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Accreditation Statement: 
The Medical College of Wisconsin is accredited by the Accreditation Council for Continuing Medical Education to provide 

continuing medical education for physicians. 
 

AMA Credit Designation Statement: 
The Medical College of Wisconsin designates this live activity for a maximum of 5.0 AMA PRA Category 1 Credits™. 

Physicians should claim only the credit commensurate with the extent of their participation in the activity. 
 

Hours of Participation for Allied Health Care Professionals 
The Medical College of Wisconsin designates this activity for up to 5.0 hours of participation for continuing education for allied 

health professionals. 
 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                     
 

The Comprehensive Injury Center (formerly known as the Injury Research Center) at the Medical College of Wisconsin was 

established in 2001 as a comprehensive, federally-funded Injury Research Center to address the burden of injury in the Great 

Lakes Region.  It is an interdepartmental collaboration of diverse specialties, with a mission to create a platform to engage 

campus and community partners in the advancement of injury control and prevention science. 

The Joining Forces Program was established within the Comprehensive Injury Center in 2017 to foster inter-agency/inter-

departmental collaboration, research, education, training and outreach; and to enhance and support the mission of the 

Comprehensive Injury Center, whether on the battlefield or in our local community. 



 

SCHEDULE OF EVENTS 
Time Event Presenter 

7:30am - 8:30am On-Site Registration Volunteers 

Opening Ceremony 

8:30am - 8:50am 
Commencement of Activities Dr Stephen Hargarten, MD, MPH 

Welcome Address Dean Joseph Kerschner, MD 

Research Session I 

8:50am - 10:00am 

“Foot-Ankle Injury Patterns & Severity During Under-Body Blast 
Loading Conditions” 

Sajal Chirvi, PhD 

“A Device to Facilitate Non-Opioid Combat Casualty Care 
Analgesia” 

Quinn Hogan, MD 

“Advanced Diffusion MRI as a Prognostic Marker of Acute Spinal 
Cord Trauma: Preclinical Studies” 

Matthew Budde, PhD 

“Utility of Computerized Neuropsychological Tests for 
Assessment of Sport & Civilian mTBI” 

Lindsay Nelson, PhD 

Mid-Morning Refreshment Break // Poster Presentations in Mezzanine Level 

Research Session II 

10:15am - 11:30am 

“Prospective Assessment of Blood Markers of Acute mTBI” Timothy Meier, PhD 

“The Endocannabinoid System & Transition of Acute Chronic Pain 
in the Traumatically Injured” 

Coleen Trevino, PhD 

“The Role of the Endocannabinoid System in PTSD early after 
Traumatic Injury” 

Terri deRoon-Cassini, PhD 

“Different Acute Post-injury Symptoms Mediate the Relation 
between Maladaptive Personality and Later PTSD Symptoms in 
mTBI and non-TBI Orthopedic Poly-trauma Civilian Inpatients” 

Jana Ranson, PhD 

11:30am-12:30pm 
Keynote - "Research needs of the DoD, and how civilian 
academic institutions are positioned to fill those needs" 

Col Todd Rasmussen, MD 

Lunch Break // Poster Presentations in Mezzanine Level 

Military-Civilian Training Collaboration Session 

1:00pm - 3:15pm 

Overview of Military-Civilian Partnership Initiative  - "Framing the 
Issue." 

Dr Marc de Moya, MD, FACS 

Speaker:  "Lessons Learned from a Mature Military-Civilian 
Partnership: The UAB Experience" 

Dr Jeff Kerby, MD, FACS 

Speaker:  "Lessons Learned from a Military-Civilian Partnership in 
a Mass Casualty Event: The Las Vegas Shooting Experience." 

Col Brandon Snook, MD 

Speaker(s): Training Opportunities in Milwaukee (Froedtert, 
Children's, MCW, and Zablocki VA) 

Dr Marc de Moya, MD, FACS 

Dr David Gourlay, MD 

Mid-Afternoon Refreshment Break // Organize for Facility Tours 

3:30pm -4:30pm Tours:  FMLH Trauma Bay, FMLH Sim-Center, CHW Sim-Center Volunteer Tour Guides 

Return to Alumni Center - End of Symposium Activities 
 



 

POSTER PRESENTATIONS: 
(Listed in alphabetical order, by primary author) 

 

PRIMARY AUTHOR TITLE 

  

Mark Begonia, PhD 
“mTBI in Military Environments & the Evaluation of 

Military Helmets” 

  

Joshua Hunt, PhD 
“Does mTBI cause PTSD or Depression? A Prospective 

Evaluation of Patients Treated at a Level I Trauma Center” 

  

Antje Kroner-Milsch, MD, PhD 
“Modulating Inflammation & Secondary Damage in Mouse 

Model of Spinal Cord Injury by Targeting IL-12 & IL-23” 

  

Brian Lamb, MD 
“Differences in Symptom Recovery for Sport Versus Civilian 

mTBI” 

  

Michael McCrea, PhD 

“Return to Play and Risk of Repeat Concussion in Collegiate 

Football Players: Comparative Analysis from the NCAA 

Concussion Study and CARE Consortium” 

 
 

Sabina Siddiqui, MD 

"Machine Learning & Targeted Image Guidance for Airway 

Management” 

“Improving the Learning Curve for Intubation: The Case for 

the Recessed Video Stylette” 

  

Brian Stemper, PhD 
“The Role of Head Impact Exposure in the Outset of 

Concussion” 

  

Danny Thomas, MD "Longitudinal Assessment of Acute Concussion Outcomes" 

  

Yang Wang, MD 
“Effects of Sub-concussive Impact on the Brain Function of 

Football Players During a Single Season” 



 

Speakers 
(Listed in order of presentation) 
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Stephen Hargarten, M.D., M.P.H. 

 

Professor and Chair, Department of Emergency Medicine  

Director, Comprehensive Injury Center  

Associate Dean, Global Health 

 

Stephen Hargarten received his MD from the Medical College of Wisconsin and MPH from 

Johns Hopkins. He has contributed to the development of targeted injury prevention and control research 

training initiatives for medical and graduate students in order to prepare the next generation of injury 

research scientists. Dr. Hargarten’s research interests reflect an intersection of injury and violence 

prevention and health policy to address the burden of this biosocial disease. His work in linking data 

systems for understanding violent deaths informed the development of CDC’s National Violent Death 

Reporting System.  Dr. Hargarten was the first Chair of the state-wide Committee on Trauma System 

Development for the Wisconsin State Health Department.  He served as Chair of the Wisconsin Seat Belt 

Coalition and has devoted considerable effort towards seat belt legislation in Wisconsin.  Dr. Hargarten 

serves on national boards of Advocates for Highway and Auto Safety and the Association for Safe 

International Road Travel.  During 2011, he was inducted into the Johns Hopkins Society of Scholars and 

was elected to the Institute of Medicine, National Academy of Sciences.  In 2014, Dr. Hargarten began 

serving as President of the Center for International Health, a consortium of nine member academic, health 

care and governmental organizations and agencies, dedicated to addressing local and global health issues 

including patient care, education/training, research and community engagement.  He was the founding 

President of the Society for the Advancement of Violence and Injury Research (SAVIR) and has served 

on the Violence and Injury Prevention Mentoring Committee for the World Health Organization. 



 

Joseph E. Kerschner, M.D. 

 

Dean, School of Medicine 

Executive Vice President, MCW 

 

Dr. Joseph Kerschner completed undergraduate studies at the University of Wisconsin-

Milwaukee. He received his MD from MCW, and completed a general surgery internship at the 

University of South Florida, an otolaryngology residency at the University of South Florida, and a 

pediatric otolaryngology fellowship at the MCW and Children’s Hospital of Wisconsin. Additionally, Dr. 

Kerschner has completed a number of executive leadership programs including the Executive Program for 

Chiefs of Clinical Services at the Harvard School of Public Health, Department of Health Policy and 

Management.  Dr. Kerschner maintains an active research laboratory which has been continuously funded 

by the National Institutes of Health since 2001.  He has published ground-breaking basic and clinical 

research in otitis media (middle ear inflammation) which has fundamentally improved the understanding 

and treatment of this extremely common disease in children. He has published 120 manuscripts in peer-

reviewed journals and has authored or co-authored 20 books, chapters and reviews. He is the Associate 

Editor of the International Journal of Pediatric Otorhinolaryngology.  Dr. Kerschner is committed to the 

communities that MCW serves and, among other service commitments, has been a volunteer member of 

the Board of Directors for the University of Wisconsin-Milwaukee Research Foundation, the University 

of Wisconsin-Milwaukee Foundation, Children’s Hospital and Health System, and Divine Savior Holy 

Angels High School. 

 



 

Colonel Todd Rasmussen, M.D., FACS 

US Air Force, Medical Corps 

 

Associate Dean for Research 

Harris B Schumacher Jr., Professor of Surgery 

F. Edward Hébert School of Medicine 

 

Colonel Todd Rasmussen completed his medical degree at Mayo Medical School in 1993 and 

surgical training at Wilford Hall Medical Center on Lackland Air Force Base in 1999. He returned to 

Mayo for vascular surgery training in 1999 after which he was assigned to the National Capital Area just 

before 9/11/2001. Soon after, he began caring for injured returning from Afghanistan at Walter Reed 

Army Medical Center. In 2004 Colonel Rasmussen returned to San Antonio and deployed to Operation 

Iraqi Freedom at the Air Force Theater Hospital on Balad Air Base. Following this he initiated a vascular 

injury and hemorrhage control research and innovation program. He’s completed tours as a surgeon at 

Balad Air Base, Iraq, Bagram Air Base, Afghanistan and at the Afghan National Army Hospital in Kabul. 

Colonel Rasmussen has led surgical training missions in Morocco, Pakistan and Russia and his research 

efforts have resulted in 130 publications, 25 book chapters, 2 textbooks and 4 patents.  In 2012 he gave a 

TED talk on the transformation of military trauma care and its impact on medicine. Colonel Rasmussen 

served as Deputy Commander of the Institute of Surgical Research from 2010 to 2013 and then moved to 

direct the larger DoD Combat Casualty Care Research Program at Fort Detrick, Maryland.  His awards 

include the Gold Headed Cane for distinction in clinical and academic practice, the Baron Dominique 

Jean Larrey for Excellence in Military Surgery and in 2015 he was recognized as a Hero in Military 

Medicine by the Center for Public-Private Partnerships. 



 

Jeffrey Kerby, M.D., Ph.D. 

 

Professor 

Director, Division of Acute Care Surgery 

 

Dr. Kerby is a native of Missouri, receiving both his undergraduate degree and medical degree 

from the University of Missouri at Kansas City in 1989. He completed his surgical residency in general 

surgery at the University of Alabama at Birmingham in 1999, along with a postdoctoral research 

fellowship in 1996, earning a Ph.D. in Biochemistry and Molecular Genetics from UAB in 1997. 

Following residency, Dr. Kerby served in the United States Air Force as a surgeon until 2003, deploying 

as a combat trauma surgeon in support of Operation Enduring Freedom in 2002. Dr. Kerby returned to 

UAB in 2003, serving as the chief of general surgery at the Birmingham VA Medical Center from 2009 

through 2014.  Dr. Kerby also served as the principal investigator for the Alabama Resuscitation Center 

of the Resuscitation Outcomes Center network, and established military-civilian partnerships between 

UAB and the U.S. Air Force and U.S. Army, developing trauma-training programs for Air Force 

Pararescue personnel and Army 18 Deltas. In addition, the Division of Acute Care Surgery hosts three 

teams of Air Force Special Operations Surgeons on a permanent basis through a training affiliation 

agreement with Air Force Special Operations Command. Dr. Kerby serves on the Editorial Board 

of Shock and The American Journal of Surgery. 

 

 

 

 

 



 

Colonel Brandon Snook, MD, FACS 

US Air Force, Medical Corps 

 

Director, Sustained Medical & Readiness Trained Program – Las Vegas 

University Medical Center of Southern Nevada 

 

Colonel Brandon Snook is the Director of the Sustained Medical and Readiness Trained (SMART) Las 

Vegas program, a military-civilian partnership between the Air Force Medical Service, University Medical Center of 

Southern Nevada, and the University of Nevada Las Vegas School of Medicine. Colonel Snook is originally from 

Beaver Dam, WI; he completed his undergraduate degree in premed at Bob Jones University in Greenville, SC, in 

1992.  He then went on to Boston University School of Medicine where he received his Doctor of Medicine degree 

in 1996.  Next Colonel Snook went to surgical residency at Keesler Medical Center, Mississippi, which he 

completed in 2001.  From 2001-2004, Colonel Snook served at the US Naval Hospital in Guam; from 2004-2011 he 

served at Nellis Air Force Base, Las Vegas, NV.  During this time he deployed to Germany, Iraq, and Afghanistan 

as a Critical Care Air Transport Team Leader and surgeon.  Colonel Snook then completed a fellowship in Acute 

Care Surgery at the University of Nevada School of Medicine from 2011-2013.  He has an interest in medical 

missions/global surgery, and enjoys spending time with his wife, Kathryn, and their 5 spirited children ages 4-13. 

 

 

 

 

 

 

 

 



 

Marc A. de Moya, M.D. 

 

Chief, Division of Trauma and 

Acute Care Surgery 

 

Dr. de Moya is a graduate of Seton Hall University and Temple University School of Medicine. His general 

surgery training was at St. Barnabas Medical Center, followed by a fellowship in trauma and critical care at the 

University of Miami, Jackson Memorial Hospital. He was recruited to Massachusetts General Hospital and Harvard 

Medical School directly out of fellowship where he has remained. He was an Associate Professor of Surgery at 

Harvard Medical School and Chief of the Churchill Service at MGH. Dr. de Moya held many administrative 

appointments at MGH and was also an Associate Program Director for their general surgery residency. Dr. de Moya 

is a Fellow of the American College of Surgeons and is actively involved in a number of national and international 

societies to include the American Association for the Surgery of Trauma, the Eastern Association of Surgery for 

Trauma, and the Association of Surgical Education. He was recently inducted into the Halsted Society and has been 

a member of Biology Club III and the Society of University Surgeons for a number of years. Dr. de Moya has won 

numerous teaching awards at MGH and has authored or co-authored over 150 manuscripts in the peer-reviewed 

literature. Marc's passion for program expansion, faculty development, and multidisciplinary system improvement 

will be a wonderful addition to our medical center and the many talented faculty and advanced practice providers 

who comprise our interdisciplinary Trauma, Critical Care and Acute Care Surgery programs. 
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A DEVICE TO FACILITATE NON-OPIOID COMBAT CASUALTY CARE ANALGESIA 

Quinn Hogan M.D. 

 

Introduction. Extremity injuries have become a major medical challenge for injured warfighters. This is because 

more are surviving trauma due to protection provided by advanced body armor and helmets.  Early analgesic 

treatment at the site of battle is beneficial for relieving pain, enabling transport, and minimizing the risk of 

development of chronic pain and/or PTSD. Opioids have been a primary choice but are now recognized to be 

problematic due to the risks of tolerance, addiction, and especially opioid induced hyperalgesia (increased pain 

sensitivity caused by the opioid) that evolve even with initial doses.  Additionally, opioids are incompletely effective 

for trauma pain. Regional anesthesia, i.e. using local anesthetics to block the nerves that convey pain signals from 

the injured limb, is a potent and safe alternative.  However, this requires advanced training in order to find the exact 

site of injection when using conventional civilian approaches. I have developed a highly portable and durable device 

(US Patent 7,010,352) for guiding injection that can be employed under harsh conditions by medics/corpsmen with 

minimal training.  This is described here and initial validation studies are proposed. 

 

Device and application. Electrical current delivered to the injection needle is commonly used to identify the 

location of the targeted nerves since this produces movement in the distal limb (hand or foot) when the needle tip is 

in the proper location for injection. However, a critical initial step is identifying the correct site for needle insertion. 

The Electronic Injection Site Locator (EISL) consists of a pulse generator powered by a 9V battery, and a sterile 

glove with an electrode on the palmar surface of the distal index finger. The operator scrubs the relevant region, 

specifically the axilla (armpit) for arm injury, or the medial inguinal crease (groin) for leg injury, with a sterile prep 

pad. Wearing the EISL glove, the active stimulating surface is placed on the skin with moderate pressure, an 

assistant activates the EISL pulse generator, to deliver stimulating current (2/second), and the finger is moved 

medio-laterally until a distal movement is noted in the arm or leg. The finger is then maintained in that location 

while the assistant switches the current source to a customary block needle, which is inserted under the operator’s 

finger and advanced until the distal twitching is recreated, whereupon injection is initiated. 

 

Proposed studies. Validation of EISL as a useful combat casualty care approach requires confirmation of its 

efficacy and ease of training. First, use by experienced anesthesiologists would test its efficacy and safety in a 

controlled elective surgery environment. Second, use on trauma patients for early analgesia in a noncombat trauma 

environment would be trialed in an emergency room setting. Finally, confirming that non-specialist medical 

providers can deliver successful analgesia in this fashion would by studied by training allied health professionals 

that have no surgical or anesthesia experience. At all levels, outcome parameters would include time to complete 

injection, intensity of blockade, side effects, and patient satisfaction. 

 

Conclusions. EISL should allow rapid and complete analgesia for combat extremity injuries, using compact and 

highly durable gear, delivered by standard far-forward medical personnel. Testing is needed. 

 

 
 



 

PROSPECTIVE ASSESSMENT OF BLOOD MARKERS OF ACUTE MILD TRAUMATIC BRAIN 

INJURY 

Timothy B. Meier, Ph.D., Lindsay D. Nelson, Ph.D., & Michael A. McCrea, Ph.D. 

 

Introduction: There is an urgent need to identify objective biomarkers for the assessment of mild traumatic brain 

injury (mTBI) to reduce the reliance on clinical judgment for the management of these injuries. Blood-based 

biomarkers are of particular interest given their relative cost effectiveness and potential to be deployed at the site of 

injury (e.g., on the battlefield). The objective of this work was to prospectively establish the effects of mTBI on 

serum levels of potential brain injury biomarkers of neuronal and glial dysfunction. We hypothesized that S100B, 

GFAP, and UCH-L1 would be elevated acutely in athletes with mTBI relative to controls. 

 

Methods: Collegiate and high school football players were enrolled and provided blood at preseason. Athletes that 

suffered a concussion during the season participated in follow-up visits at approximately 6 and 24-48 hours post-

injury(n=66). Matched non-injured football athletes participated in similar visits (n=59). Serum levels of blood 

markers were measured using enzyme linked immunosorbent assays (GFAP, UCH-L1) or electro-chemo-

luminescence immunoassays (S100B). Non-parametric tests were used to compare biomarker levels between groups 

and across time. Area under receiver operating characteristic curve (AUC) was used to quantify the ability of 

markers to discriminate mTBI from control athletes. 

 

Results: Athletes with mTBI had significantly elevated serum levels of S100B and UCH-L1, but not GFAP, 6 hours 

post-injury relative to their preseason levels and levels in controls (p<0.005).  S100B and UCH-L1 discriminated 

athletes with mTBI from control athletes at the 6-hour visit with area under the curve of 0.68 and 0.80, respectively. 

 

Conclusions: This prospective study demonstrates acute increases in serum levels of UCH-L1 and S100B following 

mTBI, with UCH-L1 showing good discrimination of mTBI from healthy athletes. Analyses of additional samples 

of men and women athletes as well as military service academy members are ongoing. The use of blood biomarkers 

may eventually serve as complementary diagnostic tools to aid the diagnosis of mTBI in the acute setting. 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

UTILITY OF COMPUTERIZED NEUROPSYCHOLOGICAL TESTS FOR ASSESSMENT OF SPORT 

AND CIVILIAN MTBI 
Lindsay Nelson, Ph.D., E. Brooke Lerner, Ph.D., & Michael A. McCrea, Ph.D.  

 

Introduction. Computerized neurocognitive testing (CNT) has become commonplace in the clinical assessment of 

athletes and military service members with concussion/mild traumatic brain injury (mTBI) given its purported 

sensitivity to the acute effects of mTBI. However, there have been limited empirical studies quantifying and 

comparing the psychometric properties and performance of competing CNTs in the context of mTBI assessment. It 

is unclear to what degree CNTs commonly used in athletic settings might be useful to detecting the effects of mTBI 

in other patient populations such as civilian (non-athlete) patients presenting to emergency departments (ED). The 

objective of this study Project Head to Head funded by the Department of Defense Combat Casualty Care Research 

Program (CCCRP) was to quantify and compare the reliability and sensitivity/specificity of four CNTs to mTBI in 

both athlete and civilian (ED) settings. The major hypotheses of the study were that the CNTs would show 

differential sensitivity to mTBI across manufacturer, time, and patient populations, with highest sensitivity acutely 

post-injury and diminished sensitivity at later post-injury time points.  

 

Methods. The sports arm of the study enrolled over 2,000 athletes at preseason baseline examinations, of which 165 

athletes with concussion and 166 non-concussed teammate controls completed serial repeat clinical assessments 

within 24 hours and at 8, 15, and 45 days post-injury. The ED arm of the study assessed 94 civilian patients with 

mTBI and 80 trauma controls within 72 hours of injury and at 8, 15, and 45 days post-injury. Each participant 

completed two of four CNTs at each assessment. The primary analyses included assessment of test-retest reliability 

of CNT scores and the sensitivity and specificity of CNT metrics to sport and civilian mTBI.  

 

Results. In both athlete and civilian samples, about a quarter of CNT indices met recommended targets for test-

retest reliability (r > .70). In the athlete sample, mTBI versus control group differences in CNT performance were 

moderate to large at 24 hours post-injury and diminished substantially by 8 days post-injury. Similarly, the 

sensitivity of reliable change indices (i.e., estimates of the clinical significance of individual preinjury to post-injury 

changes in performance) ranged from 47.6%-67.8% across CNTs at the 24-hour assessment and diminished to near 

the false positive rate by day 8. In the ED sample, the CNTs did not significantly differentiate mTBI from trauma 

control groups. However, both samples demonstrated significant mTBI vs. control group differences in scores on an 

mTBI symptom checklist, with symptom checklist effect sizes bigger than effect sizes for cognitive performance 

metrics for both patient populations.  

 

Conclusions. Symptom checklists provide the most sensitive marker of the clinical sequelae of mTBI. The utility of 

CNTs for the detection of mTBI-specific effects appear limited to athletes in the early post-injury window. In 

contrast, outside a brief post-injury window the cognitive effects of mTBI are not reliably detectable. The more 

limited sensitivity of CNTs to mTBI in civilian patients (versus trauma controls) may, in part, reflect the nonspecific 

effects of trauma on cognitive performance. These findings have direct translational impact on the assessment of 

mTBI across trauma settings, including military medicine. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

THE ENDOCANNABINOID SYSTEM AND TRANSITION OF ACUTE TO CHRONIC PAIN IN THE 

TRAUMATICALLY INJURED 
Colleen Trevino Ph.D., Cecilia Hillard Ph.D., & Terri deRoon Cassini Ph.D.  

 

Introduction. Little is known about the progression of acute pain to chronic pain in the traumatically injured 

population and the risk factors associated with this transition. In addition, there are few reliable or clinically 

significant biomarkers for either of these conditions. Preclinical research suggests a role for the endocannabinoid 

signaling system (ECSS) in pain. Specifically, increased endocannabinoid (EC) signaling that is promoted by tissue 

injury and, although it can contribute to reduced acute pain, there is some evidence that an elevated ECSS is 

associated with pain sensitization and, thus could contribute to the development of chronic pain. We hypothesized 

that serum EC concentrations correlate with pain scores at baseline and 6 months after traumatic injury and 

individuals expressing the rare allele (A) in rs324420 in the gene for fatty acid amide hydrolase, which degrades the 

EC anandamide (AEA), are at greater risk to transition to chronic pain.  

 

Methods. A prospective, longitudinal cohort study was conducted with participants admitted to an Adult Level I 

Trauma Center post traumatic injury. Participant demographic and injury-related data, pain scores, pain interference 

scores, and symptoms of Post-Traumatic Stress Disorder (PTSD) were assessed via measures obtained at the time of 

hospitalization (baseline) and 6 months following the index traumatic event. Blood samples were obtained at the 

time of trauma and at 6 month follow up. ECs [2-arachidonoylglycerol (2AG) and anandamide (AEA)] were 

measured in serum at both times and genotype at rs324420 was determined in DNA obtained from blood. Pearson 

correlations and ANOVAs were used to determine relationships among the biological measures and clinical 

measures.  

 

Results. 280 participants comprised a subset of a population base sample (72.5% Male, 27.5% Female) with 170 

participants (61% retention) completing 6-month follow-up. 2AG at baseline was significantly positively correlated 

with pain interference at 6 months (r=0.197, p=0.01). AEA at 6 months was significantly positively correlated with 

both pain severity (r=0.164, p=0.04) and pain interference (r=0.191, p=0.02) at 6 months. Participants homozygous 

for the rare genetic allele (AA) at re324420 in FAAH had significantly higher 6 month pain severity compared to the 

other genotypes (likelihood ratio=10.431; p=.034, Cramer’s V=0.175). Pain scores and PTSD here highly correlated 

both at baseline and at 6 months (r=0.3, p<0.001; r=0.4, p<0.001).  

 

Conclusion The ECSS is known to play a role in both the perception of pain and psychological distress. Similar to 

previous studies, pain and PTSD was highly comorbid in this population. These data suggest higher levels of 2AG at 

baseline and AEA at 6 months may play a role in the development of chronic pain. Those with genetic FAAH over 

expression will have higher AEA, and the finding that these individuals have higher pain scores at 6 months is 

consistent with higher serum AEA also predicting chronic pain. These data support the hypothesis that ECSS may 

play a pivotal role in the development of chronic pain from acute traumatic injury and is potentially a target for 

intervention. 

 

 
 

 

 

 

 



 

ADVANCED DIFFUSION MRI AS A PROGNOSTIC MARKER OF ACUTE SPINAL CORD TRAUMA: 

PRECLINICAL STUDIES 

Matthew Budde, Ph.D. 

 

Hypothesis: Medical care within the first several hours and days is of paramount importance to recovery from 

spinal cord injury (SCI), a debilitating neurological event with life-long consequences. Current clinical methods 

assessment have significant gaps in predicting functional outcome, which can hinder personalized care. 

Magnetic resonance imaging (MRI) has aided diagnosis, but it is far from being accepted as standard of care. 

Conventional MRI has poor specificity for axonal injury, the pathological feature most directly related to long- 

term functional outcome, which limits its prognostic utility. Diffusion tensor imaging (DTI), a MRI technique that 

probes tissue microstructure noninvasively, has shown promise as a biomarker, but technical difficulties and 

non-specificity have impeded its adoption to the clinic. Our primary hypothesis was that a diffusion MRI 

technique tailored for axonal injury would provide better prognostic performance for SCI outcome prediction. 

 

Methods: Computational simulations were first employed to assess the relative performance of several standard 

and emerging diffusion MRI analysis and acquisition techniques using a biophysical model of axonal injury. 

Subsequently, the most promising methods were integrated into a 9.4T preclinical MRI system and applied to a 

rat model of spinal cord contusion injury induced through weight drop with varying injury severities. Imaging was 

performed at 2 and 30 days post injury along with weekly functional scoring (Basso, Beattie, and Breshnahan; 

BBB) and terminal histology. MRI metrics were correlated with BBB scores and quantitative histological 

measures. 

 

Results: Compared to DTI, a novel double diffusion encoding (DDE) MRI method performed at 2 days post 

injury was more strongly correlated with functional outcomes at 30 days post injury. DDE improved the sensitivity 

to axonal injury by suppressing the signals from edema, extracellular fluid, and cerebrospinal fluid and other 

pathologies that can confound DTI. A whole-cord quantitative measure of injury could be obtained in a short 

acquisition time (<3 mins), with the spatial pattern of injury to the cord clearly observed in the individual animals. 

 

Conclusions: We have demonstrated a novel diffusion MRI-based technique to reliably assess the severity of 

spinal cord traumatic injury in the acute setting that is prognostic of functional outcome. The ability to detect the 

degree of injury has implications in the appropriate course of treatment for individual patients, such as surgical 

treatment and rehabilitative approaches. A biomarker of injury severity may also be useful for enrollment, 

stratification, and follow-up assessment in clinical trials for spinal cord injury treatments. Future studies in acute 

SCI patients and other spinal cord injury and disorders are needed to realize the clinical applications emerging 

from these promising preclinical findings. 

 

Acknowledgments: Funding from the Craig H Neilsen Foundation and the Department of Veteran’s Affairs is 

gratefully acknowledged. 

 



 

THE ROLE OF THE ENDOCANNABINOID SYSTEM IN POSTTRAUMATIC STRESS DISORDER 

(PTSD) EARLY AFTER TRAUMATIC INJURY 

Terri deRoon-Cassini, Ph.D., Karen Brasel, M.D., M.P.H., & Cecilia Hillard, Ph.D.  

 

Background: Approximately 2.6 million per year are severely injured and treated at level 1 trauma centers. 

Traumatically injured patients experience significantly lower quality of life (QoL) compared to the general 

population, even 2 years after injury. Posttraumatic stress disorder (PTSD) is a significant contributing factor to poor 

QoL and over 1 in 5 people who are severely injured will develop PTSD. However, it is not well understood in the 

immediate aftermath of injury that is at risk for chronic pathology. Significant pre-clinical data suggests that the 

endocannabinoid (eCB) signaling system, which consists of 2-arachidonoylglycerol (2-AG) and anandamide (AEA), 

is recruited in response to stress and can act as a buffer after trauma. The purpose of the present study was to 

evaluate the role of early (within 2 days) circulating endocannabinoids and cortisol functioning in posttraumatic 

stress disorder and depression 6 months following traumatic injury. Further, polymorphisms of the cannabinoid 

receptor type 1 (CB1) and fatty acid amide hydrolase (FAAH) genes will be evaluated to determine contribution to 

risk for PTSD. Based on preclinical data, we hypothesized that lower 2-AG and AEA acutely after injury would 

confer risk for six month PTSD.  

 

Methods: This was a prospective longitudinal cohort study with 278 participants who experienced a traumatic 

injury requiring hospitalization. Forty-eight percent of the participants were Caucasian, 70% were male, and 32% 

experienced assaultive trauma. Subjects underwent a blood draw early after trauma, as well as an assessment of 

PTSD symptom severity (PSS). At 6-months post-injury subject PSS and PTSD diagnosis (Clinician Administered 

PTSD Scale, CAPS) were assessed, and another blood draw was completed. Pearson correlations were used to 

evaluate the relationship between cortisol, 2-AG, and AEA and the symptom clusters of PTSD (avoidance, 

intrusions, hyperarousal, negative alterations in mood and cognitions). Analysis of Variance (ANOVA) was 

conducted to determine differences in risk for PTSD based on CB1 and FAAH polymorphisms.  

 

Results: Significant correlations were found among concentrations of 2-AG, AEA, and cortisol measured days after 

the trauma. Contrary to the animal literature and to our hypotheses, 2-AG (t = -2.1, p = .03) and AEA (t = -2.0, p = 

.05) were significantly higher at the peri-traumatic period in those who went on to develop chronic PTSD at 6 

months. Elevated AEA was maintained by 6 months and remained significantly correlated with PSS in women only 

(r = 471, p < .001). CB1 and FAAH polymorphisms suggest a genetic contribution to differences in risk for PTSD 

symptoms after traumatic injury.  

 

Summary: Counter to the pre-clinical literature, higher levels of acute 2-AG and AEA increase PTSD risk in the 

traumatically injured. These data suggest a role for the endocannabinoid system early after trauma that may 

influence emotional reactivity and psychological distress outcomes and suggest that the eCB signaling system may 

be a viable target for intervention. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

PERSONALITY AND LATER PTSD SYMPTOMS IN MILD TRAUMATIC BRAIN INJURY (MTBI) AND 

NON-TBI ORTHOPEDIC POLY-TRAUMA CIVILIAN INPATIENTS 

Jana Ranson, Ph.D., Terri deRoon-Cassini, Ph.D., Michael A. McCrea, Ph.D., & Lindsay D. Nelson, Ph.D. 

 

Background:  An estimated 10–40% of individuals sustaining traumatic injuries to the brain or body develop post-

traumatic stress disorder (PTSD), a potentially debilitating condition that can impair social and occupational 

functioning, reduce quality of life, and increase suicide risk. That most trauma injured individuals never develop 

PTSD suggests individual variation in PTSD susceptibility and resistance. Premorbid maladaptive personality traits 

(e.g., neuroticism, negative emotionality) and acute psychological response to stress (e.g., emotional distress; 

somatic preoccupation) are known to independently predict PTSD risk, but the causal mechanism through which 

they may jointly increase PTSD risk, and how this pathway may differ depending on injury type, are 

poorly understood. 

 

Objective and hypotheses: The current study adapted the diathesis-stress model of vulnerability—which posits that 

pre-existing and acute vulnerabilities and resilience factors interact with trauma to impact differential disease 

outcomes over time—to illustrate how premorbid maladaptive personality transacts through acute psychological 

response to trauma to affect chronic (3-month) PTSD symptom endorsement. We hypothesized that 1) the 

maladaptive personality traits that individually predict PTSD and tend to cluster comprise a “maladaptive 

personality” construct; 2) acute psychological response mediates the effect of maladaptive personality on chronic 

PTSD; 3) consistent with the literature, acute somatic preoccupation mediates the personality-to-PTSD relation for 

mild traumatic brain injury (mTBI) inpatients, whereas acute global distress mediates this relation for non-TBI 

orthopedic poly-trauma (OP) inpatients; and 4) premorbid adaptive personality (positive emotionality) interacts with 

maladaptive personality to either increase or reduce chronic PTSD risk. 

 

Methods: A total of 154 civilian inpatients (75 mTBI; 79 OP; mean age 49.0 ± 19.2; 58.4% male; 69.5% Caucasian) 

completed bedside-administered self-report personality, psychological, and neurocognitive assessments. A 

maladaptive personality factor was validated using exploratory and confirmatory factor analyses on the full sample. 

Modern mediation, in which a significant indirect effect (IE) is considered evidence of mediation, and conditional 

direct effects (moderated mediation) analyses were run to test the diathesis-stress causal models 

for mTBI and OP samples separately. 

 

Results: For the mTBI sample, mediation of maladaptive personality on PTSD symptoms occurred through acute 

somatic preoccupation (IE = 2.65, p < .05), whereas mediation for the OP sample occurred through acute global 

distress (anxiety, depression) (IE = 2.95, p < .05). For Ops only, low levels of positive emotionality (anhedonia) 

significantly increased 3-month PTSD symptom endorsement (interaction = –6.35, p < .05). Although n.s., results 

implied that very high levels of adaptive personality may offset the deleterious effects of maladaptive personality 

to lower chronic PTSD risk. 

 

Conclusion: Results highlight the complex, individually variable, and causal nature of PTSD etio-pathology and 

risk. Findings support the precision medicine approach to healthcare, whereby individuals sharing susceptibilities (or 

invulnerabilities) to disease comprise subpopulations for whom preventative measures and treatments can be 

developed and implemented. Acute trauma personnel serving civilian, military, and athlete populations should 

consider adding personality trait and psychological state measures to their intake batteries to help identify at-risk 

patients within the immediate post-injury window. 
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