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Proceedings of the 2011 AFMS
Medical Research Symposium

Introduction

The U.S. Air Force Medical Service presented the sixth annual Air Force Medical Research Symposium coordinated by the Air Force
Medical Support Agency’s Research and Development Division (AFMSA/SGRS). The symposium was held on 2-4 August 2011 in
the Washington DC area at the Gaylord National Resort Hotel and Convention Center in National Harbor, MD. The symposium
featured two half-days of plenary sessions, one and a half days of scientific presentations, and a poster session.

The symposium was organized into several tracks to include Enroute Care, Force Health Protection, Healthcare Informatics,
Operational Medicine (In-Garrison Care), and Psychological Health/Traumatic Brain Injury, as follows:

The Enroute Care Track addressed science and technology targeted at the continuum of care during transport from point of
injury to definitive care including, but not limited to: Casevac, Medivac; Aeromedical Evacuation; Critical Care Air
Transport; and Patient Staging. Further areas addressed included: patient stabilization; patient preparation for movement;
impact of in-transit environment on patient and AE crew physiology; human factors concerns for AE crew or patient
population; AE/medical personnel training; infectious disease/control; burn management; pain management; resuscitation;
lifesaving interventions; and nutrition research in the enroute care environment.

The Force Health Protection Track focused on prevention of injury and illness and the early recognition or detection of
emerging threats for in-garrison or deployed operations. Topics of interest include research in bio-surveillance, infectious
disease, emerging threats (pandemic response), protective countermeasures, disaster response/consequence management,
toxicology/health risks (e.g., particulates nanomaterials, radiation, etc.), monitoring disease trends, other areas of preventive
medicine, public and environmental health relevant to the military workforce.

The Healthcare Informatics Track focused on the use of innovative information management & technology solutions that
enhance healthcare delivery at any point of the full spectrum of patient care to include medical simulation and training.

The Operational Medicine (In-Garrison Care) Track focused on care delivered in the outpatient or inpatient in-garrison
setting and on enhancing the performance of airman in challenging operational and expeditionary environments.

The Psychological Health/Traumatic Brain Injury Track addressed topics pertaining to screening, diagnosis, and treatment of
TBI and/or Psychological Health in the military community. Specific focus areas within Psychological Health included
depression, substance use disorders, family functioning, and suicide prevention. Topics of special interest included field-
deployable diagnostic tests for mild TBI (concussion), blast modeling, large epidemiologic studies of Psychological Health
and TBI, and strategies for translating research into practice.

These proceedings are organized into five volumes, as follows:

Volume 1. This volume is a general overview of the entire 2011 Air Force Medical Research Symposium and includes
abstracts of all the oral presentations and posters. First presented is the symposium’s opening plenary session,
followed by the abstracts from the four technical tracks, and then the closing plenary session. The abstracts
associated with the poster session are in the last section of these proceedings. The agenda for the overall
symposium is in Appendix A, attendees are listed in Appendix B, and continuing education information is in
Appendix C of this volume. Appendices D-J are copies of presentation slides from the plenary sessions.

Volume 2. This volume contains abstracts and presentation slides for the Enroute Care and Expeditionary Medicine Track.

Volume 3. This volume contains abstracts and presentation slides for the Force Health Protection Track.

Volume 4. This volume contains abstracts and presentation slides for the Healthcare Informatics Track.

Volume 5. This volume contains abstracts and presentation slides for the Operational Medicine (In-Garrison Care) Track.

Volume 6. This volume contains abstracts and presentation slides for the Psychological Health/Traumatic Brain Injury
Track.
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Effects of Aeromedical Evacuation on Intracranial Pressure

711 HPW/USAFSAM-ETS

Mr. Richard Branson

PURPOSE: Early evacuation of casualties has been a hallmark of the current conflict, with traumatic brain injury (TBI) being the
defining injury. The effects of aeromedical evacuation (AE) on intracranial pressure (ICP) have not been studied in humans.
METHODS: ICP and blood pressure were both continuously recorded during AE from in-theater hospitals to Germany in six
patients with TBI. All patients were mechanically ventilated and had an intraventricular catheter and arterial lines. A recorder
with airworthiness approval was connected to the output of a standard pressure transducer. Data were collected every second.
The recorder also measured X,Y, and Z via an integral accelerometer. RESULTS: Six patients had complete take-off to landing
data collected. In four of six patients there were sustained increases in ICP associated with take-off and/or during the 6- to 8-hr
flight. These increases were often >50% from baseline and were sustained for >1 hr. However, no patient suffered sustained ICP
increases >20 mmHg. All data were collected without identifiers and no attempt was made to link the collected data to patient
information from medical records. CONCLUSIONS: This study demonstrates that observational data from current standard of
care environments can be invaluable in identifying potential problems and solutions. Routine AE is associated with increases in
ICP owing to environmental and injury factors. Monitoring during AE is possible without altering patient care.
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Prolonged Hypobaria During Aeromedical Evacuation and the Effects on Traumatic Brain Injury
711 HPW/USAFSAM-ETS
Dr. Gary Fiskum

BACKGROUND: Warfighters evacuated from combat theaters are exposed to decreased atmospheric pressure (hypobaria) during
air transport. The focus of this project is to characterize the effects of hypobaria associated with aeromedical evacuation (AE) on
animals subjected to traumatic brain injury (TBI) and test for clinically translational neuroprotective interventions targeted at
these conditions. HYPOTHESIS: We hypothesize that (1) low atmospheric pressure present at AE cruising altitudes worsens
outcome after TBI, (2) the effects of prolonged hypobaria on outcome after TBI are dependent upon timing of transport, (3) these
effects reflect neuroinflammatory and/or cerebral metabolic changes, and (4) the neurologic outcome after TBI and AE can be
improved by interventions that target neuroinflammation and brain oxygenation. STUDY DESIGN: Animals will be exposed to
prolonged hypobaria (6 hr at 0.75 ATA), beginning at different times after TBI (6, 24, or 72 hr), representing immediate
evacuation, standard, or delayed AE after injury in theater. Additional groups of animals will be exposed to primary hypobaria
and then prolonged secondary hypobaria, modeling AE from Europe to the U.S. Two clinically relevant TBI models will be
examined: (1) contusion-induced moderate TBI using the rat lateral fluid percussion model and (2) mild, blast-induced
hyperacceleration TBI in rats as a model for TBI in occupants of vehicles hit by improvised explosive devices. Comparisons of
long-term histopathologic and behavioral outcomes for animals in these groups will provide data to suggest the optimum time for
primary and secondary AE after TBI, as well as the impact of poly-ADP-ribose polymerase administration or hyperoxia on
subsequent outcome.



Proceedings of the 2011 AFMS Medical Research Symposium

Volume 2 Enroute Care and Expeditionary Medicine

10



Proceedings of the 2011 AFMS Medical Research Symposium

Volume 2 Enroute Care and Expeditionary Medicine

11



Proceedings of the 2011 AFMS Medical Research Symposium

Volume 2 Enroute Care and Expeditionary Medicine

12



Proceedings of the 2011 AFMS Medical Research Symposium

Volume 2 Enroute Care and Expeditionary Medicine

13



Proceedings of the 2011 AFMS Medical Research Symposium

Volume 2 Enroute Care and Expeditionary Medicine

14



Proceedings of the 2011 AFMS Medical Research Symposium

Volume 2 Enroute Care and Expeditionary Medicine

15



Proceedings of the 2011 AFMS Medical Research Symposium

Volume 2 Enroute Care and Expeditionary Medicine

Critical Care Air Transport Team Severe Traumatic Brain Injury Short-Term Outcomes During Flight for Operations
Iraqi Freedom/Enduring Freedom Between June 2007 and August 2010

711 HPW/USAFSAM-FEEG
Lt Col L. Renee Boyd

A retrospective chart review was conducted for 560 patient movements (i.e., Balad to Landstuhl, Landstuhl to Bethesda)
transported by critical care air transport teams (CCATTS) with severe traumatic brain injuries (TBIs) between 1 June 2007 and 31
August 2010. Severe TBI was defined by the Brain Trauma Foundation and classified based on loss of consciousness that lasts for
more than 24 hours, post-traumatic amnesia lasting for 7 days or longer, and a Glasgow Coma Score of 8 or less. Records were
obtained from the CCATT Pilot Unit at Wilford Hall Medical Center, Lackland AFB, TX, and a standardized abstraction form
was utilized that included the following: age; sex; nature of injury such as blast, blunt, or penetrating; additional traumatic
injuries; type of mechanical ventilation; and intracranial monitor intervention (ventriculostomy or ICP CODMAN monitors).
Results of this study serve to expand the available aeromedical knowledge by specifically looking at the area of TBI to allow
refinement of CCATT training and provide data for the future development of guidelines for air transport for validating and
clearing flight surgeons.
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Closed Loop Control of F1IO2 in Multiple Trauma Patients
711 HPW/USAFSAM-ETS

Mr. Richard Branson

PURPOSE: Closed loop control (CLC) of inspired oxygen concentration (FIO2) may maintain oxygenation and conserve oxygen.

Methods: In a randomized cross-over trial, we compared a 4-hr period using standard of care (SOC) physician-directed FIO2
control to 4 hr of CLC of FIO2 in trauma patients. CLC was accomplished using a proportional-integral-derivative (PID)
controller targeting oxygen saturation (SpO2) at 94+2%. The PID controller manipulated FIO2 to maintain the SpO2 target. A
paired t-test was used to compare the variables between SOC and CLC groups.

Results: A total of 95 patients (82 men, 13 women; 76 white, 18 African-American, and 1 Asian) were enrolled. Mean [*
standard deviation (SD)] age was 36+12 yr and mean ISS was 32 (range 16-50).

Mean oxygen usage was 1.5 L/min in CLC and 2.84 L/min during SOC (p< 0.0001). The mean (x SD) of total time in minutes
per patient per 4-hr period with SpO2 < 88% was 0.55+1.37 with a range of 0-12.2 min in CLC and 1.28+2.64 in SOC with a
range of 0-17.3 min (p<0.002). There were 91 low SpO2 events in the SOC group and 77 in the CLC group.

CONCLUSION: CLC of FIO2 provides consistent control of the target SpO2 without clinician intervention, which may offer
advantages in the en route care setting.
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Prehospital Oxygen Use in Civilian Trauma Care
711 HPW/USAFSAM-ET

Mr. Richard Branson

BACKGROUND: Trauma patients often receive prehospital oxygen (02) without evidence of hypoxemia. Knowing the need for
prehospital O2 could assist military planners. METHODS: A convenience sample of injured adults taken to a trauma center by six
emergency medical services (EMS) agencies was studied. During transport, O2 saturation (SpO2) was continuously recorded.
Prehospital and in-hospital O2 use were recorded. A conservative threshold for O2 need (SpO2<95%) was used to estimate
maximum prevalence and defined per local EMS protocols. Analysis using the TCCC threshold of Sp0O2<90% was also
performed. Categorical comparisons used chi-square or Fisher’s exact tests; medians were compared with the Mann-Whitney U
test. RESULTS: Of 290 screened patients, 154 had complete data. The median age was 37 (range 18-84), 77/154 (50%) were
white, and 121/154 (79%) were male. The median injury severity score (ISS) was 5 (1-43), 55/154 (36%) had a penetrating
injury, and 82/154 (53%) were admitted. During treatment 128/154 subjects (83%, 95% confidence interval 76%-88%) had a
need for O2 where 113/154 (73%) had Sp02<95%, 52 (34%) were <90%, and 86/154 subjects (67%) received O2 during EMS
transport. Those with O2 need were older (38 vs. 27 years; p=0.019) and had higher 1SS scores (9 vs. 1; p=0.001). There was no
difference in O2 need for those with or without penetrating (36% vs. 40%, p=0.684) or chest (27% vs. 19%, p=0.469) injuries.

CONCLUSION: At threshold of Sp02<95% and Sp02<90%, 30%-50% of civilian trauma patients required O2. The need for O2
remains sufficient to deploy some oxygen for those casualties who may benefit from supplemental oxygen.
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Task Saturation in Critical Care Air Transport Team Advanced Training

11 HPW/USAFSAM-ETS
Dr. Timothy Pritts

BACKGROUND: An important part of the current combat casualty care paradigm is tactical and strategic aeromedical evacuation
of critically ill patients. Care of critically ill patients in this environment, as delivered by Critical Care Air Transport Teams
(CCATTS), is challenging and involves the execution of a myriad of tasks. The current experience of CCATT has led to
increasing understanding of the challenges of task saturation in complex environments, but the occurrence of task saturation in the
CCATT training environment is unknown. This study will increase our knowledge of the occurrence and nature of task saturation
during simulated CCATT missions and will provide the groundwork for potential improvements in CCATT training to mitigate
the effect of task saturation on patient care. HYPOTHESIS: We hypothesize that task saturation occurs during simulated
CCATT missions.

STUDY DESIGN: We seek to increase our understanding of task saturation in the CCATT environment. This will be
accomplished through observation of patient care during simulated CCATT missions from at least four consecutive CCATT
advanced classes. This will establish the practicability of task saturation occurrence determination during simulated CCATT
missions. We will then determine the potential effects of task saturation on loss of team effectiveness during simulated CCATT
missions. We will gather data from four consecutive CCATT advance classes. Data will be obtained prospectively but analyzed
in detail by a panel of educational and team training experts in a retrospective fashion over 6 months.

46



Proceedings of the 2011 AFMS Medical Research Symposium

Volume 2 Enroute Care and Expeditionary Medicine

Gap in knowledge:

The rate of occurrence of task saturation in CCATT
advanced training is unknown.

v Channeling

v Lose the forest in the trees

Question: vDisengagement
How often does task saturation occur? What are therisk . gag

?
factors? vLoss of function
Hypothesis: v Compartmentalization
We hypothesize that increased understanding of task
saturation will enable better CCATT training and team v Inappropriate prioritization and delegation
function.
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INFAIIENT ENERUENGIED
« Initial assessment of patient status

. . . Score (%) 1 2 3
+ Assess and monitor a patient undergeing How performed? Did not Poorly Correctly
obvious deterioration Requests updated vitals a(56) | 2013 5(31)
+ Communication with team members and Performs pulse exam and 4(25) 10 (63) 2(13)
upper-level resident reassess
i . Listens for breath sounds 4 (27} 3 {20) 8 (53)
- Basic emergency patient management Places patient on monitor 11 {73} - 4(27)
principles Monitors blood pressure 8 (53) 4(27) 3 (20)
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Volume 2

- Interns have the technical skills

...and the knowledge

- Without structured educational process

or experience, they do not know how to
use this skill-set

- Many of the short comings are due to, or

exacerbated by task saturation

o, Sugia et 0
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Subsequent work with Surgical ICU
fellows, residents, nurses, respiratory
therapists, and pharmacists suggested
that task saturation is a common
occurrence in this setting
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Gap in knowledge:
The rate of occurrence of task saturation in CCATT
advanced training is unknown.

vTaken together, this data suggests that the

CCATT environment may be highly Question:
susceptible to events secondary to task How often does task saturation occur? What are the risk
saturation factors?

Hypothesis:

We hypothesize that increased understanding of task
saturation will enable better CCATT training and team
functﬂiqn.
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The Impact of Prophylactic Fasciotomy Following Porcine (Sus scrofa) Hind Limb Ischemia/Reperfusion Injury

Brooke Army Medical Center

Capt Thomas Percival

BACKGROUND: Prophylactic fasciotomy has been used alleviate compartment syndrome after ischemia reperfusion injury. It
has been purposed that prophylactically treating compartment syndrome will improve neuromuscular recovery of the limb
therefore improving functional limb outcome. The purpose of this study is to quantify the neuromuscular recovery after
prophylactic fasciotomy in a porcine model of hemorrhage and hind limb ischemia. METHOD: Swine (Sus Scrofa; 76 +/-6kg)
were randomly assigned to no fasciotomy or prophylactic fasciotomy after ischemia via external iliac artery occlusion and
arteriotomy. Class Il shock was induced via a 35% blood volume variable rate hemorrhage and external iliac artery repair was
achieved after 0, 3, or 6 hours of ischemia. Prophylactic fasciotomy of the anterior compartment was performed at the time of
reperfusion. Compound motor action potential, sensory nerve action potential, nerve conduction velocity and gait testing was
evaluated during the 14-day survival period to calculate the composite physiologic model of recovery (PMR). Necropsy was
performed for evaluation of nerve and muscle histology. RESULTS: In hemorrhage alone, according to the PMR the recovery
was 94+/-28%, 63+/-37% and 55+/-44% at 0, 3 and 6 hours of ischemia respectively. A significant difference was noted between
0 and 6 hours of ischemia (p<0.05). With fasciotomy, a recovery of 97+/-72%, 98+/-80% and 42+/-39% was noted after 0, 3 and
6 hours of ischemia. Compound motor action potential showed the greatest decrement with ischemic insult. Histologic analysis
is currently on going. CONCLUSION: This study demonstrates the feasibility of fasciotomy in a porcine model. It validates the
previous model of functional limb outcome with hemorrhage and hind limb ischemia in a porcine model and shows an apparent
trend towards improved functional limb outcome if vascular repair and prophylactic fasciotomy are performed within 3 hours of
ischemic time.
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A Nursing Research System to Obtain Functional Outcomes and Provide Clinical Education Following Wartime
Extremity Vascular Injury

USAISR
Capt Diane Lynd
Authors: Ivatury RA, Keltz BM, Lynd DL, Ames-Chase AC, Porras C, RasmussenTE, Feider LL

BACKGROUND: The rate of vascular injury in the wars in Iraqg and Afghanistan are five times that previously reported in
combat with extremity injury most common. Extremity vascular injury is associated with significant long-term morbidity and
repairs requiring surveillance ensure best durability and outcome. Despite the commonality and significance of this injury pattern,
current systems to ascertain patient-based outcomes and provide education are poorly developed. OBJECTIVE: To describe a
novel system designed to contact troops in the years following extremity vascular injury to ascertain quality of life and limb
outcomes and provide education on surveillance of vascular repair.

METHODS: A research team comprised of nurses with wartime experience conducted a review of the Joint Theater Trauma
Registry (JTTR) identifying US troops having sustained extremity vascular injury. A medical record review was performed to
confirm the presence of vascular injury and or injury repair and patient contact attempted. Informed consent was obtained and
outcomes information was gathered using the Standard Form 36 (SF-36) and Short Musculoskeletal Function Assessment
(SMFA). Vascular injury education was provided based on an algorithm that directs follow-up and surveillance.

Results: Extremity vascular injury was confirmed in 751 patients. Attempted contact of 189 (25%) and actual contact completed
for 91(48%). Of the 91 patients contacted, 80 (88%) consented to participate, and 11(12%) either declined consent or were
unresponsive. Of the 80 consented, 24 (30%) completed surveys and 56 (70%) are pending survey completion. Of the 24
respondents, 17 had salvaged limb with graft or patch or anastomosis primary repair and received education regarding the need
for follow-up care with a vascular surgeon. CONCLUSIONS: Nursing-driven outcomes research and education are feasible
following wartime injury. This method provides relevant insight into extent of recovery following injury on the battlefield and
allows this information to be linked to early injury characteristics and management strategies.

The opinions or assertions contained herein are the private views of the author and are not to be construed as official or as
reflecting the views of the Department of the Army or the Department of Defense.
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+ Ability to relate acute causality care to outcomes . Objectives
» Relies on professionals with multiple specialties
P wep » Methods
+ Research Nurses
+ Boftware development * Results
» Administrative Support * Conclusion

» Resident and Fellows
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+ The Global War on Terrorism Vascular Injury Initiative (GWOT
VII) objectives are:

Identify the incidence of vascular injuries related to combat
Contact service members who sustained vascular injury

Determine if amputation in theatre leads to better mental or
physical health scores than vascular repairs

Ascertain first ever patient based outcomes data following
wartime vascular injury
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» Consider ways a long-term outcomes based research method

could benefit other research areas

= Present early results & survey completion from study
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Phone Contact +  Extracted from medical records during chart review
lverape, phone contacts with 1.99 + Theatre of operation
subjects before survey completion h

» OIF, n—144
Met.:llan phene contacts with . 200 . OFF, n-15
subjects before survey completion

+ Gender
Range, phene contacts with subjects
ltoé » Males, 156 subjects

before survey completion

[Email Contact + Females, 3 subjects

[Email only contact (i.e. AKO) =12
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Major Arterial Vascular Injuries Sustained During Combat Operations: Demographics, Outcomes, and Lessons To Be
Learned from Contrasts to Civilian Counterparts

Brooke Army Medical Center
Capt Nicholay Markov

INTRODUCTION: Vascular injuries account for 12% of all combat-related injuries in recent conflicts in Iraq (OIF) and
Afghanistan (OEF). We reviewed the epidemiology and outcomes of these injuries from the Joint Trauma Theater Registry
(JTTR), contrasting these results with civilian counterparts from the National Trauma Databank (NTDB). METHODS: JTTR
query identified major arterial vascular injuries (Non-compressible = axillary, subclavian/innominate, aorta, carotid, iliac;
Compressible = brachial, femoral, popliteal) in coalition casualties from 2002-2006.The demographics, patterns and severity of
outcomes of these injuries were evaluated and compared to civilian NTDB counterpart’s age 18-35 using Propensity Score
matching. RESULTS: JTTR identified 380 patients meeting criteria. The majority of injuries were the result of an explosion
(68.7%) or GSW (28.2%). GCS was < 8 in 34.3%, ISS > 15 in 44.5%, and 20.5% had hypotension (SBP <90) on arrival to a
theater hospital. Comparison to unmatched NTDB patients meeting study criteria (n = 7400) revealed that JTTR patients were
more likely to have sustained arterial injury at compressible sites (55.5% vs. 38.6%, p < 0.001) and were more likely to have
concomitant venous injury (54.5% vs. 18.4%, p < 0.001). Comparison of 167 propensity score matched (1:1) JTTR to NTDB
counterparts revealed a significantly lower mortality rate among JTTR patients overall (4.2% vs. 12.6%, p = 0.006; OR 0.30
[0.13-0.74]), those with arterial injury at non-compressible sites (10.8% vs. 36.5%, p = 0.008; OR 0.21 [0.06-0.71] and for ISS >
15 (10.7% vs. 42.4%, p = 0.006; OR 0.16 [0.04-0.65]). CONCLUSIONS: Comparison to civilian counterparts has inherent
limitations, but reveals improved survival among combat-related vascular injuries overall, for non-compressible arterial injuries
and among the most severely injured. The etiology of these findings is likely multi-factorial and warrants further investigation.
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vascular injury
+ Military members 3X as likely to survive with
ANY vascular injury
* Military member twice as likely to survive with
non-compressible arterial injury

74



Proceedings of the 2011 AFMS Medical Research Symposium

Volume 2 Enroute Care and Expeditionary Medicine

Advanced Team Training for Long-Range Extracorporeal Support Transport: The San Antonio Military Adult ECLS
Team experience

59 MDW

Lt Col Jeremy Cannon

BACKGROUND: Combat casualties with severe respiratory failure may require extracorporeal life support (ECLS) to permit safe
long-range transport. To meet this need, a transport team trained in ECLS indications, physiology, and equipment is required.
This report summarizes the training activities of the San Antonio Military Adult ECLS Team over the previous 10 months.
METHODS: Physicians and nurses with experience in combat casualty care, advanced critical care therapies, and long-range
transport were identified as potential candidate ECLS team members. Training included didactic modules on the indications for
extracorporeal support, modes of support, and troubleshooting. Hands-on simulation and live tissue training reviewed circuit
setup and emergency scenarios. Expert instructors for these sessions were drawn from well-established military and civilian
ECLS teams.

RESULTS: To date, 7 physicians, 10 nurse specialists, and 1 clinical nurse specialist have been selected for training as candidate
members of the San Antonio Military Adult ECLS Team. Of these 18 candidates, 18 (100%) have completed a didactic course, 10
(56%) have undergone simulation training, and 11 (61%) have participated in at least 1 live tissue training session. More nurse
candidates have completed hands-on simulation training than physician candidates (70% vs. 43%) while fewer nurses have
participated in live tissue training as compared to physicians (30% vs. 100%).

CONCLUSIONS: Establishing a team capable of long-range ECLS transport requires intensive training in cardiopulmonary
physiology and ECLS equipment and techniques. Military and civilian teams experienced in neonatal, pediatric, and adult ECLS
have worked over the past 10 months to provide our candidate team members the knowledge and skill to perform ECLS in
garrison and during transport. Future efforts will focus on completion of simulation and live tissue training, maintenance of
qualifications, and bedside experience with ECLS patients.
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The opinions and assertions contained herein
o are the private views of the presenter and are
Advanced Team Training for Long-Range not to be construed as official or reflecting the

Extracorporeal Support Transport: the San views of the Department of the Air Force or the
Antonio Military Adult ECLS Team Experience Department of Defense.
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ECLS equipment HAS evolved significantly

ECLS equipment HAS evolved significantly

in the last decade.

PMP Membrane = Low resistance =
Less coagulopathy

Centrifugal Pump = Short Circuits =
Less Inflammation

in the last decade.
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Conclusions

- ECLS has evolved dramatically over 40 yrs.
- In respiratory failure, ECLS permits the return
to lung protective settings & early mobility.

- ECLS training requirements are multimodal
and transport adds an additional layer of
complexity.

Thn QAan Antanin Militan:s Adnlk ECT Q@ Tranonart
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Morphometric analysis of the torso arterial tree in a male trauma population

Brooke Army Medical Center
Capt Nicholay Markov

INTRODUCTION: Management of torso hemorrhage may include resuscitative aortic occlusion to support central pressure while
bleeding is temporized.The objective of this study is to characterize axial arterial anatomy of the torso in a trauma population
including definition of distances and diameters correlated to an external measure of torso extent. METHODS: Two-hundred
consecutive contrast-enhanced CT scans of the chest abdomen and pelvis performed for trauma in men (April 2009 —April 2010)
were examined. One hundred eight scans qualified for analysis using Volume Viewer™ software. Centerline distances were
measured between the common femoral arteries (CFA) and the origin of the primary branch vessels of the aorta additionally the
aortic diameter at each point was determined. RESULTS: The mean age of patients was 31.5 (19-45) years. Mean distances and
ranges from the left and right common femoral arteries to arterial landmarks are as follows: Left Common femoral artery to the
left subclavian artery, celiac artery take off and aortic bifurctation were 537mm (472-632mm), 327mm (290-413mm) and 207mm
(146-281mm) respectively. Right common femoral artery to the left subclavian artery, celiac artery take off and aortic bifurcation
were 546mm (484-622mm), 335mm (274-412mm) and 201mm (165-278mm) respectively. The diameter of the thoracic aorta at
the level of the left subclavian artery was 21.6 mm (16.3 mm-26.9 mm). Aortic diameters at the level of the Celiac and aortic
bifurcation are 17.3 mm (12.3 mm-22.5 mm) and 14.1 mm (10 mm-18.1 mm) respectively. The diameter of the right and left
external iliac arteries was 8.9 mm (5.1 mm-12.5 mm) and 8.8 mm (4.8 mm-12.8 mm) respectively. CONCLUSION: This study
provides the first CT-based morphometric analysis of the torso arterial tree. Information from this study may facilitate the
development and accurate implementation of resuscitative endovascular aortic balloon occlusion without the need for
fluoroscopy.
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+ Management of compressible hemorrhage has
been significantly enhanced by the appropriate
design and use of modern combat tourniquets

* Qutcomes from hemorrhage have also benefitted
from massive transfusion protocols

+ Specific management of non-compressible
hemorrhage has not evolved through recent
conflicts
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Non-compressible hemorrhage is the major
cause of preventable death on the battlefield'

It occurs in 3.7% of battlefield casualties and
carries a mortality of 79%°

Kelly 2007
Holcombe 2007
UK JTTR unpublished data
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— Simple external measures unigque to each
individual that correlate with vascular anatomy * Evaluated for trauma by 64 slice C1

Chest/Abdomen/Pelvis

+ Predict endovascular positioning within the torso
arterial tree
* Scans were continuous

— Deploy occlusive aortic balloon without use of
MMuoroscopy
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Porcine Arterial Repair with an Extracellular Matrix Bioscaffold (CorMatrix® ECM™)
USAF /60 MDG

Capt Brian Gavitt, Capt Matthew Chauviere, Capt Geoffrey Douglas, Capt Ryan Schutter, LtCol Daren Danielson, Col
Jerry Pratt, Col(sel) Darrin Clouse, Maj Megan Steigelman, W. Douglas Boyd MD, J. Kevin Grayson DVM, PhD

Department of Surgery, David Grant Medical Center, Travis AFB, CA
Clinical Investigation Facility, David Grant Medical Center, Travis AFB, CA

Department of Surgery, UC Davis Medical Center, Sacramento, CA

OBJECTIVE: Options for immediate peripheral vascular reconstruction are limited. Autogenous vein may not be available and
is difficult to procure. Prosthetic materials have significant complication profiles in contaminated wounds, limiting their use in
vascular trauma. We evaluated an alternative graft material consisting of a porcine-derived extracellular matrix (ECM)
bioscaffold (CorMatrix® ECM™, CorMatrix Cardiovascular, Inc., Atlanta, CA). Our study sought to establish early patency and
histologic characteristics of CorMatrix® ECM™ for use in arterial repairs in swine. METHODS: Four crossbred swine had a 2
cm carotid arteriotomy created through a midline neck incision. The arteriotomy was repaired with a CorMatrix® ECM™ patch.
Aspirin and clopidogrel were administered starting 48 hours prior to surgery and continued daily. Angiography was performed
prior to euthanasia and followed by thorough necropsy and histologic evaluation. RESULTS: The animals had uncomplicated
postoperative courses. Swine were sacrificed at one and four weeks after surgery. Arteriograms confirmed graft patency in all
cases. Histologic assessment confirmed patency without evidence of thrombosis. The ECM patch was well populated with cells
by one week. The implanted patch material was largely reabsorbed at 4 weeks and replaced by site-appropriate tissue consisting
of organized smooth muscle, collagen, and endothelium. Neovascularization was seen within the remaining patch material.

CONCLUSION: In this pilot study, CorMatrix® ECM™ was an effective material for porcine carotid arterial repairs. ECM
remodeling begins within one week and elements of normal vascular structure are seen. Further studies will be required to assess
long term patency and elucidate the mechanisms of site-appropriate remodeling. DISCLAIMER: The animals involved in this
study were procured, maintained, and used in accordance with the Laboratory Animal Welfare Act of 1966, as amended, and NIH
80 23, Guide for the Care and Use of Laboratory Animals, National Research Council. The views expressed in this material are
those of the authors, and do not reflect the official policy or position of the U.S. Government, the Department of Defense or the
Department of the Air Force. The work reported herein was performed under United States Air Force Surgeon General approved
Clinical Investigation No. FDG20100034A. The opinions and/or assertions expressed in this article are solely those of the authors
and do not reflect the official policy of the U.S. Air Force, the Department of Defense, or U.S. government.
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Prehospital interventions performed in a combat zone between November 2009 and December 2010
Enroute Care Research Center
Lt Col Vikhyat Bebarta, MD

OBJECTIVE: To describe prehospital interventions performed during the resuscitation of casualties in a combat zone.
METHODS: We performed a prospective observational study recording: mechanism of injury (MOI), application of nasal/oral
airway, endotracheal intubation or cricothyroidotomy, chest needle decompression, chest tube placement, chest seal application,
tourniquet, use of pressure packing with/without hemostatic agent and implementation of hypotensive resuscitation. In 2010 we
added: vascular access, fluid administration, hypothermia prevention and use of TCCC card. The enrolling provider determined if
an intervention was not performed that was necessary (missed LSI). All data was reported in a descriptive manner. RESULTS:
652 patients met the inclusion criteria; mean age was 25 yrs (SD 8) and 97.4% were male. The MOI was explosion in 413
(63.3%), penetrating in 138 (21.2%) and blunt in 101 (15.5%). 39 casualties underwent an airway intervention (6.0%), with 34
(5.2%) missed LSls; 30 underwent a chest intervention (4.6%), with 13 (2.0%) missed LSls; 369 (13.3%) underwent a
hemorrhage control intervention with 21 (3.2%) missed LSIs and 25 (3.8%) had hypotensive resuscitation applied with 8 (1.2%)
missed LSIs. Vascular access was obtained in 206 of 339 casualties (60.8%) with 79 (23.3%) missed LSls. Prehospital
hypothermia prevention was employed on 244 of 339 casualties (72%) and 58 (17.1%) had their TCCC card turned in. The
primary limitations include the nature of enrollment being a convenience sample and the descriptive nature of the study.

CONCLUSION: This represents the largest collection of prehospital interventions performed during the resuscitation of casualties
in a combat zone.
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Factors Associated with US Military Died Of Wounds Rate in Iraq and Afghanistan

USAIR
CPT Shimul Patel

BACKGROUND: Died of wounds (DOW) rates are cited as a measure of combat casualty care effectiveness but do not account
for patterns of trauma or battlefield lethality. The objective of this study is to identify injury patterns, injury severity, and
mechanism of injuries that prevail in months of higher DOW rates.

Methods: Highest (HDOW) and lowest (LDOW) monthly DOW rates from 2004-2008 were identified from Department of
Defense casualty databases and used to direct a search of the Joint Theater Trauma Registry. Casualties from HDOW and LDOW
were combined into cohorts and injury data analyzed and compared.

RESULTS: HDOW rates were 13.4%, 11.6% and 12.8% [mean=12.6%]; LDOW rates were 1.3%, 2.0% and 2.7% [mean=2.0%]
(p< .0001). HDOW (n=541) and LDOW (n=349) groups sustained 1,154 wounds (head-24%, chest-12%, abdomen-10%,
extremities-37%). Overall injury severity score (ISS) was greater in HDOW than LDOW (11.1+0.53 vs. 9.4+0.58; p=0.03), as
were casualties with ISS >25 (HDOW: 12% vs. LDOW: 7.7%; p=.04). Excluding minor injuries (AIS=1), HDOW had a greater
percentage of chest cell injuries than LDOW (16.5% vs. 11.2%, p=.03). Improvised explosive devices were more common causes
of injury in HDOW (58.7% vs. 49.7%; p=0.007) which also had a greater proportion of Marine Corps service affiliation casualties
(p=0.02).

CONCLUSIONS: This study provides novel data demonstrating variations in died of wounds rates. Discernable differences in
injury severity and wounding patterns are associated with large differences in DOW rates. Fluctuations in DOW rates may be
more a reflection of enemy activity than a gauge of combat casualty care.
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IU'K JTTR: 2001 to 2011

UK JTTR: 2001 to 2011
All UK Combat Wounded

Casualty Fatality Rate:

24.2%

UK JTTR: 2001 to 2011
ANlUKNCTH

+ KIA: 173

* DOW: 21

+ WIA: 40

Casualty Fatality Rate:

82.9%
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p value
Number 173 21 40

Male (%) 170(58%) 21(100%) 40(100%) 0488
Agex8D 26163 251+61 25360 0630

of Blast 131(76%) 16 (76%) 31 (78%) 0.972

Injury GSW  42(24%)  5024%) 9 (22%)

NISS+8D 719 6213 42+17  <0.001
ISS=8D 6516 49 +17 31+11  <0.001
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Critical Care Air Transport Team (CCATT) short term outcomes of casualties with spinal fractures moved with the
Vacuum Spine Board between 2009 and 2010

59 MDW
Lt Col Vikhyat Bebarta, MD

OBJECTIVE: To describe the outcome of patients managed by CCATT with the Vacuum Spine Board (VSB) to stabilize
unstable spine fractures between July 2009 and June 2010. METHODS: We performed a retrospective chart review evaluating
short term events/outcomes of casualties transported on the VSB by CCATT. Complications and the Injury Severity Score (ISS)
were obtained from the Joint Theater Trauma Registry (JTTR). All data was reported in a descriptive manner. RESULTS: 73
patients met the inclusion criteria, resulting in 107 patient moves. The MOI was explosion in 48 (65.8%), blunt in 22 (30.1%) and
penetrating in 3 (4.1%). The mean ISS was 23.5 (SD 13.4). 64 patients were ventilated (59.8%), 10 received vasoactive
medications (9.4%), and 13 received blood products (12.2%). Regarding complications: 10 had skin breakdown associated with
the VSB (9.3%) and there were 2 cases of neurological deterioration which were attributed to progression of the original
neurological insult (1.9%). There were 3 episodes of transient desaturation (2.8%) and 13 of transient hypotension (12.2%). We
did not encounter any deaths, loss of airway or chest tubes. The primary limitations include the retrospective and descriptive
nature of the study as well as the small number of casualties studied.

CONCLUSION: The VSB was successfully used to stabilize spine injuries during transport. We did note a skin breakdown rate of
9.3%. A risk/benefit assessment must be performed before deciding to use the VSB to transport casualties with spine injuries.
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Continuous Noninvasive monitoring and the Development of Predictive Triage Indices for Outcome Following Trauma
711 HPW/USAFSAM-ETS

Dr. Colin Mackenzie

BACKGROUND: Expeditionary military triage uses basic vital signs of mental state, heart rate, and perfusion pulse pressure.
Technological progress allows collection of increasing amounts of patient physiologic data that may be used to provide
continuous monitoring of triage parameters. HYPOTHESIS: Continuous noninvasive vital signs data collected in the first hour of
trauma patient resuscitation predict resuscitation requirements and identify necessity for major life saving interventions (LSIs)
and 48-hr patient outcomes. Critically abnormal values (“No-Fly" decision-makers/triage tool) can be determined for several
different variables derived from the photoplethysmographic (PPG) waveform and from absolute values of pulse oximetry data for
injured patients by application of signal processing. SPECIFIC AIMS AND STUDY DESIGN: Employ continuous noninvasive
vital signs data (pulse oximetry, blood pressure, electrocardiogram, and respiration) collected in trauma patients during their
initial 1 hr of resuscitation after admission and assess sensitivity, specificity, and predictive value in predicting LSIs within 24 hr
of admission. Calculate surrogate measures of perfusion (perfusion index, pulsatility, variability, pleth variability index, and O2
delivery index) and derive trends and absolute values of total hemoglobin [Hb] from PPG waveforms. Compare bleeding
diagnoses, shock, and fluid resuscitation needs identified by these surrogate values to predictions obtained from invasive
measures of [Hb], lactate, acid-base status, and O2 delivery. Compare the outcomes at 48 hr with predicted outcomes obtained
from analyses of pulse oximeter and other vital signs signals, injury severity score, and revised trauma score predictions of
outcome. Compare analyses based on trends of vital signs data versus those based on analyses of continuous waveforms.
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patient cutcoms pradiction military field environments, often in stressful situations where

decisions about potentially life threatening injuries need to be

+ Confusion between real VS and fisld/resuscitation artifact made under uncertainty and time pressure, with
+ Change, speed of change, amount of abnomal VS, trend in VS, inadequate information and finite resources, in adverse
and combinations influence on outcome prediction unknown conditions.

» Civilian Trauma Team performs multiple, simultanecus,
time-critical functions, with inadequate information and
ambiguous symptoms and signs.

» Preventable mortality is greatest in 15t 30 min of trauma

* Markers of hypoperfusion such as lactale and base deficit useful to patient resuscitation, during which a critical decision is
identify high risk patients.....are there noninvasive alternatives? made every 72 5. (1

= No field/resuscitation realtime usable predictor; weighting
coefficient for TRISS not available in field/during resuscitation

- Validation lacking of shock index, CRAMS, prehospital index, etc.

4. Fitagevaict M, ef ol Trawma resuscitation enors s eompder-ssisle decision supporl Sreh Sug. 2011, 148(2)218-25.
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(airway, breathing, circulation) of resuscitation from blood transfusion, LSIs, and 48-h outcome will be
analysis of pulse oximeter PPG and other vital signs validated in live clinical settings. The purpose of
signals. The prediction algorithms will be tested, Task 3 is to provide “ground truth” measures of
including PPG waveforms and their derived variables, prediction performance and potential impact on
before and after algorithms have been modified by clinical practice.

systematically changing parameters 1o maximize
predictions while minimizing false positives.

* The product of Task 2 will be fealures of PPG
waveforms and other vital signs identifying the need
for the ABCs and other L3I resuscilation
interventions.

= During initial development Task 3, the decision
support system will be displayed to the clinicians
{including U.S. Air Force {USAF) personnel with
combat experience) to obtain questionnaire
evaluation feedback as different approaches are
tested.
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 Documentation of software for algorithms * Algorithms predicting the need for blood
transfusion within 6 h and massive transfusion

* Results of testing the algorithms and e FHS
within 12 h of Shock Trauma Center admission.

software during initial hour of Shock Trauma

Center resuscitation » Algorithms predicting the need for LSls
{tracheal intubation, crystalloid resuscitation,
chest tube insertion, abdominal surgery, within
3,6, 12, and 24 h of Shock Trauma Center
admission).

* Identification of critically abnormal values of
vital signs and pulse oximetry data (No Fly
decision makers).

» Publications: Abstracts, presentations, papers
as a result of the data gathering and analyses

* Meeting Reports: With clinicians, investigators,
and consultants

* Interim and Final Reports to USAF

Po— ; - frahi Rl g —_— " - o )

116



Proceedings of the 2011 AFMS Medical Research Symposium

Volume 2 Enroute Care and Expeditionary Medicine

117



Proceedings of the 2011 AFMS Medical Research Symposium

Volume 2 Enroute Care and Expeditionary Medicine

Efficacy and Safety of Frozen Blood for Transfusion in Trauma Patients, A Multicenter Trial

711 HPW/USAFSAM-ETS

Ms. Samantha Underwood

BACKGROUND: Blood transfusion is one of the most commonly utilized life saving therapies in combat casualty care. Blood
stored up to 42 days develops a “storage lesion” that may impair organ perfusion. Transfusion is associated with increases in
multiorgan failure and mortality. Our laboratory has shown that older blood (ORBC) causes decreased tissue oxygenation (StO2).
Cryopreserved blood (FRBC) is prepared from 2- to 6-day-old blood and allows for longer storage periods, and the process of
deglycerolizing and washing FRBC after thawing appears to remove cells with abnormal morphology and pro-inflammatory
mediators. The effects of FRBC on perfusion, biochemical changes, inflammatory changes, and clinical outcomes in recipients
have not been studied. HYPOTHESIS: We hypothesize that transfusion of FRBC will be superior to transfusion of ORBC with
respect to physiologic, biochemical, and clinical parameters but will not be inferior to transfusion of younger red blood cells
(YRBC) with respect to the same parameters. STUDY DESIGN: We will prospectively study 288 trauma patients requiring a
blood transfusion at six Level 1 trauma centers over a 1-yr period. Subjects will be randomized to receive FRBC, YRBC (<14
days storage), or ORBC (>14 days storage). StO2 will be measured using a noninvasive near-infrared spectroscopy probe to
determine whether ORBC causes a decrease in StO2 compared to YRBC and FRBC. Additionally, mediators of the storage
lesion, inflammatory parameters, and clinical outcomes will be evaluated and compared between the three groups and correlated
with changes in tissue perfusion. This study will be completed in 2 yr.
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Study Design Eligibility Criteria

* Prospective, randomized clinical trial Inclusion criteria Exclusion criteria

* 6 Level 1 trauma centers — Injury Severity — Emergent transfusion
— Oregon Health & Science Univ. Score > 4 —Age<15

Study Design Physiologic Outcomes

Screening: Review Trauma doe patient list and transfusion erders

Yy * StO, measurement
Yes €— Fligible patient? — No <

! « Begin 1 h pre-transfusion

Able te obtain infermed consent prior to transfusien? — No

! * End 12 h post-transfusion

123



Proceedings of the 2011 AFMS Medical Research Symposium

Volume 2 Enroute Care and Expeditionary Medicine

Blood Draws Biochemical Outcomes

* Patient * NO
— Baseline * 2,3-DPG
— End of unit 1 and 2 (if given) * Inflammatory cytokines

Clinical OQutcomes Current Status

* Acute respiratory
distress syndrome

« Infections * Current Institutional Review Board approvals

« Intensive Care Unit = Sites currently enrolling
* MOF LOS * Patients randomized
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Sponsored by 711* Human Performance Wing,
Air Force Research Laboratory, under agreement
number FA8650-09-2-6035 and FA8650-10-2-
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Women's Health and Iliness Behaviors in the Deployed Setting

59 CSPG/SGVUS
Lt Col Candy Wilson

Military women are regularly deployed to austere settings for war and humanitarian missions. The deployed population consists
of 10% women. Women’s sex-specific health care needs pose a special challenge for women and health care providers in an
austere or ship setting where anonymity cannot be guaranteed, self-care supplies are limited, and health care professionals’ lack
confidence to care for private gynecological concerns. The purpose of this study was to gain a better understanding of the illness
behaviors of deployed military women in regards to their genitourinary (GU) health. Ethnography was used to explore and
analyze the data because the military has been described as its own culture. The sample consisted of 43 military women from the
US Army, Air Force, and Navy who were either deployed or had been deployed within the past year. The researchers uncovered
three themes, which included (1) The Sphere of Control, (2) The Dynamics of Trust, and (3) Life in a Deployed Setting. This
study is significant to nursing research because it exposes the influence of culture on GU symptom management.
Recommendations from this investigation include: (1) a need for better incremental, pre deployment and in theater education for
women and medics; (2) informing leaders about the need to ensure the supply of self-care treatments and women’s feminine
hygiene products are available; and (3) promoting the role of family support stateside as a resource for information, supplies, and
emotional support. This study was funded by the TriService Nursing Research Program (N08-P03).
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