
 

 

REPORT DOCUMENTATION PAGE 
Form Approved 

OMB No. 0704-0188 
Public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and maintaining the 
data needed, and completing and reviewing this collection of information.  Send comments regarding this burden estimate or any other aspect of this collection of information, including suggestions for reducing 
this burden to Department of Defense, Washington Headquarters Services, Directorate for Information Operations and Reports (0704-0188), 1215 Jefferson Davis Highway, Suite 1204, Arlington, VA  22202-
4302.  Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to any penalty for failing to comply with a collection of information if it does not display a currently 
valid OMB control number.  PLEASE DO NOT RETURN YOUR FORM TO THE ABOVE ADDRESS. 

1. REPORT DATE (DD-MM-YYYY) 
 

2. REPORT TYPE 
 

3. DATES COVERED (From - To) 
  

4. TITLE AND SUBTITLE 
 

5a. CONTRACT NUMBER 
 

 
 

5b. GRANT NUMBER 
 

 
 

5c. PROGRAM ELEMENT NUMBER 
 

6. AUTHOR(S) 
 

5d. PROJECT NUMBER 
 

 
 

5e. TASK NUMBER 
 

 
 

5f. WORK UNIT NUMBER
 

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 
 

8. PERFORMING ORGANIZATION REPORT   
    NUMBER 

 
 
 
 
 

 
 
 
 
 

 
 
 

9. SPONSORING / MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSOR/MONITOR’S ACRONYM(S) 
   
   
  11. SPONSOR/MONITOR’S REPORT  
        NUMBER(S) 
   
12. DISTRIBUTION / AVAILABILITY STATEMENT 
 
 
 
 

13. SUPPLEMENTARY NOTES 
 

14. ABSTRACT 
 

15. SUBJECT TERMS 
 

16. SECURITY CLASSIFICATION OF: 
 

17. LIMITATION  
OF ABSTRACT 

18. NUMBER 
OF PAGES 

19a. NAME OF RESPONSIBLE PERSON 
 

a. REPORT 
 

b. ABSTRACT 
 

c. THIS PAGE 
 

  
 

19b. TELEPHONE NUMBER (include area 
code) 
 

 Standard Form 298 (Re . 8-98) v
Prescribed by ANSI Std. Z39.18 

15-03-2011 Proceedings 24-08-2010 to 26-08-2010

Proceedings of the 2010 AFMS Medical Research Symposium. Volume 
3. Enroute Care Track: Abstracts and Presentations

Welford C. Roberts, Ph.D. (Editor)

US Air Force 
Office of the Surgeon General 
AF/SG9S 
5201 Leesburg Pike 
Falls Church, VA 22041

Approved for Public Release; distribution is unlimited

The U.S. Air Force Medical Service presented the fifth 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 24-26 August 2010 at the Doubletree Hotel Washington DC – 
Crystal City, Arlington, VA.  The symposium featured two half-days of plenary sessions, one and a half 
days of scientific presentations, and a poster session.  It was organized into four tracks to include: 
Operational & Medical, Enroute Care, Force Health Protection, and Nursing. These proceedings are 
organized into five volumes to include one that provides a general overview and all presentation and 
poster abstracts; the other four each address a specific track. Volume 3 contains abstracts and 
presentation slides for the Enroute Care Track.

US Air Force, Medical Service, Medical Research, Enroute Care

U U U
SAR 161

Nereyda Sevilla

703-681-6383



 

 
 

  
Proceedings of the 

2010 AFMS Medical Research  
Symposium 

Volume 3. Enroute Care Track 
Abstracts and Presentations 

 

 

V
ol

u
m

e 
3 

of
 5

 



 

ii 
 

 
 

Proceedings of the 
2010 AFMS Medical Research 

Symposium 
Volume 3. Enroute Care Track 

Abstracts and Presentations 
Edited by: Dr. Welford C. Roberts 

 

 
Held 

24-26 August 2010 
at the 

DoubleTree Hotel Washington DC – Crystal City 
300 Army Navy Drive 
Arlington, VA 22202 

 



 
Proceedings of the 2010 AFMS Medical Research Symposium 
Volume 3          Enroute Care  
 

iii 
 

Table of Contents 
 

Subject            Page Number 
 
Introduction ................................................................................................................................................. 1 

Optimal User Interface for Remote En-Route Care Patient Monitoring .................................................... 2 

Vascular Injury Rates from the Wars in Iraq and Afghanistan ................................................................. 14 

Direct Vascular Control Results in Less Physiologic Derangements than Aortic Crossclamping in a 
Porcine Model ........................................................................................................................................... 23 

Hemorrhagic Shock Worsens Neuromuscular Recovery in a Porcine Survival Model of 
Ischemia/Reperfusion Injury ..................................................................................................................... 31 

Quality of limb salvage following wartime extremity vascular injury: results of a novel patient-based 
outcomes study.......................................................................................................................................... 39 

Traveling Fellowship to the United Kingdom as an adjunct to general surgical research and training ... 49 

Enhancement in Communication of Performance Improvement Events within a Global Military Trauma 
System ....................................................................................................................................................... 60 

Local Hemostatic Agents in a Survival Model of a Lethal Porcine Liver Injury ..................................... 68 

Affect of Altitude on Extremity Compartment Syndrome (ECS) ............................................................ 93 

Bacterial Growth at Altitude ................................................................................................................... 100 

Technical Evaluation of Enroute Care Mechanical Ventilation ............................................................. 108 

Joint Medical Distance Support and Evacuation (JMDSE), Joint Capability ........................................ 116 

Field Intravenous Fluid Reconstitution (FIVR) ...................................................................................... 123 

A comparison of proximal tibia, proximal humerus and distal femur infusion rates under high pressure 
using the EZ-IO Intraosseous device on an adult swine model .............................................................. 130 

Inflammation Following Hemorrhage and AE ....................................................................................... 140 

MAF Aircrew Fatigue Countermeasures Survey .................................................................................... 153 



 

 

Proceedings of the 2010 AFMS 
Medical Research Symposium 

Introduction 
 
The U.S. Air Force Medical Service presented the fifth 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 24-26 August 2010 in the Washington D.C. area at the 
Doubletree Hotel Washington DC – Crystal City in Arlington, VA.  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 Operational & Medical, En-route Care, 
Force Health Protection, and Nursing, as follows: 

 The Operational & Medical Track focused on patient care and treatment in garrison, 
expeditionary care during contingency operations, and enhancing performance of airman in 
challenging environments.   

 The En-route Care Track addressed science and technology targeted at the continuum of care 
during transport from point of injury to definitive care to include medivac, aeromedical 
evacuation, critical care air transport, patient staging, and patient safety.   

 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 Nursing Track focused specifically on evidence based practice. 
 
These proceedings are organized into five volumes, as follows: 

 Volume 1. This volume is a general overview of the entire 2010 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-L are copies of presentation slides from the plenary sessions. 

 Volume 2.  This volume contains abstracts and presentation slides for the Operational & Medical 
Track. 

 Volume 3.  This volume contains abstracts and presentation slides for the En-route Care Track. 
 Volume 4.  This volume contains abstracts and presentation slides for the Force Health 

Protection Track. 
 Volume 5.  This volume contains abstracts and presentation slides for the Nursing Track. 
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 Optimal User Interface for Remote En-Route Care Patient Monitoring 

CSTARS- Cincinnati 

Richard D. Bucholz, MD 

 
Introduction: The U.S. Army Medical Research and Materiel Command recommends operating rooms are developed that 
“design and test the optimal User Interface (UI) for surgeons, anesthesiologists, and nurses to input and access clinical data.  The 
optimal UI will support multi-mode access, where clinicians are able to use mobile devices, internet browser access to intranets, 
and adequate remote access through secured internet connections.”  The Saint Louis University (SLU) Advanced Neurosurgical 
Innovation Center provides test-bed capacity to translate technology from bench to simulated test-bed, to the field.  Methods: 
Multimodal technology developed at SLU (SLU, U.S. Pat No. 6,928,490) will provide a networking infrastructure to permit 
variable-bandwidth testing of medical device telemedicine in collaboration with existing USAF C-STARS simulation laboratory 
facilities at SLU.  Results: (1) Create a shielded space manifested by a firewall-protected wired and wireless network, (2) Provide 
life support networked and controlled by the system, (3) Develop display devices to provide visualization for the surgeon as well 
as any other required participants to enable experts to remotely participate in a given intervention, (4) Enhance plasticity by 
removing cumbersome set-up tasks and allowing unprecedented connectivity between devices.  (5) Allow rigorous documentation 
and archiving of all information generated within a continuum of care.  Conclusion: This proposal will develop and test 
technology to integrate medical communication within a shielded environment, allow remote projection of medical and surgical 
expertise and control over variable bandwidth networks with secure encrypted remote command, and allow monitoring en route 
from far forward locations to the final definitive care facility. 
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Vascular Injury Rates from the Wars in Iraq and Afghanistan 
59th Medical Wing (MDW)/SSSOGV 

Todd E. Rasmussen MD, Joseph M. White MD, W. Darrin Clouse MD Gabriel E. Burkhardt MD, Adam Stannard MRCS Brian J. 
Eastridge MD, Lorne H. Blackbourne MD 

The Institute of Surgical Research, Fort Sam Houston, Texas and the Uniformed Services University of the Health Sciences, 
Bethesda, Maryland 

 

OBJECTIVE:  The rate of vascular injury in WWII, Korea and Vietnam was 2-3%; however, not since Vietnam has the 
epidemiology of this injury pattern in war been possible. This study objective is to report the burden of vascular injury over 7 
years of recent combat.  METHODS:  The Joint Theater Trauma Registry was queried (2002-2009) for vascular injury in US 
Troops and groups defined. Group 1 (specific): Troops having sustained specific vascular injury and Group 2 (operative): Troops 
having undergone a designated operation for vascular injury.  RESULTS:  Group 1 included 1,597 Troops injured in Iraq (OIF) 
(n=1,417) and Afghanistan (OEF) (n=180). Mechanism included explosive (75%), gunshot (24%) and other (1%) with explosive 
more common in OIF than OEF (p<0.05). During this period, 13,076 battle related injuries occurred resulting in a specific rate of 
12% (1,597/13,076) which was higher in OIF than OEF (13% vs. 9% respectively; p<0.05). Of Group 1, 60% (n=940) sustained 
injury to major or proximal vessels and 40% (n=630) to minor or distal vessels: categorized as arterial 64%, venous 16% or 
combined 20%. Group 2 comprised 1,212 Troops revealing an operative injury rate of 9% (1,212/13,076) and included ligation 
(n=660; 54%) or repair (n=552; 46%). The “died of wounds” rate was 6.2% in OIF and 7.2% in OEF (p =0.64).  CONCLUSION:  
The rate of vascular injury recorded in modern combat is 5 times previously reported. Differences in vascular injury burden 
related to theater of war, mechanism of injury and combat operational tempo can be discerned and anticipated. 
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Direct Vascular Control Results in Less Physiologic Derangements than Aortic 
Crossclamping in a Porcine Model 

Brooke Army Medical Center (BAMC) - Working with 59 Medical Wing (MDW)/SSSOGV 

Capt Nick Markov 

 

OBJECTIVE:  Establishing vascular control during resuscitation in patients with end stage, non-compressible extra-thoracic torso 
hemorrhage remains debated. Currently, guidelines recommend emergency department thoracotomy (EDT) with aortic clamping 
although trans-abdominal aortic control and direct vascular control of the injury are potential alternatives. The objective of this 
study is to introduce an animal model of extra-thoracic torso hemorrhage and to compare the effectiveness of various methods of 
initial open vascular control.  STUDY DESIGN:  Animals (Sus Scrofa) (mean weight=80.9 kg) were randomized into 3 groups all 
of which had class III shock established via hemorrhage from an iliac artery injury prior to exploration with temporary vascular 
shunting. Group 1: EDT with thoracic aortic clamping (N=6), Group 2: intra-abdominal supra-celiac aortic clamping (SCC; N=6), 
and Group 3: direct vascular control (DVC) of bleeding site without aortic clamping (N=6). All groups were subsequently 
resuscitated and monitored for 6 hours with repeated measures of central perfusion, cerebral perfusion, and end organ function at 
standardized time points.  RESULTS:  There was no difference in mortality among the groups and no TVS failures. Central aortic 
pressure, carotid flow and trans-cranial brain oximetry all demonstrated increases in Groups 1 and 2 after application of the aortic 
clamp relative to Group 3 (p<0.05). During resuscitation, serum lactate levels were higher in Group 1 compared to Groups 2 and 
3 (6.85 vs. 3.08 and 2.15, respectively; p<0.05) and serum pH in Group 1 reflected greater acidosis than Groups 2 and 3 (7.24 vs. 
7.36 and 7.39, respectively; p<0.05). Groups 1 and 2 required significantly more intravenous fluid than Group 3 (2,166ml and 
1,833ml, vs. 500ml respectively; p<0.05) and significantly more vasopressors were used in Groups 1 and 2 compared to Group 3 
(52.1mcg and 43.5mcg vs. 10.3mcg, respectively; p<0.05).  CONCLUSION:  This study reports a novel model of non-
compressible extra-thoracic torso hemorrhage comparing the effectiveness of EDT to SCC and DVC. Although EDT and SCC 
increased central and cerebral perfusion, DVC resulted in less physiologic derangement. Clinical studies evaluating DVC are 
warranted and require further investigation.     
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Hemorrhagic Shock Worsens Neuromuscular Recovery in a Porcine Survival Model of 
Ischemia/Reperfusion Injury 
59th Medical Wing (MDW)/SSSOGV 

Capt Heather Hancock MD, Lt Cdr Adam Stannard MRCS, Jerry Spencer RVT, Capt Gabriel Burkhardt MD, LTC Todd 
Rasmussen MD: San Antonio Military Medicine Consortium, University of Texas Health Science Center at San Antonio, and the 
Uniformed Services University of the Health Sciences Bethesda, MD   

 

BACKGROUND:  Current pre-hospital damage control strategies have increased survival to surgical care, resulting in an 
increased burden of severely injured salvaged limbs and emphasis on the functional outcomes of salvaged limbs. The 
objective of this study is to characterize the additive effect of hemorrhagic shock in a novel porcine survival model of 
functional limb outcomes.  METHODS:  Groups of 6 animals were randomized to iliac artery repair after progressive 
times of ischemia. 35% total blood volume was removed at a controlled rate creating Class 3 shock.  An earlier arm used 
the same groups without hemorrhage and was used for comparison.  Animals were monitored for 14 days to serially 
collect markers of functional recovery.  RESULTS:  Immediate Iliac repair and 1 hour ischemia animals had full 
functional recovery by the end of the observation period with minimal histologic evidence of remaining muscle and nerve 
damage, equivalent to controls without hemorrhage.  Following 3 hours of ischemia, functional recovery was delayed and 
impaired, with moderate to severe degeneration of nerves and muscle noted on histology.  Animals undergoing 6 hours of 
ischemia with the addition of hemorrhage had minimal EMG response and suffered severe systemic inflammation. 
Histological outcomes demonstrated nearly complete muscle and nerve degeneration.  Significant mortality differences 
were noted when comparing delayed reperfusion groups (3, 6, ligation) with early repair.  CONCLUSION:  Results suggest 
a detrimental impact on the ischemic threshold already defined in a non-hemorrhagic model.  It is likely that this model 
more accurately represents the critically ill combat casualty and as such will more reliably inform clinical practice. 
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Quality of limb salvage following wartime extremity vascular injury: results of a novel 
patient-based outcomes study 
UK Research Fellow Working with 59th Medical Wing (MDW)/SSSOGV 

Adam Stannard, Gabe Burkhardt, Barbara Keltz, Chantel Porras, Rebecca Ivatury, Shaun Gifford, Todd Rasmussen, 59th Clinical 
Research Training Division,  Wilford Hall Medical Center, 2200 Bergquist Drive ,  Bldg 4430, Lackland AFB, TX  78236-5300 

 

BACKGROUND:  As efforts are increasingly directed beyond statistical, to quality limb salvage, following extremity 
vascular injury, a patient-based outcomes measure is needed.  The objective of this study is to describe a novel 
questionnaire, designed to assess quality of limb (QOL) in a cohort of combat wounded with limb threatening injuries.  
METHODS:  Clinical records from the Joint Trauma Theatre System (JTTS) were reviewed for a cohort with extremity 
vascular injuries between 2002 and 2009.  A 21-point questionnaire addressing limb outcome (limb status, pain, functional 
impairment, satisfaction with current limb) was completed. Patient responses were stratified on a 30-point scale with 0 
representing the poorest limb quality.  RESULTS:  Contact was made with 104/256 (41%) of patients and survey responses 
for QOL questionnaire from 45 (45%).  Eighty-seven percent (39/45) of respondents had lower limb injuries.  Nine 
patients with lower extremity injury (23%) had an amputation and all could mobilize with a device.  Lower limb salvage 
was 76% at 28 months, although 91% reported the extremity did not work normally (77% specifying pain with 
ambulation). Ninety-one percent report function adequate to enable walking; 53% required daily analgesia for their 
extremity injury and 32% report they would be better off having had an amputation.  Six respondents had upper 
extremity injuries with no amputations, 100% reported neurologic disability; 1 respondent would have preferred 
amputation.  Overall 48% of the cohorts were separated with disability benefits and 52 % remain active duty with a 
profile.  CONCLUSION:  Results from this study demonstrate that patient-based outcomes following extremity vascular 
injury are limited by secondary amputation, pain and neurologic dysfunction.  A novel QOL questionnaire aimed to better 
characterize functional limb salvage may allow correlation between in-theater strategies and long-term function. 
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Traveling Fellowship to the United Kingdom as an adjunct to general surgical research 
and training 
59th Medical Wing (MDW) 

Lt Cdr Adam Stannard 

 

Military medical missions spanning two mature theaters of conflict require flexible deployment of personnel and resources. 
International collaboration with allies operating in established facilities in Iraq and Afghanistan generates synergy in patient 
management, resource utilization, and research development. The impact of these relationships on the education of future 
physicians and surgeons has not previously been described. The objective of this traveling fellowship is to describe the utility of a 
brief structured orientation to military medicine and research within the United Kingdom. 

Between 12 April and 14 May 2010, as a senior general surgical trainee, I participated in an exchange with the United Kingdom 
under the mentorship of several senior UK military consultants. In addition to presenting our group’s research at two international 
meetings, I was invited to participate in the Military Operational Surgery Training (MOST) course. I completed a structured 
observership at the Royal London Hospital which included exposure to physician driven pre-hospital health care delivery, and 
operative management of trauma at a level I facility. Injured UK troops recovering at the leading military rehabilitation center in 
the UK (Headley Court) were interviewed, as were physicians involved in their care to describe functional limb salvage using 
patient based outcomes measures.  

A brief structured exchange within the UK military medical system serves as a productive and meaningful adjunct to my military 
medical education. Research collaboration with respect to quality of limb outcomes may enable a more comprehensive 
assessment of the impact of surgical interventions following severe extremity injuries. 



 
Proceedings of the 2010 AFMS Medical Research Symposium 
Volume 3          Enroute Care  

 

50 
 



 
Proceedings of the 2010 AFMS Medical Research Symposium 
Volume 3          Enroute Care  

 

51 
 



 
Proceedings of the 2010 AFMS Medical Research Symposium 
Volume 3          Enroute Care  

 

52 
 



 
Proceedings of the 2010 AFMS Medical Research Symposium 
Volume 3          Enroute Care  

 

53 
 



 
Proceedings of the 2010 AFMS Medical Research Symposium 
Volume 3          Enroute Care  

 

54 
 



 
Proceedings of the 2010 AFMS Medical Research Symposium 
Volume 3          Enroute Care  

 

55 
 



 
Proceedings of the 2010 AFMS Medical Research Symposium 
Volume 3          Enroute Care  

 

56 
 



 
Proceedings of the 2010 AFMS Medical Research Symposium 
Volume 3          Enroute Care  

 

57 
 



 
Proceedings of the 2010 AFMS Medical Research Symposium 
Volume 3          Enroute Care  

 

58 
 



 
Proceedings of the 2010 AFMS Medical Research Symposium 
Volume 3          Enroute Care  

 

59 
 



 
Proceedings of the 2010 AFMS Medical Research Symposium 
Volume 3          Enroute Care  

 

60 
 

Enhancement in Communication of Performance Improvement Events within a Global 
Military Trauma System 
Landstuhl Regional Medical Center 

Kathleen Martin 

 

LRMC is the first military hospital outside the combat zones of Iraq (OIF) and Afghanistan (OEF) and concurrently indentifies 
performance Improvement (PI) events/ complications (E/C) related to downrange, enroute, and interfacility care. E/C identified in 
transit between OIF/OEF-LRMC-USA for evacuees accompanied by Critical Care Air Transport Teams (CCATT) are referred to 
the CCATT Pilot Unit. Aeromedical (AE) E/C are referred to the Air Force AE system PI Director, enhancing communication 
between ground and flight providers. Urgent issues are communicated verbally and weekly aggregate reports are sent to Joint 
Theater Trauma System (JTTS) downrange, CCATT and AE liaisons. In 2008, 1230 patients arrive to LRMC; 313 via CCATT 
and 724 via AE. PI E/C were captured concurrently and entered in the trauma registry by the Trauma Coordinators. There were 
148 (12%) E/C identified and referred to JTTS; 28 (5%) to CCATT: 15 (<1%) to AE. In 2009, 1191 patients arrive to LRMC; 299 
via CCATT and 813 via AE. There were 337 (28%) E/C identified and referred to the JTTS; 34 (7%) to CCATT; 11 (<1%) to 
AE. Communication of E/C occurred daily via secure DSN phone lines, encrypted email and video-teleconferencing. 
Communication of PI E/C is a challenge due to varied provider demographics, multi-service/national providers, distance across 3 
continents, and in the complexity of effective PI. LRMC is the epicenter for bidirectional communication and utilizes technology, 
trauma PI/registry taxonomy in all interfaces despite distances and diversity, to leverage enhancements. This is an ideal arena to 
employ a true inclusive trauma system. 



 
Proceedings of the 2010 AFMS Medical Research Symposium 
Volume 3          Enroute Care  

 

61 
 



 
Proceedings of the 2010 AFMS Medical Research Symposium 
Volume 3          Enroute Care  

 

62 
 



 
Proceedings of the 2010 AFMS Medical Research Symposium 
Volume 3          Enroute Care  

 

63 
 



 
Proceedings of the 2010 AFMS Medical Research Symposium 
Volume 3          Enroute Care  

 

64 
 



 
Proceedings of the 2010 AFMS Medical Research Symposium 
Volume 3          Enroute Care  

 

65 
 



 
Proceedings of the 2010 AFMS Medical Research Symposium 
Volume 3          Enroute Care  

 

66 
 



 
Proceedings of the 2010 AFMS Medical Research Symposium 
Volume 3          Enroute Care  

 

67 
 



 
Proceedings of the 2010 AFMS Medical Research Symposium 
Volume 3          Enroute Care  

 

68 
 

Local Hemostatic Agents in a Survival Model of a Lethal Porcine Liver Injury 
86th MDS 

Maj/Dr. Bradley Putty 

 

Rapid control of bleeding presents a major challenge in the severely injured trauma patient who may present with hypothermia 
and coagulopathy.  Uncontrolled bleeding is the leading cause of combat-related death.  The liver is the most commonly injured 
solid organ, and high grade injuries are difficult to treat.  When the bleeding is resistant to standard techniques of control, the 
surgeon may be aided by the use of advanced topical hemostatic agents.  The long term efficacy and safety of using such 
materials on the liver is unknown. 
A survival model of a lethal liver injury in swine was employed to test commercially available advanced hemostatic agents 
against standard gauze dressing to determine if their use results in a durable decrease in blood loss and mortality.  Following 
induction of hypothermia and a controlled 35% hemorrhage, the animals received a standardized grade IV liver injury.  They were 
randomized to receive packing with plain gauze either alone or with a hemostatic agent (Celox(tm), Celox(tm) Gauze, or 
QuikClot® COMBAT GAUZE(tm)-the only topical hemostatic currently approved in-theater), with blood loss measured after 15 
minutes and 2 days at repeat operation.  Observation continued for two weeks before sacrifice with histologic evaluation for 
delayed effects on the liver and other major organs. 
Of the agents tested, Celox(tm) and Celox(tm) Gauze were associated with the greatest 48 hour and 2 week survival, while 
Combat Gauze(tm) was associated with the highest mortality at 48 hours and 2 days.  Celox(tm) appears to be associated with 
adhesion formation. 
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Affect of Altitude on Extremity Compartment Syndrome (ECS) 
United States Air Force School of Aerospace Medicine (USAFSAM)/FEEH 

Dr. John Kalns 

 

INTRODUCTION:  ECS is believed to be exacerbated by hypobaric conditions during AE evacuation but scientific evidence 
supporting this claim does not exist.  METHODS:  ECS was initiated in the pig by placement of a balloon catheter between the 
tibia and the tibialis anterior muscle of the hind limb.  Inter-Compartmental Pressure (ICP) greater than Mean Arterial Pressure 
was maintained for 5 or 6 hours and then reduced and pigs monitored for 8 hours.  In some cases pigs were exposed to hypobaric 
conditions equivalent to 7,000 feet elevation after injury.  RESULTS:  After injury ICP’s increased for 2 hours and then stabilized 
at an elevated value associated with ECS.   Five hour injury (n=10) produced ICP’s that meet compartment syndrome criteria, 
MAP-ICP< 45 mm-Hg, 30% of the time whereas 6h injury (n=10) produced ECS criteria 100% of the time.  This finding suggests 
that there is a critical threshold for ECS.  Histological assessment of muscle demonstrated edema, necrosis and extensive 
neutrophilic infiltrate in limbs with elevated post-injury ICP’s.  Immunohistochemistry showed the presence of the redox stress 
product 3-nitrotyrosine in severely injured muscle.  Myoglobin in plasma was elevated 10- fold in pigs that experienced increased 
ICPs.  Altitude exposure after injury has no effect on ICP or muscle pathology.  Inflammatory cytokines are elevated however.  
Conclusion:  We have shown that ECS with features similar to those observed in AE patients can be produced in the pig.  Future 
studies will examine the impact of hemorrhage/resuscitation and pharmacologic agents on ECS in the AE environment.     
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Bacterial Growth at Altitude 
United States Air Force School of Aerospace Medicine (USAFSAM)/Center for Sustainment of Trauma and Readiness 
(CSTARS); Cincinnati, OH 

Capt Ryan Earnest 

 

OBJECTIVES:  Bacterial growth is a known risk factor for tissue loss and complications in contaminated musculoskeletal 
wounds.  Current care for these casualties includes strategic aeromedical evacuation.  The effect of altitude on bacterial growth in 
contaminated complex wounds is unknown.   We hypothesized that exposure to hypobaric hypoxia alters bacterial growth in 
contaminated complex musculoskeletal wounds.  METHODS:  We adapted a previously characterized caprine model.  Under 
anesthesia, complex musculoskeletal wounds were created and inoculated with bioluminescent Pseudomonas aeruginosa.  At 20 
hours post surgery and inoculation, goats (n=5) underwent simulated aeromedical evacuation for seven hours at 8800 feet in a 
hypobaric chamber.  Controls (n=5) were transported without flight simulation.  Bacteria were quantified using photon counting 
at preflight (20 hours post surgery), post flight (7 hours from preflight and 27 hours post-surgery), and necropsy (24 hours from 
preflight and 44 hours post surgery).  Results are expressed as Relative Luminescent Units (RLU) normalized to each goat’s pre-
flight baseline value.  Statistical analysis was performed with Mann-U-Whitney test with p<0.05 deemed significant.  RESULTS:  
There were no deaths in either group.  Each group demonstrated increasing RLU values over time (Figure 1).  Goats undergoing 
simulated aeromedical evacuation demonstrated increased mean RLU values as compared to control animals at the post flight and 
necropsy time points.  CONCLUSION:  In the current study, simulated aeromedical evacuation resulted in increased bacterial 
luminescence in a contaminated complex wound.  These findings are important because they suggest that hypobaric hypoxia 
during aeromedical evacuation may accelerate bacterial growth in contaminated wounds.  
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Technical Evaluation of Enroute Care Mechanical Ventilation 
United States Air Force School of Aerospace Medicine (USAFSAM)/Center for Sustainment of Trauma and Readiness 
(CSTARS); Cincinnati, OH 

SMSgt Dario Rodriguez, Jr. 

 

INTRODUCTION:  Mechanical ventilation in far forward military operations requires a device that is consistent, light weight 
and easy to use.  We evaluated the SAVe (simplified automated ventilator) in a laboratory setting to determine performance 
characteristics.  METHODS:  Three SAVe resuscitators were tested.  Each was attached to a test lung with volume, pressure, and 
flow measured with a pneumotachometer. Compliance and resistance of the test lung were varied to simulate varying patient 
conditions. Oxygen was entrained at the inlet and FIO2 was measured with a fast response oxygen analyzer at the airway.  All 
measurements were made at sea level, 4000, 8000, 12,000, and 18,000 feet.  Battery life was measured twice with each device by 
operating it to exhaustion.  RESULTS:  Delivered tidal volume and inspiratory time varied when changing lung model conditions 
as well as between devices within the same lung model condition at sea level and at altitude.  The largest reduction in tidal 
volume was at the lowest compliance. Measured FIO2 was comparable to reported FIO2 although it decreased with simulated 
spontaneous breathing through the device.  CONCLUSIONS:  The SAVe resuscitator is a limited function device. Tidal volume 
delivery is inconsistent with decreased lung compliance and/or increased resistance.  The set respiratory rate and tidal volume are 
not guaranteed under these conditions.  During spontaneous breathing, room air is supplied to the patient. The SAVe could 
potentially be used for ventilatory support of carefully selected military casualties to replace manual ventilation, but caregivers 
must be aware of the limitations.                          
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Joint Medical Distance Support and Evacuation (JMDSE), Joint Capability 
United States Joint Forces Command (USJFCOM)-J02M 

CDR Greg Cook 

 

The United States Joint Forces Command (USJFCOM) is conducting the Joint Medical Distance Support and Evacuation 
(JMDSE), Joint Capability Technology Demonstration (JCTD) to enable precise logistical delivery of critical, mission specific 
medical equipment and supplies to include telemedicine, digital patient encounter documentation, and transmission capabilities 
for medical first responders.  These enhanced capabilities will be air-dropped by Joint Precision Airdrop Systems (JPADS) from 
manned and/or Unmanned Aerial Systems (UAS) to augment and extend in-place combat casualty care within forward Army, 
Marine Corps and Special Operations ground forces, Air Force Para-rescuers, and Navy ships/submarines with limited organic 
medical support.  Within these combatant organizations, medics or corpsmen will be provided an on-demand capability to capture 
and transmit digital physiological monitoring data (i.e. blood pressure, pulse, temperature, respirations, ECG, ECO2, SP02, 
ventilator treatment, data elements common to the Tactical Combat Casualty Care and Field Medical Cards),  and digital voice 
recordings of patient encounters to enable immediate telementoring and to facilitate accurate, complete point-of-injury data within 
permanent medical records.  A set of ruggedized equipment and a lightweight digitally enabled physiological monitoring system 
are being integrated with military radios and soldier headset voice data capture technologies, and will be packaged for just-in-time 
air delivery via JPADS.  A series of three 2010-11 Operational Demonstrations involving with land, air and maritime forces will 
be used to determine the utility of JMDSE capabilities.  We discuss the technologies employed, the operational scenarios and 
results of the first series of exercises. 
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Field Intravenous Fluid Reconstitution (FIVR) 
Air Combat Command (ACC)/SGR, Langley AFB, Hampton, VA 

LtCol Steven Stern 

 

The objective of the FIVR project is to develop a Food and Drug Administration (FDA) approved device consisting of integrated 
medical components capable of producing packaged intravenous fluids for use by medical personnel in field locations. FIVR shall 
be capable of being employed at forward resuscitative care (or higher) deployed medical treatment facilities to provide initial 
resuscitative and surgical medical care to stabilize patients for evacuation to a higher level of care.  
The FIVR device shall produce FDA approved IV solutions to include normal saline, half normal saline, dextrose 5% with normal 
saline, and lactated ringers at deployed locations for immediate use or storage.  A pre-filter shall condition potable water to 
Environmental Protection Agency (EPA) quality where the FIVR device shall have the capability to condition the incoming water 
temperature; a function to sterilize the water suitable for injection; and an automated methodology to fill chemical pre-loaded 
bags to produce packaged intravenous solutions.  
A FIVR device will culminate with FDA approval and will enhance capability reducing the medical logistical footprint and lift 
requirements.  This operational outcome will facilitate essential care in theater and enhance care during contingencies.  This 
capability is needed to decrease the risk of not having sufficient intravenous fluids available at deployed locations and reduce the 
logistical footprint (lift, storage, and waste) associated with the current operations requirement. 
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A comparison of proximal tibia, proximal humerus and distal femur infusion rates under 
high pressure using the EZ-IO Intraosseous device on an adult swine model 
59th Medical Wing (MDW) 

Maj Julio Lairet 

 

OBJECTIVES:  Compare the intraosseous flow rates of the proximal tibia, distal femur and the proximal humerus using high 
pressure (>300 mmHg) in an adult swine model.   METHODS:  A 25mm EZ-IO needle was inserted into the proximal tibia 
bilaterally of eleven swine, and a 45mm needle was inserted into the distal femur and proximal humerus bilaterally.  Intravascular 
volume was removed until the mean arterial pressure was decreased to 25% from baseline. Infusion of normal saline was carried 
out at each site for a period of 10 minutes with a pressure bag at highest achievable pressure (> 300 mmHg). At the end of 10 
minutes infusion rates were calculated.  Following euthanasia the bone IO insertion sites were harvested by the veterinary 
pathologist for histopathologic examination. Statistical analysis was performed using ANOVA.  RESULTS:  The mean infusion 
pressure for the tibia was 580 mmHg, 553 mmHg for the femur and 499 mmHg for the humerus.  Comparing the infusion rates of 
the humerus (213 mL/min) to the tibia (138 mL/min) revealed a p<0.001. When comparing the humerus (213 mL/min) to the 
femur (138 mL/min); p< 0.001.  Comparison between the tibia (103 mL/min) and the femur (138 mL/min) did not reveal 
statistical significance p<0.138. Histopathologic examination revealed minimal to mild subperiosteal and/or periosteal 
hemorrhage adjacent to where the intraosseous needle was inserted.   

Conclusion:  The rate of infusion was greater via the humerus route compared to the tibia and the femur. Additional studies are 
needed to further evaluate high pressure infusions (>300 mmHg) using intraosseous devices. 
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Inflammation Following Hemorrhage and AE  
United States Air Force School of Aerospace Medicine (USAFSAM)/Center for Sustainment of Trauma and Readiness 
(CSTARS); Cincinnati, OH 

Tim Pritts, MD, PhD 

 

OBJECTIVES:  Hemorrhage is the leading cause of potentially preventable mortality in current military conflicts and is 
associated with acute inflammation.  Improved resuscitation strategies are necessary for optimal outcomes, but the effect of 
hypobaric hypoxia on the inflammatory response to hemorrhage and resuscitation is unknown.  We hypothesized that exposure to 
hypobaric hypoxia may alter the acute inflammatory response.  METHODS:  Mice underwent femoral artery cannulation and 
hemorrhage using a pressure-clamp model, then resuscitation with Lactated Ringer’s solution (LR) or a 1:1 ratio of fresh packed 
red cells and plasma from donor animals (1:1).  At 1 and 24 hours following resuscitation, mice underwent simulated shock in 
mice.  These findings suggest that the current practice of aeromedical evacuation following injury, including rapid transport to 
higher echelons of care, may not negatively impact the inflammatory response following hemorrhage. 
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MAF Aircrew Fatigue Countermeasures Survey 

United States Air Force School of Aerospace Medicine (USAFSAM) 

Col/Dr. Jane Karen Klingenberger 

 

No Go Pills (hypnotics) have been available to aircrews for several years for use in operational settings; however, to date there 
has been no assessment of their efficacy.  Are Mobility Air Force (MAF) aircrews effectively utilizing pharmaceuticals that 
enhance sleep (hypnotics) to count the effects of "jet lag" and other operational disruptors including circadian rhythm?   

Currently there are three hypnotics that are ground tested and approved for all MAF aircrews.  The presentation will be a review 
and discussion based on a new aircrew survey and the results of a convenience sample of respondents assessing the self reported 
frequency and effectiveness of "No Go" medication use.    

Preliminary data suggests that 40%-50% of MAF aircrews are using "No Go" medication while TDY or on overseas missions 
with a statistically significant difference in the length of sleep.     
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