛǇŀǘƛƻƴ ƛƴ 
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 investigation to enable clinicians and researchers to make evidence-based assessment and 
intervention decisions.  
 
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 one-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. 
 
aŀƛƴ aŜŀǎǳǊŜǎΥ tŀǊǘƛŎƛǇŀƴǘǎΩ ŎƻƎƴƛǘƛǾŜ ŎƻƳƳǳƴƛŎŀǘƛƻƴ ǎƪƛƭƭǎ ǿŜǊŜ ŜǾŀƭǳŀǘŜŘ ǿƛǘƘ ǘƘŜ CǳƴŎǘƛƻƴŀƭ 
Assessment of Verbal Reasoning and Executive Strategies (FAVRES), Sydney Psychosocial Reintegration 
Scale-2 (SPRS-2) Form A ς 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 analyses 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 Relationship 
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 programs for individuals following TBI. The FAVRES shows promise 
as a cognitive-communication assessment for the identification of treatable factors contributing to 
psychosocial outcomes for this population. Findings demonstrate the FAVRES is able to capture 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.  
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Post Traumatic Intracranial Hypertension (Pseudotumor Cerebri) In Mild 
Traumatic Brain Injury: A Specific Post Traumatic Headache Subtype; The 
Importance of Recognition, Evaluation and Management 

Charlene Supnet1, Tonia Sabo1, Sushmita Purkayastha2 

1University Of Texas Southwestern, Dallas, United States, 2Southern Methodist University, Dallas, United States 

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 edema 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 tumor or other diseases and can result from 
cerebral edema, which is common after MTBI but is not considered as a consequence of mild TBI (mTBI). 
Intracranial hypertension secondary to a specific condition is called pseudotumor cerebri (PTC), typically 
associated with normal imaging findings, although subtle abnormal findings may exist in some patients. 
Pseudotumor 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 headache (PTH) commonly 
presents immediately after injury but in a subset of patients can occur 2-о Řŀȅǎ ŀŦǘŜǊ ƛƴƧǳǊȅΦ ¢Ƙƛǎ άǎŜŎƻƴŘŀǊȅ 
ǇŜŀƪέ Ƴŀȅ ǊŜŦƭŜŎǘ Ǉƻǎǘ-traumatic cerebral edema in a select group of patients. Here we discuss a specific IH, 
or post traumatic pseudotumor cerebri headache (PTPTC) phenotype, found in 5 cases of mTBI and review 
the clinical implications. 
 
Case Series: We conducted a retrospective case series report of 5 patients diagnosed with PTPTC in a 
pediatric population (5-16 years old). Patients were assessed at 2-5 days post primary injury. Symptoms that 
ǇǊƻƳǇǘŜŘ ƘƻǎǇƛǘŀƭ ƻǊ ŎƭƛƴƛŎ Ǿƛǎƛǘǎ ƛƴŎƭǳŘŜŘ ƴŜǿ ƻǊ ŎƘŀƴƎŜǎ ƛƴ ƘŜŀŘŀŎƘŜ ǇŀǘǘŜǊƴ όǇƻǎƛǘƛƻƴŀƭΣ ƛƴǘŜƴǎƛǘȅΣ άŜŀǊƭȅ 
ƳƻǊƴƛƴƎέύΣ ƴŜǿ ƻǊ ŎƘŀƴƎŜ ƛƴ Ǿƛǎƛƻƴ όōƭǳǊǊȅΣ ǇƻǎƛǘƛƻƴŀƭΣ ŘƛǇƭƻǇƛŀύΣ ƴŜǿ ƻǊ ŎƘŀƴƎŜ ƛƴ ŀǳŘƛǘƻǊȅ function 
όǇǳƭǎŀǘƛƭŜ ǘƛƴƴƛǘǳǎΣ άǇƻǇǇƛƴƎέύΣ ŀƴŘ ǿƻǊǎŜƴƛƴƎ ƻŦ ōŀƭŀƴŎŜ ŀƴŘ ŎƻƎƴƛǘƛƻƴΦ {ƛƎƴƛŦƛŎŀƴǘ ŎƭƛƴƛŎŀƭ ŦƛƴŘƛƴƎǎ 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) 
ƛƳŀƎƛƴƎ ǎƘƻǿŜŘ ŘŜŎǊŜŀǎŜŘ ƛƴǘǊŀŎǊŀƴƛŀƭ ǎǇŀŎŜ ǊŀǘƛƻΣ άŜƳǇǘȅ {ŜƭƭŀέΣ ƻǇǘƛŎ ƴŜǊǾŜ ǎƘŜŀǘƘκƘŜŀŘ ŜƴƭŀǊƎŜƳŜƴǘΣ 
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 of 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 carbonic 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.  
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Effectiveness of Specific Post-Inpatient Brain Injury Rehabilitation 
Programs 

April Groff1, Debra Braunling-McMorrow1, James Malec2 

1Learning Services, Raleigh, United States, 2Rehabilitation Hospital of Indiana, Indianapolis, US 

Objective: To examine the effectiveness and participant characteristics of 3 intensive post-inpatient brain 
rehabilitation (IR) program types compared to supported living services (SL). 
 
Design: Retrospective before/after observational study. Setting: Network of residential and outpatient that 
includes 8 facilities in 6 states. 
 
Participants: Data from 253 individuals with acquired brain injury in IR programs and 169 individuals in SL 
programs. 
 
Interventions: IR programs, with the goal of achieving significant functional gains for participants, included 
Neurorehabilitation (n=161), Neurobehavioral Rehabilitation (n=57), and Day Treatment (n=38). SL 
programs 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 significant differences between IR and SL programs on discharge/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 program participants improved about 1 standard deviation on 
MPAI-4 metrics. Change in MPAI-4 Total T-score represented a Minimal Clinically Important Difference for 
74.6% in IR programs compared to 17.8% in SL programs (X2=131.85; p<.001). Additional ANCOVAS 
revealed no differences on the MPAI-4 among the 3 specific IR program types. Comparisons of participant 
characteristics among the 3 IR programs 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 program (84.2%) than in the Neurorehabilitation (64.0%) or Day 
Treatment (68.8%) programs (X2=8.21, p=.017).  IR program 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 program types. In an additional analysis to control for chronicity more 
rigorously than as a covariate, 29 participants in each of the IR and SL program 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 programs based on type and severity of 
functional disability. With appropriate program selection, functional gains in the 3 IR program types are 
substantial and differ significantly from SL programs. 



 
Keywords:  Brain Injuries, Rehabilitation, Treatment Outcome 
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Folic Acid Ameliorates Hyperhomocysteinemia-exacerbated Short-term 
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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, particularly 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 complex with Fg-PrPC in extravascular space after TBI. 
  
Elevated blood level of Homocysteine (Hcy), called hyperhomocysteinemia (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 hypothesize that HHcy exacerbates the TBI-induced macromolecular 
protein leakage resulting in enhanced Fg-PrPC complex formation leading to the short-term memory 
reduction, which can be ameliorated by treatment with FA. 
   
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- -̡synthase heterozygote 
knockout (CBS+/-) mice. Venular permeability was assessed by measuring the extravascular leakage of 
Alexa-flour 647-labeled 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 a novel object recognition and Y maze (spontaneous 
alternation and two trial recognition) tests. 
  
Pial venular permeability to 647-BSA was greater in all experimental animals with CCI compared to that in 
respective 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. 
  
Thus, our study reveals a novel, an additive effect of HHcy in TBI-induced memory impairment, which can be 
therapeutically targeted in future.  
 
Supported by NIH-NS084823  
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Many inflammatory and cognitive disorders are accompanied by elevated blood level of fibrinogen (Fg), 
called hyperfibrinogenemia (HFg). It has been shown that Fg-containing plaques are associated with 
ƳŜƳƻǊȅ ƛƳǇŀƛǊƳŜƴǘ ƛƴ ǾŀǎŎǳƭŀǊ ŘŜƳŜƴǘƛŀ ŀƴŘ !ƭȊƘŜƛƳŜǊΩǎ ŘƛǎŜŀǎŜΦ IƻǿŜǾŜǊΣ ǘƘŜ ǇǊŜŎƛǎŜ ƳŜchanism 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 is 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). 
  
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 labeled 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. 
 
More astrocytes were activated/swollen in brain samples from mice with CCI. Deposition of Fg in vasculo-
astrocyte interface 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 from mice 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. 
 
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  
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Knowledge Translation: Training Everyday People To Identify and Support 
Individuals with Executive Dysfunction Following Brain Injury 
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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 predominantly 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. 
 
Likewise, when treatment is offered it tends to mirror the assessment approach. Clinicians across 
rehabilitation disciplines attempt to ameliorate executive functioning deficits using worksheets and 
programs that are neither individualized, contextualized nor meaningful.   
 
The challenges of knowledge translation in healthcare 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 
ƛƴŘƛǾƛŘǳŀƭΩǎ ƴŀǘǳǊŀƭƛǎǘƛŎ ǎǳǇǇƻǊǘ ǎȅǎǘŜƳ ƛǎ ŎǊƛǘƛŎŀƭΦ  ²ƘŜƴ ǘǊŜŀǘƳŜƴǘ ǇǊƻƎǊŀƳǎ ƛƴŎƻǊǇƻǊŀǘŜ ǘƘŜ άtŀǊǘƛŎƛǇŀǘŜ ǘƻ 
[ŜŀǊƴέ ŀǇǇǊƻŀŎƘ ǘƘƛǎ Ŧƻƭƭƻǿǎ ōŜǎǘ ǇǊŀŎǘƛŎŜ guidelines and knowledge translation naturally occurs because 
ǘƘŜ ƛƴŘƛǾƛŘǳŀƭΩǎ ǎǳǇǇƻǊǘǎ ŀǊŜ ŀōƭŜ ǘƻ ƻōǎŜǊǾŜ ŦǳƴŎǘƛƻƴƛƴƎ ŀƴŘ ǎǘǊŀǘŜƎƛŜǎ ǘƘŀǘ ŦŀŎƛƭƛǘŀǘŜ ǇŀǊǘƛŎƛǇŀǘƛƻƴ ƛƴ ǾŀƭǳŜŘ 
life roles.  
 
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 conditions.  Once these unique observational skills are developed, training 
ǇǊƻŎŜŜŘǎ ǘƻ ŀŘŘǊŜǎǎ ǿŀȅǎ ƻŦ ǇǊƻǾƛŘƛƴƎ ǘƘŜ ŀǇǇǊƻǇǊƛŀǘŜ ƭŜǾŜƭǎ ƻŦ ǎǳǇǇƻǊǘ ǿƛǘƘƛƴ ŀ ǇŜǊǎƻƴΩǎ ƴŀǘǳǊŀƭ 
environment.  Within this context, metacognitive strategy training is incorporated as a means of 
generalizing to activities of everyday living.   
 
This presentation will review the unique I CAN training approach used to incorporate current knowledge of 
the complexity of executive functions into real world living. Participants will gain an understanding of the 
advantages of sharing relevant information with everyday people regarding methods of effectively 
supporting those living with executive dysfunction.  
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Objective: To provide a review of evidence and consensus based description of healthcare and educational 
service delivery and related recommendations for children with traumatic brain injury. 
 
Methods: Literature review and group discussion of best practices in management of children with TBI was 
performed to facilitate consensus-based recommendations from the American Congress on Rehabilitation 
aŜŘƛŎƛƴŜΩǎ tŜŘƛŀǘǊƛŎ ŀƴŘ !ŘƻƭŜǎŎŜƴǘ ¢ŀǎƪ CƻǊŎŜ ƻƴ .Ǌŀƛƴ LƴƧǳǊȅΦ ¢Ƙƛǎ ƎǊƻǳǇ ǊŜǇǊŜǎŜƴǘŜŘ pediatric 
researchers in public health, medicine, psychology, rehabilitation, and education. 
 
Results: Care for children with TBI in healthcare and educational 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 consequences requiring management as well as 
monitoring following 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.  
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There is accumulating evidence that a subset of individuals with TBI experience progressive functional 
decline over the years subsequent to TBI, while others show improvement or remain static (Corrigan et al., 
2012; Hammond, Grattan et al., 2004; Hammond, Hart et al., 2004; Ishibe et al., 2009; Masel & DeWitt, 
2010). This evidence raises 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 phenotypŜǎ ƻŦ ¢.L ŀǎ άŎƘǊƻƴƛŎ ōǊŀƛƴ ƛƴƧǳǊȅέ 
(CBI). Because CBI impairs the brain as well as other organ systems it must be proactively managed as a life-
ƭƻƴƎ ŎƻƴŘƛǘƛƻƴ ƛƴ ƻǊŘŜǊ ǘƻ ƻǇǘƛƳƛȊŜ ŀ ǇŜǊǎƻƴΩǎ ƘŜŀƭǘƘΣ ƛƴŘŜǇŜƴŘŜƴŎŜ ŀƴŘ ƭƛŦŜ ǎŀǘƛǎŦŀŎǘƛƻƴΦ 
 
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. 
 
A consecutive series was compiled of 422 individuals completing 10-year follow-ups in 6 TBIMS NDB 
centers. To be included in analyses participants had to have at least 2 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 Co-morbidities 
Interview (MMHCI) which yielded the extent and chronicity of physical health and mental health 
ŎƻƳƻǊōƛŘƛǘƛŜǎ ǇǊŜǎŜƴǘ ŦƻǊ ŜŀŎƘ ƛƴŘƛǾƛŘǳŀƭΩǎ ƭƛŦŜǘƛƳŜΣ ŀƴŘ ǿƘŜǘƘŜǊ ŘƛŀƎƴƻǎƛǎ ƻŎŎǳǊǊŜŘ ōŜŦƻǊŜ ƻǊ ŀŦǘŜǊ ǘƘŜ 
index TBI that resulted in TBIMS NDB enrollment. 
 
Random-effects models were used to determine the effects of each co-morbidity on 3 outcomes (FIM 
Motor, FIM Cognitive and SWLS) as a function of time. Overall, regardless of covariates or co-morbidities, 
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 
modeling to determine the effect of individual co-ƳƻǊōƛŘƛǘƛŜǎ ƻŎŎǳǊǊƛƴƎ ƻǾŜǊ ƻƴŜΩǎ ƭƛŦŜǘƛƳŜΦ !ŘŘƛǘƛƻƴŀƭ 
models were computed that only included co-morbidities that developed after the initial inpatient 
rehabilitation. 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. 
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Transpalatal Penetrating Brain Injury Caused by A Toy Arrow: A Case 
Report 

Qing Ouyang1 

1Department of Neurosurgery, Daping Hospital & Research Institute of Surgery, Third Military Medical University, 
Chongqing, China 

A case of a 6-year-old girl with a transpalatal toy-arrow injury to the brain is presented who suffered a 
penetrating craniocerebral injury caused by a toy-arrow in her mouth under the case of falling down. At 
admission she was in somnolence (Glasgow Coma Scale of 13) without hemiparesis. Computerized 
tomography revealed fracture of the left middle cranial fossa, intracranial hemorrhage and pneumatosis, 
the foreign body adjacent to cavernous sinus. The foreign body was safely removed by a left frontotemporal 
craniotomy as a result of detailed radiological evaluation and preoperative planning. The necessity of 
continuous monitoring of new environmental risks as they occur, and the requirement for the prevention of 
recreational brain injuries in children, is stressed. 
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Background: Traumatic brain injury (TBI) leads to nearly 300,000 hospitalizations in the U.S. each year.  
Short-term outcomes have been studied extensively for associations with patient and injury characteristics. 
Less understood is how associated medical conditions, present concurrently or as complications of 
treatment, may influence recovery. 
 
Objective: To assess incidence of acutely occurring associated 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 categories. Outcome measures include FIMTM and Disability 
Rating Scale (DRS) at the time of inpatient rehabilitation discharge, and rehabilitation length of stay (LOS). 
The predictive 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 intracranial mass effect, and presence of subcortical injury. A Bonferroni correction of 
0.0007 was used to determine statistical significance. 
 
Results: Between May 2007 and December 2013, 3,686 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% intracranial mass effect. The most frequently co-occurring medical 
conditions were: adult respiratory failure (42%), other nervous system disorder (42%), crush injury (35%), 
fluid and electrolyte disturbance (32%), pneumonia (19%), dysrhythmia (16%), other bacterial infection 
(8%), and septicemia (6%). Predictors of worse functional outcome in multivariable models, with degree of 
ŜŦŦŜŎǘ ƻƴ CLaϰ ǘotal score, include: spinal cord injury (-10.5); paralysis (-9.5), coma (-8.9), device 
complications (-8.9); pneumonia (-7.5), septicemia (-7.5), other bacterial infection (-6.5), and 
gastrointestinal (GI) disorders (-5.0). Among these conditions, respiratory failure and pneumonia were 
associated with worse outcome by all measures. Conditions predicting improved outcome and effect on 
CLaϰ ǘƻǘŀƭ ǎŎƻǊŜ ƛƴŎƭǳŘŜŘΥ ƘŜŀŘŀŎƘŜ ƻǊ ƳƛƎǊŀƛƴŜ όҌфΦфύΣ ŀǘǘŜƴǘƛƻƴ ŘŜŦƛŎƛǘ ŘƛǎƻǊŘŜǊ όҌтΦнύΣ ŀƭŎƻƘƻƭ-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 severity, and neuroanatomic 
features. These conditions include spinal-cord injury, paralysis, and GI dysfunction. Treatment complications 
including pneumonia, respiratory failure, device-related factors, and septicemia, 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. 
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Introduction: Decompressive craniectomy (DC) is considered as a life-saving procedure for treatment of 
refractory raised intracranial pressure (ICP). Duraplasty with either autologous pericranium or artificial dura 
is the accepted standard after bone flap removal and/or hematoma evacuation. Incidence of hydrocephalus 
after DC ranges from 10%-50%. Multiple risk factors have been proposed for the development of post-DC 
hydrocephalus but duraplasty as a risk factor has not yet been studied. 
 
Methods: 2 ½ year retrospective analysis. 2 groups-duraplasty(group I), no duraplasty(group II). Exclusion 
criteria-DC performed for non-traumatic etiologies, bifrontal procedures, patients who expired in hospital/ 
those without atleast 8 weeks of follow-up and mild-moderate ventroiculomegaly. Demographic, clinico-
radiological and preoperative details, postoperative course, incidence and treatment of hydrocephalus.  
 
Results: After exclusion, 37 cases (groupI-13, groupII-24) were analyzed. Mean age was 39.2 years (range 
17-69 years). Males predominated. Majority were of severe head injury. Acute subdural hematoma was the 
commonest finding. Overall incidence of hydrocephalus was 24.5% (9/37); on subgroup analysis-group I-
6/13 (46%) and group II-3/24 (12.5%). This difference was statistically significant. Other parameters such as 
type of hemorrhage, severity of head injury, intravenricular hemorrhage, midline shift, operative duration, 
blood loss, infectious sequelae and craniectomy margin from the midline were not significant for occurrence 
of hydrocephalus. All had a minimum of 12 weeks of follow-up. 
 
Conclusion: Hydrocephalus is a common occurrence noted after decompressive craniectomy. Ours is the 
first study to document the correlation of duraplasty with hydrocephalus after DC. Stronger evidence is 
needed from future randomized studies to confirm these findings 
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Introduction: Traumatic brain injury (TBI) is one of most common causes of morbidity and mortality 
worldwide. The increasing ratio of the elderly because of improved medical facilities has contributed to the 
increased incidence of brain trauma in this subset of population. Authors put forward their institutional 
experience in dealing with TBI in this age group.  
  
Materials and Methods: A 2½ -ȅŜŀǊ ǊŜǘǊƻǎǇŜŎǘƛǾŜ ŀƴŀƭȅǎƛǎ ƻŦ то ŎƻƴǎŜŎǳǘƛǾŜ ǇŀǘƛŜƴǘǎ ŀƎŜŘ җ ср ȅŜŀǊǎ 
admitted with TBI at our university hospital was performed. The following were excluded-concussion 
injuries, chronic subdural hematomas, patients discharged against medical advice and declared dead soon 
after arrival (within 6 hours). Mode of injury, clinico-radiological features, management and outcomes were 
analysed. Glasgow outcome scale (GOS) was used to assess outcome.  
 
Results: Males predominated (82%) and road accidents (54%) and trivial domestic falls (44%) were common 
injury modes (54%); however, constituted a significant proportion (44%). Mean age was 72.1 years (range 
65-97 yeaǊǎύ ŀƴŘ нл ǿŜǊŜ ŀƎŜŘҗтр ȅŜŀǊǎΦ /ƻ-morbid illnesses were present in 40 (54%) cases. There were 37 
mild, 18 moderate and 18 severe head injuries (HI). On radiology, contusions (basifrontal and temporal) 
constituted the majority, followed by acute subdural hematoma (aSDH). Subarachnoid haemorrhage was 
noted in 11 cases. Fifty-five (75%) cases were managed conservatively while 18(25%) underwent surgery. 
There were 7 deaths (9.5%)-of these, 6 were of severe (85%) and 1 moderate (15%) HI. Forty six patients 
had GOS 5, 8 had GOS 4, 2 had GOS 3, 10 had GOS 2. Overall poor outcome was 26%, while it was 45% in 
patients aged>75 years. The poor outcome rate in severe HI for the entire elderly cohort was 83% (15/18) 
and was 100% (7/7) for the very elderly patients. 
 
Conclusions: Traumatic brain injury in elderly is quite different from young patients. Domestic falls are 
relatively common modes of injury. Contusion and subdural hematomas are seen in majority while 
extradural hematoma is uncommon. Most of them respond to coƴǎŜǊǾŀǘƛǾŜ ƳŀƴŀƎŜƳŜƴǘΦ !ƎŜ җтр ȅŜŀǊǎΣ 
severe HI, presence of contusion and aSDH are poor prognostic factors. Benefit of surgery in severe HI is 
unlikely and surgery needs to be considered judiciously, keeping in mind the cost-effectiveness and fate of 
caregivers, especially in developing countries.  
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Background: Brain edema is a common finding noted after TBI that may result in increased intracranial 
pressure (ICP) and neurological deterioration. Based on spinal cord injury trials, there existed a controversy 
as to whether or not to use steroids in patients with traumatic brain injury. However, the 2004 CRASH multi-
centric trial concluded that steroids are contraindicated in head injury. We describe 2 cases of head injury 
with delayed edema managed with steroids. 
 
Methods: Various experimental studies were analyzed to document the mechanism of brain edema 
formation and possible role of steroids. It has been experimentally proven that brain edema is initially 
cytotoxic and later vasogenic in nature. Also, multiple mediators are released after brain trauma that alter 
the membrane permeability. Hence, theoretically, steroids should also be able to counteract the 
vasogenic/inflammatory edema after TBI and reduce ICP.  
Hospital records were retrieved to analyze our cases.  
 
Results: 2 males, aged 22 and 35 years were admitted with moderate head injury after a road traffic 
accident. They initially improved with conservative treatment but had a delayed deterioration after 7-10 
days. Imaging showed worsening of brain edema. Dexamethasone was started in tapering doses for 5-7 
days. Both had excellent outcome. Till date, in all studies pertaining to steroids in TBI, steroids (either 
dexamethasone or methylprednisolone) were given in the acute period (mostly given within 6-8 hours) of 
trauma, during which the edema in fact is cytotoxic in nature. Also, the dosages used have been very high.  
 
Conclusions: We are of the opinion that steroids may have a role in delayed brain edema after TBI. The 
timing of steroid usage and dose of steroids are important key aspects that might determine its efficacy in 
TBI. 
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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 ipsi- 
and contralateral leg joints must be initiated, continued and terminated simultaneously with switching 
activity at certain phases of the gait cycle to allow smooth body progression in the desired direction without 
loss of balance. The ability to coordinate movements 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 26-66 years of age), and 10 healthy sex- and age- matched participants 
(mean age± SD,44.0 ±14.43 years, ranging from 25-66 years of age) without known neurological, orthopedic, 
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: a) 2ς18 points (mean ± SD: 7.9 ± 
6.1 points) on the Ataxia Test by Klockgether; b) 45ς54 points (mean ± SD: 51.0 ± 3.6 points) on the Berg 
Balance Scale and c) 14ς27 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; walking with the narrow base of support, and walking while holding a cup full of 
ǿŀǘŜǊΦ tŀǊǘƛŎƛǇŀƴǘǎΩ ƳƻǾŜƳŜƴǘǎ ŘǳǊƛƴƎ ǿŀƭƪƛƴƎ ǿŜǊŜ ǊŜŎƻǊŘŜŘ ǿƛǘƘ ŀ мн-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 analyzed as the percentage of gait cycle during which the leg motion was decomposed, 
with 0% indicating 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 participants 
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 presence of compensatory 
strategies to improve walking. These abnormalities should be taken into consideration while planning 
physical therapy programs for individuals after brain injury. 
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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 management of 
TBI patients on their outcome. 
 
Methods: A cross-sectional and retrospective study was realized 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 management. Group I comprises the patients who received standard care; Group II was made of 
patients who did not. 8 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 significant according to Chi-square statistic (= 
мтΦоср ǎǳǇŜǊƛƻǊ ǘƻ ǘƘŜ ŎǊƛǘƛŎŀƭ ǾŀƭǳŜ ƻŦ ŎƘƛн ҐоΦу ŦƻǊ ʰҐлΦлрύΦ ¢ƘŜ Ƴƻǎǘ ŎƻƳƳƻƴ ŎŀǳǎŜ ƻŦ ƛƴƧǳǊȅ ǿŀǎ ƳƻǘƻǊ 
vehicle accident (70%). 81% were male and the majority of the patients were between 20 and 40 years old.  
 
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 personals will have a positive impact on the outcome of the patients with TBI. 
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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 synapses. Therefore it plays an important role in 
brain injury recovery. However, bdbf is also implicated in many psychiatric disorders such a depression. 
Since patients with brain injury often develop depression, it is important to better understand the role of 
bdnf in the etiology 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 consistently found to be lower in depressed 
patients compared to healthy controls and in short open-label antidepressant treatment trials the bdnf 
levels were found to be higher post-treatment than pre-treatment. However, many previous studies were 
relatively small, precluding the possibility to correct for potential confounding. 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 analyzed 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). 
 
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. These findings show that the neurotrophic hypothesis of depression is more complex than 
previously assumed, as it is in sharp contrast to the original assumptions of the neurotrophic hypothesis. 
Nevertheless, they also implicate that brain recovery can be seriously impeded by a comorbid depressive 
disorder due to diminished neuroplasticity 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 May;20(5):602-8 
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Background: We assessed the effect of transcranial direct current stimulation (tDCS) targeted to posterior 
parietal cortex 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 five days) in a randomized order separated by five 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 five days later. Follow-up 
outcome data were acquired 1, 3, 6, 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 stimulation (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  
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Objectives: A recent study showed that anodal transcranial direct current stimulation (tDCS) applied to the 
left dorsolateral 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 cross-over sham-controlled experimental design, patients received two 
sessions of repeated (5 days per week during 4 weeks) tDCS, either anodal or sham in a randomized order, 
with a washout period of 8 weeks in between (figuǊŜ нύΦ tŀǘƛŜƴǘǎΩ ǊŜƭŀǘƛǾŜǎ ƻǊ ŎŀǊŜƎƛǾŜǊǎ ǿŜǊŜ ǘŀǳƎƘǘ Ƙƻǿ ǘƻ 
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 twenty minutes 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 treatment 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 stimulation, 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 
ŀƴŘ Ŏŀƴ ōŜ ǳǎŜŘ ƛƴ ǊŜƘŀōƛƭƛǘŀǘƛƻƴ ǇǊƻƎǊŀƳǎ ƻǊ ōȅ ǇŀǘƛŜƴǘǎΩ ǊŜƭŀǘƛǾŜǎ ŀǘ ƘƻƳŜ ŀǎ ŀ Řŀƛƭȅ ŎŀǊŜΦ 
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Traumatic brain injury (TBI) is one of the major causes of disability in the United States. 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 primary 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 pressurized gas into flexible bottom culture plates using a commercially 
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 expression 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 expression 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. 
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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 anesthetized using isoflurane and placed on a soft foam pad. An acrylic 
tube was placed directly above the head of the mouse and a 50 gram weight was dropped onto the mouse 
head from either 30cm (mild) or 120cm (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 proteiƴ {мллʲΦ ¢ƘŜ ŜȄǇǊŜǎǎƛƻƴ ƻŦ ǘƘŜ ǘƛƎƘǘ ƧǳƴŎǘƛƻƴ ǇǊƻǘŜƛƴǎ Ȋƻƴǳƭŀ 
occludens-1 (ZO-1) and occludin was evaluated by western blot. Mild TBI did not affect the Evans blue 
ŜȄǘǊŀǾŀǎŀǘƛƻƴΣ {мллʲ ŎƻƴŎŜƴǘǊŀǘƛƻƴ ŀƴŘ ŘƛŘ ƴƻǘ ŎƘŀƴƎŜ ǘƘŜ ŜȄǇǊŜǎǎƛƻƴ ƻŦ ǘƘŜ ǘƛƎƘǘ ƧǳƴŎǘƛƻƴ Ǉroteins; 
however, moderate TBI significantly increased the Evans blue extravasation and the plasma concentrations 
ƻŦ {мллʲΣ ƛƴŘƛŎŀǘƛƴƎ ŀƴ ƛƴŎǊŜŀǎŜ ƛƴ ... ǇŜǊƳŜŀōƛƭƛǘȅΦ ¢Ƙƛǎ ŜŦŦŜŎǘ ǿŀǎ ǊŜƭŀǘŜŘ ǘƻ ŀ ŘŜŎǊŜŀǎŜ ƛƴ ǘƘŜ ŜȄǇǊŜǎǎƛƻƴ 
of ZO-1 and occludin. 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. 
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Mental fatigue is a common symptom in the chronic phase of traumatic brain injury. Despite its high 
prevalence, no treatment is available for this disabling symptom and the mechanisms 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 investigated 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 traumatic brain injury (n = 57, age range 20ς64 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 25ς65 years). All participants completed self-assessment scales of fatigue and other 
symptoms, 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 levelςdependent activity in several a priori hypothesised regions (family-wise error 
corrected, 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 ς the bilateral 
caudate and anterior thalamus (p < 0.002, uncorrected) ς 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. 
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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 effectiveness and safety of amantadine on 
reduction of behavioural problems (aggression/agitation, apathy, dysexecutive syndrome), 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, neurobehavioral manifestations, amantadine, participation, behavioral disorders, quality 
of life.  
 
Selection: Data selection and extraction was done by two independent reviewers. 
 
Inclusion: Adults with acquired brain injury, use of quantitative outcome measurements on behavior/ 
participation/ quality of life. Exclusion: neurodegenerative diseases and disorders of consciousness. 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 (3 case-reports/series, one prospective cohort study, one retrospective study, one single case 
experimental design, 3 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 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 1 study measuring aggression/agitation, positive effect in 1 study measuring 
apathy, positive effect in 2 studies measuring executive functioning, no effect in 1 study on apathy and no 
effect in 1 study on dysexecutive syndrome). QoL and societal participation were not measured in the 
included studies. 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 experimental studies are 



ƴŜŜŘŜŘ ǘƻ ƭŜŀǊƴ ƳƻǊŜ ŀōƻǳǘ ǘƘŜ ŜŦŦŜŎǘ ƻŦ ŀƳŀƴǘŀŘƛƴŜ ƻƴ ōŜƘŀǾƛƻǳǊŀƭ ǇǊƻōƭŜƳǎΣ ōǳǘ w/¢Ωǎ ŀǊŜ ŘƛŦŦƛŎǳƭǘ ǘƻ 
perform in this heterogeneous patient group. Currently we are conducting a series of single case 
experimental designs.  
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Repetitive mild traumatic brain injury (r-mTBI) is a risk factor for development of Chronic Traumatic 
Encephalopathy (CTE), a disease characterized by Tau pathology throughout the cortices, and often co-
presenting with conditions such as Alzheimer Disease (AD). 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 presence of varying degrees of vascular pathology post-mortem. Aberrant CBF readings 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. 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 behavioral 
phenotype to be emulated in a separate animal model of r-mTBI, described herein, and accompanied by 
chronic impairment of global CBF, and altered expression of cerebrovascular markers. 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 investigation of CTE. 
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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 
symptoms 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 developed 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 preparatory step to a 
larger trial to evaluate the impact of the education program 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 
ŎƻƴŎǳǎǎƛƻƴ ŀƴŘ ƛǘǎ ƳŀƴŀƎŜƳŜƴǘΦ {Ŝǎǎƛƻƴǎ ǿŜǊŜ ŎƻƴŘǳŎǘŜŘ ƛƴ ǎƳŀƭƭ ƎǊƻǳǇǎ ŀǘ ǘƘŜ !ƭōŜǊǘŀ /ƘƛƭŘǊŜƴΩǎ 
Hospital, Calgary, Alberta. The educational resources and primary outcome measure (self-assessment 
questionnaires) were designed by the study team, healthcare providers, patients and their families. The self-
assessment Likert questionnaires were administered before and after each education session, and consisted 
of 5 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 adolescents (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 symptoms 
(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 sessions to increase knowledge about concussions 
and to reduce parental concern. With these observed outcomes, the next step of this project is to evaluate 
ǘƘŜ ŘŜǎƛƎƴŜŘ ǇǊƻƎǊŀƳΩǎ ƛƴŦƭǳŜƴŎŜ ƻƴ ŎƘƛƭŘ ŀƴŘ ǇŀǊŜƴǘ ƻǳǘŎƻƳŜǎ Ǿƛŀ ŀ ǊŀƴŘƻƳƛȊŜŘ ǘǊƛŀƭ ƻŦ the intervention. 
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History of Abuse and Traumatic Brain Injury (TBI) In Female Offenders 
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Purpose: To examine and explore the link between abuse and TBI in an adult female offender sample. 
 
Background: Traumatic Brain Injury (TBI) is now recognised as a significant issue among offender 
populations. Significant gender differences have been observed between male and female offenders, 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 & 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 prevalence 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 demographic questionnaire gathered information on past mental health 
diagnoses, alcohol abuse, and substance abuse, as well as asking participants to judge if they believed they 
ƘŀŘ ŀ ōǊŀƛƴ ƛƴƧǳǊȅΦ tŜŀǊǎƻƴΩǎ ŎƻǊǊŜƭŀǘƛƻƴ ŜȄǇƭƻǊŜŘ ǘƘŜ ǊŜƭŀǘƛƻƴǎƘƛǇǎ ōŜǘǿŜŜƴ ¢.L ǎŎƻǊŜǎ ŀƴŘ ƳŜŀǎǳǊŜǎ ƻŦ 
abuse. 
  
Results: The prevalence of TBI within the sample was 72%. Of those with a past TBI (n=21), 38% reported 
having 5 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 presence 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 injures may go unidentified and untreated. Improved screening and early 
identification is needed to ensure that women with TBI can access appropriate care pathways. Additionally, 
this study highlights the prevalence of abuse within this sample. 
  
References: Brewer-Smyth, K., & Burgess, A. W. (2008). Childhood sexual abuse by a family member, 
salivary cortisol, and homicidal behavior of female prison inmates. Nursing research, 57(3), 166-174. 
Colantonio, A., Kim, H., Allen, S., Asbridge, M., Petgrave, J., & Brochu, S. (2014). Traumatic brain injury and 
early life experiences among men and women in a prison population. Journal of Correctional Health Care, 
20(4), 271-279. 
Fishbein, D., Dariotis, J. K., Ferguson, P. L., & Pickelsimer, E. E. (2016). Relationships between traumatic 
brain injury and illicit drug use and their association with aggression in inmates. International journal of 
offender therapy and comparative criminology, 60(5), 575-597.  
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Brain injury triggers release of the principal endogenous cannabinoids, 2-arachidonylglycerol (2-AG) and 
anandamide (AEA). The endocannabinoid system (ECS) modulates synaptic plasticity, particularly through 
retrograde signaling mediated by the cannabinoid 1 receptor (CB1R). CB1R-mediated retrograde signaling 
dampens pre-synaptic neurotransmitter release, suggesting its potential role in suppression 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 
ameliorate 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 neurobehavioral deficits (including anxiety-like behavior), suppresses neuroinflammation, 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 neuroinflammation, neuronal hyperexcitability, and neurobehavioral dysfunction. Whether the ECS 
receptor expression is modulated following TBI had not been previously examined. 
 
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 male Wistar 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) underwent a 5-mm left, lateral craniotomy. Mild-
to-moderate TBI (25ms, 30 PSI) (n=3) or sham injury (n=3) was delivered three days later via lateral fluid 
percussion over the sensorimotor cortex. Brains were collected ten days post-TBI, and specific brain regions, 
including the site of injury, cingulate cortex, and central (CeA) and basolateral amygdala (BLA), were 
dissected and frozen until analyzed. CB1R and CB2R protein expression was determined by Western blot.  
 
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 in CB1R or CB2R expression at the 
site of injury, cingulate cortex, or CeA were noted. That these changes are observed ten days post-TBI 
suggests that TBI produces sustained alterations in endocannabinoid signaling that may mediate post-TBI 
behavioral changes. 
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Posterior Cingulate Cross-Hemispheric Functional Connectivity Predicts 
the Level of Consciousness in Traumatic Brain Injury 
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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 other medial 
prefrontal cortical regions, whereas the posterior DMN includes regions such as the posterior cingulate 
cortex (PCC) and the temporal parietal junction (TPJ). Although differential roles have been attributed to the 
anterior and posterior DMN regions, their exact contributions to consciousness levels remain unclear.  
 
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 were mainly restricted to the bilateral frontal cortex but retained a 
well-preserved posterior DMN (e.g., the PCC and the TPJ) and who exhibited varying levels of consciousness. 
! {ƛŜƳŜƴǎ aŀƎƴŜǘƻƳ ±ŜǊƛƻ оΦл ¢ awL ǿŀǎ ǳǎŜŘ ǘƻ ǎŎŀƴ ǘƘŜ ǇŀǘƛŜƴǘǎΦ !ƭƭ ǎǳōƧŜŎǘǎΩ awL ǎŎŀƴǎ ǿŜǊŜ ŀŎǉǳƛǊŜŘ 
under resting states. For each patient, consciousness assessment were performed 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 investigated the intra- and cross-functional connectivity 
strengths (FCSs) between the right/left PCC and the right/left TPJ and their correlation with consciousness 
levels. 
 
 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. 
 
Taken together, our results show that the cross-hemispheric posterior DMN is related to consciousness 
levels in a specific group of patients without posterior structural lesions. We therefore propose that the PCC 
may be central in maintaining consciousness through its cross-hemispheric FC with the TPJ.  
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Limbic Encephalitis Associated with Relapsing Polychondritis: A Case 
Report 
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Rationale: Relapsing Polychondritis (RP) is a rare autoimmune disease involving systemic inflammation of 
cartilaginous 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 ischemic 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 improvement, 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, emotionally 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 processing 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 property 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 managing 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 symptoms 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 limitations, despite 
treatment.  
 



Keywords: Case Reports, Limbic encephalitis, Memory Disorders, Neurobehavioral Manifestations, 
Relapsing Polychondritis. 
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To Study the Serum Biomarkers in Patients with Mild Traumatic Brain 
Injury (mTBI) and Correlate with Cognitive Deficits 

Subir Dey1, Dhaval Shukla1 
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Objective: To study the serum biomarkers in patients with mild traumatic brain injury (mTBI) and correlate 
with cognitive deficits. 
 
Setting: Tertiary care center 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-[мύΣ {мллɰ ŀƴŘ bŜǳǊƻǇǎȅŎƘƻƭƻƎƛŎŀƭ ǘŜǎǘǎ 
 
Materials and Methods: This is a prospective case-control study of patients with mTBI. The operational 
ŘŜŦƛƴƛǘƛƻƴ ƻŦ Ƴ¢.L ǳǎŜŘ ǿŀǎ άŀƴ ŀŎǳǘŜ ŀƭǘŜǊŀǘƛƻƴ ƛƴ ōǊŀƛƴ ŦǳƴŎǘƛƻƴ ƻǊ ƭƻǎǎ ƻŦ ŎƻƴǎŎƛƻǳǎƴŜǎǎ ŦƻǊ ол ƳƛƴǳǘŜǎ ƻǊ 
less caused by a blunt external force and Glasgow Coma Scale (GCS) score of 14 to 15 at time of 
ǇǊŜǎŜƴǘŀǘƛƻƴέΦ ¢ƘŜ ƛƴŎƭǳǎƛƻƴ ŎǊƛteria were age between 19 - 40 years, presentation to casualty within six 
hours of trauma, and classified as mTBI. The following patients were excluded: patients with multiple 
trauma, deterioration in GCS after inclusion, and patients with pre-existing neurological disease, 
medications, or with history of alcohol consumption, that can interfere with neuropsychological functioning. 
The controls comprised of age, gender, and educational status matched healthy volunteers without 
neurological or psychiatric disorders.  
 
Biochemical Analysis: Blood samples were collected at two time points (first within 6hr of injury and second 
6-12hr 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 -улх/ ǳƴǘƛƭ ǘƘŜ ǘƛƳŜ ƻŦ ŀƴŀƭȅǎƛǎΦ ¢ƘŜ ŀǎǎŀȅǎ ǿŜǊŜ ŎŀǊǊƛŜŘ ƻǳǘ ƛƴ 
duplicates. The mean values were taken in the study. 
 
Neuropsychological Assessment: Neuropsychological assessment was done at three months after injury 
using NIMHANS neuropsychological battery.  These tests are standardized to Indian population with 
normative data. 
 
The data was analysed using the statistical software SPSS ver 22.  Mann Witney-U test was used for the 
groups that did not follow normal distribution. The correlation coefficients were calculated using the 
{ǇŜŀǊƳŀƴΩǎ ǊƘƻΦ 
 
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 three 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 neuropsychological outcome. 
 
Keywords: Ubiquitin C Terminal HydrolaseΤ {мллɰ ƴŜǳǊƻǇǎȅŎƘƻƭƻƎƛŎŀƭ ƻǳǘŎƻƳŜΤ ǎŜǊǳƳ ōƛƻƳŀǊƪŜǊǎΤ 
traumatic brain injury; mild traumatic brain injury. 
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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 integrating multi-planar motion and locomotion with interactive 
virtual environments (VEs). Thus, our objective was to determine 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 associated with PCL-a ǎŎƻǊŜ όʲ Ґ мΦлроΣ Ǉ Ґ лΦлнуύΣ 
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 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 assessments 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. 
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BBB Damage, Fibrinogen Extravasation and Inflammation: A Novel 
Treatment Target in Traumatic Brain Injury 
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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 activation, 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 measure the extent of fibrinogen and immunoglobulin G (IgG) extravasation, neuronal density, and 
axonal injury. Microglial lysosomal activation (CD68) and microglial density (Iba1) were also measured. The 
preseƴŎŜ ƻŦ ƘŀŜƳƻǊǊƘŀƎŜ ǿŀǎ ŀǎǎŜǎǎŜŘ ōȅ ƘŜƳŀǘƻȄȅƭƛƴ ŀƴŘ Ŝƻǎƛƴ όIϧ9ύ ǎǘŀƛƴƛƴƎΦ !ǇŜǊƛƻ LƳŀƎŜ{ŎƻǇŜϰ ǿŀǎ 
used to quantify IHC staining in an unbiased fashion. Results from >1500 tissue sections were compared by 
!bh±!Σ {ǇŜŀǊƳŀƴΩǎ wŀƴƪ /ƻǊǊŜƭŀǘƛƻƴ /ƻŜŦŦƛŎƛŜƴǘǎΣ ŀƴŘ [inear 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 extravasation - 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 greatest 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 resulting fibrinogen extravasation promotes microglial 
activation and neuronal loss. Secondary neuronal injury might be decreased by preventing the binding of 
fibrinogen with its microglial receptor. 
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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 conditions while standing on a Wii Balance Board (WBB) that recorded the movement of the center 
of pressure under their feet during: i) double-leg stance with eyes closed (EC), ii) dual-task (DT) combining 
double-leg stance while simultaneously 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 2 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 2 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 maximum 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 reconstructions were performed.  
 
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 association was established between the presence of 
balance impairment 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 determination of 
cause-effect. 
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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 posttraumatic complaints. Recent studies suggest that psychological 
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 posttraumatic 
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 following 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 effectiveness of an investigational CBT 
intervention (CBTi) targeting unrealistic illness perceptions was compared to telephonic counseling (TC) that 
provided information and reassurance in at risk mTBI patients. Patients underwent either five sessions of 
CBT treatment or five conversations by phone starting 4-6 weeks after trauma. The main outcome measure 
was the level of RTW six months and one year after trauma. Secondary measures comprised functional 
outcome (GOSE-E) one year after trauma and depression, anxiety and reported posttraumatic complaints at 
three, six and twelve months after injury.  
 
Results: Of the 1150 patients of the cohort, 91 patients 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 three 
months (8 vs. 6, p=.010) and twelve month post-injury (9 vs. 5, p=.006), and significantly more patients in 
the TC group showed a full recovery twelve months post-injury compared to the CBTi group (62% vs. 39%). 
 
Conclusions: The UPFRONT-intervention study is an innovative study examining the potential beneficial 
effects of an early and brief cognitive behavioral 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.  
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Background and Aims: It seems likely that (pre-injury) psychological 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 posttraumatic 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 
psychological 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 sub-acute phase post-injury. Patients with 
complaints took part in a randomized controlled trial on the effectiveness of early cognitive behavioral 
therapy (CBT) compared with telephone counseling (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).  
 
Method: Questionnaires were used to measure posttraumatic complaints, anxiety and depression at two 
weeks and three months post-injury. Outcome was determined at 12 months post-injury using the Glasgow 
Outcome Scale Extended. Patients with complaints at two weeks post-injury were randomized for either 
CBT or TC, and underwent fMRI before (one month post-injury) and after (three 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 analyzed. In addition, it was examined whether FC before treatment was correlated 
with complaints, anxiety and depression scores after treatment, and with outcome 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 three 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 
ŎƻƳǇƭŀƛƴǘǎ ŀŦǘŜǊ ǘǊŜŀǘƳŜƴǘ όˊҐл.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.  
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Background: It is known that psychiatric disorders after traumatic 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 followed 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, 
hyperlipidemia, 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 interval, 1.29τ1.64). 
 
Conclusion: Mild traumatic brain injury may be associated with diagnoses of psychiatric diseases. 
 



 

137 
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Background: Conflicting results have been obtained by studies attempting to assess the risks of ischemic 
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 ischemic 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 2,145 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 ischemic 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, hyperlipidemia, history of alcohol intoxication, malignancies, congestive heart 
failure, atrial fibrillation, smoking, peripheral artery disease and Charlson Comorbidity Index, the adjusted 
hazard ratio of ischemic stroke was significantly increased in patients with venous thromboembolism (2.47; 
95% CI, 2.16ς2.83). 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 thromboembolism. (1.32; 95% CI, 1.05ς
1.66). 
 
Conclusion: The possible risk of ischemic stroke is significantly higher in patients hospitalized with venous 
thromboembolism than in the general population.  
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Introduction: Traumatic brain injury (TBI) triggers multiple pathways of neuronal death, possibly including 
ferroptosis ς a form of non-apoptotic glutathione peroxidase 4 (GPX4)-dependent death. We showed that 
insufficiency of GPX4 or glutathione (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 compound3 (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, ACSL4 expression 
(Western Blot) were measured 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 inhibitor) and baicalein (LOX 
inhibitor). At 4 and 24h 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 24h. 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 consistent with ferroptosis activation. Inhibition of 
regulatory pathways of ferroptosis such as 15LOX and ACSL4 confers neuroprotection against TBI.  
 
Support: NS061817, NS076511, AI068021 
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Reducing Cellular Damage in Traumatic Brain Injury Using Ubiquinol 
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Background: With traumatic brain injury (TBI), there is increased oxidative stress, impaired cellular 
bioenergetics, and insufficient antioxidants to scavenge reactive oxygen species 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 grams) 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 centered midway between bregma and the temporal ridge. The TBI was delivered to the dural 
surface (3.5 m/s; 2 mm depth) using an electromagnetically controlled impact device mounted on a 
stereotaxic manipulator. Immediately after TBI, the animal was transferred under continuous anesthesia to 
a Varian 9.4 Tesla scanner for 1H-MRS in vivo. To assess brain oxidative stress we measured 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 demonstrated 
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 oxidative 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) 
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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 rapidity 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 7 items assessing eye tracking, 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 centers, 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 (Interquartile Range, IQR: 42 months). Spearman 
correlation coefficient was used to assess correlations between variables. Odds Ratio (OR) was computed 
for analyzing the relationship between PSC score and diagnosis together with 95% confidence interval 
(IC95%). ROC curve allowed to analyze 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 conscious 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%CI=3.026 ς 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 outcome 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. 
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Financial management is a vital everyday living activity for most adults and influences participation in life 
areas including self-care, home, work, leisure, and transportation. Decreased independence in financial 
management activities 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 difficulties 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 rehabilitation practices in this area.  
 
Methods: This grounded theory qualitative study is based on semi-structured interviews, and aims to gain 
perspectives of 15 to 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 one year post-injury, and are able to participate in a face-to-face verbal interview. Close-others are 
recruited via discussions with participants who have had a brain injury about people that help them with 
their financial management activities. 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 management performance after brain injury is a 
complex interaction 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 performance. However, the use of financial management strategies 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 management issues relevant to this population, thereby guiding rehabilitation practice in this area 
to maximize the future financial management independence and success of people living with acquired 
brain injury. 
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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 suffered 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 concomitance with other injuries. Considering the common 
symptomatology 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 participants 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-
interview to obtain information about the number of days taken before RTW, among which 52 patients 
ǿŜǊŜ ǳƴŘŜǊ ǿƻǊƪŜǊǎΩ ŎƻƳǇŜƴǎŀǘƛƻƴ όмт L[CҌ Ƴ¢.L ŀƴŘ ор L[CύΦ 
 
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 (1,169) =11.29; p=0.001), even after controlling for 
ǿƻǊƪŜǊǎΩ ŎƻƳǇŜƴǎŀǘƛƻƴ όL[CҌƳ¢.L ƎǊƻǳǇҐ нффΦп Řŀȅǎ ǾŜǊǎǳǎ L[C ƎǊƻǳǇҐ млрΦн ŘŀȅǎΤ όCόмΣммтҐΦ мнΦуфΤ 
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 incidence of 
polytrauma. These findings expand our understanding of the impact of mTBI on recovery following a trauma 
and highlight the need to further explore the underlying mechanisms.  
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Background: Stroke is a major cause of disability and death in adults worldwide. Resent investigations 
showed that cerebral ischemia not only leads to brain damage and subsequent local inflammation but also 
to profound immunosuppression capable of restricting inflammatory response as well as inducing 
infections. The mechanisms of immune alterations are largely related to activation of sympathoadrenal 
system and inflammatory cytokines. Much more unclear are the contributions of the immature myeloid 
progenitor cells that can be mobilized from bone marrow under inflammatory conditions. 
 
Objectives: To investigate, whether myeloid-derived suppressor 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 ischemic 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 
-˿reactive protein (CRP) was measured as marker of systemic inflammatory response. 

 
Results: The percentage of MDSCs was significantly higher in acute ischemic stroke patients [median 14.5% 
(LQ-UQ: 9ς21)] relative to the controls [5% (2.7ς6.0), 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% (16ς25)] 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 mobilization of MDSCs. 
We did not find any correlation between MDSCs number and lymphocyte count or infection rate. 
Nevertheless, in non-severe stroke group favorable 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 ischemic stroke is accompanied by mobilization of MDSCs 
that is most pronounced in non-ǎŜǾŜǊŜ ǎǘǊƻƪŜ ǇŀǘƛŜƴǘǎ ǿƛǘƘ άŎƻƴǘǊƻƭƭŜŘέ ǎȅǎǘŜƳƛŎ ƛƴŦƭŀƳƳŀǘƻǊȅ ǊŜǎǇƻƴǎŜΦ 
The increase of MDSCs apparently is not related to immunodeficiency and subsequent infection, but may 
negatively influence early neurological recovery. 
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The continuum of care ICU -Home: The need for a continuum 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 REHAB:  
Removal of tubes asap. 
How aggressive is too aggressive when it comes to therapy. 
Pharmacology Mood modulators, sleep promotors, attention deficit medications. 
Restraint therapy and cortical reorganization. 
Patterned Electrical Neuromuscular stimulation it's 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 interactive 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 windows allowing opportunities for recovery.  Often 
these windows 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, behavioral issues 
and executive function can be once again where it was no more. Let us tell you how. 
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Background: Traumatic brain injury (TBI) disproportionately affects subgroups of the population, particularly 
prisoners, with TBI occurrence 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. Primary objective of this study is to evaluate the 
individual and population level impacts of combination of factors including TBI and certain maternal 
characteristics 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 (aHR: 1.48, 95%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 population 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 respectively with non-overlapping 95%CIs. In a subgroup analysis, 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 (adjusted hazard ratio (aHRs): 1.47 to 4.69 for men and aHRs: 1.84 to 10.51 for 
women). Along with a TBI, low socio-economic status, mental illness, and maternal characteristics 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 behaviour 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 understanding of the impact of age at brain injury along with several risk factors of 
subsequent criminal behaviour. 
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Objective: Disturbances in social behavior, such as apathy and impaired self-awareness, are often found 
after aneurysmal subarachnoid hemorrhage (aSAH). Impaired social cognition (SC) is a possible underlying 
cause of these social behavioral changes. However, the presence of SC deficits and more importantly, the 
relationship between SC and behavioral 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 behavioral 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, 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 behavioral disturbances were investigated. Apathy and daily life psychosocial 
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-ǊŀǘŜǊ ŀƎǊŜŜƳŜƴǘ ǎŎƻǊŜǎ όYŀǇǇŀΣ ˁύΦ 
Pearson correlations were used to investigate relationships between SC and behavioral 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, however not to patient 
ratings. Although mean scores on the questionnaires did not differ significantly between patients and 
proxies (p > 0.05), agreement between patƛŜƴǘ ŀƴŘ ǇǊƻȄȅ ǊŀǘƛƴƎǎ ŀŎŎƻǊŘƛƴƎ ǘƻ YŀǇǇŀ ǿŀǎ ƭƻǿ όˁ ғ лΦслύΣ 
which is indicative for impaired self-awareness. Moreover, significant 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-awareness. Consequently, a combination of SC tests, self- and proxy ratings should be 
used in clinical practice, to improve detection and treatment of behavioral disturbances after aSAH.  
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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 convenience 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 a 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 connectivity 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 
not influenced by auditory capacity, perception of surroundings and internal thoughts, nor by differences in 
inter-hemispheric connection and morphological differences. 
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Background/Objectives: Traumatic vascular injury (TVI) is an understudied endophenotype of traumatic 
brain injury (TBI) and can be assessed noninvasively by measuring cerebrovascular reactivity (CVR). CVR in 
response to hypercapnia can reliably be measured by functional 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 adapted from the TBI Common Data Elements, and neurobehavioral 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, gray matter, 
white matter). 
 
Results: Mean CVR measures were calculated for whole brain (WB), gray matter (GM) and white matter 
(WM) and were lower in TBI patients than HC. All CVR measures distinguished TBI from healthy controls 
ό/ƻƘŜƴΩǎ ŘҐлΦфууΣ мΦллм ŀƴŘ лΦтлр ŦƻǊ ².Σ Da ŀƴŘ ²a /±w ǊŜǎǇŜŎǘƛǾŜƭȅΤ ǇҐ лΦллсΣ лΦллсΣ ŀƴŘ лΦлпуΣ 
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 neuropsychological 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 candidate therapy for TVI. 
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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 analyzer system work. 
Determination on inter-analyzer interaction (IAI) disorder should be important at the solving of 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 effectiveness of rehabilitation measures with him. 
 
Aims: The intermodal tracts of white matter pathology in vascular disease are characterized with the 
expressed lateral variations that arises few questions in front of neuropsychology regarding the methods 
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-
analyzer intra and inter hemispheric bounds. 
 
Methods: The process of the fixed set formation can be determined 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 different information is given into two ears, eyes, hands what creates a special situation of 
conflict affecting to the final result. 
 
Results: The modified experimental procedure of the fixed set method is created for IAI research with 
considering lateral differences. The procedure includes two experimental series: the setting and the critical. 
The materials consisting of the pair of different or equal size objects (volume, diameter). The setting 
experiments can be performed in any modality (for example, in visual). The critical experiments 
correspondingly are carried out in that modality that was not experienced the action in the setting serie (for 
example, in haptic). So that, there are two variants of experiment: in the setting serie the different in 
diameters spheres are given in the different semi-fields of respondent vision, wherein the image of the 
bigger sphere is given on the right/left semi-field. In the critical serie the same in mass and diameter 
spheres are inset into the respondent palms. The amount of illusions in haptic modality that are detected in 
the critical serie is an index of IAI features. 
 
Conclusions: The procedures for fixed sets 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. 
 



 

152 
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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 different hemisphere. Inter-system 
adjustments in sensor processes are important aspects of this problem. Many experimental works in 
neuropsychology are devoted to research of hemispheric interaction that cannot be said about the research 
of IAI. The paucity of such psychological studies can be partially explained by the lack of tools. 
 
Aims: Analyze IAI disorder of the patient with white matter pathology with the help of fixed set (Uznadze) 
and compare his results with the results of another healthy respondent of the same gender, age and 
education level. Patient G. is a man 27 years old. Complete agenesis of the CC was detected of MRI data. 
 
Methods: The methods 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 later 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 size 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 was used, in this case, the diameters of spheres were the 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 
color, mass and volumes. Participants embracing with their fingers the spheres surfaces with closed eyes 
were comparing their sizes. The amount of haptic illusions were 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 
signature of the fixed set inter model irradiation of the healthy participant. 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 
suggested method acts as an instrument for inter-analyzer bounds preservation extend estimation at the 
diagnosis of white matter pathology. 
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Object: 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 between September 2013 and November 2015 for treatment of severe TBI. PSH was defined as 
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, rigidity, dystonia, or decorticate/decerebrate posturing; and 
profuse sweating) simultaneously for a duration of atleast one cycle per day for atleast three days. The 
clinical characteristics and outcome of patients with PSH was compared with data from another study that 
included patients without PSH during the same period from same ICU. At the time of discharge patients 
were assessed with Disability Rating Scale (DRS), and at six months follow up with Glasgow Outcome Score 
9ȄǘŜƴŘŜŘ όDh{9ύΦ ¢ƘŜ ŎƻǊǊŜƭŀǘƛƻƴ ŎƻŜŦŦƛŎƛŜƴǘǎ ǿŜǊŜ ŎŀƭŎǳƭŀǘŜŘ ǳǎƛƴƎ ǘƘŜ {ǇŜŀǊƳŀƴΩǎ ǊƘƻΦ 
 
Results: The incidence of PSH was 8% (29/343). Tachycardia, hypertension and sweating was seen in all the 
patients. Tachypnoea was seen in 24 (82.8%) patients and hyperthermia was seen in 28 (96.6%) patients. 
Posturing and dystonia was seen in only 13 (44.8%) patients. Thirteen (44.8%) patients had all six symptoms 
of PSH. There was significant difference between minimum and maximum heart rate, systolic blood 
pressure, respiratory rate, and temperature of each patient due to episodes of PSH. The mean number of 
days during episodes of PSH were seen was 10.72 ± 8 per patient. The mean number of episodes per patient 
per day was 2.27 ± 0.88. Follow up data was available for 23 (79.3%) patients. At the end of six months 14 
(60.9%) patients died, seven (30.4%) were severely disabled, and two (8.7%) moderately disabled. None of 
the patients with PSH had good recovery. There was significant correlation of GOSE with number of 
ǎȅƳǇǘƻƳǎ ƻŦ t{I ό{ǇŜŀǊƳŀƴΩǎ ǊƘƻ Ґ лΦрлнΣ ǇҐлΦлмрύΦ ¢ƘŜ ǇŀǘƛŜƴǘǎ ǿƛǘƘ t{I ƘŀŘ ǎƛƎƴƛŦƛŎŀƴǘƭȅ ƘƛƎƘŜǊ 5w{ 
scores at discharge 25.3 (3.6) vs 19.9 (4.7), p<0.001; higher mortality at six months 60.9% vs 30.4%, p<0.001; 
and higher proportions with unfavorable outcome.  
 
Conclusion: Presence of PSH in patients with severe TBI was associated with prolonged duration of hospital 
stay, poorer DRS at discharge, more deaths and unfavourable outcome. The number of symptoms of PSH 
had a significant an effect on outcome at six months. 
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Comorbid mental health symptoms pose a significant 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).  
 
This specialized, highly structured rehabilitation program utilizing a transdisciplinary approach to treatment 
of brain injury and mental illness has been highly successful in reducing mental health symptom burden, 
improving cognitive functioning, and improving overall functionality and quality of life. The program 
includes daily skills groups for goal setting, coping, emotion regulation, social skills, yoga/mindfulness based 
interventions, as well as intensive individual psychotherapy and traditional rehabilitation. The average 
length of stay is nearly 6 months, and residents each receive an average of 2100 minutes of therapy per 
month, including physical, occupational, speech, recreational, and psychological therapies.  
 
Over two years, the program has successfully discharged 14 patients to a lower level of care, 12 of whom 
were able to engage in pre and post treatment evaluation. Brain injury etiologies 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 
improvements in overall life satisfaction, wellbeing, 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.  
 
Recommendations for continued program 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 outcomes in patients who have 
suffered a brain injury.  
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Introduction: No prospective study has described the 10-years 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-years results are now reported. 
 
Objective: To study if prostacyclin affected the clinical outcome 10 years after sTBI and to relate the clinical 
outcome to other monitored variables. 
 
aŜǘƘƻŘǎ ŀƴŘ aŀǘŜǊƛŀƭǎΥ пу ǎ¢.L ǇŀǘƛŜƴǘǎΣ ƳŜŀƴ ŀƎŜ орΦр ȅǊǎΣ D/{ Җу ǿŜǊŜ ƛƴŎƭǳŘŜŘ ƛƴ ǘƘŜ ƛƴƛǘƛŀƭ ǎǘǳŘȅΦ ¢ǿƻ 
of the outcome parameters, GOSE and Barthel index, were administered 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 ten years after trauma 27%. Only two patients died during the initial ICU 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 ten years (r=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 
ōŜǘǿŜŜƴ .ŀǊǘƘŜƭ ƛƴŘŜȄ ŀƴŘ Dh{9 όˊҐлΦрфсΣ ǇҐ0.0021, 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 
ƛƴŘŜȄ ŀƴŘ Dh{9 ǘƘŜ ŦƛƎǳǊŜǎ ǿŜǊŜ ˊҐлΦсттΣ ǇҐлΦлллпΦ tǊƻǎǘŀŎȅŎƭƛƴ ŘƛŘ ƴƻǘ ŀŦŦŜŎǘ ǘƘŜ ƳƻǊǘŀƭƛǘȅΣ Dh{9 ƻǊ 
Barthel index at 10-years 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 condition of the patient. We were unable to demonstrate a statistical significant 
effect of prostacyclin on the clinical outcome.  
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Introduction: Headache (HA) following 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 to 11 years after a 
Deployment-Related TBI (DTBI). 
 
Methods: All subjects were recruited from Operation New Dawn (OND), a VA program for veterans 
deployed to Afghanistan or Iraq.  For OND, the Veteran is screened for occurrence of a deployment-related 
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) including: 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 ς I! ƻŎŎǳǊǊƛƴƎ җмр ŘŀȅǎκƳƻƴǘƘύΤ όōύ 
Frequent Headache (FH ς HA occurring 10-14 days/month); (c) Infrequent Headache (IFH - HA occurring 2-9 
days/month); and (d) Very Infrequent Headache (VIFH ς I! ƻŎŎǳǊǊƛƴƎ ҖмŘŀȅκƳƻƴǘƘύΦ  /ƻƳǇŀǊƛǎƻƴǎ ƻŦ ¢.L{ 
and CS were carried out with Fishers Exact Test.  
 
Results: The 85 pairs of TBIS-CS recruited were 2 to 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 is as follows:  CDH ς 40 (45.5%), FH- 25 (28.4%), IFH ς 20 (22.7%), VIFH ς 3 (3.4%).  For all CS, the 
data shows: CDH ς 6 (7.0%), FH ς 8 (9.3%), IFH ς 26 (30.2%), VIFH ς 46 (53.5%), (P<.0001 for comparison of 
TBIS vs CS).  At 2-7 years after TBI, HA frequency data on 45 pairs shows the following - for TBIS:  CDH ς 20 
(44.4%), FH ς 14 (31.1%), IFH ς 11 (24.4%), and VIFH ς none; while for CS:  CDH ς 4 (8.9%), FH - 5 (11.1%), 
IFH ς 12 (26.7%), and VIFH ς 24 (53.3%) (p<.0001).  At 8-11 years after TBI, HA frequencies for 40 pairs were 
calculated and for TBIS:  CDH ς 19 (47.5%), FH ς 11 (27.5%), IFH ς 7 (17.5%), VIFH ς 3 (7.5%); while for CS:  
CDH ς 2 (5.0%), FH ς 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: 5¢.L ǊŜǎǳƭǘǎ ƛƴ I! ƻŎŎǳǊǊƛƴƎ җмл ŘŀȅǎκƳƻƴǘƘ ƛƴ тп҈ ƻŦ ¢.L{ ŎƻƳǇŀǊŜŘ ǘƻ мс҈ ƻŦ /{Φ I! 
frequency does not improve over time up to 11 years after TBI. 
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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 ischemic 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 treatment applied and 
obviously the severity of the insult. 
 
To improve the understanding of the pathophysiological dynamics and time course of the neurocritical 
illness, a description of four typical clinical phases is proposed. These phases are representative of acute 
brain injury and related to an arbitrary timeline. The acute phase is characterized by the immediate 
consequences of the insult.  In the acute phase therapeutic measures are added in order to control the 
consequences of the insult. When the patient is stabilized, no further treatment modalities needs to be 
added. Then the patient enters the stabilization phase. The duration of the stabilization phase is typically 
longer than the acute phase. Depending on the severity of the insult, treatment is kept at the same or 
slightly lower level for several hours or few days. When the patients 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 withdrawn starting with optional therapy. If 
weaning of optional therapy is uncomplicated, weaning of sedation can be commenced. The patient is then 
gradually weaned from sedation until awake or unsedated. Then the patient enters the rehabilitation phase. 
While unsedated and still vulnerable to new insults and possibly in need of some kind of neurocritical care, 
the patient in the rehabilitation phase is gradually awakening 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 time line for the course is arbitrary and the different phases can last for a shorter or longer 
period of time. 
  
Recognition of the different clinical phases of neuropathology allows the clinician to offer the right 
treatment at the right time, assessment in the right context, identification of normal or pathologic reaction 
to different treatment strategies. Applying the same treatment modalities on patients in different phases 
might potentially lead to different results or conclusions. Likewise lack of understanding of the clinical 
phases might potentially lead to false conclusions and mistimed interventions. Finally, the four phases 
concept helps the clinician to communicate the status of the patient correctly in a broader context. 
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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% to 77% of 
individuals with TBI being diagnosed with clinical depression. Feedback processing deficits have been shown 
to be associated with depression 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 examined 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.  
 
Participants (TBI and HCs) underwent MRI 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 sub-cortical structures, a significant difference was 
found between groups in the ventral striatum (VS) volume, bilaterally (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 exhibited increased fronto-striatal network activation. Previous 
investigations showed similar findings in association with anxiety. 
 
The current study provides evidence on the importance of controlling for volumetric differences in 
functional neuroimaging studies, specifically when there are differences in activation between HCs and TBI. 
The findings further describe how the neural mechanisms associated with feedback presentation are 
modulated by depressive symptomology in individuals with TBI and highlight the importance of examining 
depressive symptomology and associated comorbidities such as anxiety. 
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Introduction: Sports related concussions are a growing concern particularly in youth. Traumatic injury to the 
brain is often associated with physical symptoms (i.e. headaches, fatigue 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 decade, 
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 disease/injury states.  We have previously 
reported significant differences in functional networks in the frontal regions of the brain in adolescents with 
sports related concussion (BƻǊƛŎƘ Ŝǘ ŀƭΣ нлмрύΦ ¢Ƙƛǎ ŀƴŘ ƻǘƘŜǊ ǎǘǳŘƛŜǎ ƻŦ ǊǎC/ ŀǎǎǳƳŜ ǘƘŀǘ ǘƘŜ ōǊŀƛƴΩǎ ƛƴǘǊƛƴǎƛŎ 
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 
previously 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 fMRI data of concussed (n=12) and healthy 
(n=8) adolescent athletes. 
 
Methods: We were able to analyze the dynamics of the intrinsic connectivity networks (ICN) of 7 concussed 
and 6 healthy athletes. We computed the static spatial ICA and extracted 42 components of which 25 were 
identified as biological meaningful ICNs. A sliding window approach was used to compute the underlying 
dynamic network constellations of 25 ICNs identified by the previous ICA.  
 
Results: The sliding windows analysis revealed two brain-states, common to both groups. Brain-state 1 was 
characterized by a high within-constellation correlation of 4 different attention-networks, a high within-
constellation correlation of 5 visual-networks and by 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 attention networks and a high within-constellation correlation of the visual-networks. The 
attention-networks constellation and the visual-networks 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 attention 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.   
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Objective: While impacts to the head in contact sports are unavoidable and can cause serious consequence 
such as concussion, 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 suggests that effects of 
repetitive blows to the head are cumulative and that repeated exposure to subconcussive blows is 
connected 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 labeling (ASL) 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 exam was repeated four times: three times during a game 
season (separated by one 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-labeling 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 brain function and CBF changes in football players without 
concussion 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, monitor recovery of 
subconcussive neurologic effects, and track response to treatment interventions in the future. 
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Development of Silicon Nanowire Technology for Biomarker Testing 
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Introduction: Technologies for the detection and measurement of biomarkers are being developed that 
allow for significant 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 antibodies 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 integration of biological reaction and electronics ƛƴǘƻ ǘƘŜ ¢ōƛǘϰ 
immuno-ǊŜǎƛǎǘƛǾŜϰ ǎŜƴǎƻǊ ŀƭƭƻǿǎ ŦƻǊ ǘƘŜ ǎŜƴǎƛǘƛǾŜ ƳŜŀǎǳǊŜƳŜƴǘ ƛƴ ŎƻƳǇƭŜȄ ōƛƻƭƻƎƛŎŀƭ ƳŀǘǊƛŎŜǎΣ ǎǳŎƘ ŀǎ 
blood or plasma, without extensive sample preparation. Application of this technology to mTBI diagnosis 
promises fast delivery of actionabƭŜ ƛƴŦƻǊƳŀǘƛƻƴ ŀōƻǳǘ ŀ ǇŀǘƛŜƴǘΩǎ ǎǘŀǘŜΦ  
 
Objective: This report describes the development, analytical characterization and clinical performance of 
the ¢ōƛǘϰ ƛƳƳǳƴƻ-resistive sensor. ¢ƘŜ ǇǳǊǇƻǎŜ ƻŦ ǘƘƛǎ ǎǘǳŘȅ ƛǎ ǘƻ ŜǾŀƭǳŀǘŜ ǘƘŜ ŀōƛƭƛǘȅ ƻŦ ǘƘŜ ¢ōƛǘϰ ǎȅǎǘŜƳ 
to predict results of computer tomography (CT) tests thus reducing effects of radiation exposure and cost.  
 
wŜǎǳƭǘǎΥ ¢ƘŜ ¢ōƛǘϰ ǎŜƴǎƻǊ ǿŀǎ ŘŜǾŜƭƻǇŜŘ ǳǎƛƴƎ ǎŜƳƛŎƻƴŘǳŎǘƻǊ ƳŀƴǳŦŀŎǘǳǊƛƴƎ ǇǊƻŎŜǎǎŜǎΣ ǊŜǎǳƭǘƛƴƎ ƛƴ ŀ 
multiplex sensor that allows for measurement of concentration of S100 and glial fibrillary acidic protein 
(GFAP). Single-crystal silicon nanowires were synthesized using metal nanoparticle-catalyzed chemical vapor 
deposition. Automated nanowire deposition onto the silicon wafer, followed by conventional 
photolithography, resulted in a multiplex, individually addressable immuno-resistive sensor device.  
Antibodies were attached to the activated surface through conventional aldehyde-primary amine chemistry, 
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 
behavior.   
 
Analysis of clinical samples was performed using plasma samples collected 3 to 24 hours post traumatic 
brain injury event. ²Ŝ ŜǾŀƭǳŀǘŜŘ ǘƘŜ ŀōƛƭƛǘȅ ƻŦ ǘƘŜ ¢ōƛǘϰ ƛƳƳǳƴƻ-resistive sensor to predict positive findings 
on computer tomography. The 31 clinical samples were collected at multiple clinical sites.  The classification 
of samples was based on positive findings in CT (CT+ and CT-ύΣ ŀƴŘ ŎƭŀǎǎƛŦƛŎŀǘƛƻƴ ǳǎƛƴƎ ¢ōƛǘϰ ǎŜƴǎƻǊ 
responses that combine responses in S100 and GFAP channels. Twelve samples were CT- and Tbit- (True 
Negative), 9 samples CT+ and Tbit+ (True Positive), 10 samples CT ς and Tbit+ (False Positive), and 0 samples 
CT+ and Tbit- (False Negative), resulting in sensitivity of 100% (95% CI 70-100%) and specificity of 55% (35-
73%).  
 



 

163 

Validation of a Score to Determine Time to Post-Concussive Recovery 

Michael Takagi1,2,3, Stephen Hearps1, Franz Babl1,3,4, Silvia Bressan2, Katherine Truss1, Gavin Davis1, Celia 
Godfrey1,3, Cathriona Clarke1, Melissa Doyle1, Vanessa Rausa1, Kevin Dunne1,3, Vicki Anderson1,3,4,5 

1Murdoch Childrens Research Institute, Parkville, Australia, 25ŜǇŀǊǘƳŜƴǘ ƻŦ ²ƻƳŜƴΩǎ ŀƴŘ /ƘƛƭŘǊŜƴΩǎ IŜŀƭǘh, University of 
Padova, Padova, Italy, 3Royal Children's Hospital, Parkville, Australia, 4Department of Paediatrics, University of 
Melbourne, Parkville, Australia, 5Melbourne School of Psychological Sciences, University of Melbourne, Parkville, Australia 

Background: A reliable, developmentally appropriate and standardized method for assessing post-
concussion symptoms (PCS) is essential to accurately determine recovery post-concussion 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 of 2015 at a state-wide tertiary pediatric 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 then varying 
each approach in an attempt to optimise 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 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. 
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Objectives: Traumatic Brain Injury (TBI) in early childhood conveys an increased risk for a range of poor long-
term outcomes, including behavioral difficulties. Early intervention has the benefit of reducing difficult 
behaviors as rapidly as possible post-injury.  The 'Signposts Program for Building Better Behaviour' 
όΨ{ƛƎƴǇƻǎǘǎΩύ ƛǎ ŀ ƳŀƴǳŀƭƛȊŜŘ ŦŀŎŜ-to-face parenting program that was originally developed to assist parents 
of children with an intellectual disability in managing their child's behavior. A recent adaptation includes a 
¢.L ƳƻŘǳƭŜΣ ǘƻ ŀǎǎƛǎǘ ǇŀǊŜƴǘǎΩ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ŀƴŘ ƳŀƴŀƎŜƳŜƴǘ ƻŦ Ǉƻǎǘ-injury behavior. However, 
geographical and financial barriers remain, preventing parents from accessing the program. Clinician 
support via videoconferencing may eliminate many of these barriers, thus offering many benefits over 
traditional delivery. Videoconferencing also facilitates use of nonverbal communication, and the possibility 
to share program materials in real time. This study reports preliminary program 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 two years. Once consent waǎ ƻōǘŀƛƴŜŘΣ ǇŀǊŜƴǘǎ ƳŜǘ ǿƛǘƘ ǘƘŜ Ψ{ƛƎƴǇƻǎǘǎΩ ŎƭƛƴƛŎƛŀƴΣ ŀƴŘ 
the program structure was explained and program materials were provided. Parents read the modules and 
completed homework exercises in their own time, and participated in videoconference meetings 
aǇǇǊƻȄƛƳŀǘŜƭȅ ƻƴŎŜ ŀ ŦƻǊǘƴƛƎƘǘ ǿƛǘƘ ŀ ŎƭƛƴƛŎƛŀƴ όр ǎŜǎǎƛƻƴǎ ƛƴ ǘƻǘŀƭύΣ ǳǎƛƴƎ ǘƘŜ ǇǊƻƎǊŀƳ άDƻ¢ƻaŜŜǘƛƴƎέ ƻƴ 
iPads. The aim of these sessions was to discuss homework responses, troubleshoot any difficulties the 
parent was experiencing, and to provide positive ǊŜƛƴŦƻǊŎŜƳŜƴǘ ŦƻǊ ǘƘŜ ǇŀǊŜƴǘΩǎ ŜŦŦƻǊǘǎΦ 
 
Results: Preliminary feasibility and consumer satisfaction data from three mothers who successfully 
completed the program were analyzed. Overall, there was a good level of adherence with the program and 
its requirements. On average, the program 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 program easier to access than the traditional format. They reported feeling more 
confident in their parenting skills, and found the materials helpful. 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 behavioral 
intervention with iPad videoconferencing as the medium of clinician support, and contributes to the 
burgeoning area of research utilising technology to improve post-injury outcomes. Overall, results suggest 
that parents are satisfied with the program when delivered with clinician support via videoconferencing.  
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Objective: This abstract describes two different studies investigating 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 mths. after discharge, 1 year after injury. Caregivers completed the full version 
of the NEO-PI-R 3 mths. 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 
ǘƘŜ ǇŀǘƛŜƴǘΩǎ ǇǊŜƳƻǊōƛŘ ǇŜǊǎƻƴŀƭƛǘȅ ŀǘ ǊŜƘŀō ŘƛǎŎƘŀǊƎŜ ŀƴŘ ǇƻǎǘƳƻǊōƛŘ ǇŜǊǎƻƴŀƭƛǘȅ м ȅŜŀǊ ŀŦǘŜǊ ƛƴƧǳǊȅ ǳǎƛƴƎ 
the observer version of the NEO-FFI. Measures of caregiver outcome was completed one 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. 
 
/ƻƴŎƭǳǎƛƻƴǎΥ /ŀǊŜƎƛǾŜǊǎΩ ǇŜǊǎƻƴŀƭƛǘȅ ǘǊŀƛǘǎ ǿŜǊŜ ǎǘǊƻƴƎƭȅ ŀǎǎƻŎƛŀǘŜŘ ƻǾŜǊ ǘƛƳŜ ǿƛǘƘ ƳŜƴǘŀƭ Iwvƻ[Σ ŀƴȄƛŜǘȅΣ 
and depression, with neuroticism being especially important for trajectories of anxiety and depression. 
Patient personality changes were generally 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.  
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Chronic Bilateral Subdural Hematoma in a Young Male, a Rare 
Complication of Ventriculo-Peritonial Shunt - Reporting a Case 

Ishwar Dayal Chaurasia1, Sudhanshu Agrawal1, Mahim Koshariya1, Mool Chand Songra1, Anil Gupta2 

1Department of Surgery, Gandhi Medical College & Associated Hamidia Hospital, BHOPAL, India, 2Townsville Hospital, 
Townsville, Australia 

Hydrocephalus is a common clinical problem seen in neurosurgical practise and Ventriculo-Peritoneal shunt 
is a commonest surgical procedure done for its treatment. This procedure has various acute and delayed 
complications like intra-cerebral hematoma, infection, shunt malfunction and intra abdominal complications 
etc. Here we report a case of bilateral chronic subdural hematoma secondary to postoperative VP shunt 
done on right side for non traumatic hydrocephalus in a 21 years old male. The shunt was removed and 
right sided hematoma was evacuated and reinsertion of the shunt was done on the opposite side with no 
complications. Although rare, this complication must be kept in mind in cases of VP shunt who presents 
with deteriorating conscious level. 
 
Keywords: VP shunt, Sub acute subdural hematoma. 
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Employment Outcome Ten Years After Moderate to Severe Traumatic 
Brain Injury: A Prospective Cohort Study  

Erik Grauwmeijer1,2, Majanka Heijenbrok-Kal1,2, Ian Haitsma3, Gerard Ribbers1,2 

1Rijndam Rehabilitation Centre, ROTTERDAM, Netherlands, 2Department of Rehabilitation Medicine Erasmus University 
Medical Center, ROTTERDAM, Netherlands, 3Department of Neurosurgery, Erasmus University Medical Center, 
ROTTERDAM, Netherlands 

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 
years follow-up. 113 patients (18-67 years) were included with follow-up measurements 3, 6, 12, 18, 24, 36 
months and ten years after TBI. Main Outcome Measures: Main outcome measure was employment 
probability over 10-years, and its predictors. Potential predictors of employment probability included 
patient characteristics, injury severity factors, functional outcome measured at discharge 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-years follow-up (p<.001), followed by 
a significant decrease to 43% (p=.041) after ten 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 independent predictors of employment probability. 
 
Conclusions: We concluded that employment probability ten 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 labor market 
forces. 
 
Keywords: Traumatic Brain Injuries, Prospective studies, Outcome Measures, Rehabilitation 
 



 

170 

Disorders of Consciousness: Rehabilitation Programing   

Jordana Lockwich1 

1UPMC Centers for Rehab Services, Pittsburgh, United States 

This presentation will focus on the challenges surrounding the care of persons with disorders of 
consciousness. Discussion will include challenges with diagnosis 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 introduce the 
Coma Recovery Scale as a outcome to track emergence in DOC patients. A case study will be presented to 
demonstrate 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 secondary complications of DOC 
* Identify strategies for creating an environment of shared decision making and maintaining effective 
communication 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 use of treatment strategies to promote emergence as 
well as demonstrate effective use of the Coma Recovery Scale to track improvement in Inpatient Rehab.   
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Upper Extremity Serial Casting: Applications in Chronic Brain Injury ς A 
Case Study 

Bridget Gutzmer1, Laura Shreffler Howle1, Nathan Zasler1 

1Tree of Life, Richmond, United States 

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 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 independently. Consent was obtained 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 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 9 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 use of a multimodal serial casting approach with appropriately administered 
neurotoxin can have beneficial functional impact even years post-insult. 
 
Conclusion: Serial inhibitory casting in conjunction with botulinum toxin was effective in treating decreased 
range of motion in the hand and wrist of a 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.    
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2 Years Outcome of Patients in Unresponsive Wakefulness 
Syndrome/vegetative State and Minimally Conscious State 

Helena Cassol1, Didier Ledoux1, Marie-Aurélie Bruno1, Aurore Thibaut1, Caroline Schnakers2, Audrey 
Vanhaudenhuyse1, Athena Demertzi1, Sarah Wannez1, Steven Laureys1, Olivia Gosseries1 

1Coma Science Group, GIGA-Research Center, University Hospital of Liège, Liège, Belgium, 2Department of Neurosurgery, 
University of California, Los Angeles, United States of America  

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 behaviors). Reliable and consistent 
interactive communication and/or functional use of objects indicate the next boundary in the course of 
recovery ς 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 
ǇŀǘƛŜƴǘǎΩ ŎŀǊŜ ŀƴŘ ǊŜƘŀōƛƭƛǘŀǘƛƻƴΣ ŀǎ ǿŜƭƭ ŀǎ ŜƴŘ-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 centers 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 months follow-up was available for 476 patients including 261 UWS/VS (88 traumatic, 173 non-
traumatic) and 215 MCS (80 traumatic, 135 non-traumatic). Results were considered significant at p<0.001. 
 
Results: Patients who were in MCS one 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 etiology showed that traumatic patients had a better outcome at 24 months than 
non-traumatic 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 etiologies regarding functional recovery.  
 
Conclusion: These results confirm that patients with traumatic etiology have better prognosis than patients 
with non-traumatic causes. Our study also highlights that the outcome is significantly better for patients 
who are MCS one month post-injury as compared to patients who remain UWS/VS at that time. Concerning 
MCS patients, the outcome is significantly better for patients who are MCS+ one month post-injury as 
compared to patients who are MCS- at that time. 
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Fatigue Following Mild Traumatic Brain Injury: A Six-Month Prospective 
Cohort Study 

Sandra Rakers1, Myrthe Scheenen1, Myrthe de Koning2, Harm van der Horn2, Joukje van der Naalt2, Jacoba 
Spikman1,2 

1University of Groningen, Groningen, Netherlands, 2University Medical Center Groningen, Groningen, Netherlands 

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 is 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 predictors 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, comprising 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, but not between 3 months and 6 months, except for the 
Reduced activity scale. Fatigue at two 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 depression, 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 following mTBI.  
 
Keywords: Fatigue; mild traumatic brain injury; longitudinal study; correlates 
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Pediatric Concussion Evaluation in Europe: Military Medical Providers 
Leading the Way 

George Smolinski1, Kendra Jorgensen-Wagers1, Stephanie Maxfield Panker1, Lorrie Cappellino1 

1Landstuhl Regional Medical Center, Apo Ae, United States 

Background: This presentation outlines a performance improvement project highlighting the results of a 
pediatric 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 pediatric population as evidence is beginning to highlight how children 
playing impact sports may not only be at increased risk of concussion but how cumulative concussive events 
may degrade executive function and prolong recovery in this population. The military treatment facilities 
and Department of Defense Education Agency schools have collaborated in training education efforts to 
target pediatric 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 pediatric 
patients demonstrated how pediatric 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 pediatric 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 analysis consisted of (n= 41) pediatric 
patients diagnosed with concussion over a twelve month timeframe. Case records were paired with 
provider training records to correlate pediatric outcomes to provider training. Questions asked were: a) 
whether the providers received training and how many exposures to education and training they had in the 
past year, b) whether they found it beneficial to their identification and assessment of pediatric concussion 
and, c) whether the pediatric 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 concussion. Mechanisms of injury 
were varied. Results were matched in a Chi-square analysis to correlate training effectiveness to pediatric 
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 ED had been exposed to pediatric concussion education at least 
twice over the past 12 months.   
 
Conclusion: Pediatric concussion is a significant health concern that is often underreported and 
underdiagnosed. Pediatric concussion-specific training can help not only to improve standardized medical 
management, but also to increase awareness and early care-seeking behaviors among school staff, sports 
personnel, families and student athletes.  Through early recognition, prompt identification, and 
standardized medical evaluation, children who are concussed will likely have a faster course of recovery.   
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Pathological Fatigue in Young Survivors of Acquired Brain Injury 

Anne Norup1, Karoline Doser2, Hysse Forchhammer1 

1National Study on Young Brain Injury Survivors, Rigshospitalet, Denmark, 2Survivorship Unit, Danish Cancer Society 
Research Center, Copenhagen, Denmark 

Objectives: Fatigue is commonly described as one of the persisting 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 prevalence 
and severity of fatigue in young survivors of acquired brain injury (ABI) compared to a healthy control (HC) 
group.  
 
Methods: Young individuals with ABI between the ages 15-30 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 
όaCύΣ wŜŘǳŎŜŘ !ŎǘƛǾƛǘȅ όw!ύΣ ŀƴŘ wŜŘǳŎŜŘ aƻǘƛǾŀǘƛƻƴ όwaύΦ tŀǘƘƻƭƻƎƛŎŀƭ ŦŀǘƛƎǳŜ ǿŀǎ ŘŜŦƛƴŜŘ ŀǎ ŀ ǎŎƻǊŜ җ мн 
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 MANCOVA. 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 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% 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 
responding in the HC group ǿŀǎ нуΦт҈Σ ŀƴŘ ǘƘƛǎ ŘƛŦŦŜǊŜƴŎŜ ǿŀǎ ǎƛƎƴƛŦƛŎŀƴǘ ό˔чҐрпΦлΣ ŘŦҐмΣ ǇғлΦллмύΦ ! ƭƻƎƛǎǘƛŎ 
regression model including gender, age and level of education found that young patients with ABI had 11.5 
times (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 potentially become a prolonged and distressing 
problem after ABI with considerable effect on the social life and wellbeing. 
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Echocardiographic Patterns of the Neurogenically Stunned Myocardium 
Following Traumatic Brain Injury in Adults 
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1ICU Department, King Saud Medical City, Riyadh, Saudi Arabia, 2ICU Department, University of Alberta, Edmonton, 
Canada, 3ICU Department, Keck Medical School, USC, Los Angeles, United States 

Aim: To outline the echocardiographic patterns of neurogenically 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 followed 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 percent of patients presented with pulmonary edema and 85.5% exhibited ECG 
abnormalities. All patients were admitted to the intensive care unit (ICU) due to severe TBI (Glasgow coma 
scale <8, while Marshall scale on brain CT scan ranged from 3 to 4). Twenty four to 48 hours following 
admission, all patients exhibited clinical and radiological features of acute pulmonary edema 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 transesophageal echocardiography (TEE) 
revealed severe systolic dysfunction (Left ventricular ejection fraction 25-35%) while the following 
echocardiographic patterns were observed: a) global LV hypokinesia (14.2%), b) features of takotsubo 
cardiomyopathy ( 14.2%) and c) features of reverse takotsubo cardiomyopathy (71.4%). Follow-up 
echocardiographic examinations revealed that 4 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 days follow-up period.  
 
Discussion:  In this small cohort, we observed an echocardiographic 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 takotsubo cardiomyopathy might be associated with 
poor prognosis. 
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Response to Neurostimulant Trials in a Clinical Sample of Children with 
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Objective: Neuropharmacologic intervention for responsiveness in pediatric 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 pediatric brain injury patients appear to show 
response to dopaminergic agents (primarily amantadine and pramipexole). Our aim was to assess response 
to neurostimulants in a pediatric brain injury population on an inpatient rehabilitation unit with a dedicated 
responsiveness team. 
 
Methods: A retrospective chart review was performed on pediatric 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 responsiveness. 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 meetings, data from these measures were combined with 
input from the treating therapists to yield a consensus determination of whether or not any clear response 
was observed during a medication trial. 
 
Results: Data from 29 patients was reviewed (mean age 11 years, range 1-20 years). Fifteen patients 
sustained a traumatic injury and 14 patients had other forms of ABI (anoxic, infectious, and oncologic were 
most common).  Seven patients were trialed on amantadine; one (14%) had increased alertness, and 1 
(14%) had adverse effects leading to medication discontinuation. Five patients were trialed on 
bromocriptine; one (20%) had increased alertness and none had adverse reactions. Carbidopa-levodopa was 
trialed 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 trialed 
in 4 patients, none of who 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 medications. Another 5 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 arousal 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. 
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School of Medicine, Houston, United States, 6Moss Rehabilitation Research Institute, Elkins Park, United States, 
7University of Texas Health Sciences Center at Houston- School of Public Health, Houston, United States 

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 spatial 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.  
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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 tested1. The Rey 
Tangled Line Test (RTLT) is a neuropsychological test which is less frequently used and less well understood. 
 
The primary goal of the current study is to determine concurrent 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 TBI. The subjects first assessment point was used, which, due to the nature of recruitment, 
was anywhere from 30 days to five years post injury. All subjects were able to accurately complete a reading 
screening; all patients with impaired vision were excluded. 
 
!ƴŀƭȅǎƛǎΥ tŜŀǊǎƻƴΩǎ ŎƻǊǊŜƭŀǘƛƻƴǎ όǊύ ǿŜǊŜ ŎŀƭŎǳƭŀǘŜŘ ōŜǘǿŜŜƴ w¢[¢ ƭŀǘŜƴŎȅ όǘƛƳŜ ǘƻ ŎƻƳǇƭŜǘŜύ ŀƴŘ ƻǘƘŜǊ 
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 MANOVA 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 completion 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 
& 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 intactness of cognitive functioning. This finding may indicate that the RTLT 
might serve as a useful screening measure for presence of mild to moderate TBI. 
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Introduction: Post-traumatic stress disorder (PTSD) is a common comorbidity of mild traumatic brain injury 
(mTBI). While symptoms associated with mTBI are expected to subside, 15-20% of cases report persistent 
complaints and it has been shown that brain volume and neuropsychological performance 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 secondary 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 symptoms 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) longitudinal pipeline. Bilateral amygdala, 
hippocampus, entorhinal cortex, middle temporal cortex, and parahippocampal cortex were selected for 
analysis.  
 
Neuropsychological tests selected to measure learning, memory, 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 MANCOVA using PCL classification as a between-group factor, controlling for 
intracranial volume and age, was conducted to analyze volumetric differences between 180-day and 1-year 
time points for PTSD and mTBI groups.  A repeated measure MANOVA with PCL as a between-groups factor 
was conducted to assess neuropsychological differences. 
 
Results: 26 patients (mean age: 47.7) with mild and complicated mild TBI (8 PTSD+TBI and 18 mTBI) were 
evaluated at 180-day and 1-year post-injury.  
 
Analyses did not yield any significant differences between patients with PTSD-related symptoms and mTBI-
only groups in brain volume or neuropsychological 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 captured. 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 underlying such changes.  Our findings support the 
conclusions of Lopez, et. al. (2016), that change in brain volume and cognition associated specifically with 
PTSD as a disorder is distinct from other forms of psychopathology. 
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Background: The estimated prevalence of traumatic brain injury (TBI) within the 2.3 million American 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 deficiencies. 
We sought to identify if serum hormone deficiencies characteristic of hypogonadism (HG) and growth 
hormone deficiency (GHD) occurred significantly more often among U.S. 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 predeployment and 
postdeployment samples that were then measured for luteinizing hormone (LH), testosterone, and insulin-
like growth factor-1 (IGF-1). Hormone deficiencies were identified based on generally accepted percentile 
ŎǳǘƻŦŦǎ ƻŦ ŀ ǊŜŦŜǊŜƴŎŜ ǎŀƳǇƭŜΩǎ ƴƻǊƳŀƭ ŘƛǎǘǊƛōǳǘƛƻƴΦ ID ǿŀǎ ŘŜŦƛƴŜŘ ŀǎ ŀ ŘŜŦƛŎƛŜƴŎȅ ƛƴ ǘŜǎǘƻǎǘŜǊƻƴŜ ƭŜǾŜƭǎ 
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.  FisherΩǎ ŜȄŀŎǘ 
test was used to measure significance because of the extremely small sample size. 
  
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) 
ǿŜǊŜ DI5 όо Ƴ¢.LΣ н b.9ύΦ CƛǎƘŜǊΩǎ ŜȄŀŎǘ ǘŜǎǘǎ ŦƻǊ ǘƘŜ ǊŜƭŀǘƛƻƴǎƘƛǇ ōŜǘǿŜŜƴ ŜŀŎƘ ŎƻƴŘƛǘƛƻƴ ŀƴŘ Ƴ¢.L ǿŜǊŜ 
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 significantly older, had a lower fitness level, and was receiving outpatient 
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 current study was 
limited. Further investigation is warranted to determine the prevalence of posttraumatic hypopituitarism in 
active duty service members. 
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Introduction: The association between visual perception and construction in traumatic brain injury (TBI) and 
ǘƘŜ ŜŀǊƭȅ ƻƴǎŜǘ ƻŦ tŀǊƪƛƴǎƻƴΩǎ όt5ύ Ƙŀǎ ōŜŜƴ ǎǘǳŘƛŜŘ ǳǎƛƴƎ ǘƘŜ wŜȅ /ƻƳǇƭŜȄ CƛƎǳǊŜ ¢Ŝǎǘ όw/C¢ύΦ 
 
Investigators have successfully utilized Diffusor Tensor Imaging (DTI) in PD to explore tracts involved in 
performance 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 one 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 computed from diffusion-weighted images using the SINAPS [1] software package that 
includes motion and distortion correction, 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 samples t-ǘŜǎǘ ǿŀǎ ǳǎŜŘ ǘƻ ŘŜǘŜǊƳƛƴŜ 5¢L ǘǊŀŎǘ ƳŜŀƴ ŘƛŦŦŜǊŜƴŎŜǎΦ tŜŀǊǎƻƴΩǎ Ǌ 
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 MRI findings: 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 ŎŀƭƭƻǎǳƳΦ ¢ƘŜ awL ǇƻǎƛǘƛǾŜ ƎǊƻǳǇΩǎ w/C¢ ¢ƛƳŜ ǎƛƎƴƛŦƛŎŀƴǘƭȅ ŎƻǊǊŜƭŀǘŜŘ ǿƛǘƘ ǘƘŜ C! ƳŜŀǎǳǊŜ ƻŦ ŎƻǊǇǳǎ 
callosum (front) and RD measure of inferior fronto-ƻŎŎƛǇƛǘŀƭ ŦŀǎŎƛŎǳƭǳǎ όƭŜŦǘύΦ ¢ƘŜ awL ƴŜƎŀǘƛǾŜ ƎǊƻǳǇΩǎ w/C¢ 
Score significantly correlated with the RD measure of cingulum (left). There were no significant correlations 
ŦƻǊ ǘƘŜ awL ƴŜƎŀǘƛǾŜ ƎǊƻǳǇΩǎ w/C¢ ¢ƛƳŜ ŀƴŘ 5¢L ƳŜŀǎǳǊŜǎΦ 
 
Discussion: Our hypotheses that DTI measure are significantly correlated with the performance on the RCFT 
were supported. Specifically our finding that there were significant differences in MRI positive and negative 
groups indicate 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 callosum 
(front and posterior), cingulum (left and right), and inferior fronto-occipital fasciculus (left).  This finding 
lends additional support to the literature regarding the neural pathways associated with construction and 
spatial orientation. 
 



 

185 

Executive Function in Relation to Subjective and Objective Outcomes after 
TBI 

Tracy Mburu1, John Dsurney1, Leighton Chan1,2 

1NIH-Center for Neuroscience and Regenerative Medicine, Bethesda, United States, 2National Institutes of Health-Clinical 
Center, Bethesda, United States 

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 measures.  
We hypothesize that more problem solving and cognitive flexibility (applied) measures of executive 
functioning will correlate more strongly with objective outcome measures; while more abstract reasoning 
(abstract) measures of executive functioning will correlate more strongly with measures of subjective 
experience.  
 
Methods: Participants - Participants included 61 adults selected from a larger natural history study of TBI 
one 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 (MR) subtests. Applied EF included Booklet Category Test (BCT) and Trail Making Test-B (TMT-B). 
Health-related outcome 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: Pearman-Brown Correlation was used to explore the relationships between EF measures and 
outcome measures.  
 
Results: Subjects mean age 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 correlated with 
subjective outcomes.  Correlations were: BCTτGOS-E (.321), BCTτNSI (-.290); WAIS-IV-SIτGOS-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 measures, 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 assessments 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, was the outcome measure most correlated with both abstract and applied Executive Function. 
LƴŘƛǾƛŘǳŀƭǎΩ ŀōƛƭƛǘȅ ǘƻ ƳŜŀƴƛƴƎŦǳƭƭȅ ŎƻƴǘǊƛōǳǘŜ ǘƻ ǘƘŜ Dh{-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. 
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Introduction: Anxiety and depression are common psychiatric comorbidities after traumatic brain injury 
(TBI), with prevalence rates ranging between 13-70% and 18.5-61%, respectively. 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 three 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 significantly over the three 
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 to 180 days after a TBI and follow-up visits at the one year and three 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 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 male), 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 three 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 significant changes in depression scores over time. Pearson correlations 
revealed significant positive correlations between the NSI and the BSI-18 anxiety score at all three time 
points (initial p=.0003; year one p<.0001; year three p=.0009). However, only the year one and year three 
depression scores were significantly correlated with total NSI scores (year one p=.001; year three 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 symptoms. Additionally, these findings suggest that anxiety symptoms 
may be more likely to emerge in soon after injury which is important when evaluating and providing care for 
TBI patients in the first months after their injury.  
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Objectives: The objectives of this study were to describe the severity and nature of self-reported cognitive 
problems two years 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 two-year post-
TBI assessment (mean age = 42.3±14.3 years; 31.1% women; 58.5% mild, 20.8% moderate, 20.8% severe 
TBI). The main outcome measure was the Medical Outcomes Study Cognitive Functioning Scale (MOS-COG), 
a self-reported questionnaire including six items documenting the frequency of difficulties with reasoning, 
concentration, 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 cognitive 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 severity subgroups on the MOS-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 to 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 problem in all three subgroups, while the least frequent problem was reasoning for 
participants with mild 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 were more 
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 significantly 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 two 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 associated with cognitive problems, and development of 
accessible and adapted cognitive rehabilitation strategies.  
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Objectives: People with traumatic brain injury (TBI) have difficulty modifying spoken word choices across 
social contexts. 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 indicating 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 program (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 modules, each lasting 1.5-2 hours, administered on four consecutive days. Each module trains PM 
use for professional communication in one of four communication conditions (informing, requesting, 
advising, clarifying). WoRCTER software training includes verbal behavior modeling, 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 analyzed 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 discussed and future 
research and clinical directions will be addressed. 
 
Citations: 
1. Schnurr, S., Exploring professional communication. 2013, New York: Routledge. 



2. Meulenbroek, P. and L.S. Turkstra, Job stability in skilled work and communication ability after 
moderate-severe traumatic brain injury. Disabil Rehabil, 2016. 38(5): p. 452-61. 
3. Togher, L. and L. Hand, Use of politeness markers with different communication partners: An 
investigation of five subjects with traumatic brain injury. Aphasiology, 1998. 12(7-8): p. 755-70. 
4. Koester, A., Workplace discourse. 2010, New York: Continuum. 
5. Busk, P.L. and R. Serlin, Meta-analysis for single case research, in Single-case research design and 
analysis: New directions for psychology and education, T.R. Kratochwill and J.R. Levin, Editors. 1992, 
Lawrence Erlbaum: Hillsdale. 
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Background: Posttraumatic amnesia (PTA) is a phase of recovery from traumatic brain injury characterised 
by confusion, agitation and anterograde amnesia. The extent to which patients can benefit from active non-
physical therapy during PTA has not been established. In a randomised controlled trial we evaluated the 
efficacy of activities of daily living (ADL) retraining during PTA.  
 
Objective: This paper will examine attainment of specific ADL goals using Goal Attainment Scaling (GAS) by 
patients receiving ADL retraining during 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, self-feeding) and basic meal preparation. After completing functional assessments, Occupational 
Therapists developed individualised 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 
expectation (+1, +2).  
 
Results: Thirty-four participants had GAS completed, with 5 participants (12.82%) deemed independent in 
all functional domains within the retraining program 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 participants 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 
performed at (16.67%) and 5 above (83.33%) expectation. Six participants 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 performed 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 performed 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. 
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Background: Posttraumatic amnesia (PTA) is a transient state after traumatic brain injury (TBI) characterised 
by disorientation 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 
implicit 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 randomised 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 premorbidly, were randomised 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 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. 
 
The therapy manual was developed to guide treatment based on errorless and procedural learning 
principles. Occupational Therapists completed initial functional assessments to develop individualised 
therapy goals. Treatment patients received up to one-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 two-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 toward 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 follow-up. 
 
Conclusion: Results suggest individuals in PTA can benefit from skill retraining during PTA despite significant 
cognitive and behavioural difficulties.  
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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 depression 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 
(AngerςAffect Short Form, SF), hostility (AngerςHostility SF, Perceived Hostility SF), aggression (Angerς
Physical Aggression Short Form), anxiety (FearςAffect SF), and depression (PROMIS Depression 8b SF). 
  
wŜǎǳƭǘǎΥ CƻǊ ǘƘŜ ƛǘŜƳ άL ŦŜƭǘ ŀƴƎǊȅΣέ нмΦм҈ ƻŦ ƳŜƴ ǊŜǇƻǊǘŜŘ ǎƻƳŜǘƛƳŜǎ ŀƴŘ пΦу҈ ǊŜǇƻǊǘŜŘ ƻŦǘŜƴΦ ²ƘŜƴ 
ŀǎƪŜŘ άLŦ L ŀƳ ǇǊƻǾƻƪŜŘ ŜƴƻǳƎƘ L Ƴŀȅ Ƙƛǘ ŀƴƻǘƘŜǊ ǇŜǊǎƻƴΣέ ммΦр҈ ŜƴŘƻǊǎŜŘ ǘƘŀǘ ƛǘŜƳ ŀǎ ǘǊǳŜΦ ¢ƘŜǊŜ ǿŀǎ ŀ 
strong correlation between then Depression and Anxiety scales (r=0.76). There were moderate 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 
ǉǳŜǎǘƛƻƴ άL ŦŜŜƭ ŘŜǇǊŜǎǎŜŘέ ƛƴ ǘƘŜ ƭŀǎǘ ǎŜǾŜƴ ŘŀȅǎΣ ǇŀǊǘƛŎƛǇŀƴǘǎ ǿŜǊŜ ŘƛŎƘƻǘƻƳƛȊŜŘ ƛƴǘƻ ŀ άŘŜǇǊŜǎǎƛƻƴ ƎǊƻǳǇέ 
όǊŜǎǇƻƴǎŜǎΥ {ƻƳŜǘƛƳŜǎΣ hŦǘŜƴΣ ƻǊ !ƭǿŀȅǎΤ ƴҐпфύ ŀƴŘ ŀ άŎƻƴǘǊƻƭ ƎǊƻǳǇέ όǊŜǎǇƻƴǎŜǎΥ bŜǾŜǊ ƻǊ wŀǊŜƭȅΤ ƴҐммтύΦ 
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 sizable 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 comorbidity of affective dysregulation in men in the general population is important 
to consider when conceptualizing CTE. 
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Objective: To test the Bonny Method of Guided Imagery and Music (GIM) with the spouse of a person living 
with profound acquired brain injury. Recognizing that it can be difficult 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 processing issues through imagery and music.  
²ƻǊƪƛƴƎ ƛƴ [{5 ŜȄǇŜǊƛƳŜƴǘǎ ƻŦ ǘƘŜ мфслΩǎ ǎƘŜ ǎǳǊƳƛǎŜŘ ǘƘŀǘ ƛƳŀƎŜǎ ŎƻǳƭŘ ōŜ ŎǊŜŀǘŜŘ ǳǎƛƴƎ ǊŜƭŀȄŀǘƛon 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 color 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 now the primary caregiver. The 
ƘǳǎōŀƴŘǎΩ ǎȅƳǇǘƻƳǎ ǿŜǊŜ ŜȄǘŜƴǎƛǾŜ ǿƛǘƘ Ƙƛǎ ƳŜƴǘŀƭ ǎǘŀǘŜ ōeing 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 process her grief in real time 
without changing her husōŀƴŘǎΩ ǇŜǊŎŜǇǘƛƻƴ ƻŦ Ƙƛǎ ƭƛŦŜΦ 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.    
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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-invasively is a necessity particularly for patients in any 
clinical and transient situations. One novel non-invasive method can be based on transcranial acoustics 
signal processing in which the signals from intracranial and extracranial signals of different frequencies 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 impedance is a necessity in acoustics 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 modeled as a hemispherical shell with mechanical characteristics of skull bone. CSF is 
considered as an inviscid and incompressible fluid since the range of in vivo CSF pressure variation is less 
than 80 mmHg (brain death). We study the influence 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 frequencies. In addition, the symmetrical and 
unsymmetrical mode shapes are obtained to show the skull vibration sensitivity due to CSF static pressure. 
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 frequencies modes is more sensitive to CSF pressure variation than lower vibration modes.  
 
Keywords: Non-invasive Intracranial Pressure Monitoring ς Vibration Analysis ς Finite Element ς Acoustics ς 
Fluid Structure Analysis. 
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Introduction: Post-traumatic amnesia (PTA) is a common sequela after traumatic brain injury (TBI). PTA 
disrupts engagement in occupation and relationship. Reorientation programs 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 
program increases the likelihood of emergence remains an area of great interest. However, to date, few 
studies have investigated the effectiveness of reorientation.  
 
Objective: The objective of this randomized controlled trial was to determine the effectiveness of an 
environmental reorientation program 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 analysis with n=40 adults with TBI in PTA. Participants were recruited on admission to a large, 
metropolitan trauma hospital 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 standardised environmental reorientation program aimed at improving 
orientation to person (signage, photographs and familiar items), place (signage and cueing) and time 
(calendar clock and cueing to environment). The intervention was designed to include the elements of 
previously published orientation programs, 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 therapist 
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 orientation program recorded during the 
study. While differences between groups in time to emerge from PTA were not statistically significant, the 
average time to emergence was shorter for those who received the standardised environmental 
reorientation program. This positive trend in favour of the experimental group suggest that our study was 
underpowered. 
 
Conclusion: While this pilot study was underpowered, it provides promising feasibility data for a future, 
larger randomized controlled trial. In addition, both staff and family members indicated that the program 
was clinically valuable. 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. 
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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 noninvasive brain stimulation 
technique that modulates 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 hemisphere (LH) 
enhances aphasia recovery by facilitating recruitment of perilesional LH structures. This study aims to 
investigate the effect of LH anodal tDCS on the neural reorganization 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 two separate weeks of daily sessions of word-finding therapy, combined with 
ŜƛǘƘŜǊ ŀƴƻŘŀƭ ǘ5/{ όм Ƴ! ŦƻǊ нл ƳƛƴǳǘŜǎύ ƻǊ ǎƘŀƳ ǘ5/{ ƻǾŜǊ .ǊƻŎŀΩǎ ŀǊŜŀΣ ŀ [I ŀǊŜŀ ŎǊǳŎƛŀƭƭȅ ǊŜƭŀǘŜŘ ǘƻ 
language recovery. All ǇŀǊǘƛŎƛǇŀƴǘǎΩ ƭŀƴƎǳŀƎŜ ŀōƛƭƛǘƛŜǎ ǿŜǊŜ ŀǎǎŜǎǎŜŘ ōŜŦƻǊŜ ŀƴŘ ŀŦǘŜǊ ǘƘŜ ƛƴǘŜǊǾŜƴǘƛƻƴΦ 
Those who were eligible and consented to MRI examinations, were also scanned directly before and after 
the intervention period.  
 
ω Structural MRI data were obtained during the pretreatment scanning session.  
These data will be used to determine lesion location and volume, and to check whether the tDCS target 
.ǊƻŎŀΩǎ ŀǊŜŀ ǿŀǎ ŀƴŀǘƻƳƛŎŀƭƭȅ ƛƴǘŀŎǘΦ 
 
ω Functional MRI (fMRI) data were obtained pre- and posttreatment 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 intervention, and naming function, 
post treatment. Lateralization indices (LI) will be calculated and used to relate fMRI changes to functional 
language outcome measures (word-finding / Boston Naming Test; functional verbal communication / 
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 perilesional 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 understanding of the roles of the left and right 
hemisphere language reorganization in the early stage post stroke and will contribute to the ongoing 
investigation of tDCS as adjunct to rehabilitation facilitating brain plasticity. 
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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 unfavorable clinical outcomes following TBI, where the exact mechanism 
involved are still unknown. 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-translational modification (PTM) patterns 
following experimental controlled cortical impact (CCI) model of TBI, ASA, CLOP and ASA+CLOP. Ipsilateral 
cortical brain tissues were harvested 48 hours post injury and were analyzed 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 analyses were performed to evaluate biological networks and protein 
interaction maps illustrating molecular pathways involved in the experimental conditions. Results have 
indicated that proteins involved in neuroprotective 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 mechanisms. 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. 
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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-Ƴƻǘƛƻƴ ƛƭƭǳǎƛƻƴ όŎŀƭƭŜŘ άǾŜŎǘƛƻƴέύΦ ¢ƘŜ ǾŜŎǘƛƻƴ ƛƭƭǳǎƛƻƴ ǿŀǎ ŜǾƻƪŜŘ ōȅ 
the virtual environment rotation 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 significant 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 dysfunction was based on eye movement characteristics which 
were registered during the vection illusion perception. Simulator Sickness Questionnaire (SSQ) was used as 
a standard 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 participants of control and experimental groups. Participants of the control group showed the 
most active eye movements ςhigher blink and fixation frequencies and lower fixation durations 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 
ǿŜǊŜ ƘƛƎƘŜǊ ŎƻƳǇŀǊŜŘ ǘƻ ǘƘŜ ŎƻƴǘǊƻƭ ƎǊƻǳǇΩǎ ǊŜǎǳƭǘǎΦ ¢ƘŜ ǇƻǎƛǘƛǾŜ ŎƻǊǊŜƭŀǘƛƻƴ ōŜǘǿŜŜƴ {{v ǎŎƻǊŜǎ ŀƴŘ ŜȅŜ 
movement characteristics 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 initiate 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 sickness resistance 
during vection illusion perception. So it may be successfully applied in diagnostics of vestibular disturbances 
during rehabilitation for patients with traumatic brain injury. 
  
This study is supported by the Program of Development of Lomonosov MSU and the Russian Foundation for 
Basic Research, project nos. 16-06-00312  
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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 2006-2012 
emergency department visits for sport-related traumatic brain injury increased by 140% in males ages 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 elementary, 9-11 = late elementary, 
12-14 = middle school and 15-18 = high school). 
 
Results: The sample of 5,235 children ages 5-18 was predominantly 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 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 prevention and management of sport-related concussion.  
 
Keywords: Concussion, Youth, Sports, Mild Traumatic Brain Injury, Pediatric 
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Objectives: Traumatic brain injury (TBI) is linked with chronic health conditions and disability in civilian and 
military populations. Individuals who sustain a TBI may face a multitude of challenges such as including 
physical, cognitive, and psychosocial limitations and functional deficits. These limitations typically result in 
ŘȅƴŀƳƛŎ ŎƻƴǎŜǉǳŜƴŎŜǎ ǘƘŀǘ ƴŜƎŀǘƛǾŜƭȅ ŀŦŦŜŎǘ ƻƴŜΩǎ ŀōƛƭƛǘȅ ǘƻ ǊŜƛƴǘŜƎǊŀǘŜ ƛƴǘƻ ǘƘŜƛǊ ŎƻƳƳunities. [1-3] 
Vocational return is a viable means to enhancing cognitive, behavioral, 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 completed post-injury follow-up data collected at one and/or two years post-injury with 
known injury severity and reported competitive 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 date 
was 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 stability in V/SM with TBI.  Study findings identify V/SM who are stably employed and 
predictors of employment stability. 
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Dr. Sandy Shultz1, Steven Mutimer1, David Wright1, Meeghan Clough1, Daniel Costello1, Adrian Tsang2, Stuart 
McDonald3, Joanne Fields1, Patricia Desmond1, Richard Frayne2, Terence O'Brien1 

1The University of Melbourne, Parkville, Australia, 2The University of Calgary, Calgary, Canada, 3La Trobe University, 
Bundoora, Australia 

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 investigated these potential effects in 
Australian-rules football (AFL) ς ƻƴŜ ƻŦ !ǳǎǘǊŀƭƛŀΩǎ Ƴƻǎǘ ǇƻǇǳƭŀǊ Ŏƻƭƭƛǎƛƻƴ ǎǇƻǊǘǎΦ ¢ƘŜ ŀƛƳ ƻŦ ǘƘƛǎ ǎǘǳŘȅ ǿŀǎ ǘƻ 
examine cognitive, psychological, ocular motor and 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. All 
participants completed a clinical interview, as well as psychological, cognitive, and ocular motor testing. MRI 
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 performing within a clinically normal 
range. There were no other significant group differences or clinically significant abnormalities on any of the 
other measures. The results from this preliminary study suggest that young-adult AFL players with a history 
of sports-related concussion had no clinically significant deficits on MRI, neuropsychological, 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.
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The main aim of treatment severe TBI is to preserve the injured brain within the primary level, in turn, 
supposes a maximally possible recovery of brain. On the other hand, functional restoration involves certain 
conditions. 
  
From 2011 till 2015 in the Clinical and Research Institute of Urgent Pediatric Surgery and Trauma 96 patients 
with sTBI (GCS 4-8 scores) had a course of acute and early rehabilitation. In the majority of cases early 
rehabilitation started on 2nd week after the trauma, the time when most of patients regain their 
consciousness after coma. 44% of patients had rehabilitative surgeries because of extensive defects of the 
calvaria. The average time for the defect closure was 58±12 days. 12% of patients were operated on for 
posttraumatic hydrocephaly. 
  
Early rehabilitation principles included: support of vital functions, prevention of infectious and inflammatory 
processes, recovery and support the nutritional care, recovery of anatomical relations. 
  
34% of patients had an early surgical rehabilitation due to defects of the scull (after DC). The average time 
to close the defect was 58 ± 12 days. 12% of patients were operated on for post-traumatic hydrocephalus. 
One month after the injury GOS was 1-2 -  24,5%; 3- 33,5%; 4-5 - 42%. After 6 months post-treatment 
increased the number of good results. Among survivors GOS was 2 - 4%, 3% 27, 4.5 - 69%. 
 
Conclusion: The work of a multidisciplinary team at the beginning of the recovery period is similar to the 
work of the rescue team, as errors can lead to irreversible degradation, decay and death. The correct 
sequence of treatment is very important. 
 
The most important thing is to find out the leading syndrome, which prevents further rehabilitation. From 
this point of view trephined syndrome it is one of the important reasons for the limited future 
rehabilitation. Restoration of the integrity of the skull leads to increase of the cerebrospinal fluid pressure, 
increase in the cerebral arterial pulsation, improvement in the cerebral blood flow, improvement of the 
cerebral metabolism and improvement the functions. 
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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 concussion includes neurological 
/neurosurgical examination and imaging (CT/MRI). Despite normal results from these examinations, 
complaints of the patients persist and disturbe their efficiency and quality of life for different long period of 
time - 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 aim of this study is to investigate changes of BAEP in patients 
with brain concussion as diagnostic and prognostic neurophysiological markers and to estimate their role in 
monitoring and tracking the dynamics of pathological process and the effect of the applied treatment. 
 
Method: Thirty four patients age range 18-50, with brain concussion (road, work accidents, domestic and 
sports injuries) were included in the study. Control group includes 35 subjects. In all 34 patients CT/MRI was 
conducted to exclude 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 3rd, 6th 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 dysfunction 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 interpeak intervals, interaural differences, low amplitude or absence 
of main BAEP wafes. 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, 6 months) has an important 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 ς 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 recommended expansion of the diagnostic algorithm with 
BAEP as objective, sensitive, reproducible and highly informative indicator of brainstem disturbances. 
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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 psychiatric disorders can double following a TBI. Most universities, including medical schools, do not 
have programs 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. 
 
To address this disparity, a team including a psychiatrist, 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 two-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 biopsychosocial management through didactic, 
interactive, multimedia 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 Behavioral 
Therapy, Mindfulness, motivational interviewing, to increase student engagement and to facilitate a focus 
group discussion. Additionally, the sessions were centerŜŘ ƻƴ ŀ ǇŀǘƛŜƴǘ ŎŀǎŜ ǎǘǳŘȅ ǘƻ ŜƴƘŀƴŎŜ ǘƘŜ ǎǘǳŘŜƴǘǎΩ 
learning and conceptual understanding of the sequelae of TBI. 
 
The course heavily relied on continuous student feedback and evaluation to improve future presentations of 
this seminar series. After each session, the students evaluated the presenters, the course materials, and the 
ƎǳŜǎǘ ǎǇŜŀƪŜǊΦ ! ǘŜǎǘ ǿŀǎ ŀŘƳƛƴƛǎǘŜǊŜŘ ōŜŦƻǊŜ ŀƴŘ ŀŦǘŜǊ ǘƘŜ ǎŜƳƛƴŀǊ ǘƻ ƳŜŀǎǳǊŜ ǘƘŜ ǎǘǳŘŜƴǘǎΩ ƭŜŀǊƴƛƴƎΦ hǳǊ 
Řŀǘŀ ǎǳƎƎŜǎǘǎ ǘƘƛǎ ŎƻǳǊǎŜ ǿŀǎ ƘŜƭǇŦǳƭ ƛƴ ŜƴǊƛŎƘƛƴƎ ǘƘŜ ǎǘǳŘŜƴǘǎΩ ǳƴŘŜǊǎǘŀnding and interest in the field. 
Students reported that the course improved their understanding 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. 
 
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 vigor to an under-serviced medical and psychiatric condition. 
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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 
ǇǊƻǾƛŘŜŘ ƛƴ ŎƭƻǎŜ ǘƻ ǊŜŀƭ ŜƴǾƛǊƻƴƳŜƴǘΣ ŀŎǘƛǾŜ ǇŀǘƛŜƴǘΩǎ ǇŀǊǘƛŎƛǇŀǘƛƻƴΣ ƛƴǘŜǊŀŎǘƛǾŜ ŦŜŜŘōŀŎƪΣ ŀƭƭƻǿƛƴg the 
patient to control the correct execution of motor tasks and adapt their own efforts to correct pathological 
synergies in hand. 
 
Materials and Methods: 24 patients 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 ago stroke (3; 23). Patients were 
randomized into 2 groups: main group (n=17), 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 arm were in relaxed position with 45 degrees 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 learning patient to actively prevent the pathological synergistic pattern during task oriented 
training. 
 
Control group received course of conventional kinesiotherapy reaching and grasping trainings with use of 
weight unloading technology and visual movement control.  
Both groups received 10 sessions of 45 minute training. 
 
Results: Were found significant changes (p<0,05) in the Fugl-Meyer scale assessments: an increase of active 
movements in the arm, in the wrist and hand, the range of passive movements, the deep sensitivity 
improvement, total arm functionality score. Significant ARAT scale improvement: cylindrical grip, pinch grip, 
the total score. Also 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 it is 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 pattern through 
biomechanical and visual feedback, projected into the virtual space. The use of such techniques can 
significantly intensify the rehabilitation process and improve movement pattern by decreasing pathological 
synergies.  
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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 independently screened by two authors and 
were included in the review if they met the following predetermined eligibility criteria: (1) children/youth 
όŀƎŜŘ р ǘƻ му ȅŜŀǊǎ ƻƭŘύΤ όнύ ŘƛŀƎƴƻǎƛǎ ƻŦ Ƴ¢.LΣ ŀǎ ŘŜŦƛƴŜŘ ōȅ ŜŀŎƘ ǎǘǳŘȅΩǎ ŎǊƛǘŜǊƛŀΤ όоύ ŀǎǎŜǎǎƳŜƴǘǎ ŀǘ ŀƴȅ 
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 summarise 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%), magnetic 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 specific 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 
methodologies 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  
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Objectives: Hyponatremia, a common electrolyte disorder associated with traumatic brain injuries (TBIs), 
has been associated with high morbidity and mortality rates. In addition, hyponatremia is one of the main 
causes of disability in TBI patients. Mild symptoms of hyponatremia include irritability, headaches, nausea, 
and poor balance with severe symptoms that include confusion, seizures, coma, and even death. The 
pathophysiology of hyponatremia in TBI is not completely understood, but in large part is explained by the 
syndrome of inappropriate secretion of antidiuretic hormone (SIADH) and cerebral salt wasting (CSW).  
Despite the importance 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 hyponatremia in adult persons with moderate to 
severe TBI. 
 
Methods: Patients who were admitted to our level one trauma center with moderate or severe TBI between 
May of 2011 and May of 2016 were retrospectively reviewed. Patients admitted with spinal cord injury and 
TBI were excluded as spinal cord injury could confound the cause of hyponatremia. The relationship 
between the occurrence of hyponatremia 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 
ŎŜǊŜōǊŀƭ ŜŘŜƳŀΣ ǎƪǳƭƭ ŦǊŀŎǘǳǊŜΣ ŀƴŘ ƛƴǘǊŀŎǊŀƴƛŀƭ ƛƴƧǳǊȅ ǿŜǊŜ ŀƴŀƭȅȊŜŘ ǎǘŀǘƛǎǘƛŎŀƭƭȅ ǳǎƛƴƎ ŀ ˔н ǘŜǎǘ ŀƴŘ 
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 hyponatremia which was defined as a serum sodium level <135 
mmol/L. Hyponatremia was associated with longer hospital stay (P < .001) and bad outcome which was 
defined as a Glasgow Outcome Scale score of severe disability or higher on discharge (P < .05). Multivariate 
analysis indicated that hyponatremia 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 hemorrhage (odds ratio = 3.11, P<0.05), a GCS 
ǎŎƻǊŜ Җу όƻŘŘǎ Ǌŀǘƛƻ Ґ пΦнрΣ tғлΦллмύΣ ǇŜƴŜǘǊŀǘƛƴƎ ƘŜŀŘ ǘǊŀǳƳŀ όƻŘŘ Ǌŀǘƛƻ Ґ рΦуоΣ tғлΦллмύΣ ǘƘŜ ǇǊŜǎŜƴŎŜ ƻŦ 
cerebral edema (odd ratio = 6.85, P<0.001), and skull fracture (odds ratio =5.91, P<0.001).  
 
Conclusions: To increase the understanding of hyponatremia in persons with TBI the present study 
investigated the prevalence and etiology of hyponatremia in the setting of TBI. The prevalence of 
hyponatremia following TBI was not associated with age, sex, or whether the patient underwent surgery. 
¢.L ǇŀǘƛŜƴǘǎ ǿƛǘƘ ƛƴǘǊŀŎǊŀƴƛŀƭ ƘŜƳƻǊǊƘŀƎŜΣ D/{ ǎŎƻǊŜ ҖуΣ ǇǊŜǎŜƴŎŜ ƻŦ ŎŜǊŜōǊŀƭ ŜŘŜƳŀΣ ǇŜƴŜǘǊŀǘƛƴƎ ƘŜŀŘ 
trauma, and skull fracture are particularly prone to developing hyponatremia. These patients require close 
monitoring of sodium and prompt treatment of hyponatremia to normalize serum sodium levels to prevent 
deterioration of their condition. 
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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 variables that are associated with RTW following TBI, including age, injury 
severity, level of education, pre-morbid employment status, substance abuse, cognitive and behavioral 
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 
to 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 one 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. 
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Episodic memory deficits are long-lasting sequelae of traumatic brain injury (TBI). Traditional episodic 
memory therapy approaches involve practicing 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 preliminary study of intensive semantic memory training, nine TBI patients with 
documented episodic memory deficits showed significant improvement from pre- to post-training in 
episodic memory as well as word fluency, self-assessment of memory, and attention. These improvements 
were quite promising, and provided impetus for further study of intensive semantic training using a larger 
sample of 35 TBI patients, minimum one year post injury with documented episodic 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 wait-
list 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 negative 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. 
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A Case Study of Frontal Lobe Syndrome 

Zahra Hedayati1 
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Method: Clinical information and data from investigations in single case was collated and reviewed. 
 
The frontal lobe syndrome is a permanent personality change disorder with characteristic clinical pictures, 
which followed by frontal lobes damage. Frontal cortex is responsible for planning of behaviors, controlling 
of the emotions, goal-oriented classification of mental activities, forecasting the consequences, ability to 
solve the complex abstract problems and controlling the functions according to the social rules. Frontal lobe 
symptoms, such as apathy, abulia, akinesia or on the contrary impulsiveness and aggressive behavior, 
change the way people feel or express emotions, are widely described in literature. An individual with brain 
injury can have several types of emotional problems, such as mood swings and emotional lability, anxiety, 
depression, temper outbursts, sudden episodes of crying or laughing without feeling sad or happy. This case 
report is a patient 27 years old, single man who was subjected to forensic observation and was charged with 
appropriation of money to the detriment of the office he worked for by Municipality. History data indicate 
that he was employed in the said office over the period of 8 years as an accountant and until the disclosure 
of the crime he had had the company's full confidence. He had a fine reputation at the place of her 
residence as well. more than 14 months before undertaking criminal actions he had sustained a head injury 
(temporal fracture) as a result of a car accident. Before he had not been penalized administratively or 
legally. After brain injury he had suffered from head injuries with a loss of consciousness less than 24 hours. 
After 4 months he was asymptomatic. During forensic and psychiatric observation, psychiatric, 
psychological, neurological and electroencephalographic examinations were carried out, skull films was 
taken and computerized tomography of head was conducted. Clinically it was diagnosed as a frontal organic 
brain damage syndrome complicated by mood swings and depression. Experts' examinations were steered 
by psychopathological image, especially axial symptoms of defective function of the frontal lobe. lack of 
initiative and spontaneity, deficiency of higher emotions, decline of criticism and lowering of psychomotor 
drive. Although psychological examination showed that the results of 'organic tests' were within normal 
range, qualitative analysis of the structure of mental functions disclosed impairment of abstract thinking, 
especially using associative processes. Essential data were gathered from computerized tomography of 
head which demonstrated cortical atrophy of frontal and temporal lobes and precentral gyri. However, 
neurological and electroencephalographic examinations did not bring any significant information. 
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Margaret Weightman1, Kyle Harvison1, David Lund1, Susan Masemer2, Lynnette Leuty1 

1Courage Kenny Rehabilitation Institute/Allina Health, Minneapolis, United States, 2Penny George Institute for Health and 
Healing/LiveWell Fitness Center-Allina Health, Minneapolis, United States 

Objective: The empirical basis for treatment of persistent post-concussion symptoms (PPCS) is largely 
derived from extrapolated evidence on treatment of related conditions.  In athletes, standardized exercise 
testing as a means to delineate specific PPCS subtypes, followed by a program of controlled and monitored 
aerobic exercise is used to treat one proposed cause of refractory symptoms; i.e., physiologic dysfunction 
ǿƘƛŎƘ άƳŀȅ ƛƴŎƭǳŘŜ ŀƭǘŜǊŜŘ ŀǳǘƻƴƻƳƛŎ ŦǳƴŎǘƛƻƴ ŀƴŘ ƛƳǇŀƛǊŜŘ ŀǳǘƻǊŜƎǳƭŀǘƛƻƴ ŀƴŘ ŘƛǎǘǊƛōǳǘƛƻƴ ƻŦ ŎŜǊŜōǊŀƭ 
ōƭƻƻŘ Ŧƭƻǿέ όǇƎΦ нпм [ŜŘŘȅ Ŝǘ ŀƭΦΣ нлмоύΦ ¢ƘŜ Ǝƻŀƭ ƻŦ ǘƘƛǎ ǎǘǳŘȅ ǿŀǎ ǘƻ ŜǾŀƭǳŀǘŜ ǘƘŜ ŦŜŀǎƛōƛƭƛǘȅ ŀƴŘ 
effectiveness of graded exercise testing and aerobic exercise treatment in 18-55 year old adults, 2 months 
to 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). 
 
Participants: Adults 18-55 years, 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 
predetermined HR, below symptom threshold established by treadmill (TT), for 20 minutes, 5-7 days per 
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 
program in adults with PPCS appears to be feasible, with complex factors likely explaining differences in 
tolerance and adherence. 
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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 skills deficits are hallmark outcomes after pediatric traumatic brain injury (TBI). 
However, there are currently no comprehensive, ecologically valid assessment tools of pediatric social 
competency, limiting the ability to provide tailored remediation for specific social weaknesses. The Pediatric 
Evaluation of Emotions relationships and Socialization (PEERS) is a new assessment tool designed to address 
these gaps in pediatric social skills assessment. This study aimed to firstly evaluate the feasibility of 
administering PEERS to children and adolescents with a TBI, and secondly to assess the sensitivity of PEERS 
to social skills 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-December 2016. Parent report of medical and developmental 
history, and social behavior 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 
ŀǎǎŜǎǎƳŜƴǘ ŀƴŘ ŜƴƧƻȅƛƴƎ ǘƘŜ άƎŀƳŜέ ŜƭŜƳŜƴǘ ƻŦ 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 provides a promising method of detailing the social skill profile after pediatric 
TBI, which will assist with tailoring individualized social skills interventions. 
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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 settings. 
However, ready access to Internet and communication technologies (ICT) that is eHealth, has the potential 
to supplement or replace the need for practitioners and the individual to always be physically co-located. 
 
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 facilitators 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 professionals. The most commonly used 
intervention was videoconferencing. Barriers to interdisciplinary eHealth interactions included 
ŜƴǾƛǊƻƴƳŜƴǘŀƭ ŦŀŎǘƻǊǎ ǎǳŎƘ ŀǎ ǘŜŎƘƴƻƭƻƎȅ ƛǎǎǳŜǎ ŀƴŘ ŎƭƛƴƛŎƛŀƴǎΩ ŀǎǎǳƳǇǘƛƻƴǎΦ hǊƎŀƴƛǎŀǘƛƻƴ ŀƴŘ ŎƭƛƴƛŎŀƭ 
leadership 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 management of change. 
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Background: Prognostic studies on outcome after moderate to severe traumatic brain injury (TBI) usually 
focus on survival 6 months to one 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 one 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) one 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 one year after TBI.  
Inclusion criteria were: persons with moderate or severe TBI based on Glasgow Coma Scale (GCS) less than 
13, posttraumatic amnesia duration longer than 24 hours, unconsciousness longer than 30 minutes and/or 
visible traumatic brain injury on CT/MRI. Intervention trials, case reports and articles 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 consistent findings.  
 
Results: 50 articles involving a total of 22557 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; moderate), 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 definition, 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 one year post TBI. 
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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 neuroscience institution provides surgical intervention and rehabilitation services for 
those admitted following traumatic brain injury (TBI). TBI specifically accounts for 3.4% of emergency 
department admissions in the UK. 
 
A broad spectrum of physical, cognitive 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 management 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 neurorehabilitation has been initiated at The Walton Centre. The clinic 
provides specialist management for the wide range of problems 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. 
  
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 commonest locations with contusions (37.4%) and subdural 
haematomas (27.9%) the commonest type of injury found on initial CT scan. In clinic the most frequent 
physical complaints were headache (47.9%), memory problems (42.0%) and loss of driver's license (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 referral to a multidisciplinary clinic. This 
kind of data is essential for planning of health care provision, and improving efficiency and ultimately 
patient outcome.  
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Objective: Within the most occurring neuropsychiatric symptoms 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 overview of 
neuropsychological interventions for treating these neuropsychiatric consequences of ABI with a critical 
classification of level of evidence. 
  
Methods: Pubmed, EMBASE, PsycINFO, CINAHL and the Cochrane Library were searched. Hand searches 
were conducted 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 to 65; apathy, anxiety, aggression/agitation or 
disinhibition were specifically addressed by the examined neuropsychological intervention; and 
effectiveness 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 
ό/.¢ύΦ Ψ¢ƘƛǊŘ ǿŀǾŜΩ /.¢ όƳƛƴŘŦǳƭƴŜǎǎ ōŀǎŜŘΤ ŀŎŎŜǇǘŀƴŎŜ ŀƴŘ ŎƻƳƳƛǘƳŜƴǘ ǘƘŜǊŀǇȅΤ ŎƻƳǇŀǎǎƛƻƴ ŦƻŎused 
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 
techniques. Anger management sessions showed significant decreases as well, replicated in five studies (of 
which three Class III). Eight studies in total addressed apathy or disinhibition (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 five 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 aggression/agitation. Evidence-based 
neuropsychological interventions addressing apathy and disinhibition after ABI show to be very limited. 
Overall, replication and comparison of studies is complicated due to poorly described methods and 
heterogeneity in intervention content. This also affected the objectivity 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 
ŎƻƴǎƛǎǘŜƴŎȅ ƛƴ ƛƴǘŜǊǾŜƴǘƛƻƴ ŎƻƴǘŜƴǘΦ CǳǘǳǊŜ ǊŜǎŜŀǊŎƘ ƳƛƎƘǘ ŀƛƳ ŦƻǊ ΨǘƘƛǊŘ ǿŀǾŜΩ /.¢ ŀƴŘ ƛƳǇƭŜƳŜƴǘƛƴƎ 
behavioural management techniques in community settings.  
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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 dysfunction. We hypothesized that senescent cells appear in the brain as a response to traumatic 
brain injury (TBI). We performed histochemical and immunohistochemical analyses in the brain for 
senescence-ŀǎǎƻŎƛŀǘŜŘ ʲ-galactosidase (SA-ʲƎŀƭύ ŀƴŘ ǇмсΣ ƳŀǊƪŜǊǎ ƻŦ ǎŜƴŜǎŎŜƴǘ ŎŜƭƭǎΣ ŀǘ 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-ʲƎŀƭ ŀƴŘ Ǉмс ǿŜǊŜ ǇǊŜŦŜǊŜƴǘƛŀƭƭȅ ŜȄǇǊŜǎǎŜŘ ƛƴ ǘƘŜ ŎƻǊǘŜȄ ƛǇǎƛƭŀǘŜǊŀƭ ǘƻ ǘƘŜ 
site of the injury on 4, 7, and 14 days after TBI. 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. 
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Background and Aim: Traditionally, almost all research endeavors on mild traumatic brain injury (mTBI) have 
been focused on the patients with residual complaints or those with a suboptimal recovery. This so-called  
άƳƛǎŜǊŀōƭŜ ƳƛƴƻǊƛǘȅέ ƛǎ ǎǘǳŘƛŜŘ ŜȄǘŜƴǎƛǾŜƭȅ ǘƻ ŦƛƴŘ ŦŀŎǘƻǊǎ ǇƻǘŜƴǘƛŀƭƭȅ ƭŜŀŘƛƴƎ ǘƻ ŀƴ ǳƴǎǳŎŎŜǎǎŦǳƭ ǊŜŎƻǾŜǊȅΦ 
However, no study so far has zoomed in on the remarkable patients that report zero complaints early after 
ƛƴƧǳǊȅΣ ŀ ƎǊƻǳǇ ǘƘŀǘ ǿŜ ƴŀƳŜŘ ǘƘŜ άŦƻǊǘǳƴŀǘŜ ŦŜǿέΦ ²ƛǘƘ ǘƘƛǎ ǎǘǳŘȅΣ ǿŜ ŀƛƳŜŘ ǘƻ ŘŜǎŎǊƛōŜ ǘƘŜ 
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 multicenter cohort study conducted in 
the Netherlands between 2013-2015, during which 1151 patients were included. Patients received 
questionnaires at several time intervals after injury, covering posttraumatic complaints (HISC), anxiety and 
depression (HADS), outcome (GOS-E) and quality of life (WHOQOL-BREF). For the current study, we included 
only those patients who reported zero complaints two weeks after injury.  
 
Results: Our sample consisted of 70 mTBI patients (Glasgow Coma Scale [GCS] score 13-15). There was 
considerable 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 favorable outcome (p=.014) and a 
lower quality of life (p=.006) one 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 unfavorable outcome and lower quality of life. 
Therefore, the truly fortunate 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 posttraumatic complaints, which 
holds important implications for clinical practice. 
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Background: While the majority of head injuries in children are non intentional, there is limited information 
on intentional injuries outside abusive head trauma. 
 
Objective: To investigate intentional head injuries in terms of demographics, epidemiology, and severity. 
 
Methods: Planned secondary analysis of prospective multicentre 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 prospectively 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 (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 children. The most frequent cause is peer assault, 
often during sports, and injuries caused by caregivers.  
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Multicentre Prospective Cohort Study  

Helena Pfeiffer1,2, Stephen Hearps2, Vicki Anderson1,2,3, Meredith Borland4,5, Natalie Phillips6, Amit Kochar7, 
Sarah Dalton8, John Cheek1,2,9, Yuri Gilhotra6, Jeremy Furyk10, Jocelyn Neutze11, Stuart Dalziel12,13, Mark 
Lyttle2,14,15, Silvia Bressan2,16, Susan Donath2,3, Charlotte Molesworth2, Amy Baylis1,2, Ed Oakley1,2,3, Louise 
Crowe2, Franz Babl1,2,3 

1wƻȅŀƭ /ƘƛƭŘǊŜƴΩǎ IƻǎǇƛǘŀƭΣ aŜƭōƻǳǊƴŜΣ tŀǊƪǾƛƭƭŜΣ !ǳǎǘǊŀƭƛŀΣ 2aǳǊŘƻŎƘ /ƘƛƭŘǊŜƴΩǎ wŜǎŜŀǊŎƘ LƴǎǘƛǘǳǘŜΣ aŜƭōƻǳǊƴŜΣ tŀǊƪǾƛƭƭŜΣ 
Australia, 3Department of Paediatrics, Faculty of Medicine, Dentistry and Health Sciences, University of Melbourne, 
Melbourne, Parkville, Australia, 4Princess Margaret Hospital for Children, Perth, Perth, Australia, 5Schools of Paediatrics 
and Child Health and Primary, Aboriginal and Rural Healthcare, University of Western Australia, Crawley, Australia, 6Lady 
/ƛƭŜƴǘƻ /ƘƛƭŘǊŜƴΩǎ IƻǎǇƛǘŀƭΣ .ǊƛǎōŀƴŜ ŀƴŘ /ƘƛƭŘ IŜŀƭǘƘ wŜǎŜŀǊŎƘ /ŜƴǘǊŜΣ {ŎƘƻƻƭ ƻŦ aŜŘƛŎƛƴŜΣ ¢ƘŜ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ vueensland, 
South Brisbane, Australia, 7²ƻƳŜƴΩǎ ϧ /ƘƛƭŘǊŜƴΩǎ IƻǎǇƛǘŀƭΣ !ŘŜƭŀƛŘŜΣ bƻǊǘƘ !ŘŜƭŀƛŘŜΣ !ǳǎǘǊŀƭƛŀΣ 8¢ƘŜ /ƘƛƭŘǊŜƴΩǎ IƻǎǇƛǘŀƭ 
at Westmead, Sydney, Westmead, Australia, 9Monash Medical Centre, Melbourne, Clayton, Australia, 10The Townsville 
Hospital, Townsville, Douglas, Australia, 11Kidzfirst Middlemore Hospital, Auckland, Auckland, New Zealand, 12Starship 
/ƘƛƭŘǊŜƴΩǎ IŜŀƭǘƘΣ !ǳŎƪƭŀƴŘΣ !ǳŎƪƭŀƴŘΣ bŜǿ ½ŜŀƭŀƴŘΣ 13Liggins Institute, University of Auckland, Auckland, Auckland, New 
Zealand, 14Bristol Royal Hospital for Children, Bristol, Bristol, United Kingdom, 15Academic Department of Emergency 
Care, University of the West of England, Bristol, Bristol, United Kingdom, 165ŜǇŀǊǘƳŜƴǘ ƻŦ ²ƻƳŜƴΩǎ ŀƴŘ /ƘƛƭŘ IŜŀǘƘΣ 
University of Padova, Padova, Padova, Italy 

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 multicentre cohort study of children aged <18 years 
across 10 centres in Australia and New Zealand with head injuries. We identified 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 suspected AHT cases and non AHT cases using risk ratios with 95% CIs. 
We assessed the rate of clinically important traumatic brain injuries (ciTBI: death; neurosurgery; intubation 
>1 day, admission >2 days with abnormal 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, 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.  
 
RR (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), ciTBI 17.4 (6.8-25.5). 
  
Conclusion: In the ED clinical presentation in children with suspected AHT differ from non AHT cases. 
Suspected cases of AHT are at increased risk of abnormal CT scans, ciTBI and death. 
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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 regarding RTW, and the impact of the 
workplace environment are also associated with RTW after sickness absence. At a service delivery level, the 
collaboration between the health related rehabilitation services, the Labor and Welfare Administrations 
(NAV), and the work-place 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 will be applied in the current project 
which will start data piloting in January 2017. 
  
Through a mixed methods approach comprising a randomized controlled intervention trial and a qualitative 
process evaluation, this project will: 
 
a) explore the effect of combining a group-based manualized cognitive rehabilitation program (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 supported employment process. Semi-structured 
interviews will provide an empirical base for increased knowledge on job content and skills requirements, 
work environment, employers roles, work organization and needed support.  
 
Cost-effectiveness of the intervention will be established. In this multicenter study, research groups from 
the medical rehabilitation sector and vocational sciences (The Work 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.  
 
1  Twamley, E.W., Jak, A.J., Delis, D.C., Bondi, M.W. & Lohr, J.B. (2014). Cognitive Symptom 
Management and Rehabilitation Therapy (CogSMART) for veterans with traumatic brain injury: pilot 
randomized controlled trial. J Rehabil Res, 51(1), 59-70. 
2 Drake, R.E., Bond, G.R., Becker, D.R. (2012). Individual Placement and Support: An Evidence-Based 
Approach to Supported Employment. New York: Oxford University Press. 
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Introduction: A minority of patients with acquired brain injury remain in a state of prolonged disorders of 
consciousness (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 longstanding 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 knowledge 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 four, four and ten 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 two hours, and was led by authors M.L. and A.G.  
 
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 circumstances. 
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 quality of life. 
Communication with the welfare and health services was highlighted as challenging. Economic and practical 
issues was 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 situation. 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 whom 
are willing to share a common referential ground. 
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Background: Post-concussive syndrome (PCS), including cognitive, somatic and emotional complaints, 
occurs frequently after mild traumatic brain injury (mTBI). Predicting patients at greatest risk of incomplete 
recovery is of high clinical importance. 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 demographics and clinical 
variables available at baseline.  
 
Methods: mTBI patients, as defined by an emergency department admission Glasgow Coma Scale (GCS) 
score of 13-15, were prospectively enrolled from three Level I trauma centers in the United States from 
2010-2012 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-concussive symptoms after six months. Scores on the cognitive and combined 
somatic/emotional RPQ scale were predicted by different 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 variables plus pre-injury 
migraine/headache, computed tomography abnormalities and posttraumatic 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 six months 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. 
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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 methodological 
quality. In addition, none of the developed models was 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 
emergency departments in the Netherlands between 2013-2014 in the UPFRONT study. PCS after six 
months was measured with the Head Injury Symptom Checklist (HISC). Patients were classified as having 
PCS if they reported at least 3 out of 8 symptoms according to the International Classification of Diseases 
(ICD)-10 diagnosis 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 
ǇǊŜŘƛŎǘƻǊǎ ƻŦ ǿƘƛŎƘ җул҈ ǿŀǎ ƳŜŀǎǳǊŜŘ ƛƴ ǘƘŜ ¦tCwhb¢ ǎǘǳŘȅΤ ŀƴŘ όпύ ƳŜǘ ŀǘ ƭŜŀǎǘ ƻƴŜ ƻŦ ƻǳǊ ǉǳŀƭƛǘȅ 
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 posttraumatic stress disorder 
(PTSD) symptoms. 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 six months. The Stulemeijer model obtained poor discrimination in our data (Area 
under the curve (AUC): 0.60, 95% 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 ς 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 validation and further improvement is needed before the current model 
could be implemented in clinical practice.   
 



 

229 

Impaired Physical Fitness and Unfavorable Physical Behavior in the First 
Year after Aneurysmal Subarachnoid Hemorrhage 

Wouter Harmsen1, Gerard Ribbers1, Majanka Heijenbrok-Kal1, Fop van Kooten2, Ladbon Khajeh2, Sebastiaan 
Neggers3, Rita van den Berg- Emons1 

1Erasmus Mc - RoNeRes, Rotterdam, the Netherlands, 2Erasm MC - Neurology, Rotterdam, the Netherlands, 3Erasm MC - 
Endocrinology, Rotterdam, the Netherlands 

Background: Aneurysmal subarachnoid hemorrhage (a-SAH) is caused by a bleeding of a ruptured aneurysm 
into the subarachnoid space. Even among those who are cƭŀǎǎƛŦƛŜŘ ŀǎ ƘŀǾƛƴƎ ŀ ΨƎƻƻŘ ƻǳǘŎƻƳŜΩΣ ǘƘŜ 
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 behavior.  
 
Aim: To longitudinally investigate physical fitness and physical behavior in the first year after a-SAH, and 
explore their relationships with patients' characteristics and fatigue. 
 
Methods: Measures of physical fitness and physical behavior were obtained at six and twelve months post 
a-SAH, and compared to age- and sex-matched healthy controls. Patients' characteristics were collected and 
body anthropometrics measured from which BMI, waist circumference, and percentage body fat were 
calculated. Cardiorespiratory responses to a progressive cardiopulmonary-exercise-test (CPET) were 
obtained from which peak oxygen consumption (±ɧOіpeak) 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 behavior, with separate attention for physical activity (PA) and sedentary behavior 
(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 
behavior, and their relationships with patients' characteristics and fatigue, over time. 
 
Results: Thirty-three patients and thirty-three controls participated. 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 min/24h 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 (±ɧOіpeak: +1.13 ml/kg/min; p=0.08; PO: +8.2 Watt, p=0.07), knee muscle strength (extension 60°/s: 
+5.24Nm, p=0.07; extension 180°/s: +3.84Nm, p=0.09; flexion 60°/s: +1.67Nm, p=0.37; flexion 180°/s: 
+0.05Nm, p=0.97), and physical behavior (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 behavior did not improve over time. Furthermore, measures of physical fitness were related to 
fatigue. Present findings have implications for treatment. 
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Background and Purpose: The Montreal Cognitive Assessment (MoCA) is nowadays recommended for the 
screening of poststroke 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 temporal 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 analyzed in different subgroups. Patients with MoCA-score<26 at 
н ƳƻƴǘƘǎΣ ǿƘƻ ƛƳǇǊƻǾŜŘ ōȅ җн Ǉƻƛƴǘǎ ōȅ с 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 comorbidity 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 therefore important as well as 
targeting interventions to this group. 
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Introduction: Apart from a multitude of physical complaints, neurological disorders can also lead to various 
kinds of psychiatric and cognitive disorders like mental and cognitive changes or reduced Quality of Life 
(QoL). The most important 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 rehabilitatation. 
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 datas (e.g. demographic, anthropomorphic, clinical datas) 
  -> Patient Questionnaire (Büttner 2001) 
   2. Gathering of neuropsychiatric datas (e.g. Depression) 
  -> Becks Depression Inventory (BDI) (Beck et al.     1961; 1987) 
   3. Determination of neurocognitive functions (e.g.        Vigilance)   
  -Ҕ ±ƛƎƛƭŀƴŎŜ ¢Ŝǎǘ α/ŀǊŘŀάόRanderath 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 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 psychiatric/mental and cognitive status as well as the QoL. 
  
Findings: Testing of psychiatric, cognitive and QoL achievements revealed highly significant differences 
between healthy persons and neurological patients (all parameters: p < .001).  
Testing of neuropsychiatric diseases / difficulties and traumatism 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 for neurology patients no significant differences between mild 
and severe status (p > .050). 
 
Discussion: The study revealed that patients with neurological diseases (strokes, cerebrovascular diseases, 
brain traumas, brain tumors etc.) show problems, deficits and disorders concerning in 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. 
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Cognitive Impairments and Subjective Cognitive Complaints During the 
First Year after Surviving a Cardiac Arrest 

Caroline van Heugten1, Catherine Steinbusch2, Veronique Mouleart2 

1Maastricht University, Maastricht, Netherlands, 2Adelante Centre of Expertise in Rehabilitation and Audiology, 
Hoensbroek, Netherlands 

Background and Objective: Cognitive impairments are common 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 prevalence of cognitive 
impairments and subjective cognitive complaints at two weeks (T1), three 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 2007-2010. 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 impairments varied from 16-29% 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 months after cardiac arrest (p=0.000-0.010). Speed of information 
processing and cognitive flexibility remained impaired in 20% of the patients. 79-96% of cardiac arrest 
survivors with cognitive impairments did not complain about their impairments.  
 
Conclusions: Cognitive impairments following cardiac arrest are common and mostly recover during the first 
three months post injury. However, most survivors with cognitive impairments do not recognize their 
impairments. Specific neuropsychological assessment is essential for determination of cognitive 
impairment, since cognitive complaints alone are not representative for actual impairments and should be 
part of standard care. Adequate referral for cognitive rehabilitation should follow accordingly. 
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The Effect of Goal Setting Interventions for Patients with Acquired Brain 
Injury: A Case Series 

Yuen Wai Alicia Yam1, Adrain Wong2 

1Occupational Therapy Department, MacLehose Medical Rehabilitation Centre, Hospital Authority, Hong Kong, 
2Department of Medicine and Therapeutics, The Chinese University of Hong Kong, Hong Kong 

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 and goal attainment for patients with ABI in a sub-acute hospital setting. 
 
Methods: Three participants with ABI received GMT during their in-patient 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 conducted after the 
intervention to record experiences of participants 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, however, 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. 
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Emergency Treatment for Pediatric Traumatic Brain Injury 

Likun Yang1, Yuhai Wang1, Weiliang Chen1 

1Department of Neurosurgery,101st Hospital of PLA, Wuxi, China 

Despite prevention efforts, pediatric head trauma remains the most common cause of serious injury and 
death in children. Obviously, Emergency Treatment for Pediatric Traumatic Brain Injury is different with 
adults, and particularly important. Summarizing cases of children under 10 years old suffering from 
traumatic brain injury between January 2000 - June 2016 in department of neurosurgery emergency 
treatment, we obtain the following experience: First, pre-hospital treatment: focus on the maintenance of 
blood pressure and oxygen saturation; Second, NICU treatment: 
 
мΦ L/t ƳƻƴƛǘƻǊƛƴƎ ƛǎ ŀǇǇǊƻǇǊƛŀǘŜ ƛŦ D/{ Җ уΣ ŀƴŘ ǘǊŜŀǘƳŜƴǘ ŦƻǊ ƛƴǘǊŀŎǊŀƴƛŀƭ ƘȅǇŜǊǘŜƴǎƛƻƴ ǎƘƻǳƭŘ ōŜƎƛƴ ŀǘ ŀƴ 
L/t җнл ƳƳΤ  
2. Cerebral perfusion pressure has to be maintained above 40mmHg, 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 craniectomy indications and restore the bone flap as far 
as possible. Pediatric traumatic ōǊŀƛƴ ƛƴƧǳǊȅ ǇǊƻƎƴƻǎƛǎ ƛǎ ōŜǘǘŜǊ ǘƘŀƴ ŀŘǳƭǘǎΩΦ ¢ƘǳǎΣ ǎŀǘƛǎŦŀŎǘƻǊȅ ǊŜǎǳƭǘǎ ŦǊƻƳ 
timely and effective emergency treatment for pediatric traumatic brain injury is quite possible. 
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The Influence of Traumatic Axonal Injury on Level of Consciousness: A 
Clinical MRI Study 

Hans Kristian Moe1, Kent Gøran Moen1,2, Toril Skandsen1,3, Kjell Arne Kvistad4, Asta Håberg1,5, Anne Vik1,6 

1Department of Neuroscience, Norwegian University of Science and Technology, Trondheim, Norway, 2Department of 
Medical Imaging, Levanger Hospital, Levanger, Norway, 3Department of Physical Medicine and Rehabilitation, St. Olavs 
Hospital, Trondheim University Hospital, Trondheim, Norway, 4Department of Medical Imaging, St. Olavs Hospital, 
Trondheim University Hospital, Trondheim, Norway, 5Department of Circulation and Medical Imaging, Norwegian 
University of Science and Technology, Trondheim, Norway, 6Department of Neurosurgery, St. Olavs Hospital, Trondheim 
University Hospital, Trondheim, Norway 

ObjectƛǾŜΥ ¢ƻ ŜȄǇƭƻǊŜ Ƙƻǿ ǘǊŀǳƳŀǘƛŎ ŀȄƻƴŀƭ ƛƴƧǳǊȅ ό¢!Lύ ƭŜǎƛƻƴǎ ƛƴ ōǊŀƛƴ ǎǘŜƳ ŀƴŘ ά¢!L-ƭƛƪŜέ ƭŜǎƛƻƴǎ ƛƴ 
thalamus and basal ganglia detected in clinical MRI is 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 (1.5T) 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 inversion recovery (FLAIR) and diffusion weighted imaging 
(DWI) sequences. TAI lesions were classified as unilateral or bilateral TAI and according to their location 
όǿƘƛǘŜ ƳŀǘǘŜǊ ƛƴ ƘŜƳƛǎǇƘŜǊŜǎΣ ŎƻǊǇǳǎ ŎŀƭƭƻǎǳƳ ŀƴŘ ōǊŀƛƴ ǎǘŜƳύΣ ŀǎ ǿŜǊŜ ά¢!L-ƭƛƪŜέ ƭŜǎƛƻƴǎ ƛƴ ǘƘŀƭŀƳǳǎ ŀƴŘ 
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 bilateral 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.  
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Neuroimaging Findings in High School Football Players in Japan 

Haruo Nakayama1, Yu Hiramoto1, Junya Iwama1, Satoshi Fujita1, Nozomi Hirai1, Norihiko Saito1, Morito 
Hayashi1, Keisuke Ito1, Takatoshi Sakurai1, Kazuya Aoki1, Satoshi Iwabuchi1 

1Toho University Ohasi Medical Center, Tokyo, Japan 

Objective: The goal in 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 program between 2011 and 2015. 
 
LƴŎƭǳǎƛƻƴ ŎǊƛǘŜǊƛŀ ǿŜǊŜ ŀǎ ŦƻƭƭƻǿǎΥ мύ ŀƎŜ Җ мф ȅŜŀǊǎΤ ŀƴŘ нύ ǇƘȅǎƛŎƛŀƴ-diagnosed No-SRC. All players 
underwent evaluation and follow-up by the same neurosurgeon. 
The 2 outcomes examined in this review were the frequency 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 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 normal 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. 
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Two Promising Evidence-Based Interventions for Suicide Prevention 
among Veterans with Moderate to Severe TBI 

Lisa Brenner1,3, Grahame Simpson2 

1University of Colorado, Aurora, United States, 2Brain Injury Rehabilitation Research Group, Ingham Institute of Applied 
Medical Research, Liverpool, Australia, 3Rocky Mountain MIRECC, Denver, United States 

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 behavioral 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 feasibility studies and one Randomized Controlled 
Trial (RCT) with a waitlist cross-over design. 
  
Setting: Urban VA medical center. 
 
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 efficacy for reducing hopelessness, a 
significant risk factor for suicide. Limitations included small sample size and variability in reported 
symptoms. 
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Neuropsychological Outcomes from a Phase II, Randomized, Sham-
Controlled Trial Hyperbaric Oxygen for Post-Concussion Syndrome 

Lisa Brenner1,2, Nazanin Bahraini1,2, Jeri Forster1,2 

1University of Colorado, Aurora, United States, 2Rocky Mountain MIRECC, Denver, United States 

Anecdotes and small case series have suggested symptomatic improvement from hyperbaric oxygen (HBO2) 
for military members suffering from persistent post-concussion 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 four months 
after their most recent injury. The trial was conducted at four military hospitals located near major troop 
centers. 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.  
 
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 
standard and computerized, have yet to be reported. Analyses are being conducted and data will be 
presented at this meeting.  
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Exploring Accelerometery Versus Questionnaire Assessment of Sleep in 
Youth with Concussion 

Ivona Berger1, Joyce Obeid2, Carol DeMatteo2 

1University of Toronto, Toronto, Canada, 2McMaster University, Hamilton, Canada 

Primary Objective: To examine the relationships between accelerometer-based and self-report assessment 
of sleep disturbance among youth with post-concussive injury. 
 
Research Design: From a larger prospective cohort of youth 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 efficiency 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 significant (r = -0.3; p = 0.035). 
 
Conclusions: Preliminary results from this ongoing data analysis suggest the PSQI and accelerometry may be 
measuring 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.  
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Treatment of Traumatic Brain Injury Compared to Standard of Care 

Rima Wardini1, Michael Moses2 

1Perform Center - Concordia University, Montreal, Canada, 2Optum Healthcare Solutions, Eden Prairie, USA 

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. 
 
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 (Optum 
Healthcare 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.  
 
Four studies were completed, totaling 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, objective 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 results of studies using PoNS(TM) Therapy are compared to SOC, not only are the results 
statistically significant, but denigration of benefit gained was reduced when subjects continued PoNS(TM) 
Therapy at home. In conclusion, PoNS(TM) Therapy leads to a significantly 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, multi-center, double blind sham controlled trial to address balance issues in 
subjects as a direct and proximate result of TBI.  
 
The concept of neuroplasticity was posited by Drs. Marian Diamond and Paul Bach-y-Rita among others and 
our data suggest PoNS(TM) Therapy induces a neuroplastic response reflecting recovery from distressing 
symptoms of TBI. Completion of the study referenced above and the parallel study from TCNL will go a long 
way towards defining the role of PoNS(TM) Therapy in TBI. 
 
Acknowledgement: We 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. 
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Brain SPECT Abnormalities and Spontaneous Intracranial Hypotension 
After Consecutive Concussions 

Hector Miranda1, Valerie Rundle1 

1MIRS, West Lake Hills, United States 

Case of a 49 y/o woman (subject) that has no prior medical or psychiatric history who was involved in two 
motor vehicle accidents (MVAs), on 1/9/16 and on 5/20/16.  She developed tinnitus, neck pain, and 
headaches that progressively worsened.  She was also diagnosed with benign paroxysmal vertigo.  She had a 
neuropsychological evaluation on 5/11/16 that showed the subject was suffering 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 8/10/16 that showed she had multiple 
subdural hygromas and cerebellar tonsils 1 mm through the foramen magnum on the left.  These findings 
are consistent with spontaneous intracranial hypotension.  A brain SPECT was done on 8/29/16 that showed 
focal areas of abnormal cortical hypoperfusion in the frontal, temporal, parietal, and occipital lobes.  In 
addition, focal areas of abnormal subcortical hypoperfusion were noted in the basal ganglia areas.  The 
finding of increased thalamic activity coupled with orbito-frontal hypoperfusion 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 8/23/2016. Accordingly, she met the following diagnostic criteria: Major 
Depressive Episode and Social Anxiety Disorder. 
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Objective: The Center 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. Objective of this study was to systematically review the differences 
between the TBI severities and their reported emotional disturbances 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 emotional disturbances, and outcome measures of emotional 
state. Exclusion criteria were studies that exclusively addressed cognitive deficiency, organic etiology 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 including elevations on one of the subscales (i.e. Hy3 Lassitude-
Malaise). On the CES-5Σ ŀ ǎŎƻǊŜ ƻŦ җмс 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 clinical elevations two standard deviations away from the mean on somatic complaints, 
depression, borderline features, paranoia, 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-severe TBI reported mild depressive symptoms. 
The remaining 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.  
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1Framingham Heart Study, Boston University School of Medicine, Boston, 2Boston University School of Public Health, 
Boston, 3Rehabilitation Institute of Chicago, Chicago,  

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 aging. 
 
Methods: Between 2009-2013, 2,517 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-squared 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 significant difference in the percentage of TBI participants scoring in the top tertile for 
Trails A compared to those without TBI (p = 0.0283). Further, there were significantly more participants with 
TBI that had total hippocampal 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 hippocampal volume when compared to 
those without TBI. These results suggest that chronic effects of TBI may be related to greater risk for 
accelerated brain aging.   
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Cross-validation and Extension of the Concussion Prediction Index (CPI) in 
an Auto Injury Population 

Mitchell Clionsky1 
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! ǊŜŎŜƴǘ ǎǘǳŘȅ ŘŜǎŎǊƛōŜŘ ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ŀƴŘ ƛƴƛǘƛŀƭ ǾŀƭƛŘŀǘƛƻƴ ƻŦ ǘƘŜ /ƻƴŎǳǎǎƛƻƴ tǊŜŘƛŎǘƛƻƴ LƴŘŜȄ ϰ ό/tLύ 
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. 
 
This study replicates the previous design using a sample of new outpatient accident patients to determine 
the reproducibility of those findings, the effect of using a lower CPI cutoff score, and the overall prevalence 
of concussions arising from automobile accidents.  
 
We divided 679 consecutive eligible patients, presenting 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. 
 
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 cutoff, 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 previous 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 
ŎƻƴŎǳǎǎƛƻƴ ǇǊŜǾŀƭŜƴŎŜ ƻŦ пнΦф҈ ǾǎΦ ǘƘŜ ƻǊƛƎƛƴŀƭ ǎŀƳǇƭŜΩǎ ǇǊŜǾŀƭŜƴŎŜ ƻŦ пмΦо҈Φ  
 
Results of this cross-validation demonstrate a stable demographic background for accident outpatients, 
with more women than men and average age in the mid-олΩǎΦ Lƴ ōƻǘƘ ǎŀmples, the prevalence of presumed 
concussion based on cognitive impairment falls above 40%. This exceeds the rate reported in previously 
ǇǳōƭƛǎƘŜŘ ǊŜǎŜŀǊŎƘ όнп҈ύΣ ōȅ ǘƘŜ /5/ όмм҈ύΣ ƻǊ ōȅ ƻǳǊ ǇŀǘƛŜƴǘǎΩ ǊŜǇƻǊǘŜŘ ŎƻƴŎǳǎǎƛƻƴ ŘƛŀƎƴƻǎƛǎ ǇǊƛƻǊ ǘƻ 
entrance into our treatment (13%). As such, we believe that accident concussions are much more common 
than previously thought, with many diagnoses being missed by traditional estimates. 
 
This study also demonstrated the high predictive value of the CPI for early detection of concussed auto 
ŀŎŎƛŘŜƴǘ ǾƛŎǘƛƳǎΣ ǿƛǘƘ !¦/Ωǎ ҔΦфл ǿƘŜƴ ǳǎƛƴƎ ŀ ōǊƛŜŦΣ ǎǘǊǳŎǘǳǊŜŘ ǎŜƭŦ-report questionnaire.     
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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 programs. 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 Postconcussional 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.   
 
We studied 666 consecutive eligible patients who presented approximately 10 days after auto trauma at a 
large outpatient medical rehabilitation practice. At initial evaluation, 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 InŘŜȄϰ ό/tLύΣ ǊŀƴƎƛƴƎ ŦǊƻƳ л-63 points.   
  
Patients with CPI scores 0-14 were placed into a No Concussion group and received no further head injury 
evaluation. Patients with CPI scores of 15-63 and between ages 10-60, were placed in a Possible Concussion 
Group and neuropsychologically evaluated using the ImPACT computerized concussion test at 
approximately one 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.   
 
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 automatically scored by the program. A conclusion of 
cognitive impairmŜƴǘ ŘǳŜ ǘƻ ŎƻƴŎǳǎǎƛƻƴ ǊŜǎǳƭǘŜŘ ƛŦ ǘǿƻ ŎƻƳǇƻƴŜƴǘǎ ǎŎƻǊŜŘ ŀǘ ҖмсǘƘ ǇŜǊŎŜƴǘƛƭŜ Ǌŀƴƪ ƻǊ ƻƴŜ 
ǿŀǎ ҖуǘƘ ǇŜǊŎŜƴǘƛƭŜΦ     
 
On ROC analysis, CPI scores produced an area under the ROC curve (AUC) of 0.947, (p<.0001). Using optimal 
cutting scores, CPI showed a sensitivity of 91.54 and a specificity of 89.51 with a concussion prevalence of 
41.3%.  
 
This prevalence rate is much larger than previously 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 identifies more of those patients who deserve 
additional study and management, and shows high sensitivity and specificity for predicting impaired 
cognition.    
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Introduction: Disorder of consciousness are an increasing phenomena and people are living longer with 
these conditions. The care needs begin with acute medicine and ICU care and frequently end up with life-
long 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 minimising career burden and developing individualised programmes (Wheatley-Smith 
et al., 2012). Local, individualised, timely and integrated services which are flexible and responsive to 
personal need are the goal for future neuro-rehabilitation services (Health Service Executive, 2011). This 
study developed and implemented such local individualised programmes for people with prolonged 
disorders of consciousness (PDoC).  
 
Method: Five in-depth case studies were conducted in 4 long-term residential care settings. An 
individualised therapeutic programme was developed and implemented for each participant. Each 
intervention was 3-6 months in duration. This study was evaluated from three perspectives: the participant 
with PDoC, their family and the professional staff caring for them. The behavioural changes for participants 
were measured using three standardised assessments, the Wessex Head Injury Matrix (WHIM), the Sensory 
Modality Assessment and Rehabilitation Technique (SMART) and the JFK Coma Recovery Scale Revised (CRS-
R). QuaƴǘƛǘŀǘƛǾŜ ƳŜŀǎǳǊŜǎ ǿŜǊŜ ŀƭǎƻ ǳǎŜŘ ǘƻ ǊŜŎƻǊŘ ŎƘŀƴƎŜǎ ƛƴ ŦŀƳƛƭȅ ƳŜƳōŜǊǎ ŀƴŘ ǇǊƻŦŜǎǎƛƻƴŀƭ ŎŀǊŜ ǎǘŀŦŦΩǎ 
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 significantly 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 programme 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-pharmacological interventions for 
PDoC and their practical implementation in long-term settings.  
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Introduction: In patients with severe traumatic brain injury (TBI), optimizing the blood- and coagulation 
status is essential. However, no conclusive evidence exists on optimal hemoglobin 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 
Ψ/ƻƭƭŀōƻǊŀǘƛǾŜ 9ǳǊƻǇŜŀƴ bŜǳǊƻ¢ǊŀǳƳŀ 9ŦŦŜŎǘƛǾŜƴŜǎǎ wŜǎŜŀǊŎƘ ƛƴ ¢ǊŀǳƳŀǘƛŎ .Ǌŀƛƴ LƴƧǳǊȅΩ ό/9b¢9w-TBI) study. 
Questionnaires were completed by 71 centers from 20 countries across Europe and Israel. For this study, we 
used the ICU questionnaire focused on: 1) hemoglobin target levels (Hb-TL) and 2) coagulation policies, i.e. 
correction of coagulopathy with bleeding diathesis versus deep venous thrombosis (DVT) prophylaxis and 
ƛǘΩǎ ǘƛƳƛƴƎΦ  
 
Results: Seventy centers 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 
centers (N=36; 53%) had a Hb-TL in their general ICU protocol. Specifically for TBI patients, 28 (15%) centers 
indicated they would use a Hb-TL between 70 and 90 g/l, and 39 centers (40%) between 90 g/l and 110 g/l. 
To treat hemostatic 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 
centers reported to use DVT prophylaxis frequently (N= 20; 29%) or always (N= 45; 65%). In the absence of 
hemorrhagic brain lesions 15 centers (22%) indicated to wait 72 hours (after the trauma incident) with DVT 
prophylaxis. However, in the presence of hemorrhagic brain lesions 31 centers (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 hemoglobin target levels, 
coagulopathy management, and DVT prophylaxis in severe TBI patients. The large between-center variation 
provides research opportunities on the effectiveness of different approaches in comparative effectiveness 
research.      
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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) expectant 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 moderate to severe TBI. 
 
Methods: Net-QuRe is a prospective observational multi-institutional cohort study. Approximately 1500 
patients age >15 years old with moderate to severe TBI will be recruited from several Dutch level-1 trauma 
centers and will be followed for two years. Assessments are scheduled in the hospital phase and 6, 12, and 
24 months post-injury. Two to three extra assessments are added in case of rehabilitation in a participating 
center (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 measures were defined by rehabilitation 
professionals from the participating rehabilitation centers using Delphi rounds. In the meantime we started 
with the development of the database in GemsTracker. To test and improve the data collection procedures, 
a pilot phase was started in four trauma- and two rehabilitation centers, 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. 
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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 
monitoring of MTBI are still lacking. Reported rates of vision-related symptoms in MTBI vary from 1-75%.  
 
Objectives: 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 consecutive MTBI patients (age 18-40) with GCS 
14-15 at presentation 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 questionnaires and were examined by an optometrist 7-10 days and 3-6 
month 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. Oculomotor measures of saccades, fixation, and 
reading 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 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 baseline and follow up.  
 



Conclusion: Preliminary results suggest that during the subacute period there are transient measurable 
visual changes in MTBI patients. 
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Traumatic brain injury (TBI) affects an estimated 1.7 million individuals annually, notably young, otherwise 
healthy individuals (e.g., contact-sport athletes, motorists, and military personal). The high incidence of TBI 
is troublesome due to the lack of an effective therapeutic treatment and the negative behavioral 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 alcohol vapor or self-administration procedures 
exacerbates neuroinflammation and prevents neurobehavioral functional recovery post-TBI. A likely 
mechanism for these pathological sequelae is the downregulation of astrocytic glutamate transporter 
protein expression (GLT-1 in rodents) responsible for maintenance of glutamate homeostasis at the 
synapse. We propose that neuroinflammatory-induced excitotoxicity likely triggers apoptosis and neuronal 
loss, which may represent underlying mechanisms of post-TBI neuropathology including increased anxiety-
ƭƛƪŜ ōŜƘŀǾƛƻǊ ŀƴŘ ŜǎŎŀƭŀǘƛƻƴ ƻŦ ŀƭŎƻƘƻƭ ŎƻƴǎǳƳǇǘƛƻƴΦ /ŜŦǘǊƛŀȄƻƴŜΣ ŀ ʲ-lactam antibiotic, upregulates GLT-1 
expression in rodent models of alcohol self-administration. We tested the hypothesis that upregulation of 
GLT-1 via ceftriaxone would improve negative behavioral outcomes post-TBI, specifically anxiety-like 
behavior and escalation of alcohol drinking. Adult male Wistar rats (n=15) were trained to consume alcohol 
via operant conditioning procedures. Individual levels of alcohol and water consumption were measured. 
Baseline values for alcohol consumption, 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 two-day recovery period, the rats received a sham injury (n=5) or a mild to 
moderate TBI (~2 ATM (~30 PSI); ~20ms impulse) over the left sensorimotor cortex. Thirty minutes post-TBI, 
TBI animals were assigned to receive either intraperitoneal ceftriaxone (TBI/CFT; 200mg/kg; n=5) or vehicle 
(TBI/VEH) such that each group had equivalent alcohol-drinking baseline values. Determinations of daily 
alcohol consumption, NBS, and NSS were obtained at selected timepoints post-TBI. Open field, Y-maze, and 
novel object recognition paradigms were used to assess anxiety-like behavior and working memory. All 
animals were sacrificed 10 days post-TBI and brains were extracted, dissected, and frozen for future 
analysis. 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 behavior, as well as improved motor and 
sensorimotor function, relative to TBI/VEH animals. In summary, our results indicate that ceftriaxone may 
effectively treat negative behavioral changes post-TBI and warrant further studies to elucidate the 
neurobiological processes that underlie these observations.  
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Traumatic brain injury (TBI) either concussive or piercing in military personnel resulting in life long 
disaōƛƭƛǘƛŜǎ ǘƘŀǘ ƻŦǘŜƴ ǇǊŜŎƛǇƛǘŀǘŜǎ ƛƴ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ !ƭȊƘŜƛƳŜǊΩǎ ŘƛǎŜŀǎŜ ό!5ύΦ ¢.L ƛƴŘǳŎŜŘ !5 ōǊŀƛƴ 
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 laboratory 
animal models to explore novel treatment strategies including nanomedicine. In this investigation we 
ŜȄŀƳƛƴŜŘ ŜŦŦŜŎǘǎ ƻŦ ŎƻƴŎǳǎǎƛǾŜ ƘŜŀŘ ƛƴƧǳǊȅ ό/ILύ ƻƴ ŀƳȅƭƻƛŘ ōŜǘŀ ǇŜǇǘƛŘŜ ό!ʲtύ ƛƴŦǳǎƛƻƴ ƛƴŘǳŎŜŘ ǎƛƳǳlation 
of AD brain pathology. In addition, role of mesenchymal stem cells (MSCs) and the multimodal drug 
cerebrolysin either alone or in combination was investigated using their nanodelivery in CHI induced AD 
brain pathology. 
 
CHI was induced in Equithesin anesthetized 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 h.  In these animals as well as in control group of rats 
ǿƛǘƘƻǳǘ /IL !ʲt ǿŀǎ ƛƴŦǳǎŜŘ ό!ʲtм-плΣ нрл ƴƎκмл ˃ƭύ ƛƴǘƻ ǘƘŜ ǊƛƎƘǘ ƭŀǘŜǊŀƭ ŎŜǊŜōǊƻǾŜƴǘǊƛŎƭŜ ƻƴŎŜ Řŀƛƭȅ ŦƻǊ п 
ǿŜŜƪǎΦ ¢Ƙƛǎ ŘƻǎŜ ƻŦ !ʲt ǊŜǎǳƭǘǎ ƛƴ !5 ƭƛƪŜ ǎȅƳǇǘƻƳǎ ŀǎ ǎŜŜƴ ƻƴ ōŜƘŀǾƛƻǳǊŀƭ ŀƴŘ ƴŜǳǊƻǇŀǘƘƻƭƻƎƛŎŀƭ 
disturbances ƛƴ ǘƘŜ ōǊŀƛƴΦ ¢ƘǳǎΣ ŀŦǘŜǊ п ǿŜŜƪǎ ŘŜǇƻǎƛǘǎ ƻŦ !ʲt ǿŀǎ ǎŜŜƴ ƛƴ ǎŜǾŜǊŀƭ ōǊŀƛƴ ǊŜƎƛƻƴǎ ŀǎ ǿŜƭƭ ŀǎ 
ǎƛƎƴƛŦƛŎŀƴǘ ŜƭŜǾŀǘƛƻƴ ƻŦ ¢ŀǳ ǇǊƻǘŜƛƴΣ ŘŜŎǊŜŀǎŜ ƛƴ ƴŜǇǊƛƭȅǎƛƴ ŀƴŘ ƛƴŎǊŜŀǎŜ ƛƴ ʰ-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 
ōǊŀƛƴ ŜŘŜƳŀ ŀƴŘ ƴŜǳǊƻƴŀƭΣ Ǝƭƛŀƭ ŀƴŘ ƳȅŜƭƛƴ ŘŀƳŀƎŜǎ ŀǊŜ ǇǊƻƳƛƴŜƴǘΦ LƴǘŜǊŜǎǘƛƴƎƭȅΣ ǿƘŜƴ !ʲt ǿŀǎ ƛƴŦǳǎŜŘ ƛƴ 
CHI rats these physiopathological symptoms were further exacerbated by 3 to 7 folds 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 to 4 ml/kg, i.v.) given Řŀƛƭȅ ŀŦǘŜǊ м ǿŜŜƪ ƻŦ !ʲt ƛƴŦǳǎƛƻƴ ŀƴŘ ŎƻƴǘƛƴǳŜŘ ŦƻǊ н ǿŜŜƪǎ ǊŜǎǳƭǘŜŘ 
in mild to moderate neuroprotection in CHI rats with AD. However, co-administration of TiO2-naowoired 
MSC and cerebrolysin significantly attenuated BBB disturbances, brain edema formation and brain 
pathology in AD rats in CHI group. In these animals reduction in Tau and a-synuclein as well moderate 
increase in neprilysin was also observed. This indicates that co-administration of nanowired MSCs and 
cerebrolysin has the most superior effects on neuroprotection in AD cases after CHI, not reported earlier. 
These results raises hope for effective treatment in soldiers with TBI for better rehabilitation in future 
strategies. 
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Introduction: Delayed traumatic intracranial aneurysms (TICA) of the posterior circulation caused by 
nonpenetrating head injury are rare. The subarachnoid haemorrhage secondary do post-traumatic 
aneurysm is potentially treatable cause of neurological mortality and morbidity. The true incidence and 
natural history of these aneurysms are not fully known. 
  
Results: We report a case of an 18-year-old man who primarily suffered from a multiorgan injury caused by 
car accident. On initial head CT there was no sign of SAH. Because of multiorgan injury he was treated in 
ICU. He was sedated for 1 day. After cessation of sedation he was alert and in good neurologic condition. 
After few days he deteriorated. The control computed tomography of the head demonstrated a 
subarachnoid haemorrhage of the posterior fossa. Patient underwent a MRA which demonstrated abnormal 
appearances of the left posterior inferior cerebellar artery (PICA), suspicious for a TICA. Digital subtraction 
angiography (DSA) demonstrated a saccular aneurysm of the proximal left PICA. The patient was treated 
successfully by microsurgical clipping. 
 
Objective: The goal of this presentation is to present and discuss our own experience with diagnosis and 
treatment of this rare condition. 
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Our department of rehabilitation medicine is concerned with acquired brain injury patients for a long time. 
We run day treatment program for them. Three years ago we established program using CIMT (Constraint 
induced movement therapy) for people with central hemiparesis. The upper limb was treated during this 
program. Last year we introduced also program on the basis of CIMT for lower limb. CIMT was first 
described by Taub and Millner and is based on two basic principles ς forced used of the paretic arm by 
restraining the unaffected arm and massed practice of the affected arm through repetitive 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 age 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 program for four weeks. The program was for 6 hours a day, 
three hours and a half were oriented to group or individual activities concerning on 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 Minutes 
Walk test), 2MWT (Two Minutes Walk test) using at the beginning and at the end of the program. The 
patient was also videotaped at the beginning as well as at the end of the program 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 one and six months after finishing the intensive program. 
 
Results: All 10 patients finished the program. 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 program. 
 
We plan to use this type of intensive day treatment 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. 
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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 structural equation modelling (SEM). 
 
Methods: This study is a part of the PariS-TBI study, a longitudinal multi-centre 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: demographics; injury severity; mood and cognitive 
impairments; 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. 
 
Conclusion: These results suggest that disability and quality-of-life were directly related to different factors. 
While disability 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. 
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Introduction: Psychological reactions to stroke including illness and treatment representation are important 
factors of rehabilitation efficacy that frequently demands regularity, persistency and sensitivity to small 
progress. We suggest that better representation leads to clearer personal rehabilitation goals, better self-
efficacy and persistency that prevent treatment-related health anxiety and helplessness leading to more 
effective rehabilitation and better well-being. 
 
The aim was to reveal the role of illness and treatment 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, helplessness and self-efficacy we created nine 
ƛǘŜƳǎ ό/ǊƻƴōŀŎƘΩǎ ŀƭǇƘŀǎ ΦфнΣ Φус ŀƴŘ Φфм ǊŜǎǇŜŎǘƛǾŜƭȅύ ōŀǎŜŘ ƻƴ IŜŀƭǘƘ !ƴȄƛŜǘȅ vǳŜǎǘƛƻƴƴŀƛǊŜΣ .ŜŎƪ 
Depression Inventory - II and Health-Specific Self-Efficacy Scales. Then patents replied six items measuring 
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 rehabilitation 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 importance 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 rehabilitation goals (r=-.68-.62).  Both 
treatment-related helplessness 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 personally important rehabilitation 
goals could be targets for psychotherapy promoting well-being and preventing health anxiety and 
helplessness of post stroke patients. 



 
Keywords: stroke, neurorehabilitation, illness representation, treatment representation, well-being. 
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Introduction: According to the Guidelines for adult stroke rehabilitation and recovery (American Heart 
Association/American Stroke Association, 2016), mental practice is reasonable to consider as an adjunct to 
upper extremity rehabilitation 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 neuropsychological 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 month) 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 
CƛƎǳǊŜ ¢Ŝǎǘ ƛƴ ¢ŀȅƭƻǊΩǎ ƳƻŘƛŦƛŎŀǘƛƻƴ ό¢ŀȅƭƻǊ ŦƛƎǳǊŜύΤ /ƭƻŎƪ 5ǊŀǿƛƴƎ ¢Ŝǎǘ ό/5¢Σ ǇǊŜŘǊŀǿƴ ƳƻŘƛŦƛŎŀǘƛƻƴύΣ ǘŀōƭŜ 
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 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 
min. BCI classifier recognition rate was analyzed as an indirect indicator of motor imagery quality. Offline 
EEG data processing was started. fMRI with the same task paradigm 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 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 respectively, 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. 
 
Keywords: stroke, rehabilitation, neuropsychology, brain-computer interface 
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Extracorporeal Shock Wave Therapy as a Novel Treatment Intervention 
for Neurogenic Heterotopic Ossification: A Clinical Case Series 

Yaron Sacher1,2, Jackie Reznik3, Or Kibrick1, Erik Biros4, Mary Galea5 

1Loewenstein Rehabilitation Hospital, Israel, 2Tel-Aviv University, Tel-Aviv, Israel, 3Central Queensland University, 
Australia, 4James Cook University, Australia, 5The University of Melbourne, Australia 

Background and Aims(s): Neurogenic heterotopic ossification (NHO) is one of the three major types of 
heterotopic ossification 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 diagnosis 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 acǘƛǾƛǘƛŜǎ ƻŦ Řŀƛƭȅ ƭƛǾƛƴƎΦ bƻ άƎƻƭŘ ǎǘŀƴŘŀǊŘέ ŜȄƛǎǘǎ ŀǎ 
regards treatment protocols and many ambiguous findings concerning the clinical outcomes of NHO 
treatment still remain unchallenged. A new, non-invasive treatment in the form of extracorporeal shock 
wave therapy (ESWT) has shown promising 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 specialised rehabilitation hospital. The study was based on 
protocol of an earlier case study (Ref 2).  
 
Result(s): The results obtained from this larger study supported those of the initial single case study. Using 
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 knowledge concerning the development of NHO and present a novel treatment intervention for 
chronic NHO in the specified patient group. 
 
References: 1. Reznik, J.E. et al., (2013) Extracorporeal shock wave therapy as a treatment for heterotopic 
ossification: A systematic review and meta-analysis of published data. Physical Therapy Reviews 18(4): 300-
307 
2. Reznik, J.E et al., (2013) Extracorporeal shock wave therapy (ESWT) as a treatment for recurrent 
neurogenic heterotopic ossification (NHO) Brain Injury 27(2):242-7. 
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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 domain). This study 
was undertaken to investigate whether a brief (10 minute) iPad-based test could be administered outside of 
an office setting. 
  
Methods: A sample of child football and cheerleader athletes completed a baseline pediatric concussion 
test (ImPACT Pediatric ImPACT) in different environments. 167 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.  
 
Discussion: Although preliminary, these results suggest that under certain circumstances, it may be possible 
to complete baseline testing in non-traditional, non-office based setting.  
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.ŀŎƪƎǊƻǳƴŘΥ Lƴ нлмпΣ ǘƘŜ bŀǘƛƻƴŀƭ wǳƎōȅ [ŜŀƎǳŜ όbw[ύ ƛƴǘǊƻŘǳŎŜŘ ŀ ƴŜǿ ΨŎƻƴŎǳǎǎƛƻƴ ƛƴǘŜǊŎƘŀƴƎŜ ǊǳƭŜΩ ό/Lwύ 
allowing for a player to be removed from play and assessed by the ŎƭǳōΩǎ ƳŜŘƛŎŀƭ ǎǘŀŦŦ ŦƻǊ Ƙƛǎ ǎǳƛǘŀōƛƭƛǘȅ ǘƻ 
return to play in the same game. As part of that policy, it was mandated that the Sports Concussion 
Assessment Tool ς 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 was available 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, clutching or shaking of the head, vacant stare, gait ataxia, or seizures) 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 performed more poorly on the 
modified Balance Error Scoring System (M-.9{{Τ ǇҐΦлпΤ /ƻƘŜƴΩǎ ŘҐΦсфύ ŀƴŘ ǊŜǇƻǊǘŜŘ ƎǊŜŀǘŜǊ ǎȅƳǇǘƻƳǎ 
(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 
ƴƻ ƻōǎŜǊǾŀōƭŜ ǎƛƎƴǎΦ hŦ ǘƘŜ ǇƭŀȅŜǊǎ ǿƘƻ ƻōǘŀƛƴŜŘ ǳƴǳǎǳŀƭƭȅ ƭƻǿ ǎŎƻǊŜǎ όƛΦŜΦΣ Җ нпύ ƻƴ ǘƘŜ {ǘŀƴŘardized 
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 
concussion 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 concussion in rugby. 
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Objectives: Developing a comprehensive understanding of resilience in family caregivers supporting 
relatives with TBI is important for mental health promotion, yet resilience has been vastly understudied 
compared 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 positive 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, selfςefficacy, 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 posttraumatic 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 
hypothesised model. 
 
Main Results: The results showed the usefulness of adopting SEM to study resilience in family caregivers 
supporting relatives with TBI. The model as a whole fitted the data very well, as indicated by the goodness-
of-Ŧƛǘ ƛƴŘƛŎŜǎ ό˔н Ґ руΦрнмΤ ˊ Ґ лΦмссΤ bCL Ґ лΦфопΣ LCL Ґ лΦфуфΣ /CL Ґ лΦффу ŀƴŘ wa{9! Ґ лΦофύΦ ! ǎǳōǎǘŀƴǘƛŀƭ 
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 personality 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 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 identifies resilience as a key factor importantly involved in psychological 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. 
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A holistic, intensive and multidisciplinary rehabilitation out-patient program was developed for persons with 
ABI at the Pitié-{ŀƭǇşǘǊƛŝǊŜ IƻǎǇƛǘŀƭΣ CǊŀƴŎŜ όр ŘŀȅǎκǿŜŜƪ ŦƻǊ т ǿŜŜƪǎύΦ ¢ƘŜ ǇǊƻƎǊŀƳΩǎ ŜŦŦŜŎǘƛǾŜƴŜǎǎ ǿŀǎ 
recently demonstrated (Poncet et al. 2016), however the perception of the quality of the program (as rated 
by its participants and service providers) has not yet been studied. 
 
Objectives: Report the perception of program participants (adults with ABI) with regard to service quality, 
(2) Report the strengths, weaknesses, opportunities, and threats of the program as perceived by the service 
ǇǊƻǾƛŘŜǊǎΣ ŀƴŘΣ όоύ ¢ǊƛŀƴƎǳƭŀǘŜ ŦƛƴŘƛƴƎǎ ǘƻ ŘǊŀǿ ŎƻƴŎƭǳǎƛƻƴǎ ŀōƻǳǘ ǘƘŜ ǇǊƻƎǊŀƳΩǎ ǉǳŀƭƛǘȅ ŀƴŘ ǘƻ ǇǊƻǾƛŘŜ 
recommendations for quality improvement. 
 
Methods: A mixed-methods design using a validated questionnaire: Perception of Quality of Rehabilitation 
Services (PQRS-Montreal) and interviews (structured around a SWOT analysis) was employed involving 33 
program 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 program by participants. Highest mean scores (3.5/5) were observed for the 
following dimensions of the PQRS: Ecological approach, Client-centered approach while lowest scores were 
for items pertaining to Service availability (2.5/5). (2) Perception of by service providers. Their verbatim 
ƎŜƴŜǊŀǘŜŘ мсс ŎƻƳƳŜƴǘǎ ǇŜǊǘŀƛƴƛƴƎ ǘƻ ǘƘŜ ǇǊƻƎǊŀƳΩǎ ǎǘǊŜƴƎǘƘǎ όŜΦƎΦ ƘǳƳŀƴ ǊŜǎƻǳǊŎŜ ƳŀƴŀƎŜƳŜƴǘύΣ 77 
related to the weakness (e.g. small budget allocated to the program), 83 related to opportunities (e.g. 
maintain competencies 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 
ŀōƻǳǘ ǘƘŜ ƘƛƎƘ ǉǳŀƭƛǘȅ ƻŦ ǘƘŜ ǇǊƻƎǊŀƳΣ ǇŀǊǘƛŎǳƭŀǊƭȅ ǊŜƎŀǊŘƛƴƎ ǘƘŜ ŎƭƛƴƛŎŀƭ ǘŜŀƳΩǎ ŎƻƳǇŜǘŜƴŎŜ ŀƴŘ ƛǘǎ 
participant-focused approach. Specific aspects of the program viewed more negatively by both groups were 
the lack of focus on sexuality, family involvement and return to work /volunteering /school.  
 
/ƻƴŎƭǳǎƛƻƴΥ tŀǊǘƛŎƛǇŀƴǘǎΩ ŀƴŘ ǎŜǊǾƛŎŜ ǇǊƻǾƛŘŜǊǎΩ ǇŜǊŎŜǇǘƛƻƴǎ ƻŦ ǘƘŜ ǊŜƘŀōƛƭƛǘŀǘƛƻƴ ǇǊƻƎǊŀƳ ǳƴŘŜǊ ǎǘǳŘȅ ǿŜǊŜ 
generally positive. A reliable and valid questionnaire and interviews helped identify aspects of the program 
that work well, and those that could be targeted for future quality improvement efforts.  
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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 dehydration, and 
modifying fluids or textures allows 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 center 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 failure (CHF); fluid restrictions; and nutrition support. Participants were assigned a 
dysphagia seǾŜǊƛǘȅ ǎŎƻǊŜ ǳǎƛƴƎ ǘƘŜ άŘȅǎǇƘŀƎƛŀ ƻǳǘŎƻƳŜ ŀƴŘ ǎŜǾŜǊƛǘȅ ǎŎŀƭŜέΦ .ƛƻŎƘŜƳƛŎŀƭ ǾŀƭǳŜǎ ǿŜǊŜ 
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 data, resulting in n=34, 70.6 
% being male. Upon initial assessment: 23.6% had minimal to mild dysphagia; 47% had mild-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. There were 53.3% participants on a 
modified texture or thickened 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 insufficient fluid intake causing dehydration. The 
dangers of dehydration 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 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. 
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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. Thus, the need of the hour is to 
explore suitable therapeutic strategies to reduce brain dysfunction in SD cases after TBI. Previous reports 
form our laboratory showed that SD alone induces severe oxidative stress that is further compounded 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 synergistically induce superior 
neuroprotective effects in SD followed by TBI. 
 
In present investigations SD was induced in rats using an inverted flowerpot model for 24 and 48 h. In these 
SD animals concussive head injury (CHI) was inflicted on right parietal skull under anesthesia 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 h after the primary insult. In these animals blood-brain barrier (BBB) permeability to Evans 
blue albumin (EBA) and radioiodine ([131]-Iodine), brain edema formation and neuronal, glial and myelin 
injury was examined using standard protocol. Our results showed that CHI inflicted in SD rats resulted in 4 
to 6 fold higher BBB breakdown to EBA and radioiodine tracers in several brain regions. These brain areas 
exhibited 2- to 3-% higher brain edema formation as compared to SD rats alone after CHI. Neuronal, glial 
and axonal damages were also 2- to 4-fold higher in rats that received CHI after SD was seen as compared to 
SD or CHI alone. Tehse observations suggest that CHI in SD rats exacerbated brain pathologies. This effect 
was time dependent. Thus, CHI inflicted in SD of 24 h showed much more damage in the brain at 24 h as 
compared to identical CHI given in 12 h SD and examined after 12 h 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 h after SD or 12 h 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 h insult, not reported earlier. 
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Objective: To examine visual scanning differences during a facial affect recognition task in individuals 
following moderate to severe traumatic brain injury (TBI) and healthy controls (HC). It is widely 
acknowledged that patients experience significant deficits in emotion recognition and difficulties with 
interpersonal relationships following TBI. However, the etiology of these deficits are poorly understood. 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 impairments and improving interpersonal relationships after TBI.  
 
Method: Subjects included 9 adult participants with TBI who had impaired facial affect recognition and 9 
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 stimuli consisted of 24 images 
of individuals portraying different 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 analyzed 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 percent of fixations (p=0.039) and percent 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 attention deficit to the core stimulus, possibly due to being distracted 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 investigation of visual processing strategies as a 
potential mechanism 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. 
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Objectives: Despite the occurrence of approximately 3.8 million 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-ŘƛƻȄƛŘŜ ό/hіύΦ Lƴ ŀŎǘƛǾŜ ǇǊƻŦŜǎǎƛƻƴŀƭ ōƻȄŜǊǎΣ /±w ƛǎ ŎƘǊƻƴƛŎŀƭƭȅ ƛƳǇŀƛǊŜŘ ŎƻƳǇŀǊŜŘ 
to age matched controls. The purpose of this study was to examine CVR in an ongoing prospective cohort of 
collegiate athletes 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 matched non-injured controls (21±1 
years) were also enrolled.  For the injured athletes, data was collected during the acute (day-3) and sub-
acute (day-21) phase following concussion and for the controls data was 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 2MHz transcranial Doppler ultrasonography (TCD) 
while subjects were seated in an upright position. End-ǘƛŘŀƭ /hі ǿŀǎ ƳŜŀǎǳǊŜŘ ǿƛǘƘ ŀƴ ƛƴŦǊŀǊŜŘ /hі ŀƴŀƭȅȊŜǊ 
attached to a nasal cannula. Beat-to-beat MCAV was evaluated in response to changes in end-ǘƛŘŀƭ /hі 
όtŜǘ/ƻіύ ŦƻǊ н-minutes each during normal breathing (normocapnia), inspiring a gas mixture containing 8% 
/hіΣ нм҈ ƻȄȅƎŜƴ ǿƛǘƘ ōŀƭŀƴŎŜ ƴƛǘǊƻƎŜƴ όƘȅǇŜǊŎŀǇƴƛŀύ ŀƴŘΣ ƘȅǇŜǊǾŜƴǘƛƭŀǘƛƴƎ όƘȅǇƻŎŀǇƴƛŀύΦ /ŜǊŜōǊŀƭ 
vasoreactivity was analyzed as the slope of the linear relationship between end-ǘƛŘŀƭ /hі ŀƴŘ a/!±Σ ǿƘƛŎƘ 
was expressed as the change in CBF velocity per mmHg change in end-ǘƛŘŀƭ /hіΦ LƴŘŜǇŜƴŘŜƴǘ ŀƴŘ ǇŀƛǊŜd t-
tests were used to compare symptom severity, cognition and CVR between acute and sub-acute phase 
following 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 cognition were resolved by day 21. Cerebral vasoreactivity was attenuated in the 
acute phase compared to the non-injured control (1.7±0.5U versus 2.3±0.3U, P=0.0006) and it continued to 
be blunted in the sub-acute phase, 21 days following concussion (1.9±0.5U P=0.04). 
 
Conclusions: Despite symptom and cognitive improvement, cerebral vasoreactivity appears to be impaired 
in the sub-acute phase following concussion. Cerebral vasoreactivity utilizing non-invasive 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.  
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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 memory, is designed to assess prospective memory 
and metamemory 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 judgments of learning 
prediŎǘƛƴƎ ǘƘŜ ƭƛƪŜƭƛƘƻƻŘ ƻŦ ǊŜŎŀƭƭƛƴƎ ǘƘŜ /¦9 όάhƴ ȅƻǳǊ ǿŀȅ ǘƻ ǿƻǊƪΧέύ ǾŜǊǎǳǎ ǊŜŎŀƭƭƛƴƎ ǘƘŜ ¢!{Y όάΧŘǊƻǇ ŀ 
ǇŀŎƪŀƎŜ ŀǘ ǘƘŜ Ǉƻǎǘ ƻŦŦƛŎŜέύΦ tŀǊǘƛŎƛǇŀƴǘǎ ǳǎŜŘ ŀ ǎƭƛŘŜǊ ōŀǊ ǘƻ ƛƴŘƛŎŀǘŜ ǘƘŜ ƭƛƪŜƭƛƘƻƻŘ ƻŦ ǊŜŎŀƭƭΣ ŦǊƻƳ л҈ ǘƻ 
100%. Participants also completed a standard battery of assessments examining immediate and delayed 
memory, attention, working memory, executive function, prospective memory, and metamemory beliefs. 
Neuropsychological measures and demographic variables were entered into multiple regression models for 
the dependent variables of CUE and TASK judgments and CUE and TASK performance.  
 
Results: Results showed that differing models explained predictions and performance across the two 
groups. For adults with TBI, both CUE and TASK judgments 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 predictors of CUE judgments (R2=51.5%, p=.001), and 
metamemory beliefs, age, prospective memory, and delayed memory for TASK judgments (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 judgments of healthy adults, but not 
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 metamemory monitoring in adults with TBI. 
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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 anesthesia, leading to hypoxic-ischemic 
encephalopathy and post-hypoxic action myoclonus (PHAM). Over the three years prior to presentation, he 
had trialed multiple pharmacologic interventions, achieving partial improvement of his PHAM with a 
combination of intrathecal baclofen, clonazepam, levetiracetam, and lacosamide. He had trialed 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 dysregulation as 
a potential cause of PHAM, prompted the hypothesis 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 abdominus 
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 one 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 nonpharmacologic intervention that significantly decreases 
post-hypoxic action myoclonic 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 myoclonus and other 
movement disorders, such as dystonia. Treatment of PHAM with multiple medications is often limited by 
side effects that adversely impact cognitive performance, overall function, and quality of life. We propose 
the use of Kinesio Taping as a safe and effective adjunctive nonpharmacologic 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 post-hypoxic action myoclonus. 
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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 persistent physical, cognitive, and emotional symptoms three months post-
injury. These non-specific symptoms likely overlap with psychiatric and physical health conditions (e.g., 
post-traumatic 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 impairment following mild TBI (mTBI), there is emerging research supporting the 
negative impact of mTBI and PTSD on neuropsychological functioning. 
 
Objective: The objective of this study is to examine neuropsychological 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 enrollment. 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 
computerized system for cognitive screening. Throughput, a composite of accuracy and reaction time, was 
the ANAM score investigated. 
 
Results: ANCOVA revealed that Soldiers who screened positive 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 significantly 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% to 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, such that Soldiers whom report a history of mTBI and 
current PTSD symptoms perform worse on computerized neuropsychological assessments 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.  
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Background: Anti-NMDA receptor (NMDAR) encephalitis is an auto-immune condition that commonly 
presents with severe neuropsychiatric symptoms, behavioural changes, seizures, 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 outcome. For example, in 3 adolescent females, neuropsychological recovery was observed over the 
first 6 to 24 months post-diagnosis, but lingering deficits remained which varied in severity and kind across 
patients. In addition, long-term anxiety concerns and neuropsychological impairments were found across 
tests assessing memory, executive functioning, processing speed, and social cognition in 7 patients with a 
history of anti-NMDAR encephalitis ranging from 16-37 years old (McKeon et al., 2016). To date, there have 
been no comprehensive studies describing the long-term outcome in pediatric patients.  
 
Objective: To describe neuropsychological outcomes of children with anti-NMDAR encephalitis. 
 
Methods: This is a cross-sectional analysis of the neuropsychological performance of children and 
adolescents who were followed prospectively at a tertiary care center after a diagnosis of anti-NMDAR 
encephalitis. Consecutive patients (2012-2016) who presented with acute neurological and psychiatric 
symptoms and were CSF positive for anti-NMDAR antibodies were included. Those unable to participate in 
neuropsychological 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 to 14.17 years) were included. 8/9 patients exhibited 
deficits in the following domains: verbal (2), visual-spatial/perceptual (3), verbal learning (1), memory (3), 
processing speed (1), visual-motor integration (1), math fluency (1), working memory (5), and attention (3). 
New-onset cognitive/behavioural concerns included learning needs (3), anxiety and/or depression (5) and 
language impairment (2). Time since injury was significantly 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 4 or more neuropsychological needs and learning/mental 
health concerns. 
 
Conclusions: The most common neuropsychological impairments following anti-NMDAR encephalitis were 
within executive functioning. New-onset anxiety/depression was particularly 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 findings are based on a small number of patients, it is the first step in 
understanding the long-term effects of anti-NMDAR encephalitis on the developing brain. 
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A postmodern framework is proposed for conceptualizing the impact of brain injury on the subjective being 
ƻŦ ǘƘŜ ƛƴƧǳǊŜŘ ǇŜǊǎƻƴΦ {ŜƳƛƻǎƛǎΣ ǘƘŜ ΨŀŎǘƛƻƴ ƻŦ ǎƛƎƴǎΩΣ ƛǎ ŀǊƎǳŜŘ ŀǎ ƴŜŎŜǎǎŀǊȅ both as a basis for a postmodern 
relational understanding of cognitive function in an intersubjective context, as well as for a recovery of 
subjectivity 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 apǇǊƻŀŎƘŜŘ ǘƘǊƻǳƎƘ ŀƴ ŜƳǇƛǊƛŎŀƭ ΨǎŜƳƛƻŜǘƘƛŎǎΩ ƛƳǇƭŜƳŜƴǘŜŘ ŀǎ ŀ 
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 concerns in the 
face of the constraints imposed by the injury. 
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LƴǘǊƻŘǳŎǘƛƻƴΥ aƛƭŘ ǘǊŀǳƳŀǘƛŎ ōǊŀƛƴ ƛƴƧǳǊƛŜǎΩ όƳ¢.Lύ ŜŦŦŜŎǘǎ ŀǊŜ Ƴƻǎǘ ŜǾƛŘŜƴǘ ǿƛǘƘ ŀƎƛƴƎ ŀƴŘ ƘŀǾŜ ōŜŜƴ 
associated with a higher risk of experiencing mild cognitive impairment. A recent study has even suggested 
an increased risk of developing dementia after sustaining a single mTBI later in life. Beyond the issue of 
neurodegenerative diseases, aging individuals 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 
population and prevent this accelerated decline of cognitive functioning. However, recent studies have 
shown beneficial effects of moderate levels of physical activity on cognitive functioning 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 aging mTBI 
population by assessing the impact of an aerobic exercise program on cognition. 
 
Methods: Twenty participants, aged between 55 and 70, all sedentary and presenting with a history of mTBI 
sustained two to seven years earlier, were recruited to participate in a twelve-week physical exercise 
program. 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 regards to level of education 
ŀƴŘ ǘƛƳŜ ŜƭŀǇǎŜŘ ǎƛƴŎŜ ǘƘŜ ƛƴƧǳǊȅΦ ¢ƘŜ ǇŀǊǘƛŎƛǇŀƴǘǎΩ ŎƻƎƴƛǘƛǾŜ ŦǳƴŎǘƛƻƴ ŀƴŘ ǇƘȅǎƛŎŀƭ ŎƻƴŘƛǘƛƻƴ ǿŜǊŜ 
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 exercise capacity (VO2 max) and neuropsychological tests performance on measures of attention 
(ConneǊǎΩ /ƻƴǘƛƴǳƻǳǎ tŜǊŦƻǊƳŀƴŎŜ ¢Ŝǎǘ LLύ ŀƴŘ ŜǇƛǎƻŘƛŎ Ǿƛǎǳŀƭ ƳŜƳƻǊȅ ό.ǊƛŜŦ ±ƛǎǳƻǎǇŀǘƛŀƭ aŜƳƻǊȅ ¢Ŝǎǘ 
Revised) when compared to participants 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 particularly affected following a mTBI. 
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High Brain Compliance after TBI May Cause Subdural Hygroma 
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Background: Paradoxical herniation (PH) caused by subgaleal drainage for subdural hygroma (SH) following 
decompressive craniectomy has been documented, an emergency crainplasty was recommend. But, it did 
not work in one case complicated by paroxysmal sympathetic hyperactiviey (PSH) presented below. PSH has 
a high incidence following severe traumatic brain injury (TBI), causing sympathetic symptoms like 
tachycardia, tachypnea, systolic hypertension, hyper/hypothermia, excessive sweating, decerebration and 
increased muscle tone, et al. Hypocapnia caused by tachypnea can induce dramatic arterial constriction and 
decrease of cerebral Blood Flow (CBF). Excessive sweating, together with incorrect treatments, like 
percutaneous drainage and excessive hypertonic therapy, can reduce cerebrospinal fluid (CSF) in the 
intracranial 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 pulsatility, causing CSF dynamics disturbance including subdural SH and 
hydrocephalus.  
 

Case Description: We present a rare case of coexistence of PHιPSH, and huge SH ipsilateral to the 

decompressive craniectomy 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. Major of the SH disappeared but recurred gradually even 
more than before, the patient suffered severe neurological deterioration 21 days after cranioplasty. 
Emergency borehole drainage was performed due to severe midline-shift, a subdural drainage tube was 
placed, drawing of CSF for 5 ml by syringe was followed by CSF suck-back from drainage tube. Pulsatility 
index (PI) was acquired from transcranial color-coded duplex sonography (TCCS), both suck-back 
phenomenon and high PI suggested high brain compliance. We suppose the reason might be consistently 
low PaCO2 caused by PSH-induced tachypnoea, so the patient was sent to neurosurgical ICU, given deep 
sedation and mechanical ventilation, meanwhile, high dose intravenous infusion was given with saline, 
nitroglycerin was given for mildly increased blood pressure. 83 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, PI also decreased. 6-month follow-up showed significant improvement of neurological function, 
no recurrence of SH. 
 
Conclusion: The present case highlights the possibility that SH is resulted from brain shrinkage caused by 
high brain compliance. 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.  
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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 ςDepression 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 corroborated 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 medical records indicated no history of TBI. All CES-D 
scores analyzed 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-5 ǎŎƻǊŜΦ ¢ƘŜǎŜ ŦƛƴŘƛƴƎǎ ǎǳƎƎŜǎǘ ǘƘŀǘ ŀ ƘƛǎǘƻǊȅ ƻŦ ¢.L Ƴŀȅ ƛƴŎǊŜŀǎŜ ŀƴ ƛƴŘƛǾƛŘǳŀƭΩǎ Ǌƛǎƪ ŦƻǊ 
depression later in life.  
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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 
paediatirc version (ChildSCAT3) have been specifically designed for acute concussion assessment in a 
sporting context. The present 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 concussion project, the Take CARe (Concussion 
Assessment and Recovery Research) study. Take CARe is a prospective, longitudinal study based at the Royal 
/ƘƛƭŘǊŜƴΩǎ IƻǎǇƛǘŀƭ ŀƴŘ ǘƘŜ aǳǊŘƻŎƘ /ƘƛƭŘǊŜƴǎ wŜsearch Institute in Melbourne, Australia. Recruitment 
ǘŀƪŜǎ ǇƭŀŎŜ ƛƴ ǘƘŜ 95 ƻŦ wƻȅŀƭ /ƘƛƭŘǊŜƴΩǎ IƻǎǇƛǘŀƭ ŀƴŘ ǇŀǊǘƛŎƛǇŀƴǘǎ ŀǊŜ ŀǎǎŜǎǎŜŘ ǳǎƛƴƎ ǘƘŜ {/!¢оκ/ƘƛƭŘ{/!¢оΦ 
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/mBESS), 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 
άǎȅƳǇǘƻƳŀǘƛŎέ ŀƴŘ άǊŜŎƻǾŜǊŜŘέ ōŀǎŜŘ ƻƴ t/{L ǎŎƻǊŜǎ ŀǘ ǘƘŜ н-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 concussion, particularly considering the widespread use of the SCAT3 and 
ChildSCAT3.   
 




