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Boardon ArmyResearchand Development

Overall Objective: From a medicaland physiological perspective, maximizethe probability

that the warfighter canaccomplish the mission and, ifinjured, canboth survive and return
to functionas soonas possible.

Background: Building onthe 2016 National Academiesreport“ANational Trauma Care System:
Integrating Military and CivilianTrauma Systemsto Achieve Zero Preventable Deaths After Injury”, we
willexplore howto betteracceleratethe adoptionofemergingmedical advancementstoimprove
outcomesfor Soldiersin2035 and beyond. The workshop planning committee, led by co-chairsDr.Jim
BagianandDr.JoanBienvenue willhosta 3-day workshop with leading medical professionalsand
researchersfromthe Army S&T community to focus onthree framing topics:

1. Whatisthe state of artandforecastto future the developmentsinbio-engineeringand howcanit
provide forreturning Soldiersto the fightquicker?

2. WhatareasofTactical CombatCareinthe Armycanwe improve now?

3. Explorethe future of medicallyrelatedthreats, risks, and status ofpreparedness.

As stated above, space is extremely limited, and registration for thiseventis expected. Youmay
registerforthe eventhere: https://combattrauma.eventbrite.com

If youhave any questionsregarding the event, please contact NAS Staff membersCameronMalcom
(cmalcom@nas.edu) or Aanika Senn (asenn@nas.edu). We welcome your participation and look
forwardtoa trulyinformative event.
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Day1

Army Combat Trauma Carein 2035
Workshop Agenda

November18-20, 2019
San Antonio, TX

Monday, November 18,2019

1030-1200

OPEN SESSION-

1200-1215

1215-1245

1245-1305

1305-1335

1335-1355

1355-1415

1415-1430

1430-1500

1500-1520

1520-1550

1550-1630

1630-1800

1800-1900

Planning Committee and Staff Working Breakfast- Prepfor dayahead
Background Overview
Introduction- Jim Bagian

Overview of Tactical Combat Casualty Care; Including Point of Wounding- JoAn
Gandy

Continuum of Care- JayJohannigman

Combat CasualtyMortality- Brian Eastridge

Overview of the Joint Trauma System (JTS) - MaryAnn Spott
Burns- Lee Cancio

BREAK

Fluid Resuscitation for Hemorrhagic Shock- Don Jenkins
Military Functionallncapacity Scale- Harald Scheirich

Virtualand Autonomous SystemsinRemote and Multi Domain Scenarios- Gary
Gilbert

Future Operational Environments, Gaps, Needs, Opportunities: Operational
Environment- Gerald Leverich

CLOSED SESSION- Planning Committee and NAS Staff Only

Welcome Reception- ComplimentaryReceptionin the hotel Bar with light
appetizers and beverages (Allwelcome)
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Day 2

Army Combat Trauma Carein 2035
Workshop Agenda

November18-20, 2019
San Antonio, TX

Tuesday, November19, 2019

0900-0930

0930-1000

TRAINING

1000-1030

1030-1130

1130-1145

1145-1215

1215-1245

1245-1330

Keynote Talk: Role of Military Line Leadershipand Ensuring Excellencein Combat
Casualty Care- Jim Geracci

Joint Medical Planning Tools- Mike Galarneau
Initial, Rucurrency, Personalized, Mission Specific Competence Assessment &
TeamBasedTraining- Jay Beaubien

Integration with Line Tactical Training, SyntheticTraining Environment,Med Sim-
Danlrizarry

BREAK
How Long Canthe Military’s Golden Hour Last? Advancing Technology, Training,

and Expectationsfor Multi-Domain Operations- Todd Rasmussen (remote
speaker)

Ever Adapting forthe Warfighter: Combat Casualty Care for the Future
Battlespace-Michael Davis

LUNCH

ORGANIZATIONAL LEADERSHIP FACTORS

1330-1400

1400-1430

1430-1500

1500-1600

1600-1800

Overview- Cord Cunningham
Performance Improvementand Data Analysis- Mary Ann Spott

Resp.DelineationTraining &Readiness, DHAvs. OPS- Ruben Garza & Kazmer
Meszaros

PANEL DISCUSSION- Organizationaland Leadership FactorsPanel

CLOSED SESSION- Planning Committee and NAS Staff Only
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Day 3

Army Combat Trauma Carein 2035
Workshop Agenda

November18-20, 2019
San Antonio, TX

Wednesday, November 20, 2019

HUMAN PERFORMANCE

0800-0815

0815-0840

0840-0905

0905-0930

0930-0955

0955-1010

Introduction- Russ Kotwal

Human Performance Optimization (HPO/Total Force Fitness- Travis Lunasco
Human Performance Optimization- Chetan Kharod

Practical Application of Military Human Performance Program- Karen Daigle

Improvements to PPE and Warfighter Survivability Based on Real-Time Combat
Trauma Information- Nick Tsantinis

BREAK

BIOENGINEERING THE FUTURE FOR IMPROVED FUNC. OUTCOMES

1010-1025

1025-1125

1125-1225

1225-1255

1255-1355

1355-1455

1500

Introduction- George Christ

Bioengineered Materials for Improved Wound Healing- Luke Burnett Robert Christy,
Jennifer Elisseeff

Future of Tissue Bioengineering- Chris Dearth, Lisa Larkin, Michael Yaszemski
(remote speaker)

Panel Discussion
LUNCH
Final Thoughts and Wrap Up

ADJOURN
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PLANNING COMMITTEE BIOGRAPHIES

Dr. James P. Bagian (co-chair) is a physicianand engineer who currently serves as the director of the Center for
Healthcare Engineering and Patient Safety at the University of Michigan and focuses on creating solutions that
willmake healthcare safer,as well as more effective and efficient, for patients. Previously, he served as the first
Chief Patient Safety Officer and founding director of the National Center for Patient Safety (NCPS) at the U.S.
Department of Veterans Affairs (VA). He has also held positions as a NASA physicianand astronaut; U.S. Air
Force flight surgeon; and engineer at the U.S. Department of Housing and Urban Development, U.S.Navy, and
EnvironmentalProtection Agency. Dr. Bagianwas selectedin1998 by the VA to establishNCPS and became its
firstdirector.He developed andimplemented aninnovative national program aimed at protecting patients from
hospital-based harm, whichthe VA has implemented at all173 VA hospitals. Moreover, this program served as
the benchmark for patient safetyinhospitals worldwide and earned the Innovations in American Government
Awardin2001fromthe John F. Kennedy School of Government at Harvard University. During his 15-year tenure
withNASA, Dr.Bagianflew ontwo Space Shuttle missions. He led the development of a high-altitude pressure
suitforcrew escape as well as other crew survivalequipment.Inaddition, he was the first physicianto
successfullytreat space motion sickness, and his approach has been the standard of care for astronauts since
thattime.He alsoservedas aninvestigatorintheinquiryfollowing the 1986 Challenger accident and was
appointed as medical consultant and chief flight surgeon for the Columbia Accident Investigation Board (CAIB) in
2003. Dr.Bagian’s contributions to military service include advancing new methods of military aircraft ejection
seatdesignandservingas acolonelinthe U.S. Air Force Reserve. As the Special Consultant for Combat Search
and Rescue to the AirCombat Command, he was a leaderin standardizing pre-hospital combat rescue medical
care across all Air Force major commands and is one of the founding members of the Department of Defense’s
Committee onTactical Combat Casualty Care, whose workin pre-hospitaltrauma care has substantially
reduced mortality of service members who suffer battlefield wounds. Dr.Bagian waselected as a member of the
National Academy of Engineeringin 2000 and as a member of the Institute of Medicine (now the National
Academy of Medicine) in2003.He received a B.S. inmechanical engineering from DrexelUniversityin1973 and
earned an M.D.from Thomas Jefferson University in1977.

Dr. JoanBienvenue, Ph.D.(co-chair) is the director of the Applied Research Institute atthe University of Virginia.
She receivedaB.S.in chemistryfrom Rivier University,anM.S.inforensicscience at the University of New
Haven,aPh.D.in chemistryfrom the University of Virginia,and an M.B.A.from the University of Mary Washington.
She was a NationalInstitute of Justice Research Fellow while at UVA, where herwork focused onthe
development of microfluidicsystems. This work wassummarizedinoverfifteen peer-reviewed papers and
book chapters and presented at many conferences; sheis aninventoronfive U.S. patents. Inadditionto this
academicwork, sheis creator and conference chair forthe annual Commonwealth Conference on National
Defense andIntelligence, now enteringits sixthyear,and co-creator and inaugural chair of the Gordon Research
Conference onForensic Analysis of HumanDNA. After completion of her graduate studies, Dr.Bienvenue was an
ORISE Postdoctoral Research Fellow at the FBI. Followingthis appointment, she joined the Armed Forces DNA
Identification Laboratory (AFDIL),as the Validation and Quality Control Supervisor where she managedateam
that provided quality control and oversaw the evaluation, validation, and implementation of new technologyfor
DNA casework analysisinsupport of remainsidentification. She joined Lockheed Martinin2008 and most
recently served as Chief Scientist and Program Manager,in support of the development of rapid microfluidic
DNA analysis systems. InJune of 2013, she returned to the UVA as director of the Applied Research Institute
(ARI) and was promotedto Senior Executive Directorin2017. ARIserves the universityandthe defense and
intelligence communities as a conduit to facilitate collaborationand innovation betweenthe academia and
government. ARl leverages UVA's human and capitalassetsto support research, education,and training, witha
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focus on homeland security, nationalintelligence, and defense missions.Dr.Bienvenueis a Fellow of the
American Academy of Forensic Sciences.

Dr. Frank Butler is aretired Navy Undersea Medical Officerand anophthalmologist who served as a Navy SEAL
platoon commander priorto attendingmedical school at the Medical College of Georgia, where he was President
of Alpha Omega Alpha, the medicalhonor society. He spent most of his careerin NavyMedicine supporting the
Special Operations community and was the first Navy physicianselectedto serve as the Command Surgeon for
the U.S. Special Operations Command. In his current position at the Joint Trauma System, he chairs the
Department of Defense’s Committee onTactical Combat Casualty Care, helping to ensure optimal battlefield
trauma care forour country’s wounded service menand women.He also serves as co-chair of the
DecompressionSickness and Arterial Gas Embolism Treatment Committee for the Undersea and Hyperbaric
Medical Society.Dr. Butler spent five years at the Navy Experimental Diving Unitin Panama City, FL, where he
helped to pioneer numerous advances in SEAL diving capabilities.He wentonto found and lead the Navy SEAL
BiomedicalResearchProgram for15years. Landmark projects accomplished by this unique program included
laserrefractive surgeryin the military,advanced diving procedures forNavy SEALs, the Naval Special Warfare
decompressioncomputer,diving and hyperbaric ophthalmology, one of the first operational medicine
translators, human performanceinitiatives, and Tactical Combat Casualty Care (TCCC). The set of evidence-
based, best practice battlefield trauma care guidelines embodied in TCCC has now beenrecognized as the major
prehospitaladvancein combat casualty care achieved during the recent conflicts in Afghanistanand Iraq. It has
beencredited withsavingthe lives of many hundreds of casualties from those wars and units that have trained
all of theirmembersinTCCC have reported the lowestincidence of preventable deathinthe history of modern
warfare.TCCC is now the prehospital component of the DoD’s Joint Trauma System and has mandated as the
standard for battlefield trauma care throughout the US Military and inthe militaries of manyallied nations. TCCC
is now also gainingincreasing acceptance incivilian prehospitaltrauma care.Dr. Butler has over140
publications inthe medicalliterature.He has beenawarded the U.S. Special Operations Command Medal by
AdmiralBillMcRaven; the 2017 Distinguished Service Award from the US Military Health System for lifetime
contributions to combat casualty care; the 2017 Letterman Award for Excellence in Battlefield Medicine; the 2018
Rocco Morando Award from the National Association of Emergency MedicalTechnicians for contributions to
EmergencyMedical Services; the 2011 Academy of Underwater Arts and Sciences NOGI Award for Distinguished
Service tothe diving community; the 2010 Auerbach Award for contributions to Wilderness Medicine; the 2007
NormanMcSwain Award for leadershipinPrehospitalTrauma Care; and the first Committee onTactical Combat
Casualty Care Award for outstanding contributions to battlefield trauma carein2006,anaward that is now given
annually and bears his name.He was recently honored by a Navy Forward Surgical Hospitalinlragnaming the
road to the hospital “Frank Butler Boulevard” in honor of his work in developing and advancing TCCC concepts.

Dr. George Christ is Professor of Biomedical Engineering and Orthopaedic Surgery, and holds the Mary Muilenburg
Stamp Chair in Orthopaedic Research, where he is director of Basic and Translational Research in Orthopaedics. He
is co-director of the Universityof Virginia’s Centerfor Advanced Biomanufacturing.Heis the past chairman of
the Divisionof Systems andIntegrative Pharmacology of the American Society of Pharmacology and
ExperimentalTherapeutics (ASPET), and past president of the North Carolina Tissue Engineering and
Regenerative Medicine (NCTERM) group. He was inducted into AIMBE in 2017.He serves onthe executive
committee of the DivisionforIntegrative Systems, Translational,and ClinicalPharmacology of ASPET.Heis a
member of the Regenerative Rehabilitation Consortium Leadership Counciland serves onthe Leadership
Advisory Councilfor ARMI/BioFabUSA.Hereceivedthe RayFuller Award and Lecture (ASPET, 2018). He serves
on the editorialboard of five journals and is anad-hoc reviewerfortwo dozenothers.Dr. Christ has authored
more than 225 scientific publications andis co-editor of abook on integrative smooth muscle physiologyand
another onregenerative pharmacology. Dr.Christ has served onboth nationaland international committees
relatedto his expertiseinmuscle physiology,and on NIH study sectionsinthe NIDDK,NICHD,NCRR, NAIAD,
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NIAMS and NHLBI.He has chaired working groups for both the NIH and the WHO andis co-inventor on more than
26 patents (nationalandinternational) eitherissued or pending. Dr.Christ has also beenthe driving scientific
force behind the preclinical studies and IND approvals supporting three Phase I clinical trials for gene therapy
for benign humansmooth muscle disorders.This technology has been evaluatedin 55 patientsinthe US and 21
overseas.Dr.Christis also spearheading several musculoskeletal-applicable translationalresearch programs
todevelop novelregenerative medicine treatments with applications for Wounded Warriors and civilian patients,
inparticular, volumetricmuscle loss injuries. He leads a DOD-funded (AFRIM) multi-institutional program for
development of atissue engineered muscle repair (TEMR) technology platform for VML repair. AnIND has been
submitted to supportafive patient first-in-man pilot studyto further develop this technology platform for
treatment of cleft lip. He collaborates in another NIH and DOD funded translational multi-institutional effort as
part of the C-DOCTOR (Centerfor Dental, Oraland Craniofacial Tissue and Organ Regeneration) consortium for
development of a semi-synthetichydrogel co-developed at UC-Berkeley and UVA for craniofacialand extremity
trauma VML repair.Funding from the DOD and KeraNetics (W-S,NC) also supports development and evaluation
of another proprietaryhydrogel for the treatment of lower extremitytraumaticinjuries tothe tibialis anterior
muscle, where afive-patient clinicaltrialis planned fortreatment of VML injuries at UVA following submission
to, and approvalof,an IDE by FDA.

Dr. Howard Championis the founder and CEO of SimQuest, and has been since its establishmentin 2001. Heis a
leading authority on civilianand combat injury. Dr. Championis one of the pioneers of trauma centers and trauma
systems bothU.S.and globally. He practiced as atrauma surgeon for30years, teaching civilianand military
healthcare providers and extensivelyresearching and writing onthe subject. He retired from active practicein
1994 afterservingfor20years as Chief of Trauma and Surgical Critical Care at the largest teaching hospitalin
WashingtonD.C.Dr. Champion currently provides consultative research policy and educationalservices to
military medical leadershipinanumber of countries. He has provided consultation ontrauma systemsin
Australasia, manyEuropean countries, South Africa,and NATO.He has given hundreds of invited lectures and
presentations worldwide. Eponymous lectures include the Moynihan Lecture forthe Association of Surgeons of
Great Britainand Northernlreland, the Mitchiner Lecture from the Royal Defense Medical College of the United
Kingdomin2002,the Zeppa Lecture at the University of Miamiand ArmyJoint TraumaTraining Centerin2003 and
the Scott Frame Lecture from the Eastern Associationforthe Surgery of Traumain 2010. He was co-convener of
the Definitive Surgeryfor Trauma Skills Course at the Royal College of Surgeons of England from 1997 to 2007.In
2005 having established that course and the Definitive SurgicalTrauma Care course taught globally by IATSC
(below). For the past30years Dr. Championhas reviewed Combat Casualty Care Research proposals and
programs for DARPA,ONR,MRMC, TATRC and CCCR. In2005, Dr.Championwas awarded the Lifetime
Achievement Awardbythe U.S.ArmyMedicalResearch & Materiel Command and the Combat Casualty Care
Research Awardfor Excellence andafurther awardin 2016 for “Dedicationand Service tothe U.S. Combat
Casualty Care ResearchProgram”.Dr. Championhas beena constant and successfuladvocate fortraumacare
systemsinMaryland (since1972),D.C. (since 1975) and on Capitol Hill (since 1988). He founded the Coalition for
AmericanTrauma Carein1992toprovide afederal-level presence fortraumadisciplines. He currently conducts
surgical-relatedtraumaresearch and development through numerous federal (NIH,USA MRMC,NISTATP, and
ONR) grants and contracts to his smallbusiness, SimQuest. Honorary membership inthe European Association
forTrauma and Emergency Surgery was conferred in2011. Heis afellow of the American Surgical Association.
Dr.Championhasbeena memberof the executive committee of the American College of Surgeons Committee on
Trauma, vice president of the American Associationforthe Surgery of Trauma, vice president of the American
Trauma Society, president of the American Associationfor AutomotiveMedicine.He served as president of the
EasternAssociationforthe Surgery of Trauma (EAST) and president of the International AssociationforTrauma
and Surgical Intensive Care (IATSIC): both of the which he founded. He has beena member of the Committee on
Tactical Combat Casualty Care (CoTCCC) andits civilian counterpart the Committee onTactical Emergency
Casualty Care (C-TECC) since their inception. Dr.Champion has approximately 300 peerreview publications,
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publishes 5-10 per year andreviews for12-15 medicaljournals.He has been aworldwide leaderininjury severity
qualification,traumaregistries,trauma systems and quality of care. Dr.Champion’s company, SimQuest,is a
smallbusinessfocused ondeveloping technology-assisted training platforms for surgery and medicine. The
company has had substantial ($55M) R&D and consultative funding from government sources (NSF,NIH, DoD,
Dept. of Commerce), for this purpose.

Dr. Carolina Cruz-Neira is the Donaghey Distinguished Professor in Information Sciences and the Executive Director
of the Emerging Analytics Center at the University of Arkansas at Little Rock and an Arkansas Research Scholar
through the Arkansas Research Alliance.Dr.Cruz-Neirais alsoa memberof the National Academy of
Engineering,is apioneerinthe areas of virtualreality and interactive visualization, having created and deployed
avariety of technologies that have become standard tools inindustry, government and academia. She is known
world-wide for being the creator of the CAVE virtualreality system.She has dedicated a part of her career to
transferresearch results into daily use by spearheading several Open Source initiatives to disseminate and
grow VR technologies and by leading entrepreneurialinitiatives to commercialize research results. She has over
100 publications as scientificarticles, book chapters, magazine editorials, and others. She has beenawarded
over $75 millioningrants, contracts, and donations. Sheis also recognized for having founded and led very
successfulvirtualreality research centers: VRAC at lowa State University, the LouisianaImmersive
Technologies Enterprise and the Emerging Analytics Center. She has beennamed one of thetopinnovatorsin
virtualrealityand one of the top three greatest womenvisionariesinthis field. She has beeninducted asan ACM
ComputerPioneer, received the IEEE VirtualReality Technical Achievement Award and the Distinguished Career
Award fromthe InternationalDigitalMedia & Arts Societyamong otherrecognitions. She had givennumerous
keynote addresses and has beenthe guest of severalgovernmentsto advice onhow virtual reality technology
can help togiveindustries acompetitive edge leading toregional economicgrowth. She has appearedin
numerous hational and international TV shows and podcasts as an expert on her discipline and several
documentaries have been produced about her life and career.

CAPT. Margaret Mooreis an Assistant Professorof ClinicalSurgeryat the Louisiana State University Health
Science Center. She earned a Bachelor of Science degree in musicperformance withaminorin chemistryfrom
Indiana Universityin1999. She received her M.D.degree from Pennsylvania State Universityin2004. The Captain
then completed her Transitionallnternship atthe NavalMedical Center San Diego. Following fouryearsasa
flight surgeon, she did her General Surgery Residency at LehighValley Health Networkin Allentown,
Pennsylvaniain2014 and her Trauma and Surgical Critical Care fellowship at the Louisiana State University
Health Science Center inNew Orleans. Sheis board certifiedin General Surgery and Surgical Critical Care.In
2000she enteredthe Navyas part of the Health Professions Scholarship Program. After graduatingtop of her
classininternship, she attended flight school at the Naval Aviation Medicine Institute in Pensacola before taking
her firstassignment as asquadronflight surgeon withMarine Medium Helicopter Squadron262 in Okinawa,
Japan.While assignedto HMM-262,she served as the flight surgeonforthe Air Combat Element onthe 315t
Marine Expeditionary Unit supportingjoint exercisesinThailand and the Philippines.InJanuary of 2007, HMM-
262 deployedtolraqin support of OperationlragFreedom. In additionto her duties as the squadronflight
surgeon, CAPTMoore served withthe IMEF CASEVACteam and as anadjunct tothe Shock Trauma PlatooninAl
Tagaddum. InMarch, 2008, she transferredto NAS Brunswick, Maine where she became the squadronflight
surgeon for Special Projects Patrol Squadron-ONE. While with VPU-1,she deployed severaltimes to
Afghanistanand Africainsupport of Operation Enduring Freedom. CAPT Moore completed her General Surgery
residencyasa reservistintheTraininginMedical Specialty program and entered the IRR during her fellowshipin
Trauma/Surgical Critical Care. She re-affiliated withthe reservesin July 2016 as a Surgeonin Surgical Company
Alpha, 4" Medical Battalion, 4" Marine Logistics Group. InDecember 2016 she was appointed the Training Officer
for Surgical Company Alphaandin February 2017,assumed the role of OIC for the Headquarters Detachmentin
Pittsburgh. During her time withSCOA, CAPTMoore served as the OICfor AfricanLion2017 and GlobalMedic
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2018. In Decemberof 2018, CAPTMoore became the Wing Surgeon forthe 4th Marine Aircraft WinginNew
Orleans,LA.CAPTMoore holds added designations as a Flight Surgeon and Fleet Marine Forces Warfare Officer.
She alsoserves asthe NavyReserve liaisontothe National Committee on Surgical Combat Casualty Care as well
asthe Navy'sTrauma Strategy Management Office where sheis actively working on military-civilian
partnerships and the integrationof reservistsintothe Traumatraining programs. She was selected as ascholar
inthe American College of Surgeons Future Trauma Leaders program and now has an active appointment to the
CommitteeonTraumawhere sheis amemberof the Trauma Systems Committee and the EMS Committee.
Additionally, sheis amember of the Curriculum and Skills Committee withinthe Military Health System Strategic
Partnership and is currently working on the development of a standardized curriculum for the creation and
qualificationof atri-service Expeditionary General Surgeon. CAPTMoore’s awards include the Air Combat
Medal,Navyand Marine Corps Commendation Medal,the Navyand Marine Corps Achievement Medal,as wellas
various other service and campaignawards.

COL Russ Kotwalis the Chief of StrategicProjects at the Joint Trauma System.COL Kotwalreceived a Bachelor
of Science from Texas A&M Universityin College Station, Texas in1985;a Doctor of Medicine from the Uniformed
Services UniversityinBethesda, Marylandin1996;and a Master of PublicHealth from the University of Texas
MedicalBranch inGalveston, Texasin2004.He was commissioned onto active dutyinthe United States Armyin
1985 and retired from the militaryin2014.He received residency trainingin Family Medicine withthe Army,and
Aerospace Medicine withthe Navy. His hospitalassignments included Tripler ArmyMedical Center, Martin Army
Community Hospital, Womack ArmyMedical Center,and Brooke ArmyMedical Center.His unit assignments
included the 1/35 Infantry Battalionand 4/27 Infantry Battalion, 25th Infantry Division (Light); 3rd Battalion, 75th
Ranger Regiment;Headquarters, 75thRanger Regiment; and Headquarters,U.S. Army Special Operations
Command.COL Kotwal has conducted multiple combat deployments to both AfghanistanandIraq, where he
participated inhundreds of combat ground and air missions as the senior prehospital medical provider.COL
Kotwal currently works from College Station, Texas, as anindependent consultant for multiple organizations to
include the DoD Joint Trauma System.COL Kotwalis credited with numerous noveltraining and technology
initiatives, professional publications, and nationaland international presentations related primarily to
prehospital medicine onthe battlefield. He served onthe board of directors forthe Special Operations Medical
Associationforsevenyears where heis currently the vice president. He is anadjunct professorforboth the
College of Medicine at Texas A&M University and the Department of Military and Emergency Medicine at the
Uniformed Services University. COL Kotwalis also afellow of the American Academy of Family Physicians and a
senioradvisortothe DoD Committees on Combat Casualty Care.
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Speaker Biographies

Dr. Jeffrey M. Beaubien is a Distinguished Principal Scientist and Institutional Review Board (IRB) Chair at
Aptima, Inc. For the past 20 years, his work has focused on training and assessing leadership, teamwork, and
decision-making skills in the military, aviation, and healthcare. His has conducted training-related research for the
Federal Aviation Administration, the National Aeronautics and Space Administration, the Agency for Healthcare
Research and Quality, the U.S. Navy, the U.S. Army, the U.S. Air Force, and the Telemedicine and Advanced
Technologies Research Center, among others. Dr. Beaubien holds a Ph.D. in Industrial and Organizational
Psychology from George Mason University, a M.A. in Industrial and Organizational Psychology from the University
of New Haven, and a B.A. in Psychology from the University of Rhode Island. He is a member of the American
Psychological Association, the Society for Industrial and Organizational Psychology, and the Human Factors and
Ergonomics Society.

Luke Burnett, PhD, is the CEO and Chief Science Officer of KeraNetics and an Adjunct Associate Professor in
the Department of Orthopaedic Surgery at Wake Forest School of Medicine. Dr. Burnett has worked in the
field of biomaterials for over a decade with afocus on product development of keratin biomaterial applications to
wound healing and tissue engineering. Dr. Burnett has an extensive funding history where he has beenthe Pl or Co-I
on more than 27 federally-funded grants from CDMRP, DoD, NIH and BARDA in the last 8 years. Dr. Burnett has
published research using trauma models in multiple species published in major scientific journals, and filed 7
patents on the work conducted in his lab. Dr. Burnett recently retired as a Colonel from the US Army where he
served 27 years, including serving two tours in Iraq and graduating from the US ArmyWar College.

Dr. Lee Cancio is the Director of the U.S. Army Burn Center at the U.S. Army Institute of Surgical Research (ISR),
Fort Sam Houston, Texas. During his 27-year active-duty career in the U.S. Army, he deployed with the 504th
Parachute Infantry Regiment of the 82d Airborne Division to Operation Just Cause, Panama, 1989-90 and to
Operation Desert Storm, 1990-91. While on active duty at the ISR, he served in various positions culminating in
service as the Director of the Burn Center,and established the Special Medical Augmentation ResponseTeams for
Burns. During Operationlraqi Freedom (OIF), he deployed with Special Operations Command - Central Command
(SOCCENT) as the Principal Investigatorintheaterforthe hemostaticdressing protocolin 2003.He served as the
Deputy Commander for Clinical Services at the 86th Combat Support HospitalinBaghdad during OIF in 2005, and
served there againin 2008. In 2013 he deployed with a Forward Surgical Team to Afghanistan during Operation
Enduring Freedom.He retiredinthe rank of Colonelin 2014. His military awardsand decorationsinclude the Legion
of Merit, Bronze Star Award (1 Oak Leaf Cluster), Parachutist Badge with Combat Jump Star, Air Assault Badge,
Expert Field Medical Badge, Combat Medical Badge, Senior Aircraft Crewman Badge, Surgeon General's A
Proficiency Designator,and Order of Military Medical Merit.In2017 he became the second civilian Directorand the
first Government civilian Director of the Army Burn Center. Dr. Cancio is a graduate of Amherst College, of the
Catholic University of America, and of Georgetown University School of Medicine. He completed a residencyin
General Surgery at Brooke Army Medical Center and a fellowship in Surgical Critical Care at the San Antonio
Uniformed Services Health Education Consortium, San Antonio, TX. He is board-certified in Surgery and in
Surgical Critical Care. Dr. Cancio’s research interests include burn shock, hemorrhagic shock, acute respiratory
distress syndrome, and blast injury. He established two successful research task areas within the Combat
Casualty Care Research Program of the U.S. Army Medical Research and Materiel Command (Combat Critical Care
Engineering and Multi-Organ Support Technology). He is the co-inventor of the first commercially available
decision-support system for burn-shock resuscitation,the Burn Navigator (Arcos Medical, Inc., Houston, TX). He
contributed preclinical datatothe FDA approval of the ER-REBOA catheter (Prytime Medical, Boerne, TX).He is the
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author of over200 peer-reviewed papers, 25 chapters, and other works.Dr. Cancio is a member of the American
College of Surgeons (including the Committee on Trauma), American Association for the Surgery of Trauma,
Eastern Associationforthe Surgery of Trauma, Shock Society, International Society for Burn Injuries, Society for
Critical Care Medicine, Surgical Discovery Club,and American Burn Association (ABA). He currently serves as the
Secretary of the ABA and as a member of its Verification Committee for burn centers. He is a member of the
editorialboards of Burns, Journal of Burn Care and Research, and AmericanJournal of Disaster Medicine.He is a
Professor of Surgery (Adjoint) at the University of Texas Health Science Center at San Antonio. Dr. Cancio’s
personalinterestintechnicalscuba divingas amemberof GlobalUnderwater Explorers contributes to his efforts
to enhance teamwork and communication in critical care medicine.

Dr. Robert Christy is currently Chief of the Burn and Soft Tissue Research Department and Battlefield Pain
Research Section at the US Army Institute of Surgical Research. He also is an adjunct faculty member in the
Department of Biomedical Engineering at the University of Texas at San Antonio. Dr. Christy received his Bachelor of
Science degree in Biology from the University of California at Davis and his PhD degree from The Johns Hopkins
University. After completion of his PhD degree, Dr Christy obtained a National Research Service Award from
the National Institutes of Health and continued his scientific training as a postdoctoral fellow in the
Department of Biological Chemistry and Department of Molecular Biology at The Johns Hopkins School of
Medicine. Dr. Christy's research groups investigates: 1) novel biomaterial matrices for treatment of traumatic
burn wounds on the battlefield; 2) development of novel antimicrobial approaches to prevent and control
infections of soft tissue injuries including burn wounds; and 3) investigates non-opioid based pain management
treatments for use by medical personnel throughout the spectrum of combat casualty care.

Dr. Cord Cunningham, MD, MPH, FACEP, FAEMS is a board-certified Emergency Medicine Physician with
subspecialty board certification in EMS. He served as the Battalion Surgeon for 2nd Ranger BN and
Surgical Resuscitation Team member for USSOCOM deploying in direct and prehospital medical
support of special operations forces in both Iraq and Afghanistan. Dr Cunningham also served as a flight
surgeon and medical director for a 15 ship Army MEDEVAC unit and 3,000 person aviation brigade at Fort Hood as
well as the medical director for the Army’s Critical Care Flight Paramedic Program. Dr Cunningham is a graduate
of the US Army Ranger School, a Dive Medical Officer, Senior Rated Flight Surgeon, and Master Rated Parachutist.
COL(USAR) Cord Cunningham began his active duty career when he was commissioned as a 2LT in the Signal
Corps upon graduation from USMA at West Point in 1995 and served as a PL and XO in B Co, 112th Special
Operations Signal BN, Signal Detachment Commander, and S-1 of 2nd BN/7th Special Forces Group at Ft
Bragg, NC. He attended the Uniformed Services University of the Health Sciences from 1999-2003 and
trained in Emergency Medicine at Brooke Army Medical Center from 2003-2006 as well training in EMS with
COL(ret) Bob Mabry as his fellowship director from 2013-2015. After serving over 20 years on Active Duty, Dr
Cunningham is currently in the US Army Reserves with the Army Reserve Element for USSOCOM and performs
duties asthe Chairman of the Joint Trauma System Committee on En Route Combat Casualty Care and faculty for
the DoD Prehospital and Disaster Medicine Fellowship. Dr Cunningham is also still a full-time practicing EM
Physician. Prehospital battlefield care and reduction of preventable prehospital battlefield mortality
remains his primary military career pursuit and focus.

MAJ Karen Daigle was a member of the team that founded the Tactical Human Optimization, Rapid
Rehabilitation and Reconditioning (THOR3) Program during a previous assignment to the US. Army
Special Operations Command (USASOC). On her current assignment with USASOC, she serves as the Director of
this program, whichis now the Human Performance component of the USASOC Preservation of the Force and
Family (POTFF) Program. She most recently served as the Lead Action Officer at U.S. Army Forces Command
(FORSCOM) for the Army Holistic Health and Fitness (H2F) pilot. During her 22 years of military service, she has
served as an enlisted aircrew member in the U.S. Navy, as an aircraft maintenance technician in the Louisiana Air
National Guard, and now as a medical specialist corps officer inthe U.S. Army. Prior to returning to the military after a
break in service, Daigle worked as a sport physiologist and dietitian for the U.S. Olympic Committee where she
supported Team USA at the 2004, 2006, and 2008 Olympic/Paralympic Games. Daigle received her bachelor’s



Louisiana State University and her master’'s degrees in Movement Science and Food and Nutrition from Florida
State University. She is a Certified Strength and Conditioning Specialist, Tactical Strength and Conditioning
Facilitator, Registered Dietitian, and Certified Specialistin Sport Dietetics.

Christopher L. Dearth, PhD currently has the privilege of serving as the Facility Research Director for the
Extremity Trauma & Amputation Center of Excellence (EACE) at Walter Reed National Military Medical Center
(WRNMMC), the Flagship of the Military Health System, and the world's largest military medical center.
Additionally, Dr. Dearth serves as the Director of Researchfor the Department of Rehabilitationat WRNMMC and
holds a faculty position withinthe FEdward Hebert School of Medicine at the Uniformed Services University of the
Health Sciences where heis the Founding Director of the Regenerative Medicine Therapeutics Laboratory. Within
these roles, Dr. Dearth is responsible for leading a multidisciplinary team of clinicians and researchers who
conduct a diverse portfolio of cutting edge, mission driven research projects which span the full spectrum of
scientificinquiry - from contemporary ‘basicscience’ (i.e., cell / molecular biology) experiments allthe way up to
multi-site, randomized, and controlled clinical trials. Of note, Dr. Dearth’s team is spearheading research and
clinical efforts towards implementation of a Regenerative Rehabilitation treatment paradigm, i.e. the interface
betweenthetraditionaldisciplines of Regenerative Medicine and Physical Rehabilitationwhich aims to capitalize
on the synergybetween next generation medicaltechnologies and state-of-the-art rehabilitation programs. The
overarching goal of these research efforts is to generate the knowledge to support evidence-based
improvementsinclinical practice suchthat the highest quality of life canbe achieved bythose who deserve it most
-- our Nation’s Service members and Veterans.Throughout his career, Dr. Dearth’s research has been funded by
avariety of organizations, including the NationalInstitutes of Health and the Department of Defense; and has been
published in numerous high impact peer-reviewed scientific journals. Dr. Dearth contributes to the scientific
community by serving as a subject matter expertin a variety of professional activities, including as an invited
manuscript reviewer, section editor, and board member for numerous peer-reviewed journals, and research
grant review committees.Dr.Dearthreceived aBachelor's degree from the University of Daytonand a Doctorate
from the University of Toledo before conducting a Post-Doctoral Fellowship at the McGowan Institute of
Regenerative Medicine (MIRM) at the University of Pittsburgh. Prior to joining WRNMMC, Dr.Dearth was a faculty
memberat the University of Pittsburgh School of Medicine with dual appointmentsin the Department of Surgery
and MIRM.

Brian Eastridge, MD is Professor of Surgery and Chief of the Division of Trauma and Emergency General
Surgery at the University of Texas Health Science Center at San Antonio, Trauma Medical Director of the
University Health System and holds the Jocelyn and Joe Straus Endowed Chair in Trauma Research. He
received his BS in biochemistry from Virginia Tech in 1985 and his MD from the University of Maryland
School of Medicine in 1989. Dr Eastridge did his residency in general surgery at the University of Maryland
Medical System and then pursued fellowship training in surgical critical care at the University of Texas
Southwestern Medical Centerin Dallas, after which he spent 8 years on the faculty of UT Southwestern. After 17
years of US Army Reserve service, Dr Eastridge transitioned to active duty as COL U.S Army, Medical Corp in 2005
and served as Trauma Medical Director for the Brooke Army Medical Center, Surgical Critical Care Program
Director for SAUSHEC, and was instrumental in developing and implementing the Joint Trauma System, serving as
the initial Director of the Joint Theater Trauma System (Deployed) as well as serving in that deployed leadership
position on two more occasions. In addition, he served as Director of the Joint Trauma System (U.S. Army Institute
of Surgical Research of the U.S. Army’s Medical Research and Material Command (MRMC), and Trauma Consultant
to the US Army Surgeon General. During his service, he has deployed six times to combat operations in
Southwest Asia. COL Eastridge left active service and joined the faculty of UT Health San Antonio and transitioned
back into the the US Army Reserves in late 2012. Dr. Eastridge is currently Vice Chairman of the Southwest Texas
Regional Advisory Council and Chairman of the region P Committee. In addition, he is an appointed member of
the Texas Governor's EMS and Trauma Advisory Council. He was appointed to the American College of
Surgeons Committee on Trauma National Faculty and currently serves as the Chairman of the Trauma
Systems Committee and Trauma System Pillar. He maintains a steadfast commitment to the Department of
Defense and is an active member of the Committee on Tactical Combat Casualty Care and Committee on
Surgical Combat Casualty Care. During his career, Dr. Eastridge has published



extensivelyin the peer reviewed literature and has written / edited three books focused upon improving the
military trauma system and improving combat casualty care outcomes for our Wounded Warriors.Dr Eastridge’'s
current research is extensively grant funded and focused upon remote trauma outcomes, trauma system
development, and predictive modelling of injury outcomes and pre-hospital mortality.

Dr. Jennifer Elisseeff is the Morton Goldberg Professor and Director of the Translational Tissue Engineering
Center at Johns Hopkins Department of Biomedical Engineering and the Wilmer Eye Institute with appointments
in Chemical and Biological Engineering, Materials Science and Orthopedic Surgery. She was elected a Fellow of
the American Institute of Medical and Biological Engineering, the National Academy of Inventors, and a Young
Global Leader by World Economic Forum. In 2018, she was elected to the National Academy of Engineering and
National Academy of Medicine. Jennifer received a bachelor's degree in chemistry from Carnegie Mellon
University and a PhD in medical engineering from the Harvard-MIT Division of Health Sciences and Technology.
Later she was aFellow atthe Nationallnstitute of General Medical Sciences, Pharmacology Research Associate
Program, where she worked inthe NationalInstitute of Dentaland Craniofacial Research. She has published over
200 papers, book chapters, and patent applications and received a number of awards including the Carnegie Young
Alumni Award and in 2002 she was named by M/T Technology Review as a top innovator under 35. Jennifers
research focus is the development of biomaterials for regenerative medicine applications in orthopedics, plastic
and reconstructive surgery, and ophthalmology. She is now studying Biomaterials-directed Regenerative
Immunology and the role of the adaptive immune systemin tissue repair. She is committed to the translation of
regenerative biomaterials and has founded several companies and participates in several industry advisory
boards.

Mr. Michael Galarneau has a Master of Science in Industrial Organizational Psychology, with an emphasis in
analytics and experimental design as well as a Nationally Registered Emergency Medical Technician (NREMT).
Since 1995, Mr.Galarneauhas served the United States asaresearcheringovernment service andis currently the
Naval Health Research Center Director of Operational Readiness & Health. Mr. Galarneau's responsibilities
include the management of more than 40 research projects in the areas of warfighter performance, medical
modeling and simulation, and deployment related injury and illness epidemiology. A number of the models and
simulations developed under Mr. Galarneau's direction are designated by the DoD Joint Staff and the Office of the
Secretary Defense Health Affairs as the tools required for planning and supporting combat casualty care in
theater, for each of the service branches. In additionto his responsibilities as Director of Operational Readiness,
Mr. Galarneauis the principalinvestigatorforthe Tri-service Expeditionary Medical Encounter Database (EMED)
program. This program is dedicated to the development of comprehensive clinical profiles that describe the
events associated withdeployment-relatedinjury and the care administeredto casualties as theymove through
the medical chain of evacuation, from the point of injury, through tofinal rehabilitative outcome. Mr. Galarneauis
alsothe principalinvestigator of the Wounded Warrior Recovery Project (WWRP).The WWRP is a comprehensive
investigation of quality of life outcomes for U.S. casualties injured in overseas contingency operations. Mr.
Galarneauhasreceivedtwo patents for his work at NavalHealthResearch Center (U.S. Patent No.5,995,077,1999
and U.S. Patent No. 7,707,042, 2010), with two additional patents pending. He is also the recipient of the Navy
Meritorious Civilian Service Award.

John V. Gandy, lll MD is a physician with 28 years of military medical service, first in the U.S. Navy as a
Hospital Corpsman and then in the U.S. Air Force as an Emergency Medicine Physician and Flight Surgeon. He has
been a contributor to the Tactical Combat Casualty Care effort since its inception. While on active duty, he
provided direct and supervisory medical support to Joint Special Operations missions around the globe. After
retirement from military service, Dr. Gandy has continued to practice Emergency Medicine, teach tactical
medicine and develop medical and surgical resuscitative support solutions for operations in austere
environments.

Mr. Ruben Garza works for the Defense Health Agency (DHA), Education & Training (J7) and besides being Chief of
DMMSO, he is also the Deputy Chief to the Medical Modernization & Simulation Division. Mr. Garza's main duty is
Chief of the Defense Medical Modeling & Simulation Office (DOMMSO0) in San Antonio, Texas. He leads the Central,
Joint office that has the Air Force, Navy & Army Medical Simulation Programs. This encompasses a 106 Gov &



Contract staff that support the entire Military Health System facilities of over 600+ locations globally. He helps
with standardizing and having a centrallocationin which allrequests for Medical Modeling & Simulation enters for
review, adjudication and then to turn the requests to a validated requirement. Mr.Garza works with the Joint
Project Manager (JPM) office located by PEO STRI for acquisition actions. His office takes on the full
implementation of that particular solution by gathering data, metrics, encounters and usage, to forecast for future
support. Additionally, he has oversight onthe R&D for MM&S to support the MHS.

Dr. James Geracci is a Vice President/Chief Medical Officer for Ascension Healthcare Texas/Seton Family
of Hospitals. He is responsible for strategy development and operational oversight of all aspects of
healthcare delivery ensuring the achievement of Ascension’s “quadruple aim” of delivering high-quality
care, improved clinical outcomes, better patient and provider experiences, and lower overall cost of care
consistent with the organizations mission, vision, and values. Jim is a senior physician executive with
more than 26 years of leadership experience in one of the largest and most complex healthcare
enterprise in the world (the United States Army). He retired at the rank of Colonel and has led military
healthcare teams at all levels including as medical director of multiple large clinics, as department chief for the
military’s largest primary care department, and as chief medical officer for an Army Divisionand Corps. Jimisa
proven effects-oriented leader experienced in building, developing, and leading multidisciplinary teams capable
of planning and executing comprehensive health services support in the most complex environments including
assighments and combat deployments to Bosnia, Korea, Iraq, and Afghanistan. A disruptive innovator, Jim
has effectively driven and led organizational change from both the bottom up and the top down in an institution
known for bureaucracy. Serving as Director of Prehospital Trauma Care for the Department of Defense’s (DoD'’s)
Joint Trauma System, Senior Combat Capability Developer for the Army Medical Department, Consultant to
the Army Surgeon General for Operational and Deployment Medicine, and on the DoD’s Committee on
Tactical Combat Casualty Care, he helped to transform military medicine into a true learning healthcare system
ensuring hard-learned lessons of nearly two decades of war were not lost but rather codified in doctrine and
policy. Since transitioning from the military, Jim continues to innovate in his role as Director of Health
Innovation at Capital Factory and in his healthcare consulting work. A native of Las Vegas, Nevada, Jim’'s
education includes degrees/certifications from Arizona State University, Uniformed Services University
School of Medicine, US Army Command and General Staff College, and both University of Pennsylvania/
Wharton and University of Texas/McCombs Schools of Business. He is certified by the American Board of
Family Physicians and is a Fellow of the American Academy of Family Physicians. Jim has authored
numerous scholarly articles/book chapters and presented lectures both nationally and internationally on various
professional topics. He and his wife, Kristie, have been married for more than 25 years and have three sons. After
living and working around the world, home is Austin, Texas.

Gary Gilbert, Ph.D. leads the TATRC Medical Intelligent Systems Laboratory. Composed of a robust group of
research scientists and technologists in the fields of artificial intelligence, robotics, engineering, computer
science, telecommunications as well as experienced research managers and field operators in combat
health services support and force health protection, this lab is focused on engineering the future of military
Army Medical Robotic & Autonomous Systems (MED-RAS) and Operational Telemedicine for Army Multi
Domain Operations. After receiving advanced degrees in Agriculture, Dairy Science, and Management of
Information Technology, from Cornell, Penn State and American University, Dr. Gilbert served in the U.S.
Army as a Medical Service Corps Commander and Staff officer, which included service as a Special
Forces Operational "A" Detachment Commander and Medical Plans, Operations, and Training Officer. Also
while inthe Army, he received a Ph.D. in Business with specialization in Artificial Intelligence and Medical
Informatics from the University of Pittsburgh. He has served as Director of Information Systems (CIO) at
Walter Reed and Tripler Army Medical Centers in Washington, DC, and Honolulu, HI; CIO of the USAMRMC and
Director of the TATRC at Fort Detrick, MD. He was instrumental in developing and implementing numerous
Department of Defense medical information systems, initiating a variety of military medical
informatics projects, and creating the Army's telemedicine program. Appointed in 2017 as MRMC Capability
Manager (CAM) for the new Army research task areas in MED-RAS he led development of a research
roadmap, resource allocation



budget submission, and execution plan for those new Army S&T Task areas. He has many publications and
has made numerous presentations in all of the areas of his research and project management. He currently
chairs the DoD Medical Unmanned Systems and the NATO Human Factors in Medicine (HFM) Autonomous
Tactical Evacuation workgroups. He has twice been selected as a finalist for the Jonathan Letterman award
for lifetime achievements in the field of military medicine, has had Army Small Business Innovative Research
Army Quality Award; a DoD Joint Technology Demonstration-of-the-year Award, and several Prestigious
Small Business Administration Roland Tibbetts SBIR Awards. While in the Army, hereceived the Army Legion
of Merit, the Meritorious Service Medal, the Army Commendation Medal, and subsequently, the General Max
Thurmond Award for lifetime achievements in the field of Telemedicine.

Dan Irizarry, MD, COL(R), US Army, graduated from Auburn University and earned his medical doctorate at the
Uniformed Services University of the Health Sciences. A board-certified family physician with 26 years of active
duty service, including over 20 years supporting special operations forces, he has been a medical advisor to
combat leaders at the tactical, operational and strategic levels both in the United States and internationally. His
final assignment was the Department of Defense’s first clinical advisor to the Joint Project Manager for Medical
Modeling and Simulation (JPM MM&S). In this capacity, he helped lead combat and hospital-based simulation
advance development and acquisition to support training and readiness. He also served as the Defense Health
Board’'s Committee on Tactical Combat Casualty Care’s advisor in the area of combat casualty response training
technologies and simulation. Today, he provides subject matter expertise in the areas of medicine and medical
simulationtoawide variety of clients and practices medicineinOrlando, Florida. Dan also serves onthe advisory
board of the Global Special Operations Forces Foundation, a 501(c)(3) non-profit organization that aims to build
and grow an international SOF network of military, government, commercial, and educational stakeholders in
order to advance SOF capabilities and partnerships to confront global and networked threats. Dan lives in
Orlando, Florida, with his wife, Kelly and their seven children.

Dr. Donald Jenkins earned a BS in Biochemistry from the University of Scranton in Scranton PA and MD at the
Uniformed Services Universityin BethesdaMD. He performed his surgicalresidency at Wilford HallUSAF hospital
in SanAntonio TX, trauma fellowship at the University of Pennsylvaniain Philadelphia PA and retired after nearly
25years of active duty service fromthe USAFin2008. As formertrauma medicaldirectoratthe American College
of Surgeons verified Level | trauma center at Saint Marys Hospital at Mayo Clinic in Rochester, Dr. Jenkins had
oversight for the entire spectrum of care for all trauma patients, from prevention and pre-hospital care to
rehabilitationand repatriation. Dr.Jenkins hasbeenthe traumadirector forthe ACS Levellverified trauma center
forthe United States Air Force (2000-2008), he has beenthe trauma directorforthe 44th Medical Command for all
medicalcareinlraq(2004-2005), helpedtodevelopthe Joint Theater Trauma System for the United States Central
Command (all of southwest Asia), was the traumadirector of the Joint Theater Trauma System (Baghdad Iraqg and
Bagram Afghanistan2006), helped develop the Joint Trauma System and was the trauma medical director of the
Joint Trauma System (Fort Sam Houston, TX 2007-2008). He was a founding member of the National Trauma
Institute and Center for National Trauma Research and served for 8 years on the Defense Health Board. He was
also on the inaugural Committee onTactical Combat Casualty Care and Committee on Combat Surgical Care and
remains as an advisor to both groups. He is currently Professor of Surgery, Vice Chair for Quality and Associate
Deputy Director of the Military Health Institute at the University of Texas Health Science Center in San Antonio.

Jay A. Johannigman, M.D., F.AC.S., FCCM currently serves as a contracted trauma surgeon at Brooke Army
Medical Center, San Antonio Texas (August 2019). Prior to this, Dr. Johannigman served as the Director of the
Institute of Military Medicine at the University of Cincinnati and the University of Cincinnati College of Medicine.He
also served as the director of Trauma, Surgical Critical Care & Acute Care Surgery at University Hospital in
Cincinnati, Ohio from 2001 to 2017. During his tenure as Division director the group grew for four surgeons to a
multidisciplinary group of over forty medical professionals spanning services across two verified trauma centers
to include trauma, acute and elective general surgery and surgical critical care. Dr. Johannigman is a native
Cincinnatian and graduate of St. Xavier High School. He completed his undergraduate studies at Kenyon College
and graduated Medical School from Case Western Reserve University. He subsequently completed a general



surgery residency at University Hospital, Cincinnati, Ohio. From 1988 to 1990, Dr. Johannigman completed a
Surgical Critical Care and Trauma Fellowship, also at University Hospital. Dr. Johannigman entered active duty
military service at the United States Air Force Wilford Hall Medical Centerin1990. During the ensuing years, he
served as Director of the Surgical Critical Care Service as well as Associate Director of the hospital's Trauma
Service. In 1994, Dr. Johannigman returned to Cincinnati, Ohio where he has been a member of the Division of
Trauma and Critical Care since that time.Most recently in Cincinnati, Dr. Johannigman oversaw the development
and American College of Surgeons verification of West Chester Hospital to a Level lll trauma center, thus giving
the Cincinnati Tristate area a Level | & Level lll trauma system. Dr. Johannigman is a member of numerous
professional organizations, including a Fellow of the American College of Surgeons, a member of the Eastern
Associationforthe Surgery of Trauma, a member of the American Associationforthe Surgery of Trauma and the
Western Trauma Society. He served as the Chief of Region 5 Committee on Trauma for the American College of
Surgeons Committee onTrauma and now serves asthe Liaisontothe ACS forthe TCCC (The Committee onTactical
Combat Casualty Care). Dr. Johannigman is an original member of the Committee on Tactical Combat Casualty
Care and also participates as amember of the Committees onEnRoute Care and Surgical Combat Casualty Care.
Dr. Johannigman is a Colonel in the Medical Corps of the United States Army Reserves. His most recent
deployment was to Forward Operating Base Fenty as a combat surgeon for the 624" Forward Surgical team in
Jalalabad Afghanistan (August 2017-January 2018). Prior to this most recent deployment Dr. Johannigman
completed six combat tours to southern Irag and Afghanistan. From August to November of 2003, he served as
Deputy Commander of the 332" AEW/EMEDDS hospitalinTalil, Iraq. From Januaryto March 2005, he servedasa
CCATT team member and from May to July 2006 and January to March 2008 he served as Deputy Commander of
the 332" AEW theater hospitalin Balad. His most recent deployment was serving as Trauma Czar at the 455"
Hospital AirBaseinBagram, Afghanistan from July thru December 2010 and he deployed once again August 2012
toserveinAfghanistan. Dr.Johannigmanhas beenawarded the Bronze Star,the Army Commendation medal and
the Air Force Meritorious Service Award amongst other decorations. With the Air Force he served as a Flight
Surgeon. His current assignment is serving in an advisory role to The Uniformed Services Health Sciences

UniversityinWashington DC. Dr. Johannigman maintains an active clinical practice across the surgical disciplines
of trauma, surgicalcriticalcare, emergency general surgeryas wellas anelective practiceingeneralsurgery.Dr.
Johannigman has active research interests in pulmonary failure, critical care monitoring and controlled loop
ventilation.Heis the funded principalinvestigatoronsevenactive protocols and leads a robustresearch effort. He
has participated in the publication of over one-hundred peer reviewed publications, eighteen book chapters and
one hundred abstracts.Dr.Johannigmanresidesin San AntonioTexas andis the proud father of two young adults,
Taylor and Evan.

Dr. Chetan Kharod is a retired Air Force Colonel and is dual board-certified in Emergency Medicine (EM) and
Emergency Medical Services (EMS). He has completed sub-specialty fellowships in International Emergency
Medicine and EMS/Disaster Medicine.Dr.Kharod servedinthe USAFforover 26 years. He deployed multiple times
to Southwest Asia and other locations worldwide providing Critical Care Air Transport, frontline emergency care,
specialoperations medical support, and leadership of multifunctional combat supportteams.He has servedas a
Special Operations flight surgeon and Squadron Commander. His military experience spans clinical, operational,
academic,research, and leadership domains withavariety of emergencyresponse, field oversight, and executive
roles. He has extensive prehospital experience in a variety of settings, including medical oversight of special
operations medics, independent duty medical technicians, pararescuemen, and combat medics. Dr Kharod has
deliveredinvitedtalks and keynote presentations innumerous nationaland international venues. He is a subject
matter expert in resiliency advocacy, human performance optimization program development, leadership, and
educationinnovation.He is proud of followingin his father’'s footsteps by servinginthe US Air Force. Dr Kharodis
dedicated to being an excellent role model for his sons, and is fortunate to be married to the most caring and
compassionate wife.

Lisa M Larkin, PhD, is an Associate Professor of Molecular & Integrative Physiology at the University of
Michigan. She holds a joint appointment in the Biomedical Engineering Department at the University of Michigan. Dr.
Larkinis co-director of the Skeletal Tissue Engineering Laboratory at the University of Michigan and has
28 years of



expertise onmusculoskeletal physiology and smalland large animal surgical procedures and more than15years
experience specifically with ligament, tendon, muscle and bone tissue engineering. Larkin, has pioneered
methods to co-culture scaffold-free tissue constructs to engineer functional tissues and their interfaces. Dr.
Larkin has five patents and two pending patents for her work. She has co-authored 28 peer-reviewed journal
papers, 4 reviews and two book chapters specifically on tissue engineering, another 34 on the physiology of
muscle. Dr. Larkin is a member of the following societies: The American Physiological Society, Society for
Neuroscience, Tissue Engineering Society International, Biomedical Engineering Society, and Orthopaedic
Research Society.

Jerry Leverich assumed his current duties as the Director of Fusion & Assessments Directorate for the
G2 (Intelligence) of the U.S. Army Training and Doctrine Command (TRADOC) in March 2019. He has served in multiple
intelligence positions within the G2 following his retirement from the Army in February 2005. In his current
capacity, he isresponsible for providing intelligence and operationalenvironment advice and considerationstoa
wide variety of analytic products forthe TRADOC G-2 focused on defining the future operationalenvironment.The
directorate provides TRADOC and the Army with multi-disciplined intelligence assessments, briefings and
reports required to facilitate training, leadership development, material acquisition and doctrine/concept
development forthe future U.S. Army.Because of his extensive threat background, Leverichalso served as acore
member of the Army's Russia New Generation Warfare study team. A careerintelligence officer, Leverichretired
asaseniorall-source intelligence warrant officer afterover22 years onactive duty. He served ina wide variety of
intelligence assignments culminating as the senior intelligence warrant officer to the US Army Pacific
(USARPAC), G2 from 2002 to 2005. During his military career, Leverich held key intelligence assignments from
battalion to Corps; at the operational, joint and strategic levelincluding assignments at the Defense Intelligence
Agency, the Pentagon and among many embassies in Latin America. His overseas assignments include Korea,
Germany and Hawaii. He served in Operations, Desert Shield/Desert Storm, Uphold Democracy, as part of US
Army, Europe (FWD) inTaszar, Hungary, he supported the Implementation Force (IFOR) and Stability Force (SFOR)
in Bosnia Herzegovina, and supported Operation Enduring Freedom -Philippines (OEF-P). Leverich graduated
from ExcelsiorUniversityin 2007 with a Bachelor of Arts.He earned a Master of Science from Redlands University
in 2009. He is a graduate of the Advanced Course at the Army Management Staff College, and has received a
Strategic Leadership post graduate certificate from the Darden Business School executive program at the
University of Virginia. He is amentor and graduate of TRADOC's Senior Leader Development Program.

Dr. Travis K. Lunasco is the Director of Human Performance Optimization (HPO) Future Operations and Senior
Human Performance Optimization Integrator (HPO-I) at the Consortium for Health and Military Performance
(CHAMP). Dr.Lunasco holds aMasters and Doctoral Degree in Psychology and completed his Residency and Post-
doctoral Fellowship in Health Psychology at Tripler Army Medical Center in Hawaii. Dr. Lunasco served over 28
years both as a United States Marine and Airman to include combat deployments to Operation DESERT SHIELD
AND DESERT STORM (1990-1991), Iraq (2007), and to Afghanistan (2010) in support of Operation ENDURING
FREEDOM. Priorto his current position, Dr. Lunasco servedina number of capacitiestoinclude clinical provider,
program designer and manager, officer-in-charge and director, embedded and organic line asset, operational
consultant, author, and educator. He currently resides with his family in Portland, Oregon.

Kazmer Meszaros is the Implementation Manager for the Defense Medical Modeling and Simulation Office
(DMMSO0) underthe Defense Health Agency (DHA) and is responsible to make sure the central program office has
continuous support of the 600+ Medical Treatment Facilities across the MHS. He overseesthe Operations cell of 7
contract staff, as well as the Analysis, Curriculum Support, Info Technology and Logistics departments within
DMMSO. One of his mainfocusistoassure anyrequirement thatis acquired, has an implementation process that
includes metrics & datato make sure thereis agoodreturn-of-investment at each facility. Inaddition, he assures
training healthcare providers to deliver safe, effective, patient-centered care with good methods and
technologies.

Dr. Edward J. Perkins, a Senior Research Scientist for the U.S. Army Engineer Research and Development Center
inVicksburg, Miss.is focused onEnvironmental Networks and Genetic Toxicology. He leads anactive and diverse



group of scientists using genetics and emergingtechnologies toinvestigate chemical effects onto aquatic,avian
andterrestrialspecies; fundamentalaspects of biological networks; computationalbiology; and the development
of new approachesinenvironmentaltoxicology.Dr.Perkins also advises nationaland international organizations
on Adverse Outcome Pathways and screening chemicals for toxicity.

Colonel Todd Rasmussen completed his medical degree at Mayo Medical School in 1993 and surgical training
at Wilford Hall Medical Center on Lackland Air Force Base in 1999. He returned to Mayo for vascular surgery training
in 1999 after which he was assigned to the National Capital Area just before 9/11/2001. Soon after, he begancaring
forinjured returning from Afghanistan at Walter Reed Army Medical Center in Washington, DC. In 2004 Colonel
Rasmussenreturnedto San Antonio and deployedto Operationlraqi Freedom atthe Air Force Theater Hospitalon
Balad Air Base. Following this he initiated a vascular injury and hemorrhage control research and innovation
program.He’s completed tours as asurgeoninliragand Afghanistan. ColonelRasmussenhasled surgicaltraining
missions in Morocco, Pakistan and Russia and his research efforts have resulted in 200+ publications, 25 book
chapters, 2 textbooks and 4 patents.In 2012 he gave aTED talk on the transformation of militarytrauma care and
its impact on medicine. Colonel Rasmussen served as Deputy Commander of the Institute of Surgical Research
from 2010 to 2013 and then directed the larger DoD Combat Casualty Care Research Program at Fort Detrick,
Maryland.In 2017 he became Associate Deanfor Research at the F. Edward Hébert School of Medicine - “America’s
Medical School” at the Uniformed Service University where he is Professor of Surgery. Colonel Rasmussenis
attendingvascularsurgeon at Walter Reed National Military Medical Center and consultant vascular surgeonand
scientistatthe National Institutes of Health.

Harald Scheirich is the Principal Software Engineer and Simquest International LLC. He is the lead architect on
SimQuest OpenSurgSim (0SS http://www.opensurgsim.org), responsible for the overall architecture, leading
distributed team in the development of the Burrhole and Vascular simulators. Mentoring and developing junior
team members,developing and driving towards milestone targets. Amongst otherimplemented base component
system and reflection/serialisation system of 0SS. Responsible of 0SS graphics subsystem. Responsible for
creating the technological concepts and overseeing, implementing and delivering multiple Phase | and Il SBIRs
that are focused on game-based technologies (e.g. Pandemic Response) and Rapid Trauma Training, and
participating in the game design of these SBIRs. For Pandemic response | implemented a parser and runtime
system in C++ for the commercially available Dynamics Simulation Package VenSim. Implemented data driven
configuration systems forthe serious games solutionto giveinstructional designers editing and content creation
capabilities for our solutions using C++ and C# inside of Unity 3D.Implemented and delivered the Exsanguinating
Limb Simulator (ELSim™) hemorrhage-control system.

Dr. Mary Ann Spott joined the Joint Trauma System in 2006 to lead the establishment of the DoD's first and only
trauma system and trauma patient registry. Dr. Spott was responsible for developing the strategic vision for
trauma operations across the DoD and was instrumentalin building the trauma system from the ground up. As the
Deputy Director, Dr. Spott manages all aspects of the JTS and DoD Trauma Registry and its integrated clinical
registries and databases.The U.S. Secretary of Defense awarded Distinguished Civilian Award (DCS) to Dr. Spott
in Dec 2016 for her outstanding work at the JTS. The DCS Award is the highest recognition the DoD can award an
employee,anditis presentedtoasmallnumberof civilianemployees whose careers reflect exceptionaldevotion
to duty and significant contributions of broad scope of policy, scientific, technical or administrative fields that
increase effectiveness and efficiency. As Deputy Director, Dr. Spottis the principal Health Informatics Officer.Dr.
Spott was awarded the first ever AHIMA e-HIM award for her contributions to the development and
implementation of an outcomes and performance improvement software application that is now used in many
trauma centers across the United States. Her current responsibilities include coordinating the JTS components
across the continuum of care which include prevention, pre-hospital, education, leadership and communication,
quality assurance/performance improvement, research and information systems, including the DoD Trauma
Registry. She also participates as a subject matter expert for the NATO trauma registry project. Prior to her
leadership atthe JTS, she was the Associate Director for Management Information Systems and Trauma Registry
at Pennsylvania Trauma Systems Foundation and worked at the State Health Data Center, Division of Health



Statistics and Research and Pennsylvania Cancer Registry. Dr. Spott received her Bachelor's Degree in Biology
from the University of Scranton and a Master's in Business Administration at Pennsylvania State University where
she completed her Master of Science in Information Systems. She also received a Master's Degree in Public
Administration from Pennsylvania State University as well as a certificate in Economic Development. She
received her Bachelor's Degreein HealthRecord AdministrationfromYork College.Dr. Spott graduated from the
Harvard's John F. Kennedy School of Business Senior Executives Fellows Program in March 2010. In 2015, she
earned her doctoral degreein Leadership Studies from Our Lady of the Lake University in San Antonio, Texas.

Nicholas Tsantinis began his career with the US Army at the Natick Soldier Research Engineering and
Development Centerin a science and technology based role conducting materials R&D on individual protection
equipment such as body armor, helmets and eyewear. Heis a 2007 Graduate of Rensselaer Polytechnic Institute
withadual B.S. in Aeronauticaland Mechanical Engineering and a 2014 Graduate of Northeastern University with
a M.S. in Mechanical Engineering, In 2013 he moved on to the program management side of armor development
with USSOCOM where he has been since.

Michael J. Yaszemski, M.D., Ph.D., is a professor of orthopaedic surgery and biomedical engineering at the Mayo
ClinicCollege of Medicine.Dr.Yaszemskiinvestigates bone, cartilage and spinal cord regeneration using synthetic
polymericscaffolds, cells and controlled delivery of bioactive molecules.Dr.Yaszemski's Tissue Engineering and
Biomaterials Laboratoryis equipped to perform polymer synthesis and characterization and scaffold fabrication
utilizing injectable techniques and solid freeform fabricationtechniques. Dr.Yaszemski'sresearch team cultures
cell-polymer constructs, studies deliverykinetics of bioactive molecules from microparticles and microparticle-
scaffold combinations, and studies these scaffold-cell-biomolecule combinations in vivo. The team investigates
musculoskeletal sarcoma biology and works on the controlled local delivery of chemotherapeutic agents to
osteosarcoma, chordoma and chrondrosarcoma. His laboratory is fully equipped for molecular biology and bone
histomorphometry, with afocus ontranslationalresearch for current clinical needs.
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SPEAKER ABSTRACTS
(Listedinthe orderthat theyappear onthe Agenda)

John Gandy: Overview of Tactical Combat Casualty Care (TCCC) is a set of trauma care management strategies
customized forthe combat environment. Since almost 90% of combat fatalities die before everreaching a military
treatment facility (Role 2, Role 3), point of injury care (Role 1) and care during transport to a higher echelon is of
paramountimportance. The goalof TCCC isto give the first responders, ground medics and flight medics the best
chance of sustaining a patient with a potentially survivable wound to the next echelon of trauma care. These
strategies focus on aggressively identifying and treating common causes of preventable death on the battlefield
and initiating damage control resuscitation if required. Priorities of treatment are divided into three tactically
appropriate Phases of Care: Care Under Fire, Tactical Field Care and CASEVAC (Casualty Evacuation) Care. TCCC
has beenrepeatedly provento dramatically reduce the incidence of preventable deaths on the battlefield and TCCC
training is now mandated for everyone in the US military. Although the Joint Trauma System (JTS) has had a
standardized TCCC training curriculum since 2013, there is at present no provision in the Department of Defense
(DoD) for oversight and quality assurance of TCCC training. Repeated incidents of incorrect messaging and
inappropriate training modalities have been reported both by the JTS and the media. Similarly, there is no
methodology for ensuring that combat units maintain the TCCC training status of unit individuals and execute it
properly on the battlefield. Divided authorities and distributed responsibilities between service Combat
Commanders, service Medical Departments, the Defense Health Agency, and the Combatant Commanders create
a situation in which no single individual or organization has overall responsibility for this critically important
aspect of medicalreadiness.

Opportunities forimprovementinthe current combat casualty care status of the US militaryinclude:

1) Clearly establishing combat casualty care as aline commanderresponsibility with oversight at the appropriate
level - the Chairman of the Joint Chiefs of Staff.

2) The Service Chiefs should be clearly identified as having responsibility for TCCC training and equipping.

4) Combatant Commanders should be clearly identified as responsible for ensuring that deploying forces are
adequatelytrained and equippedto execute TCCC while deployed in support of combat operations.

5) Combatant Commanders should be clearlyidentified as responsible for ensuring that battlefield trauma care is
properly documented for all casualties and reported to the JTS to enable ongoing performance improvement in
combat casualty care.

JayJohannigman- Continuum of Care:

Will discuss the aspects of provision of care of the wounded soldier from the entry point at Role Il (first surgical
capability) through and onto the transitiontorole lll (Theater Hospital) and onto Role IV (Regional Medical center).
Thediscussionwillinclude nominalexpected capabilitiesat eachrole of care aswellasthe movement of patient(s)
fromonerole tothe nextviaanintegrated enroute care system.The current challenges to provision of care willbe
described and opportunities forimprovement will be highlighted

Brian Eastridge: Combat Casualty Mortality:

Death from injury was described as the neglected epidemic of modern medicine by the Institutes of Medicine in
1966. On the battlefield, the challenges of injury care and mortality are substantively compounded. Despite
dramaticadvances overthe last severaldecades intrauma system development and acute trauma care, including
resuscitation of massive hemorrhage, damage control surgery, and technological advances in critical care, the
burden of injury on our military remains substantial. The majority of injury mortality occurs in the field prior to
medical treatment facility admission. An analysis of pre-hospital mortality during the first 10 years of combat
operations in Southwest Asia demonstrated that nearly 90 percent of combat fatalities occur in the pre-hospital
phase of care and that approximately 25% of the approximately 4,000 casualties who died on the battlefield prior
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to reaching an MTF had injuries that were potentially survivable under optimal circumstances. Of those with
potentially survivable injury, 88% succumbed to the effects of hemorrhage. This data dramatically altered the
landscape of combat casualty care, emphasizing research and development of strategies totemporize or control
life-threatening hemorrhage proximate to the point of wounding. The DoD has identified capability gaps in combat
casualty care directly related to combat casualty mortality. Further developing the anatomic and physiologic
mechanisms of battlefield injury mortality, particularly withinthe bounds of context of the injury event, has great
potential to remediate these gaps in combat casualty care and revolutionize the Joint Trauma System (JTS).
Likewise, thisinformation would be critical to line commanders for mission planning and developing operational
risk matricies. In the current state, combat casualty mortalities are reviewed in a near real-time manner
assessing potential opportunities forimprovement by the JTS. Several significant liabilities exist which limit the
value and promulgation of these efforts.
e Ability of Armed Forces Medical Examiner System to perform full autopsy analysis of combat casualty
deaths contingent upon staffing and operationaltempo
e Ability of JTS subject matter experts to perform comprehensivereviews of battlefield deaths proximate to
date of death supported by low operationaltempo
Review and cataloging of combat mortality injury survivability datais not codified by “requirement”
e Leadershiphave notembracedthe value of thisinformation.
No clear pathway exists to disseminate mortalityreview assessments to leadership
0 Medical:performanceimprovement
0 Line:Training, prehospital combat casualty care, operationalsupport

Mary Ann Spott: The Joint Trauma System (JTS) Overview:

The JTS has been in existence for many years, but did not have the congressional authority until NDAA 2017 to
directly affect trauma across all combatant commands. The NDAA provides the authority for JTS to be the
reference body for trauma. Joint Requirement Oversight Council Memorandums and an organizational
assessment have provided guidance on how the JTS is to be enhanced across the global continuum of care. The
initiatives require funding and leadership support. There are many challenges and opportunities as the system
evolves but the highest quality of care remains paramount.

Lee Cancio: Burns
From amedical and physiological perspective, maximize the probability that the warfighter canaccomplish the
missionand, ifinjured, can both survive and return to function as soon as possible.
1. Status: Burns constitute 5-10% of combat injuries and are more commonduring war at sea and combat
involving armored vehicles. Duringrecent warsinlragand Afghanistan,use ofimprovised explosive devices
increased the prevalence of burns to over10% of casualties inthe JTTR. Additionally, burns are particularly
labor- and resource-intensive and are frequently incapacitating evenwhen non-lethal. During future multi-
domainoperations vs.near-peeradversaries,burns are projected to be more common, along with a higherrate
of inhalationinjury. Meanwhile, expertiseinburncare is concentratedin burn centers, and withinthe
Department of Defense at the U.S Army Institute of Surgical Research; few deployed medics, hurses, or medical
personnel have anyexperienceinburn care. 2. Gap Analysis: Post-burnsurvivalhas plateaued overthe last 20
years, although significant advances have occurred intechniques and technology for fluid resuscitation, organ
support, and rehabilitation. Current gapsinclude:
(1) Deployableinformationtechnology to provide just-in-time know-how andto facilitate determination
of burn-wound depth and extent.
(2) Knowledge onthe safetyand efficacy of burn-shock resuscitation using plasma.
(3) Wound care products that provide protection, painmanagement, and infectionpreventionforwar
fighters withminorinjuries.
(4) Massiveburns.
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a. Morerapidskin-culture techniques
b. Bilaminar(dermis/epidermis) cultured skinfor graftingmassive burns
(5) Deployable extracorporeal organsupport.
a. Renal
b. Lung/low-flow
c. Combinedlung/renal/otherfunctions
(6) Optimalstrategies forpreventionof scar contracture through rehabilitation, photonics,and
pharmacology.
(7) Knowledge onsafetyand efficacy of oral resuscitation for austere environments.
(8) Multi-modalpain-management strategies, focusingonanalgesiaforsevere painwithout cognitive
impairment.
(9) Early detection of infectionininjured patients.
(10) Improved pharmacologic, nutritional, and rehabilitation-based strategies for maintenance of
strengthand leanbody massininjured patients.
(1) Non-antibiotic-based strategiesfortreatment of severe infectionsininjured patients.
(12) Strategies for preventionand treatment of PTSD ininjured patients.

3. Suggested opportunities forimprovementinthe following time periods: Referto Gaps, above
Near/immediate 5-year 15-year
Gap 1,5a,7,12 2,3,4a,5b,6,8,9,10, | 4b,5c,6,8,10,1
12

Donald H Jenkins- Fluid Resuscitation for Hemorrhagic Shock:

Hemorrhage fromtraumaticinjury is a leading cause of mortalityin Operation Enduring Freedom/OperationIragi
Freedom (OEF/OIF).Military operationsinlraqand Afghanistan have provided an understanding of where andhow
trauma patients die. Most battlefield casualties, who died, did so before reaching a surgeon.To impact the outcome
of combat casualties with potentially survivable injuries, strategies must be developed to mitigate shock and
hemorrhage. A recent U.S. Army analysis found improved survival if blood products are used to resuscitate
patients within 30 minutes of traumaticinjury. Blood product transfusionas far-forward to the point of injury has
been exploredin military medicalrotary wing evacuation platforms and Role 1and 2 levels.The military has been
able to push Damage Control Resuscitation (DCR) capability closer to patients for earlier intervention. By
extending lessons learned in the combat setting to domestic hemorrhagic shock, prehospital transfusion has
expanded rapidly and holds the potential to improve clinical outcomes and disparities of care. Low antibody titer
0+whole blood (LTO+WB) transfusion provides a single step therapy for hemorrhaging patients.

Statement of the problem—the gap

The National Academies of Science, Engineering, and Medicine (NASEM) recently issued a report, “A National
Trauma Care System:Integrating Militaryand CivilianTrauma Systems to Achieve Zero Preventable Deaths after
Injury,” that identified gaps in the quality of trauma care and outcomes and noted gaps in resuscitation of injured
patients with hemorrhagic shock. Delayed initiation of treatment for hemorrhagic shock reduces survival
Currently, resuscitation with blood products, particularly in the rural civilian or prolonged field care setting, is
limited due to alack of resources and knowledge. When military health care providers are not exposedtoinjured
patients routinely, have no access to WB and rarely treat hemorrhagic shock, they will not automatically know to
or how to do this in the combat setting. It is routine that military residents rotating at a civilian trauma center
administer1to 2 liters of crystalloid before administering red blood cells eventhough LTO+WB is readily available.
Cold stored platelets are yet another ‘new’ product that has been used in a very limited fashion but is safer and
more functional thantraditionally stored room temperature platelets.
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Harald Scheirich- Military Functional Incapacity Scale:

Injury descriptors severity scoring and modeling systems an essential prerequisite to quantifying injury and
improving outcome. General injury coding schemes are not well suited for coding an analyzing wounding in the
military environment. We introduce the Military Combat Injury Scale (MCIS) whichis optimized for combat trauma
injuries. Based on MCIS the Military Functional Incapacity Scale (MFIS) allows tactical decision making with
regard to the wounded warfighter. MCIS and MFIS are combat injury specific and have been validated against
severalthousand contemporary combatinjuries.

GaryGilbert-“ArmyS&TProgramin VirtualHealth, Medical Robotic Autonomous Systems”:

Overthe past 20years the DoD and component services haveinvested significant amounts of moneyinresearch,
development, acquisitionand fielding of so-called telemedicine, telehealth, or virtual health systems in support of
both peacetime health care providedinfixedfacilities as well as expeditionary care provided to deployed forces.
Now, in the wake of more than 15 years counterinsurgency (COIN) operations and the “War on Terrorism” the US
military services, both jointly and independently, are realigning their long term strategic goals toward preparing
forimposing future conflicts against potential peeradversaries with equivalent or superior component combined
military capabilities. Such potential future conflicts will be fought in multiple domains probably without air
superiority nor reliable communications; hence success on the battlefield will depend extensively on the
capability of potentially isolated maneuver forces to act independently and be self-supported. Moreover,
autonomywillbe a keyenabling technology and force multiplier formaneuverforces and their organicmaneuver
support and maneuver sustainment elements as well, to include medical. “Virtual’, autonomous and unmanned
systems have great potentialto serve asforce multipliersinsupport of prolonged care and evacuation, especially
when sufficient manned systemsare not available or denied entry. Recent developments, emerging technologies,
and expanded threats associated with multi-domain type operations, especially in cyber security, potential for
denied, intermittent, and low bandwidth communications, space-based systems, cloud technologies, artificial
intelligence, robotics, and autonomous systems have brought into question the scope and understanding of the
scientific and operational discipline of “Virtual Health”. Considered by many to essentially be another name for
telemedicine, teleconsultation, or telehealth, VH should more correctly be defined as providing or augmenting
health care via information technology. In accordance with the 2018 Army Robotic and Autonomous Systems
(RAS) Strategy and the 14 December 2018 Army RAS Initial Capability Document, the Army plans to utilize RAS to
penetrate high-risk areas. In2019 the Army initiated two new medicalintelligent systems science and technology
taskareasinVirtualHealthand Medical Roboticand Medical Autonomous Systems.Workisunderway at the Army
Medical Directorate of Concepts and Doctrine, the Army Training and Doctrine Command, the Army Futures
Command, the Armed Services Biomedical Research & Evaluation Management (ASBREM) community, and the
NATO Human Factors in Medicine Panel to establish capability needs, develop concepts of operation, create
research roadmaps, and provide for cross functional collaboration among the services and various applicable
communities of interestinboth VHand MED-RAS. We willreport onboth research progress withinthe Armyand
the afore-mentioned joint and international efforts to establish requirements, develop and execute research
roadmaps.

Gerald Leverich- Future Operational Environments, Gaps, Needs, Opportunities: Operational Environment:
Overthelast18years the Armyhas optimizeditself for counterinsurgency operationsinlragand Afghanistan.The
most recent National Defense Strategy, however, directs the US military to refocus on great power competition.
Strategic competition, and the increased potential for large scale combat operations, leads to changes in the
character of future conflict, in which increased lethality and speed will have direct impacts on future combat
trauma requirements. Compared to last 18 years, and the renewed potential for large scale combat operations,
this presentation will discuss past trends in combat trauma, and present future forecasts and their implications
forthe combat trauma community.
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James J.Geracci,MD:Role of Military Line Leadershipin Ensuring Excellence in Combat Casualty Care

Who owns battlefield medicine? Who should own battlefield medicine? In this presentation| willuse mymilitary
career experience as an operational medicine provider and leader at all levels from Army Battalionto Corps
spanning more than 27 years and multiple combat deployments to illustrate and punctuate the critical role of
military line leadership in ensuring excellence in combat casualty care. | will provide specific examples of line
leadership’s impact on all aspects (manning, equipping, training, operational planning, and execution) of combat
casualty care and how that leadership has beenessentialto mission success. The presentation will make the case
forthe critical role that military line leadership plays in not only sustaining and codifying the combat casualty care
gains of the pasttwo decades of war but ensuring that the art and science of saving lives and caring for the combat
wounded continues to evolve to meet the needs of future battlefields.

Mike Galarneau:Department of Defense Medical Planning Today and Tomorrow: Injury and Treatment Gaps
Department of Defense medical planning has advanced substantially over the last decade. The science has
progressed from “back-of-the-envelope” calculations utilizing few empirically derived planning factors to very
advanced, complex simulations using highly characterized, objective combat casualty injury and treatment data.
Ground combat data generated during overseas contingency operations following 9/11 have, for the first time,
allowed sophisticated planning tools to be developed that provide validated and accredited informationto US
Combatant Commands, services, and their medical Operations Plandevelopers.The Joint Chiefs of Staff, Office of
the Chief of Naval Operations, and the Defense Health Agency (DHA) tasked the Naval HealthResearch Centerto
develop joint medical planning tools that have beenvalidated, verified, and accredited for use by all of the services
using a unified, comparable approach. These tools, the Medical Planners’ Toolkit (MPTk) and the Joint Medical
Planning Tool (JMPT), provide scenario-driven, empirically derived casualty estimates, patient stream estimates,
theater medical requirements, and detailed medical supply projections. Further, these tools allow simulation of
small, regional, or global medical theater laydowns (e.g., points of injury, medical treatment facilities, providers,
transportation assets, distances) for ground, sea-based, or combinations of both scenarios. The projected
casualty rates and patient stream estimates can then be run through the simulated theater laydown to perform
medical systems analysis, operational risk assessment, and field medical services planning. The predictive
accuracy of these tools, however, is dependent upon the casualty injury and illness profile. For ground-based
scenarios, recent historicaldata provide arich source of empirically derived datato develop reasonable casualty
type- and frequency-generating algorithms. For sea-based scenarios, there have only been a few recent events
to assess the human injury and treatment effects of modern weaponry against the Navy fleet, leading to gaps
identified by Joint Staff, DHA, and navalforces. These gaps, including near-peerballistic missile attacks on ships
andthe effect of blast propagation through multiple enclosed spaces, the clinical effects of prolonged exposure in
the sea prior to rescue, and the potential of chemical, biological, radiological, and nuclear overlay on traumatic
injuries willbe discussed interms of casualty type, delayed care, and prolonged field care.

Disclaimer:l am a military service memberor employee of the U.S. Government. This work was prepared as part
of my official duties. Title 17, U.S.C. 8105 provides that copyright protection under this title is not available for any
work of the U.S. Government. Title 17, U.S.C. §101 defines a U.S. Government work as work prepared by a military
service member or employee of the U.S. Government as part of that person’s official duties. This work was
supported by the Joint Chiefs of Staff, Defense Health Agency, Office of the Chief of Naval Operations,and the U.S.
Navy Bureau of Medicine and Surgery under work unit no. N1214. The views expressed in this article are those of
the authors and do not necessarily reflect the official policy or position of the Department of the Navy, Department
of Defense, nor the U.S. Government.

Jeffrey Beaubien- Initial, Recurrency, Personalized, Mission Specific Competent Assessment & Team Based
Training:

There is a critical gap between the science and practice of learning. For example, even though personalized
tutoringis one of the most effective instructional strategies (VanLehn, 2011), many schoolhouses still rely heavily
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on the one-size-fits-all “crawl, walk, run” approach. Similarly, despite the fact that nearly 70% of all learning
occurs informally on the job (Cerasoli et al, 2018), formal training events still receive the lion’s share of
organizational attention and resources. Fortunately, the DoD’s Advanced Distributed Learning Initiative has
recently put forth a vision for the future of learning called the “Total Learning Architecture” (TLA). The TLA
represents a paradigm shift away from disconnected formal training events in favor of a continuum of
personalized, lifelong learning that spans across time, instructional media, and duty assignments (TLA; Walcutt &
Schatz, 2019).The primary purpose of this presentationis to extend several of the TLA concepts with an emphasis
onmilitary medicaltraining, education, and lifelong learning.In particular, | willemphasize how individual learning
events - such as watching a video demonstration, completing a simulation, or performing a medical procedure
(even without performance feedback) - can all be documented using Experience Application Program Interface
(xAPI) protocol. Moreover, by capturing everyformalandinformallearning event as an xAPI learning record, DoD
organizations can quickly compile a large corpus of learner data that can subsequently be mined to answer critical
questions suchas “How manytrainingtrials are required to achieve masteryonskillX?,"“When should retraining
events be scheduled to maintain proficiency?,” and “To what extent do simulator fidelity cues actually improve
learning-related outcomes?” among others. Currently, these questions are all answered by eliciting Subject
Matter Expert (SME) opinion. However, what organization would not want to make these critical decisions based
on their own learners’ empirical data? The ideas described in this presentation will identify opportunities for
helping torealize this vision.

Danlrizarry- Integrationwith Line Tactical Training, Synthetic Training Environment (STE) Med Sim:

Training and education establish the foundation for combat trauma care. Lecture based training modalities and
experiential learning through actual patient encounters are not meeting today’'s combat trauma training needs
and will certainly need to evolve to meet the demands of a 2035 battlefield. The use of artificialintelligence
machine learning platforms and live, virtualand constructive simulation capabilities willbe criticalto creating an
integrated Joint Trauma System with objectively measurable readiness. That system must link point of injury,
evacuation and definitive treatment into an efficient, reliable and affordable capability that provides ethical
casualty response while operationally supporting a combatant commander’s objectives. The presenter will
discuss emerging trends and technologies in training and simulationthat willhave impact on future capabilities,
such as the Army’s Synthetic Training Environment, necessaryto support combat trauma care in 2035.

Todd Rasmussen-How Long Canthe Military's Golden Hour Last?

To overcome the challenges that are predicted to be associated with military battle in multi-domain operations
(MDO) against asophisticated nationstate, ora near-peeradversary, the U.S. military willhave to make system-
wide, holisticchangesinits three areas:

1. Medicaltechnologies

2.Medicaltraining

3. Expectations of who canbe saved from combat injury.

From a practical standpoint, the military’'s methodology should remain focused on new ways for the DoD Joint
Trauma System to extend the “Golden Hour” of survival. It is a useful framework for military and civilian leaders,
medical researchers and innovators, and for the U.S. public to understand. However, maintaining U.S. force
lethality in future battles, ones in which overmatch and victory are not assured, requires that major changes be
made the military’s approach to the Golden Hour of survival (i.e. changes from the military's approach to the
Golden Hour during the mostly counterinsurgent wars inlragand Afghanistan). Inthis lecture ColRasmussen will
review the history of the Golden Hour framework, remark on its relevance in Iraq and Afghanistan, and discuss
how the military can adapt technology, training and expectations to sustainthe Golden Hour concept, but ina way
thatis realisticand that optimizes force lethality and victory.
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MichaelDavis:Ever Adapting for the Warfighter: Combat Casualty Care for the Future Battlespace
Warfare conducted aspartoflow-level counter-insurgencyand counter-terrorismoperationsover the
past two decades has enabled military medicine to achieve the highest rate of survival from combat-
related injuries. A significant factor in this success has been the military’s ability to provide lifesaving
care within a short time frame after injury known as the “Golden hour”. In contrast, military operations
projected to occur in the future against peer or near-peer forces will greatly limit access to casualties,
casualty evacuation, and the sustainability of medical capabilities. Moreover, global access to
technology and scientific talent by adversaries now and in the future will challenge US superiority. In
aggregate, it can be anticipated that complexities associated with the future battle space will
significantly challenge the military’s “Golden Hour” paradigm and thus its ability to maintain a sub-10%
case fatality rate. Responding to this challenge and taking measures to maintain high rates of survival
andrecoveryamonginjured Warfightersrequiresinnovative shortand long term solutions with regard
to knowledge and materiel products to prevent strategic surprise and sustain/build medical capability
andforce lethality.

Cord Cunningham: “Who owns battlefield medicine” was questioned first posed by COL(ret) Bob Mabry in
discussion about the diffusion of responsibility for battlefield medical care within the DoD and how this creates
significant challenges to improvement. This presentation addresses this challenge along with others from his
2014 Military Medicine article with COL(ret) Rob DeLorenzo titled “Challenges to Improving Combat Casualty
Survivalonthe Battlefield.” The five challenge areas are 1) Ownership, 2) Data &Metrics, 3) Prehospitaland Trauma
Expertise, 4) Researchand Development,and 5) MHS Hospital Culture. The ownership challenge is found ineach
of the services medical departments that are primarily responsible for the manning, equipping, and training of
their medical personnel but historically were predominantly funded to deliver the healthcare benefit. “Combat
arms commanders are neither experts in nor do they have the resources to train their medical providers for
forward medical care”. Ultimately the Chairman of the Joint Chiefs of Staff owns overall responsibility and this
missionneeds that levelof visibility and prioritization. Dashboards and tracking via Unit Status Report (USR) type
mechanisms are opportunities forimprovement.Data and metrics are stilllacking inthe prehospital environment
stemming from multiple factors and the opportunity for improvement can come in better material solutions,
system processes, and command emphasis alike. Prehospital and trauma expertise are still at critical levels as
highlightedinrecent news articles and overall service numbers. Reshaping and prioritizing these manning efforts
in addition to clearer deployed utilization are all opportunities for improvement in this regard. Research and
development is focused to a large degree on material solutions that can improve battlefield survival while
excluding significant efforts on training methodology research. As per the SOF truths “humans are more
important than hardware” and this should be displayed in our research priorities and is a great opportunity for
improvement. Hospital culture and the enormity of the defense health program budget for direct care deliveryand
the healthcare benefit stillseems to overshadow theimportance of combat casualty care.The 43rd Army SG quote
we are a“HMO that goes to war” highlights the mission and priority confusion. An opportunity for improvementis
furtheranalysis of our prioritization to perform combat casualty care while alsosupporting the healthcare benefit.

Mary Ann Spott- Data Analysis and Performance Improvement:

Data collection and performance improvement are inextricably linked. The DoDTR serves as the cornerstone of
most JTS activities and supports the performance improvement (PI) activities. Data collection on the battlefield
forthe JTSbeganin2006 and became standardized in2007.The quality of the datais critical to quality Pl. The DoDTR
has supported multiple clinical practice guidelines, research and policies. This has resulted in improved
outcomes for our wounded and also translated to our civilian counterparts in national campaigns. Prehospital
data is difficult to document and report, including our canine Service Members. There are many IT solutions that
may assistinthis data capture and PI, but resourcing remains a challenge.
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Ruben Garza and KazmerMeszaros

DMMSO willprovide anoverview of types of Simulation technologies from manikins to othertraining tools. Also,
how the DMMS Office was established thrudocumentationandinstructions, as well provide mission statement
and organizational structure. Mainfocus is the DMMSQO’s central program office established in a joint effort and
how the addition of the Air Force, Navy & Army Simulation Programs are set to support the MHS medicalfacilities
tohave missionready, deployable military personnel. In addition, the process on how to submit for simulation
requests and how theyare validatedtoarequirement. Lastly, how DMMSQO is settodeliver medicaltraining
capabilities and partnerships to make this office complete its mission—to have Medically Ready Force..Ready
Medical Force.

Travis Lunasco: Human Performance Optimization (HPO)/Total Force Fitness (TFF) Capability-Based Blueprint
(CBB) andTargeting System: A Commander’s Toolto Realign Service Delivery

Warfighter populationrepresents animpressive degree of diversityintalents and risk exposures across Service
branches, their career fields, and units. As outlined in the 2018 National Defense Strategy, future conflicts will
require the Military Health System (MHS) to advance business practices from managing illness to supporting
Warfighter mission capabilities, mission readiness, and the performance of mission essential tasks. Human
Performance Optimization (HPO) and Total Force Fitness (TFF) continues to provide an orientation and framework
key to this realignment at all levels. More recently, HPO and TFF have been operationalized for Warfighter
communities. The HPO/TFF Capability-Based Blueprint (CBB) and Targeting System provides unit Commanders
and their career fields witha tool toinform resource realignment, targeting, and validation of efforts within their
respective communities. The information provided by each CBB can also help to synergize MHS realignment
efforts. This presentation will examine HPO and TFFs use in MHS realignments efforts, followed by a brief
overview of the HPO/TFF-CBB and Targeting System, and concluded with a review of a recently completed
HPO/TFF-CBB Workshop and Targeting System Report (USAF 1U Sensor Operators) being used realign, target,
andvalidate embedded andinstallationservices at Creech Air Force Base.

Chetan Kharod: Cutting Edge Concepts in Human Performance Optimization: Lessons Learned from the US
Special Operations Community

Objectives:

1. Todescribe the humanstressresponse and how to recognize its effects

2.To define 4 domains of resiliency development commonto all professions

3.Todemonstrate severaltechniques of real-time threat stress control

“Humans are more important than hardware”..what can we do to protect ourselves from and to overcome the
cumulative physicaland emotional strain of frontline service? The US Special Operations Command empowered
an interdisciplinary team to build and implement innovative solutions to improve the well-being of the force and
their families. In this presentation, hear from one of the key leaders in the AF Special Operations’ human
performance optimization programs and learn how those mind-body-spirit solutions can be applied to your
organization.

KarenDaigle: Practical Application of Military Human Performance Programs

Although the DoD has developed a framework for understanding, assessing, and maintaining Service Members’
wellbeing and sustaining their ability to carry out missions, the application of this framework to military human
performance (HP) programs has been disjointed. This presentation describes current gaps in human
performance programs’ approach to unit mission preparedness including a lack of integration and
synchronization withinthe disciplines of HP programs and the disproportionate emphasis on select components
of each preparedness domain. Obstacles to human performance program success include competitionbetween
various funding sources and the perceived “ownership” of domains by specific disciplines/professionals. Also
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addressed are opportunities for improvement including ensuring position descriptions and performance work
statements for HP program medical professionals place emphasis on being present with Soldiers where they
workandtrainover RVU generation, providing training for military leadershipand HP program team members on
scopes of practice, focusing human performance educationtiming and type on METL crosswalk and training plan/
operational calendar, recognizing the importance of team and unit relationships and culture to program
effectiveness, determining unit-specific professional to population ratios, and providing adequate management
structure to all program echelons. The effects of HP programs on combat trauma care include the potential
decrease in musculoskeletal injury and expedited injury recovery and return to mission readiness as well as
potential decrease in suffering trauma during missions by Soldiers optimally prepared to perform their mission
tasks.

Rick Tsantinis: Improvements to PPE & Warfighter Survivability Based on Real-Time Combat Trauma Information
Historically, advancementsinbodyarmor andindividual protectiontechnology has been at an evolutionary pace.
Small gainsinweight, performance and cost have beenmade everyfew years. Armortesting methodologies and
requirements have generally been informed by the performance of legacy equipment and not tied to
operationally-relevant medicaldata. Inorderto continue the advancement of individual protection equipment and
ensure the operationalrelevance of said equipment a tool is required. This tool would be statistically-based and
allow foranalysis of real-time combat traumainformationtoinform bothmaterialand combat developers in their
requirements generation process.

Luke Burnett: The field of biomaterials and bioengineering is a critical component of the regenerative medicine
triad of cells, materials and growth factors that will likely be required to engineerthe replacement tissues of the
future for the warfighter. Though prevailing dogma holds that optimal tissue engineering solutions will require
each of these components, the commercialand clinical activity of regenerative medicine is completely dominated
by cell and gene therapy products. Despite significant advances and the development of hundreds of different
biomaterials optimized for various tissue environments, there are only a handful that have any human clinical
experience, and almost none that have moved from the clinic to the market. This lack of clinical and commercial
experience for new materials has hindered the potential of cell based therapies, as they continue to be used with
eithercollagen or PBSinjectionstrategies giventhe FDA familiarity withthese “carriers”.

Over the last two decades, combat injuries have become more significant and require more advanced treatment
strategies forrepair. Howeververyfew of the regenerative medicine technologies that have received significant
DoD funding have resultedin products that canrepair or regenerate warfighterinjuries, decreasing returnto duty
rates and increasing long-term rehabilitation costs. Material solutions exist that have significant clinical
potential,and when combined with celland growth factor/drug treatments, have the potentialto finally realize the
promise of regenerative medicine. This promise is to develop solutions that provide functional repair to tissue
injury so that US service personnel can return to the fight or regain lost quality of life. Sadly without new
strategies, this promise remains along way off.

Robert Christy: Next Generation Dressing for Burnand Soft Tissue Injuries

Burn trauma-related challenges in MDO have the potential to substantially impact the tactical advantage of the
fighting force, and significantly contribute to both loss of life and reduced force mobility due to the large logistical
footprint of current capabilities to sustain severe burns casualties. New biomaterial based dressing and
biodegradable treatments that can be applied on the battlefield must be developed. These new dressing must be
able to minimize evacuation needs while maximizing combat effectiveness of units with severely burned
casualties during PC scenarios. Advanced wound based solutions must allow treatment at point of need, be easy
to use and reduce the need for surgical interventions. Initial wounds care biomaterial solutions should prevent
infection and detoxify the burn with definitive care solutions should prevent burn conversion, provide wound
coverage andtemporize the wound to allow rapid functional recovery.
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LisaLarkin:End-stage organfailure ortissue loss isone of the most devastating and costly problems in medicine.
Limitations associated withtissue donation such as tissue availability, donor site morbidity, andimmune rejection
has led investigators to develop strategies to engineer tissue for replacement. The creation of engineered
musculoskeletal tissues will not only restore the function of complex tissues such as muscle, tendon, ligament,
bone and nerve following traumaticinjury, but canalso be used as amodelfor studying developmentalbiology and
tissue level pharmacology. Dr. Larkin directs a laboratory the Skeletal Tissue Engineering Laboratory (STEL) at
the University of Michiganthat has developed a scaffold-less method to engineerthree-dimensional (3D) muscle,
nerve conduit, tendon, bone and ligament constructs from primary, bone marrow stromal cells (BMSCs) and
adipose stem cells (ASCs). The research aims of STEL are tofabricate 3D musculoskeletaltissues, interface the
tissues and evaluate the structural and histological characteristics, implantthetissuesinvivoto exposethemto
the actual mechanical and biochemical environments of a hind limb, evaluate alterations in the structural,
functional and histological characteristics of the tissues in response to strain-shielded and unshielded
mechanical environments, and utilize the engineered tissues fortissue repairand replacement.
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Botched Medical Procedures May Have
Led to Death of U.S. Soldier

Staff Sgt. Alex Conrad, 26, died from wounds he received during a
militant attack on a small outpost in Somalia.

a By Thomas Gibbons-Neff

Oct. 11, 2019

A complex and difficult medical procedure that ultimately failed might have contributed to the death of an American Special Forces soldier
killed last year in a firefight in Somalia, according to an investigation into the episode obtained by The New York Times.

The redacted Army investigation illustrates the intense violence that can accompany the Pentagon’s quiet “train, advise and assist”
missions in distant corners of the globe, and the limitations of the American military despite its ambitious reach, vast resources and
extensive training.

Staff Sgt. Alex Conrad, 26, died from wounds he received during an attack on June 8, 2018, at a small outpost near the town of Jamaame,
about 200 miles southwest of Mogadishu, the capital. He was hit with shrapnel from a mortar round, peppering his face, neck, stomach and
legs, starting an hourlong effort to save his life. Three other Americans and a Somali soldier were wounded in the attack by militants from
al Shabab.

The investigation’s documents also highlight the disparity in resources between different countries overseen by the American military
command in Africa. Failures from the Oct. 4, 2017, ambush in Niger that left four American soldiers and five Nigeriens dead pointed to a
lack of medical evacuation support, overhead surveillance and intelligence about their enemy.

But despite the influx of resources in Somalia, where troops there had medical helicopters minutes away and drones orbiting above them,
the Shabab militants still managed to organize a rapid and deadly attack that killed Sergeant Conrad before they quickly disappeared back
into the underbrush without detection.

Around 2:45 that afternoon, minutes after small-arms fire was directed at the American and Somali outpost, mortar fire landed within the
position. The firefight was fast and intense. The blasts from the mortars immediately wounded Sergeant Conrad and the three other
Americans.

Sergeant Conrad in Somalia last year, in an image provided by his family.

As the Americans scurried to tend to the wounded, Sergeant Conrad complained about the pain from the injury in his left leg, the
documents say. Although he was still alert, blood from the wound in his jaw was slowly suffocating him. Ultimately, the team’s medic
performed a surgical cricothyrotomy, in which he would cut into Sergeant Conrad’s neck — at his cricoid membrane — before inserting a
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tube that would allow unobstructed air to flow into his lungs.

The medic, whose name was redacted in the report, noted the spot with a marker before making a vertical, then horizontal, incision.
Sergeant Conrad twice dislodged the tube, labeled in the report as a Shiley tube. The team’s medic tried at least once to make his initial
incision longer in an effort to open the newly made airway.

Sergeant Conrad was still breathing when he was loaded in a truck to rush him to the landing zone. Two HH-60 Pave Hawk helicopters,
crewed by elite Air Force pararescue medics, were racing from a larger American base outside the town of Kismayo, roughly 40 miles
away. The helicopters arrived about 15 minutes after the Americans called for the medical evacuation.

Three of the wounded Americans, including Sergeant Conrad, were loaded onto one of the Pave Hawks, where those aboard began their
own assessment. One of the pararescue team members started using a bag valve mask to push air into a newly inserted tube that was
placed in the same incision made by the Green Beret’s medic. The Air Force medic noted that “the compression of the bag valve mask had
become more difficult.”

At around 3:15, the flight arrived back at Kismayo, where a surgical team was waiting. Sergeant Conrad was pronounced dead about 15
minutes later.

The investigation found that “although fully qualified medical personnel made multiple attempts to establish an airway via surgical
cricothyrotomy” on Sergeant Conrad “after he received his injuries, no incision was made through the tissue plane into his airway. This
might have contributed to SSG Conrad succumbing to his injuries.”

To be sure, a cricothyrotomy in a combat zone is fraught with hazard and is often a last-ditch effort to help someone’s breathing. Even in a
controlled environment, such as a hospital, the procedure is extremely challenging.

“The attempted procedure under the conditions that existed on June 8, 2018, was extraordinary in itself,” the report says. An addendum to
the investigation stated that the Special Operations Command that oversees operations in Africa, and subsequent units, had already
moved to review medical training related to the procedure.

Ultimately, the investigating officer concluded that no “individual, unit or organization acted in a negligent manner” during the operation
and ensuing medical care.

The American military’s Africa Command had no immediate comment on the investigation.

The Green Beret team’s mission on June 8, alongside their Somali counterparts, was to push into Shabab-held territory, where the
militants had been instigating attacks from, and build the small base that would later be renamed after Sergeant Conrad.

Sergeant Conrad, from Chandler, Ariz., joined the Army in 2010 and was trained to interact with local populations to glean information
about militant groups. He had been to Afghanistan twice before finding himself attached to a Green Beret team from Third Special Forces
Group in Somalia. When he was killed, his team had less than a month left on their deployment. He was posthumously awarded a Bronze
Star with valor for running out in the early minutes of the firefight on June 8 and ushering a civilian linguist to safety.

The Shabab, an extremist group that has long tried to overthrow Somalia’s Western-backed government, has lost much of the territory it
once controlled, but Pentagon officials fear the group still might be growing in Somalia and elsewhere in East Africa. Last month, Shabaab
militants attacked a Somali air base used by American forces with multiple car bombs, injuring civilians there.

About 500 American troops are in Somalia, and they are mostly Special Operations units. Last year, after a broad review under Jim Mattis,
the defense secretary at the time, the Pentagon announced that it was reducing the number of troops on the continent. In 2017, a member
of the Navy SEALSs, Senior Chief Petty Officer Kyle Milliken, was killed and two other American troops were wounded in a raid 40 miles
west of Mogadishu.

The focus on providing emergency medical care to wounded troops in what is called “the golden hour” has long been a concern of Defense
Department officials, especially during the height of combat in the wars that followed the attacks of Sept. 11, 2001. As defense secretary in
2009, Robert M. Gates became concerned that the rugged terrain and vast distances of the Afghanistan war zone were keeping wounded
troops from reaching hospital care within 60 minutes.

Mr. Gates ordered more helicopters to Afghanistan to evacuate wounded troops, and directed that helicopters previously set aside for
rescuing downed pilots be reassigned to medical evacuation. Mr. Gates also increased the number of field hospitals.

A peer-reviewed medical study published in 2015 found that those initiatives saved an estimated 359 lives from June 2009 to March 2014.
Applying the same standard to operations elsewhere has proved difficult, as was evident in the ambush in Niger.

Thomas Gibbons-Neff is a reporter in the Washington bureau and a former Marine infantryman. @tmgneff

A version of this article appears in print on Oct. 12, 2019, Section A, Page 10 of the New York edition with the headline: Botched Medical Care May Have Led to Death
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Deployments Sap Surgeons' Skills

Military push to station surgeons wherever casualties may occur keeps them out of the operating room.

By Steve Sternberg Assistant Managing Editor, Health Initiatives

April 19,2018, at 12:00 p.m.

Studies of the operative logs of surgeons deployed to Afghanistan, Irag, Kuwait, Egypt's Sinai Peninsula and Africa show
that many perform less than one operation — and may encounter less than one patient — per month. (GETTY IMAGES)

IN AN ERA WHEN CLASHING armies have given way to drone strikes and targeted special-forces
operations, surgeons may be deployed in remote forward units for months and perform only a
handful of operations. The smaller, targeted engagements of today produce far fewer
casualties, leaving surgeons to file reports and help out on the motor pool, while their skills
erode.
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interviewed by U.S. News, requested anonymity because he fears retribution from military higher
ups.

"l understand why generals, whose soldiers are kicking down doors, want surgeons nearby in
case they get shot, " the surgeon says. "l want to be there, but | don't want to be there if I'm not
operating." %

The deployments reflect the military's determination to assure that seriously injured combatants
are evacuated to a major medical center as quickly as possible. But the long deployments
sideline military surgeons who were already struggling to perform enough procedures to sustain
their proficiency, because active-duty personnel and their families are relatively young and
healthy and less likely to need routine surgery.

Today's forward surgical unit might consist of a single surgeon and three or four other
personnel with just enough instruments to pack into their rucksacks. Their mission is to
stabilize wounded combatants for transport to other surgeons waiting at major medical centers,
such as Landstuhl Regional Medical Center, in Germany. The system is geared to get severely
injured patients into the operating room within the so-called "Golden Hour," a standard
established by the Department of Defense in 2009.

Prompt medical transport increases the odds that combatants will survive until they reach the
hospital, but there's no evidence that this approach improves the eventual outcomes of care,
writes Army Col. Mary Edwards, a surgeon at San Antonio Military Medical Center, in a
commentary published online this month by the Journal of the American College of Surgeons.
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minimized damage control teams or surgeons kept on standby to deploy in this capacity,’
Edwards and her colleagues write.

Some surgical teams are in such remote locations that they struggle to accomplish such basic
tasks as sterilizing their instruments. Given these constraints, Army Forward Surgical Teams
and other such units must conserve resources for combatants with life- or limb-threatening
injuries.

Studies of the operative logs of surgeons deployed to Afghanistan, Ir';(q, Kuwait, Egypt's Sinai
Peninsula and Africa show that many perform less than one operation — and may encounter
less than one patient — per month. Their inaction has implications that reach back into
operating rooms in the United States.

"We're least ready when we get back from deployment, because we haven't really operated,’ says
Edwards, who carried out the study of deployed surgeons' caseloads.

Edwards participated in a task force in 2016 that laid out a plan designed to enable military
surgeons to sustain their skills. The pillars of the plan are:

o Core surgical competence. Basic credentials, training and skills necessary to carry out
battlefield surgery.

e Basic and advanced medical combat readiness skills. The capabilities necessary to treat
patients injured in a war zone.

e Mission-specific medical readiness skills. Any special skills needed for a particular mission,
such as caring for patients in the field or treating victims of a chemical weapons attack.

And even before the surgeons are deployed, they struggle to prepare for the types of injuries
they see on a battlefield. Edwards and other surgeons acknowledge that the Military Health
System lacks enough cases of sufficient complexity to train surgeons for the carnage of war.
Troops believed to fight harder if they can expect top-flight care when they're injured may not
realize that military surgeons themselves are gravely concerned about their increasingly limited
operative and trauma experience.
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"We get very little trauma experience,’ says Dr. Benjamin Starnes, chief of vascular surgery at the
UW Medicine — Harborview Medical Center, in Seattle, who served as an Army surgeon for 15
years with three combat tours. "Yet we're thrust into a battlefield environment, and we're
expected to take care of patients with blast injuries that you never see in civilian medicine."

The 2017 Defense Authorization Act calls upon the military to embed more military surgeons in
civilian hospitals. Partnerships are especially prized with hospitals that have level-one trauma
centers, those prepared to take patients with the most severe injuries. The Department of
Defense has just one level-one trauma center, the Army's San Antonio Military Medical Center,
and it competes for patients with the University Hospital's trauma center just 16 miles away.

Some partnerships are already in place. The Navy, with its heavily populated coastal bases, has
long-standing relationships with Sentara Norfolk General Hospital near the Portsmouth Naval
Base and with Scripps Mercy and Sharp Memorial hospitals near the San Diego Naval Base,
says Navy Surgeon General C. Forrest Faison. As for the Air Force, Surgeon General Mark Ediger
says, "Eighty-five percent of our trauma surgeons are permanently embedded in trauma centers
in the U.S., most of them outside the department of defense."
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hospitals — Norfolk Norwich University Hospital, Cambridge University Hospital, and West
Suffolk NHS Foundation Trust Hospital — where surgeons work side-by-side with British
colleagues on a variety of surgical patients, including those who have suffered major trauma.
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Two Decades of Saving Lives on the Battlefield: Tactical Combat

Casualty Care Turns 20

Frank K. Butler, MD, FAAO, FUHM

ABSTRACT Background: Twenty years ago, the original Tactical Combat Casualty Care (TCCC) article was pub-
lished in this journal. Since TCCC is essentially a set of best-practice prehospital trauma care guidelines customized for
use on the battlefield, the presence of a journal with a specific focus on military medicine was a profound benefit to the
initial presentation of TCCC to the U.S. Military. Methods: In the two ensuing decades, which included the
longest continuous period of armed conflict in our nation’s history, TCCC steadily evolved as the prehospital trauma
care evidence base was augmented and as feedback from user medics, corpsmen, and pararescuemen was obtained.
Findings: TCCC has taken a leadership role in advocating for battlefield trauma care advances such as the aggressive
use of tourniquets and hemostatic dressings to control life-threatening external hemorrhage; improved fluid resuscita-
tion techniques for casualties in hemorrhagic shock; increased emphasis on airway positioning and surgical airways to
manage the traumatized airway; faster, safer, and more effective battlefield analgesia; the increased use of intraosseous
vascular access when needed; battlefield antibiotics; and combining good medicine with good small-unit tactics. With
the continuing assistance of Military Medicine, these advances and the evidence base that supports them have been
presented to TCCC stakeholders. Discussion/Impact: Now—20 years later—TCCC has been documented to produce
unprecedented decreases in preventable combat death in military units that have trained all of their members in TCCC.
As a result of this proven success, TCCC has become the standard for battlefield trauma care in the U.S. military and
for the militaries of many of our allied nations. Committee on TCCC members and the Joint Trauma System also work
closely with civilian trauma colleagues through initiatives such as the Hartford Consensus, the White House Stop the
Bleed campaign, and the development of National Association of Emergency Medical Technicians TCCC-based
courses to ensure that advances in prehospital trauma care pioneered by the military on the battlefield are translated
into civilian practice on the streets of America. Active shooter incidents, terrorist bombings, and the day-to-day trauma
that results from motor vehicle accidents and criminal violence create the potential for many additional lives to be
saved in the civilian sector. Along with the other components of the Department of Defense’s Joint Trauma System,
the Committee on TCCC, and the TCCC Working Group have been recognized as a national resource and will con-

tinue to advocate for advances in best-practice battlefield trauma care as opportunities to improve are identified.

This article is dedicated to Dr. Norman McSwain, one of the
central figures in the development of Tactical Combat
Casualty Care (TCCC). Dr. McSwain was a giant in trauma
surgery, a world leader in prehospital trauma care, and a
friend to everyone that he met. After the initial connection
was made between Dr. McSwain and TCCC through
VADM Mike Cowan, then the Commander at the Defense
Medical Readiness Training Institute in San Antonio, Texas,
Dr. McSwain subsequently became a powerful contributor
to and advocate for the evolving concepts of TCCC. Both the
clinical and the organizational advances that TCCC has
experienced over the last 20 years are due in large measure to
this remarkable surgeon and inspirational leader.
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INTRODUCTION

Twenty years ago, the original TCCC article was published
in this journal. Since TCCC is essentially a set of best-
practice prehospital trauma care guidelines customized for
use on the battlefield, the presence of a journal with a spe-
cific focus on military medicine was a profound benefit to
the initial presentation of TCCC to the U.S. Military. The
novel concepts that the original TCCC article presented were
very different from both military and civilian prehospital
trauma care practice at the time. Since TCCC was developed
specifically for use on the battlefield, the large armed ser-
vices readership of Military Medicine made it the perfect
journal for publication.

TOURNIQUETS RECONSIDERED AND THE NEED
FOR TCCC

The need for TCCC was first brought to light by the recogni-
tion of a striking paradox in military prehospital trauma care
in the early 1990s. Extremity hemorrhage had been docu-
mented to be a leading cause of preventable death among
combat casualties in Vietnam."' If the 7.4% incidence of death
from extremity hemorrhage as a percentage of total combat
fatalities in Maughon’s study (193 out of a cohort of 2,600)
is extrapolated to the total number of U.S. military deaths in

e1563

Downloaded from publications.amsus.org: AMSUS - Association of Military Surgeons of the U.S. IP: 151.200.170.225 on Mar 10, 2017.
Copyright (c) Association of Military Surgeons of the U.S. All rights reserved.



Tactical Combat Casualty Care Turns 20

Vietnam (46,233), then the estimated number of preventable
deaths resulting from extremity hemorrhage in that conflict
would be 3,421, a staggering figure. The U.S. Military had
neither a Department of Defense (DoD) Trauma Registry nor
a functioning trauma system during the Vietnam conflict, so
no one was tracking the number of preventable deaths from
extremity hemorrhage during that war and, therefore, no one
was undertaking corrective action. Even after the conclusion
of hostilities in Vietnam, there continued to be no corrective
action in the military, despite the writings of Maughon and
COL Ron Bellamy that documented this large number of
potentially preventable deaths.

Well-designed tourniquets can unquestionably stop extrem-
ity hemorrhage and prevent loss of life from this cause, as
long as the tourniquet is applied quickly and the source of the
hemorrhage is not so proximal on the limb so as to preclude
the use of extremity tourniquets. Despite this fact, tourniquet
use was strongly discouraged in both military and civilian
prehospital trauma care courses in 1992 because of the fear
that tourniquets would cause ischemic damage to limbs.
Completely ignored in this contention was the fact that tourni-
quets are used routinely during orthopedic surgical procedures
and ischemic damage is not sustained in that setting as long
as the tourniquet application time is limited to acceptable
norms. The aversion to tourniquet use in 1992 was therefore
neither evidence-based nor logic-based—but it was nearly
universal and over 3,000 U.S. soldiers likely paid for this
mistake with their lives in Vietnam.

After the 1992 realization by the Naval Special Warfare
(NSW) Biomedical Research Program that this aspect of
prehospital trauma care was in error and needed to be
revisited, a subsequent review of the pertinent literature
revealed that there were many other elements of prehospital
trauma care as it was practiced at that time that were not
well supported by the available evidence—fluid resusci-
tation, spinal precautions in penetrating trauma, battlefield
analgesia, prehospital cardiopulmonary resuscitation, and
management of the traumatized airway, to list a few. Addi-
tionally, most Special Operations medics at the time were
being taught to do procedures such as venous cutdowns,
pericardiocentesis, and tube thoracostomy at the point of
injury despite a lack of evidence for the benefit of these
procedures when performed by combat medical providers on
the battlefield.

A research effort was therefore undertaken to systemati-
cally review the elements of battlefield trauma care as it was
being practiced at the time and to make recommendations
for improvements as indicated. This project was initiated as a
combined effort of the Naval Special Warfare Command and
the Uniformed Services University of the Health Sciences; it
was later expanded to include all of the components of the
U.S. Special Operations Command.

In addition to an exhaustive relook at the evidence base
for prehospital trauma care recommendations, all of the newly
proposed interventions were considered in the context of
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the lethal chaos of the battlefield. In this setting, preventing
additional casualties and successful completion of the combat
mission at hand must also be given weight.

Factors specific to the battlefield include (1) the fact that
the enemy may be actively shooting at you while care is
being rendered—which requires that care be rendered selec-
tively and expeditiously; (2) interventions should be strongly
focused on the leading causes of preventable death in
combat—hemorrhage, airway obstruction, and tension pneu-
mothorax; (3) evacuation times may be much longer than
those seen in urban Emergency Medical Services systems;
(4) combat medics are well trained, but those serving in
ground units often have much less trauma care experience
than civilian Emergency Medical Services personnel; (5) there
are often multiple casualties sustained in a single incident;
and (6) combat medics may be required to care for their casu-
alties in challenging environments—deserts, mountains, water,
night operations—and must have a plan of care that accounts
for those conditions.”

Also, since battlefield trauma care will be provided by
combat medical personnel, the input of military medics,
corpsmen, and Air Force pararescuemen (PJs) was essential
to this re-evaluation of battlefield trauma care standards and
extensive input from these communities was obtained.” At the
end of this process, the draft of the original TCCC guidelines
was sent out to 26 volunteer reviewers from the surgical,
emergency medicine, and critical care communities and their
feedback considered and incorporated as appropriate. The arti-
cle as published in Military Medicine in 1996 thus contained
a unique set of prehospital trauma care guidelines that com-
bined good clinical medicine with good small-unit tactics to
the greatest extent possible.

BEGINNINGS

Shortly after the publication of the 1996 TCCC article, the
concepts of TCCC were presented to MG Les Berger, then
the surgeon for the Chairman of the Joint Chiefs of Staff. He
subsequently arranged for a summary of these concepts to be
presented to both the Senior Military Medical Advisory Com-
mittee and the Defense Medical Oversight Committee, two
groups of very senior leaders in the DoD. Both groups had a
generally favorable response to the information presented, but
no specific plan of action emerged from the briefings.

Subsequently, the initial set of TCCC guidelines were
presented at a series of both military and civilian medical
conferences to introduce these new concepts and to obtain
feedback from a variety of medical audiences on the recom-
mendations that they contained.

COL Bob Mabry has outlined the challenges inherent in
trying to effect changes in battlefield trauma care in the U.S.
Military.® Although the initial series of presentations was well
received and had not revealed any significant conceptual errors
in the TCCC recommendations, there was no DoD-level effort
to revamp prehospital combat casualty care practice.
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A unit-by-unit introduction program was therefore launched.
TCCC was briefed to Rear Admiral Tom Richards, the
Commander of the Naval Special Warfare Command, who
approved the TCCC Guidelines for use in the NSW commu-
nity in 1997. TCCC was subsequently presented to the
leadership of the 75th Ranger Regiment, the Army Special
Missions Unit, and the Air Force Pararescue community.
These units and a few other innovative units scattered
throughout the military were the only users of TCCC at the
start of the war in Afghanistan.*

THE COMMITTEE ON TCCC AND THE TCCC
WORKING GROUP

The group responsible for the advances made in TCCC
beyond the original guidelines published in 1996 has been the
Committee on TCCC (COTCCC).4 The original TCCC article
noted that it was essential to establish a process to update the
TCCC guidelines as required by experience, new evidence,
and new technology. This need became more pressing with
the onset of hostilities in Afghanistan in October 2001. That
war, followed in 2003 by the U. S. invasion of Iraq, created a
steady flow of casualty information that required collection,
evaluation, processing, and corrective action as needed. Fur-
ther, the recognized presence of preventable deaths among
our nation’s combat fatalities in the early years of the war’
imparted additional urgency to this effort.

The CoTCCC was first funded as a medical research effort
by the U.S. Special Operations Command (USSOCOM).
Through the efforts of CAPT Doug Freer and CAPT Stephen
Giebner, the CoTCCC was first established at the Naval
Operational Medicine Institute in 2001. The members of the
CoTCCC are all volunteers who perform their committee
activities in addition to their other duties as military or
government employees. The membership includes trauma
surgeons, emergency medicine physicians, combatant unit
physicians and physician assistants, and combat medical edu-
cators. Also—and of critical importance—the group includes
combat medical providers. In accordance with both tradition
and charter, the CoTCCC must have no less than 30% of its
membership comprised of active or former combat medics,
corpsmen, and PJs. The 42 members of the CoTCCC include
representation from all of the U.S. armed services and, at
present, every one of its members has deployed in support of
combat operations. Additionally, national leaders in trauma
care such as former U.S. Surgeon General Richard Carmona
and former Chair of the American College of Surgeons Com-
mittee on Trauma David Hoyt have contributed their time and
expertise as CoTCCC members.

The CoTCCC was moved in 2007 to the Defense Health
Board at the direction of Ms. Ellen Embry, acting Assistant
Secretary of Defense for Health Affairs at the time; the
CoTCCC was subsequently moved by the Undersecretary of
Defense for Personnel and Readiness to the Joint Trauma
System (JTS) in 2013. The JTS is located at the U.S. Army
Institute of Surgical Research. Despite being located at an

MILITARY MEDICINE, Vol. 182, March/April 2017

Army command, the JTS presently serves as the lead agency
for trauma care in the DoD and provides trauma care recom-
mendations to all of the services in the U.S. Military as well
as to the Geographic Combat Commands. Experience has
shown that the JTS is clearly the right place for the CoTCCC
to function optimally. Figure 1 is the CoTCCC logo.

It is through the untiring efforts of the CoTCCC—and its
liaison members from allied nations, interagency partners,
and various military organizations that collectively comprise
the TCCC Working Group—that TCCC has been regularly
updated as new medical technologies have become available
and combat trauma experience has been gained throughout
14 years of war.

The CoTCCC communicates its recommendations on battle-
field trauma care in several ways designed to meet a variety
of needs. The TCCC Guidelines present the basics of TCCC
in an outline form. The TCCC Curriculum is designed to con-
vey the elements of TCCC in a format suitable for training
combat medical providers. The TCCC chapters in the Pre-
hospital Trauma Life Support (PHTLS) textbook present a
discussion of the evidence base that supports the current
TCCC recommendations.® The latest addition to the TCCC
knowledge products is the publication of a position paper for
each new change to the TCCC Guidelines in the Journal of
Special Operations Medicine. This series of articles (presently
11 in all) provides an in-depth discussion of each new TCCC
recommendation with an expanded review of the evidence
base for the change. Since the Journal of Special Operations
Medicine is included in the Index Medicus, the TCCC change
papers published in that journal become a permanent part of
the medical literature.

FIGURE 1.

CoTCCC Logo.
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CLINICAL ADVANCES IN TCCC

The evolution of the interventions recommended in TCCC
since the original TCCC guidelines has been well docu-
mented in the position papers mentioned above and in other
publications*®’ and the evidence base for the current TCCC
guidelines will not be re-presented in this article. It is note-
worthy that current TCCC methodology includes a monthly
PUBMED search focused on interventions that are—or
potentially could be—used in the prehospital setting. Thus,
the evidence base presented in the publications noted above
includes studies from the civilian sector as well as from the
military. The state of the art in battlefield trauma care in
1992 (before TCCC) is summarized in Table 1. The recom-
mendations in the current TCCC guidelines are shown in
Table II. The reader will note that there is very little overlap
between these two sets of recommendations, indicating how
far prehospital trauma care has evolved through the TCCC
best-practice guideline development methodology.

CHANGING THE CULTURE IN BATTLEFIELD
TRAUMA CARE

Hundreds of people have played key roles in moving TCCC
forward from publications into military medical practice over
the past 2 decades. Dr. Norman McSwain was one of the first
when he established the link between the nascent TCCC
effort and PHTLS in 1998. PHTLS works closely with
National Association of Emergency Medical Technicians
(NAEMT) and the American College of Surgeons Committee
on Trauma. Inclusion of TCCC in the 4th Edition of the
PHTLS textbook was the first step toward mainstreaming
TCCC beyond the few Special Operations units that were the

TABLE I.

original users. There are now 13 TCCC chapters in the Mili-
tary 8th Edition of the PHTLS textbook. These chapters are
maintained primarily by the CoTCCC Developmental Editor,
retired Navy Captain, and first Chairman of the CoTCCC,
Dr. Stephen Giebner.® Dr. McSwain’s personal participation
as a member of the CoTCCC for over a decade and his stead-
fast support for TCCC in civilian trauma organizations was
invaluable to the TCCC effort and resulted in his being
honored by both USSOCOM and the CoTCCC for his contri-
butions to improving battlefield trauma care.

COL John Holcomb, at the time the Commander of the
U.S. Army Institute of Surgical Research (USAISR) and the
Trauma Consultant for the Army Surgeon General, led a team
from USSOCOM, USAISR, and the Armed Forces Medical
Examiners System that documented in early 2005 that pre-
ventable deaths were in fact still occurring at a significant
rate, even among elite Special Operations forces.” This work
and USAISR’s subsequent evaluations of commercial tourni-
quets and hemostatic dressings were largely responsible for
USSOCOM mandating TCCC training and equipment for all
Special Operations Forces units and for the U.S. Central
Command directing that all U.S. Military members deploying
to Afghanistan and Iraq be equipped with a tourniquet and
a hemostatic dressing. Subsequently, the USAISR was also
instrumental in expediting the equipping and training of
deploying USSOCOM units through the conduct of the
TCCC Transition Initiative. The project, led by SFC Dom
Greydanus, also obtained user feedback from the units after
their return from combat operations, which provided early
documentation of the success of TCCC interventions.” It is
often difficult to identify precisely which elements of TCCC

Battlefield Trauma Care 1992

rendering care to other casualties
No use of hemostatic dressings (not yet fielded for combat medicine)
as possible

or hypoxia

No use of intraosseous access techniques

Evacuation platforms
No use of nonparenteral analgesic medications
No administration of prehospital antibiotics for open wounds

mechanism of injury

Before the development of Tactical Combat Casualty Care, U.S. military medics, corpsmen, and PJs were taught to perform battlefield trauma care in
accordance with prehospital trauma courses that were not developed for combat casualty care. Thus their training in 1995 included the following:
To render care on the battlefield with no structured consideration of the evolving tactical situation
Not to use tourniquets to control extremity hemorrhage, even when the hemorrhage was severe enough to be life threatening
To manage external hemorrhage with prolonged direct pressure, thereby precluding the medic from attending to the casualty’s other injuries or

Two large-bore IVs started on all patients with significant trauma, even if there was no immediate need for fluid resuscitation or IV medications

Treatment of hypovolemic shock with large-volume crystalloid fluid resuscitation (2 liters of Lactated Ringers or normal saline) given as rapidly

No special consideration of traumatic brain injury with respect to oxygenation and fluid resuscitation, specifically the need to avoid hypotension

Management of the airway in unconscious or hypoxic casualties with endotracheal intervention, despite the lack of evidence documenting the
efficacy of this intervention when performed by medics on the battlefield

No specific interventions or equipment to prevent hypothermia and the resultant coagulopathy that it causes in combat casualties

Battlefield analgesia was accomplished with IM morphine—a technique that dates back to the Civil War

No monitoring of oxygenation or heart rate at the point of injury with pulse oximetry; no electronic monitoring capability on Casualty

No recommendations regarding which casualties might benefit most from supplemental oxygen when it becomes available during evacuation
Spinal precautions were applied broadly to all casualties with significant trauma, without consideration being given to tactical concerns or the
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TABLE II.

Tactical Combat Casualty Care—2016

tourniquet use.

Vented chest seals for casualties with open pneumothoraces

Ondansetron for trauma or opioid-related nausea and vomiting

small-unit tactics and the particulars of each combat situation

the documentation of prehospital care

A partial list of the elements of battlefield trauma care as contained in the present TCCC guidelines includes the following:
Phased care in the prehospital tactical environment to ensure that good medicine is combined with good small-unit tactics.
The aggressive use of CoTCCC-recommended tourniquets for the initial control of life-threatening extremity hemorrhage, followed by removal of
the tourniquet when feasible in the Tactical Field Care or Tactical Evacuation phases of care
The use of CoTCCC-recommended hemostatic dressings to control life-threatening external hemorrhage from sites that are not amenable to

The use of junctional tourniquets as an adjunct to external hemorrhage control at junctional bleeding sites (e.g., axilla and groin)

Initial management of the airway in casualties with maxillofacial trauma through having the casualty sit up and lean forward if he or she is able,
thus allowing blood to simply drain out of the oropharynx and thereby clearing the airway

Surgical airways using the Cric-Key for airway obstruction when the use of the sit-up and lean-forward position is not feasible or not successful

Aggressive needle thoracostomy with a 14-gauge, 3.25-inch needle for suspected tension pneumothorax

Intravenous access only when required for medications or fluid resuscitation

The preferential use of a saline lock for intravenous access instead of having to have intravenous fluids running to keep the vein open

The use of intraosseous techniques when vascular access is needed but difficult to obtain

Early use of tranexamic acid in the prehospital phase of care (before fluid resuscitation) for casualties in or at risk of hemorrhagic shock

Prehospital fluid resuscitation that emphasizes the use of Damage Control Resuscitation with whole blood or blood components in a 1:1
RBCs:plasma ratio as soon as logistically feasible, even in the prehospital environment

Hypotensive resuscitation with Hextend (Hospira Inc, Lake Forest, Illinois) when blood products are not available

Safer, faster, and more effective relief of pain from combat wounds through the use of the “Triple-Option™ approach to battlefield analgesia that
emphasizes the use of ketamine and/or oral transmucosal fentanyl citrate lozenges rather than IM morphine for severe pain

Prevention of hypothermia and secondary coagulopathy with improved technology to prevent heat loss in casualties
The prehospital use of moxifloxacin or ertapenem to reduce preventable deaths and morbidity from wound infections

Tactical scenario-based combat trauma training to help combat medical providers grasp that battlefield trauma care must be consistent with good

The use of the Department of Defense Form 1380 (TCCC casualty card—June 2014) and electronic TCCC Medical After-Action Report to improve

save lives. An exception to this general statement is tourni-
quets. COL John Kragh, an orthopedic surgeon at the Ibn
Sina hospital in Baghdad documented that 31 lives were
saved with tourniquets at his facility in one 6-month period.®
Extrapolated to all U.S. casualties in Iraq and Afghanistan,
these findings indicated that, as of 2008, well over 1,000 U.S.
service members’ lives had been saved with tourniquets dur-
ing the recent conflicts without loss of limbs to tourniquet
ischemia. COL Kragh’s findings indisputably confirmed the
lifesaving benefits of one of the most controversial aspects of
TCCC and helped to promote the rapid expansion of TCCC
acceptance throughout the U.S. Military.*

TCCC: THE EVIDENCE FROM 14 YEARS OF WAR
The first published report of the success of TCCC on the
battlefield was presented in the Army Medical Department
Journal by the surgeon for an Army unit that had participated
on the drive to Baghdad at the start of the Iraq conflict.” With
respect to tourniquets, the author noted that “Tourniquets
played a decisive role in quickly and effectively stopping
hemorrhage under fire and keeping a number of Soldiers with
serious extremity wounds involving arterial bleeding alive
until they could eventually undergo emergent surgery at the
Forward Surgical Team (FST).” The author concluded that
“The adoption and implementation of the principles of TCCC
by the medical platoon of TF 1-15 IN in OIF 1 resulted in
overwhelming success.””

MILITARY MEDICINE, Vol. 182, March/April 2017

Six years later, COL Russ Kotwal, MSG Harold Montgomery,
and their co-authors documented that the 75th Ranger Regi-
ment had achieved the lowest preventable death rate in the
history of modern warfare through the implementation of
the Ranger First Responder program, which trained all unit
members in TCCC.'"® The Army Special Missions Unit also
trains every one of its combat troops in TCCC and noted
in an unpublished report in 2008 that they too had suffered
no preventable deaths among their unit’s casualties up to
that point in time.* The 2011 article by Savage and her
co-authors reported that the Canadian Military had achieved
its highest casualty survival rate in history and attributed
that in large part to training all of their combatants, not
just medics, in TCCC."' COL Brian Eastridge and his
co-authors, in their landmark 2012 article, examined the
causes of death for all 4,596 U.S. Military combat deaths
occurring from October 2001 to June 2011."'? The findings in
this paper included: 87% of combat-related deaths occurred
in the prehospital setting; 24% of those deaths were poten-
tially preventable; hemorrhage is the predominant cause of
preventable death on the battlefield; and that the TCCC-led
use of tourniquets in the U.S. Military caused the incidence
of death from extremity hemorrhage to drop from the 7.8%
incidence noted by Kelly early in the wars'>—which was
essentially the same as in Vietham—to 2.6% of the total
combat fatalities by the end of 2011—a 67% decrease in
deaths from this cause.
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The accumulated published evidence and battlefield expe-
rience has at this point in time resulted in all services in the
U.S. Military using TCCC to care for their combat wounded.
Many allied nations have also embraced these concepts and
several have made significant contributions to advancing
and improving TCCC concepts.*

GOING FORWARD

Through the collective efforts of military medical and line
leaders, unit surgeons, insightful researchers, and the heroic
actions of thousands of combat medics, corpsmen, and PJs,
the U.S. Military has redefined battlefield trauma -care.
Further, and very importantly, the CoTCCC and the TCCC
Working Group have now established a methodology through
which the DoD can ensure that battlefield trauma care prac-
tice is a continuous learning process that can adapt quickly
to new evidence and combat experience.

The challenge now is to preserve the advances that mili-
tary medicine has made on behalf of our nation’s wounded.
Medical advances from past wars have been lost in the ensu-
ing peace intervals and the advances made in our recent con-
flicts may also not be sustained unless definitive steps are
taken to ensure that these advances remain lessons learned
and do not become lessons lost."*

Active shooter incidents, terrorist bombings, and the day-
to-day trauma resulting from motor vehicle accidents and
criminal violence create the potential for many additional
lives to be saved by the use of TCCC concepts in the civil-
ian sector. CoTCCC members and the Joint Trauma System
work closely with civilian trauma colleagues through initia-
tives such as the Hartford Consensus,15 the White House
Stop the Bleed campaign, and the development of NAEMT
TCCC-based courses to ensure that advances in prehospital
trauma care pioneered by the military on the battlefield are
translated into civilian practice on the streets of America.
Informing civilian leaders and inspiring changes in civilian
trauma care where the military experience suggests that that
is appropriate will entail new challenges, new interactions,
and new processes—and Military Medicine, the journal that
first introduced TCCC to both U.S. and allied militaries, will
continue to play a key role in this effort.
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ORIGINAL ARTICLE

Death on the battlefield (2001-2011): Implications for the

future of combat casualty care

Brian J. Eastridge, MD, Robert L. Mabry, MD, Peter Seguin, MD, Joyce Cantrell, MD, Terrill Tops, MD,
Paul Uribe, MD, Olga Mallett, Tamara Zubko, Lynne Oetjen-Gerdes, Todd E. Rasmussen, MD,
Frank K. Butler, MD, Russell S. Kotwal, MD, John B. Holcomb, MD, Charles Wade, PhD,
Howard Champion, MD, Mimi Lawnick, Leon Moores, MD, and Lorne H. Blackbourne, MD

BACKGROUND: Critical evaluation of all aspects of combat casualty care, including mortality, with a special focus on the incidence and causes of

potentially preventable deaths among US combat fatalities, is central to identifying gaps in knowledge, training, equipment, and
execution of battlefield trauma care. The impetus to produce this analysis was to develop a comprehensive perspective of battlefield
death, concentrating on deaths that occurred in the pre—medical treatment facility (pre-MTF) environment.

The Armed Forces Medical Examiner Service Mortality Surveillance Division was used to identify Operation Iraqi Freedom and
Operation Enduring Freedom combat casualties from October 2001 to June 2011 who died from injury in the deployed environment.
The autopsy records, perimortem records, photographs on file, and Mortality Trauma Registry of the Armed Forces Medical Examiner
Service were used to compile mechanism of injury, cause of injury, medical intervention performed, Abbreviated Injury Scale (AIS)
score, and Injury Severity Score (ISS) on all lethal injuries. All data were used by the expert panel for the conduct of the potential for

For the study interval between October 2001 and June 2011, 4,596 battlefield fatalities were reviewed and analyzed. The stratification
of mortality demonstrated that 87.3% of all injury mortality occurred in the pre-MTF environment. Of the pre-MTF deaths, 75.7%
(n = 3,040) were classified as nonsurvivable, and 24.3% (n = 976) were deemed potentially survivable (PS). The injury/physiologic
focus of PS acute mortality was largely associated with hemorrhage (90.9%). The site of lethal hemorrhage was truncal (67.3%),

Most battlefield casualties died of their injuries before ever reaching a surgeon. As most pre-MTF deaths are nonsurvivable, mitigation
strategies to impact outcomes in this population need to be directed toward injury prevention. To significantly impact the outcome of
combat casualties with PS injury, strategies must be developed to mitigate hemorrhage and optimize airway management or reduce the

Understanding battlefield mortality is a vital component of the military trauma system. Emphasis on this analysis should be placed on
trauma system optimization, evidence-based improvements in Tactical Combat Casualty Care guidelines, data-driven research, and
development to remediate gaps in care and relevant training and equipment enhancements that will increase the survivability of the

METHODS:
injury survivability assessment of this study.
RESULTS:
followed by junctional (19.2%) and peripheral-extremity (13.5%) hemorrhage.
CONCLUSION:
time interval between the battlefield point of injury and surgical intervention.
fighting force. (J Trauma Acute Care Surg. 2012;73: S431-S437. Copyright © 2012 by Lippincott Williams & Wilkins)
KEY WORDS: Military; mortality; hemorrhage; prehospital; outcomes.

he vision of the Joint Trauma System is that every soldier,

marine, sailor, or airman injured in the battlefield or in the
theater of operations has the optimal chance for survival and
maximal potential for functional recovery. Implicit within this
vision is the mission to improve trauma care delivery and pa-
tient outcomes across the entire continuum from point of in-
jury through rehabilitation using techniques for continuous
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performance improvement driven by evidence-based medicine
across the entire continuum. A preliminary study evaluated
these issues in Special Operations forces early in the war.!
Within the past decade, a tremendous amount of evidence has
been amassed validating improvements in combat casualty
care once a casualty has reached a military medical treatment
facility (MTF). However, no studies have comprehensively
evaluated the outcomes of wounded warriors who died of their
injuries before reaching an MTF. This relative blind spot
is exacerbated by several factors, including lack of prehospital
data,? the incomplete understanding of the tactical circum-
stances during which the injuries were sustained, and the
integration of existing data sources into the Joint Theater
Trauma Registry.

For the last decade of continuous war, the dominant
mechanism of injury on the battlefield has been overwhelm-
ingly penetrating in nature occurring in nearly 75% of casu-
alties associated with explosive fragmentation and gunshot
wounds. The survivability of those injured on the battlefield
is an unprecedented historical level of 90%, compared with
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84% in Vietnam and 80% in World War II.> Some of the
likely factors influencing this improved survivability include
advances in personal protective equipment, a deployed trauma
system, and improved training of medics and corpsman based
on the concepts of Tactical Combat Casualty Care (TCCC).*
In addition, within the historical context, the nature of the
current war is different in that enemy tactics using small ex-
plosive devices are intrinsically different compared with small
unit fire and maneuver prominent in Vietnam or large set piece
battle with artillery, aerial bombs, armor, and littoral and sea-
based engagements seen in World War II.

Historically, the epidemiology of combat injury has
been documented by individual observers, by compilations of
medical administrative data or by post hoc evaluations of data
sources such as the Wound Data and Munitions Effectiveness
Team from Vietnam.®> Data derived from these sources from
the wars of the last century note that 90% of battlefield casu-
alties died in the battlefield before ever reaching medical
care.®® The technological advances of the 21st century have
improved battlefield communications and data capture, there-
by improving the quality and quantity of combat casualty care
data available for review and analysis. Most of the previous
writing on this topic has focused on casualties who reached
the hospital, leading to significant selection bias because we
did not have visibility on those casualties who died before
reaching medical care. As a result, the past decade of combat
has produced, for the first time in history, near-census data on
serious combat injuries and deaths contained in a number of
trauma registries. This has enabled us to identify the most
significant causes of lethal pathophysiology in the pre-MTF
subset of fatalities and determine which lethal injuries may
be potentially survivable, thus facilitating development of a
blueprint to guide future mitigation strategies.

MATERIALS AND METHODS

Institutional review board approval and oversight for
this study was provided by the US Army Medical Research
and Materiel Command and the former Armed Forces Insti-
tute of Pathology.

All US combat casualty deaths from theater are recovered
and transported to Dover Air Force Base, Delaware, where
complete identification and forensic examination are performed
by the Armed Forces Medical Examiner System (AFMES). The
AFMES Mortality Surveillance Division maintains the Depart-
ment of Defense Medical Mortality Registry, which has the
broader mission of analyzing all active-duty deaths for trends
and preventable or modifiable risk factors. For this analysis,
the AFMES Mortality Surveillance Division was used to iden-
tify US military casualties who died from an injury that oc-
curred while they were deployed to Afghanistan or Iraq from
October 2001 to June 201 1. The primary focus of this analysis
was to specifically evaluate casualties who died of injury in
the battlefield with particular emphasis on those who died
before reaching a military MTF. The autopsy records and
Mortality Trauma Registry (MTR) of the AFMES was used to
compile mechanism of injury, cause of injury, medical inter-
vention performed, Abbreviated Injury Scale (AIS) score, and
Injury Severity Score (ISS) on all lethal injuries. The autopsy
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reports and other perimortem records, the MTR, and photo-
graphs on file with the AFMES were used by the expert panel
to conduct the study.

The expert review panel for this study consisted of mili-
tary trauma surgeons, forensic pathologists, preventive medicine
physicians, an emergency medicine physician with expertise in
prehospital care, an expert injury coder with MTR expertise,
and a trauma epidemiologist. As in the earlier mortality review,
the panel used a consensus rule paradigm.!®!! To maintain
consistency and potential comparison value with past combat
mortality analyses, the panel classified the fatalities as
“nonsurvivable” (NS) or “potentially survivable” (PS) after
evaluation of the individual perimortem records mentioned
previously.!®!! Similar analyses in the civilian trauma litera-
ture denote these as “preventable” deaths. For this analysis, we
chose not to use this language because it invokes the percep-
tion of wrongdoing or blame. Instead, language monikers were
specifically used to denote opportunities for performance im-
provement. As in previous analyses, when multiple wounds
were identified, each injury focus was evaluated independently
with respect to the potential for survivability. The consensus
was to err toward the maximal inclusion of these casualties as
“PS” to be introspective and critical to further develop the
paradigm of combat casualty care performance improvement
and identify potential gaps requiring further research and de-
velopment. Specific wounds deemed to be NS were physical
dismemberment, catastrophic brain injury (brain evisceration,
transcranial penetrating brain injury involving deep nuclei or
critical vasculature, and brain stem injury), cervical cord
transection (above cervical level 3), airway transection within
thorax, cardiac injury (>1/2 inch), thoracic aorta injury, pul-
monary artery, hepatic avulsion, and catastrophic abdomino-
pelvic injury characterized by lower-extremity amputations
with open pelvis and large soft tissue loss/traumatic hemi-
pelvectomy. All other injuries were deemed to be medically PS
with the caveat that this analysis did not take into account the
context of the mission and combat scenario, the nature of
the enemy force, equipment and supply constraints, limitations
in evacuation time and platforms, as well as the impact of
weather, terrain, and other environmental factors. In addition,
care was idealized with the assumption of immediate access
to a US military MTF with advanced surgical capabilities and
robust clinical resources.

To demonstrate the effectiveness of instituting inter-
ventions in the pre-MTF environment on mortality, we eval-
uated the fielding of tourniquets for the control of extremity
bleeding.

RESULTS

For the study interval between October 2001 and
June 2011, 4,596 battlefield fatalities were reviewed and an-
alyzed. The causes for the lethal injuries were 73.7% explo-
sive, 22.1% gunshot wounds, and 4.2% other (vehicle crash,
industrial, crush, etc.). The stratification of mortality was
notable that 87.3% of all injury mortality occurred in the pre-
MTF environment (Fig. 1). Of the composite of all battle-
field deaths, 35.2% (n = 1,619) were instantaneous, 52.1%
(n=2,397) were acute (minutes to hours) pre-MTF, and 12.7%
(n = 580) of casualties died of wounds after reaching an MTF.
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Figure 1. Battlefield mortality location.

Of the pre-MTF deaths, 75.7% (n = 3,040) were classified as
NS, and 24.3% (n = 976) were deemed PS (Fig. 2). The ISSs
of the PS mortality casualties are shown in Figure 3.

The injury focus of casualties who died instantaneously
was substantively related to physical dismemberment, cata-
strophic brain injury, and destructive cardiac and thoracic
great vessel injury (Table 1). The most prominent injury focus
of NS casualties who died acutely before admission at an MTF
was traumatic brain injury, heart and thoracic vessel, high
spinal cord injury (above C3), and destructive abdominopelvic
injury (Table 1). In contrast, the primary injury/physiologic
focus of PS acute mortality was associated with hemorrhage
(90.9%) and airway compromise (8.0%) (Fig. 4). Further
stratifying the site of lethal hemorrhage, the most substantial
anatomic region of hemorrhage was truncal (67.3%), followed
by junctional (19.2%) and peripheral-extremity (13.5%)
hemorrhage (Fig. 5). Truncal injury was characterized as 36%
thoracic (maximum AIS score, 3) and 64% abdominopelvic
(maximum AIS score, 4 and 5). PS junctional injury was noted
to be cervical in 63 (39.2%) and axillary and groin in 104
(60.8%) of these casualties.

To assess the effectiveness of fielding pre-MTF medical
interventions, we evaluated the system-wide introduction of
tourniquets. Modern tourniquets were initially fielded to con-
ventional US forces in late 2005. Implementation was ubig-
uitous after 2007. Before the introduction of tourniquets,
the death rate from peripheral-extremity hemorrhage was
23.3 deaths per year, which was reduced to 17.5 deaths per
year during the training and dissemination period from 2006
to 2007. After full implementation, this number was reduced
to 3.5 deaths per year, an 85% decrease in mortality. If
not for the innovative and improvised tourniquets used by
Special Operations forces and unit-based initiatives of some
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Figure 2. Survivability pre-MTF casualties.
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conventional forces before modern tourniquet fielding, this
reduction in mortality would have probably been even greater.

DISCUSSION

In-depth analysis of injury death is vital to improving
trauma systems and injury outcomes.'? Previous studies of
wars of the last century have demonstrated substantial casualty
loss on the battlefield before the wounded could reach surgical
care. These studies were developed from convenience samples
and administrative manpower data and weapons effectiveness
analyses.”>!3"15 Before the current study, the most contempo-
rary analysis of casualty deaths before admission at an MTF
was a convenience sample during the early phases of current
military operations, which demonstrated that 75% to 85% of
deaths occur on the battlefield.!!' The importance of the
current study is that it is comprehensive and is built on the
evidence of previous analyses and includes all battlefield
deaths from the current military operations to portray a com-
posite overview of mortality on the battlefield. Despite the
limitations of civilian injury taxonomies and multiple injury
modeling for combat injured, the casualty databases and injury
descriptions used here provide a standardized and reasonable
approach to addressing some of the challenges in categorizing
the macroanatomic and early pathologic consequences of in-
juries that occur in the battlefield.

Of the 4,596 casualties in our analysis, 87% died before
reaching surgical care. This is in contrast to lower number
presented in earlier reports.'! This difference could be caused
by a reduction in the died-of-wounds rate, an increase in im-
mediate deaths, which were not previously reported, or the
conduct of operations in more extreme environments dissociated

TABLE 1. Injury Focus of Patient With NS Injuries Who
Died Instantaneously or Acutely Before Admission at a MTF
(pre-MTF)

Cause of Death

Instantaneous (n = 1,619)

38.3% (620) 53.0% (753)
High spinal cord injury — 9.2% (131)
31.6% (512) —
23.6% (383) 21.8% (310)
Open pelvic injury — 6.5% (93)
Other 6.5% (104) 9.5% (134)

Acute (n = 1,624)

Brain injury

Dismemberment
Heart/thoracic injury

Values are percentages of the total deaths and the number of deaths.
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from definitive treatment facilities. The present analysis is
hampered by the lack of correlation with the confounding
variables of operational and evacuation scenarios necessary to
address these differences.

The cause of injury in these casualties was predomi-
nantly explosions. The causality of explosions (primary
through quaternary effects) was not specifically determined in
this analysis.!® Casualty deaths on the battlefield occurred in
two discrete time phases: 35% of combat casualty deaths oc-
curred instantaneously and 52% acutely in the minutes to hours
after injury. Further stratification of pre-MTF deaths indicated
that 3,040 (75.7%) of the prehospital deaths were NS, whereas
976 (24.3%) of deaths were PS from a strictly medical per-
spective. These results are similar to analyses conducted earlier
in the war and validate the experimental design, reiterating the
opportunity for effective interventions.'>!!

The injury focus of the instantaneous NS mortalities
included physical dismemberment, catastrophic brain injury,
and destructive cardiovascular injury. From the perspective of
acute, but not instantaneous NS pathology, most casualties
died of severe traumatic brain injury, thoracic vascular injury,
high spinal cord injury, and destructive abdominal pelvic in-
jury. This latter category became a more prominent injury
pattern during the counterinsurgency phase of military
operations in Afghanistan from 2010 until the present, when
service members were injured by explosive devices while
conducting dismounted (foot) patrols. This injury pattern was
coined dismounted complex blast injury (DCBI) and was the
focus of a task force convened by the US Army Surgeon
General. DCBI was characterized by multiple amputations,
especially of the lower extremities; massive abdominal, pelvic,
and urogenital injury; and often, exsanguination from truncal
or junctional hemorrhage. These casualties are especially
challenging to care for since they may involve concurrent
extremity, junctional, and truncal hemorrhage, all in the same
individual.!” From the qualified perspective of the review
panel, since these NS injuries would not have been survivable
with currently fielded medical therapies, the only way to im-
pact this mortality cohort would be through injury preven-
tion. During analyses of these multimechanistic, multisystem
injuries, it was further emphasized that the current civilian
injury taxonomies have limitations in characterizing complex
combat injury. To that end, since 2008, a triservice, multidis-
cipline team has been developing a combat-specific injury
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taxonomy and appropriate multimechanistic modeling scheme
to be published shortly.

In the cohort of casualties with PS wounds, the majority
of mortality was associated with hemorrhage (90.9%). This
hemorrhage was further stratified by anatomic focus with
67.3% of the hemorrhage being truncal, 19.2% junctional, and
13.5% extremity. These data are a slight divergence from
previous recent reports of combat deaths'"!! and may represent
the impact of the dissemination of the prehospital battlefield
treatment algorithms of TCCC* during the course of the cur-
rent wars. More specifically, the difference in hemorrhage
outcome data should be considered in light of the following
two factors: TCCC was being used by only a few select units
in the US military at the start of the wars in Afghanistan but
is now used throughout the US military and by most coalition
partner nations*'® and the DCBI injury pattern has been
more commonly encountered since 2010 in Afghanistan and
accounts for a very severely wounded cohort of casualties.
From previous studies of casualties who died of wounds, the
focus of PS hemorrhage was 48% truncal, 31% extremity, and
21% junctional.'® The disparity in these two data sets may be a
representation of survival bias in that some casualties with
extremity and junctional hemorrhage may have been more
likely to have survived long enough to reach MTF secondary
to TCCC hemorrhage control modalities such as tourniquets,
pressure dressings, and hemostatic dressings that have slowly
but continuously increased in quantity, quality, and use during
the past decade.

In contrast, during this study period, there was no effective
means to control or temporize junctional or truncal sources
of hemorrhage in the battlefield. This signifies a clear and per-
sistent gap in medical treatment capability that has been present
for the entire history of warfare and well documented for nearly
a century.!->6:11:20-23 This scenario concomitantly represents a
potential high impact opportunity for research and develop-
ment to improve combat casualty outcomes.”?* Recent em-
phasis in battlefield trauma care has focused on reducing
death from noncompressible hemorrhage through the use of
tranexamic acid,>>2° controlling junctional hemorrhage with
the Combat Ready Clamp, providing fluid resuscitation that
minimizes dilutional coagulopathy and providing a battlefield
analgesia option that does not cause respiratory depression or
exacerbate hemorrhagic shock. Research resources should be
heavily focused on both local hemostatic capabilities for field
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care and systemic, procoagulant therapies that might help
mitigate the exsanguination process.

The second most common cause of the PS physiologic
cause of mortality was upper-airway obstruction caused most
prominently by direct injury to the airway structures of the face
and neck. Our data corroborates the analysis of previous studies,
which demonstrated the 1% to 2% incidence of fatal airway
obstruction in the battlefield.>!!-*” Although our data demon-
strated that airway obstruction represented 8.0% of the PS
fatal pathology, it likewise represented 1.6% of the total lethal
pathology overall. Many of the casualties with physiologic
airway compromise had concomitant cervical vascular injury,
which compounded the deleterious effect of the injury. The
ability to manage the airway in the austere tactical situation is
a challenge that must be met with improved airway devices as
well as training the medics and corpsmen on the battlefield
and maintaining their skills.

Casualty loss from extremity hemorrhage is one area of
battlefield mortality in which a clear outcome impact has been
made through the use of tourniquets. Previous studies during
current military operations have demonstrated a consistent and
profound survival advantage for casualties in whom tourniquets
were applied early and effectively on the battlefield.!»283% Our
analysis substantiates this claim in that casualty deaths from
extremity hemorrhage occurred at a rate of 23.3 deaths per
year in the pretourniquet years of the war but decreased to
3.5 deaths per year after tourniquets were fully fielded.

Understanding the change in the rate of PS injury
throughout the course of the wars in Afghanistan and Iraq is
complicated by ongoing changes in battlefield trauma care
techniques used to treat casualties. There has been a dramatic
transition in the concepts and execution of battlefield trauma
care during the last decade of war. Beginning with innova-
tions pioneered by the US Special Operations Command and
using new combat trauma technologies tested by the US
Army Institute of Surgical Research,>!'3> TCCC has revolu-
tionized how combat medicine is practiced in the battlefield.
Use of TCCC concepts progressed sporadically throughout the
US military, with widespread concept acceptance occurring in
the latter part of the war. The value of TCCC implementation
and use was highlighted in a recent study of preventable death
on the battlefield in the 75th Ranger Regiment. Investigators
demonstrated that the use of an aggressive command-directed
casualty response system and TCCC-based Ranger First Re-
sponder program was able to reduce the incidence of pre-
ventable death to the unprecedented low level of 3% of their
total fatalities.??

From the perspective of injury severity in the PS casu-
alties, 28.6% had an ISS of less than or equal to 25; 61.2% had
an ISS between 25 and 50; and 10.2 had an ISS greater than
50. It should be noted that with an ISS of 25, there is a pre-
dicted mortality of 20% to 30% with a near linear increase in
mortality from an ISS of 25 to 75, which is associated with an
approximately 75% mortality. Therefore, even in our idealized
construct of immediate access to surgical care, a substantial
number of the PS casualties would have ultimately died of
their injury or complications of injury.

Frustration with the lack of improvement in the outcomes
of casualties who die in the battlefield has been voiced as a

© 2012 Lippincott Williams & Wilkins

primary concern of battlefield surgeons for 50 years. During the
Korean war, Bowers and Hughes®® noted that “little, if any,
improvement have been made in the prehospital phase of
treatment of combat wounds in the past 100 years, most of the
startling developments and improvements having been in the
field of definitive care.” In Vietnam, Maughon?? commented,
“Have we made no progress in control of initial non-lethal
wounds, or has our attention been diverted from such simple
matters to the complicated physiology of massive trauma in
the Hospital?” During current overseas contingency opera-
tions, Blackbourne®” insightfully noted that “while the tech-
nology to locate, track, and destroy our enemies has taken
huge strides since 1831, our prehospital technology to help
save life and limb has not kept pace.”

As with previous studies on the topic, the study has
limitations intrinsic to retrospective nature of the analysis and
the limitations associated with large data repositories such as
the MTR, including misclassification bias, observer bias, and
data integrity. The expert review panel and consensus rule
paradigm are inherently sources of potential bias. Exacerbat-
ing the limitations of investigating this facet of pre-MTF death
is that very few clinical data are generated from the prehospital
environment on which to make performance improvement
evaluations.? Since unit-level medical support is not controlled
by the military medical community, but rather the line, the
onus to ameliorate this issue is education, sustainment, and
emphasis by line commanders. Another valid limitation of the
outcomes of this analysis is intrinsic in the definition of ca-
sualty statistics and assumes capability for casualty salvage at
the lowest level of MTF. To more appropriately classify bat-
tlefield injury, outcomes would require restructuring of casu-
alty definitions using a level of care at which surgical
capability was possible, the lowest current level being for-
ward deployed surgical elements. Another limitation of the
study includes the fact that the data are almost entirely drawn
from ground combat and thus cannot be extrapolated to litto-
ral/shipboard environments in which drowning, burns, toxic
gas, steam, and particulate inhalation add to the complexity of
injuries and further emphasize the need to continue to capture
combat injury data from all sources and events.

Among the limitations of this study was that the deter-
mination of casualty survivability was based purely on clini-
cal metrics. It is extremely important to caveat this analysis
with the fact that the concept of potentially preventable death
in this study was conceptualized based on an idealized med-
ical scenario excluding the influence of the confounding
variables of operational and evacuation scenarios, mission
requirements, enemy forces, logistic constraints, evacuation
limitations, and environmental factors. In reality, these con-
founding variables impact greatly on the outcome of ca-
sualties. To minimize the impact of these factors, line
commanders should have casualty response training provided
as part of their initial and refresher training in combat lead-
ership.??*® In addition, focused improvements in the provi-
sion of care during tactical evacuation3*® have the potential
to mitigate tactical and evacuation factors in contributing to
preventable death.

We are duly sensitive to the potential for mispercep-
tion of the data and in no way intend to undermine public
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confidence or the confidence of the war fighter or their fami-
lies relative to medical care rendered on the battlefield. It is
important to note that this analysis is not an impeachment of
any aspect of the trauma system but rather an attempt to
identify knowledge gaps to apply resources to substantively
improve combat casualty care across the battlefield in the
future.

CONCLUSION

Most battlefield casualties die of their injuries before
ever reaching a surgeon. As most deaths are NS, mitigation
strategies to impact outcomes in this population need to be
directed toward injury prevention. To impact the outcome of
combat casualties with PS injury, strategies must be devel-
oped to mitigate hemorrhage on the battlefield, optimize air-
way management, and decrease the time from point of injury
to surgical intervention. The most substantial, although not
exclusive, opportunity to improve these casualty outcomes
seems to be in the pre-MTF setting.

Understanding battlefield mortality is a vital component
of the military trauma system. Future studies should focus on
casualty deaths both before and after reaching the MTE, ex-
ploring strategies to impact and improve outcomes. Our analysis
suggests that a continuous real-time review of combat fatalities
should be a component of the trauma system as a means to
evaluate and make concurrent improvements in combat casu-
alty care. This analysis demonstrates that emphasis should
be placed on trauma system optimization, evidence-based
TCCC improvements, and a comprehensive ongoing analysis of
all deaths. This approach will result in data-driven research and
device and doctrine development to remediate gaps in training
and skill sustainment for immediate care of the combat casualty
by all of deployed personnel. Approaching battlefield death in
this fashion will result in even lower death rates in the next war.
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SPECIAL REPORT

Leadership and a casualty response system for
eliminating preventable death

Russ S. Kotwal, COL (Ret.), MC, USA, Harold R. Montgomery, MSG (Ret.), MC, USA,
Ethan A. Miles, LTC, MC, USA, Curtis C. Conklin, MSG, MC, USA,
Michael T. Hall, CSM (Ret.), IN, USA, and Stanley A. McChrystal, GEN (Ret.), IN, USA, Joint Base San
Antonio-Fort Sam Houston, Texas

ABSTRACT: Combat casualties who die from their injuries do so primarily in the prehospital setting. Although most of these deaths result from injuries that are
nonsurvivable, some are potentially survivable. Of injuries that are potentially survivable, most are from hemorrhage. Thus, military organiza-
tions should direct efforts toward prehospital care, particularly through early hemorrhage control and remote damage control resuscitation, to
eliminate preventable death on the battlefield. A systems-based approach and priority of effort for institutionalizing such care was developed
and maintained by medical personnel and command-directed by nonmedical combatant leaders within the 75th Ranger Regiment, U.S. Army
Special Operations Command. The objective of this article is to describe the key components of this prehospital casualty response system, em-
phasize the importance of leadership, underscore the synergy achieved through collaboration between medical and nonmedical leaders, and pro-
vide an example to other organizations and communities striving to achieve success in trauma as measured through improved casualty survival.
(J Trauma Acute Care Surg. 2017;82: S9-S15. Copyright © 2017 Wolters Kluwer Health, Inc. All rights reserved.)

Four brave men who do not know each other will not dare
to attack a lion. Four less brave, but knowing each other
well, sure of their reliability and consequently of mutual
aid, will attack resolutely—Col. Ardant du Picq, 1870

he mission of the 75th Ranger Regiment is to support the U.S.

National Defense through the precise and timely execution of
special operations and light infantry tactics." To achieve this,
rangers must be ready on short notice and also be proficient in
conducting complex combat operations during both the day
and night and in extremes of weather and terrain. The 75th Ranger
Regiment is the U.S. Army’s premier raid force and largest special
operations combat element. Composed of more than 3,500 person-
nel, rangers conduct combat missions to include airborne, air as-
sault, and other direct-action raids to seize key targets, destroy
strategic facilities, and capture or kill enemy forces. Providing care
to casualties during such missions can prove challenging.
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BACKGROUND

Critical Assessment

The success of a trauma system can be measured through
lives saved.” Lives saved in combat can be directly correlated to
improvements in casualty care and transport.’ Combat casualty
care statistics can provide comparisons of trauma systems within
a conflict,* ® as well as between conflicts.®’ These statistics pro-
vide a foundation for the general understanding of combat trauma
data which may prove helpful for identifying areas for perfor-
mance improvement; particularly, in the realms of killed in action
(KIA) mortality, or prehospital death; died of wound (DOW) mor-
tality, or hospital death; and all mortality, both KIA and DOW,
through a combined case fatality rate (CFR).?

In October 1993, Task Force Ranger conducted a direct-
action raid into a heavily armed and densely populated region
of Mogadishu, Somalia. During the subsequent 15-hour battle,
the task force sustained 125 casualties to include 14 who were
KIA and 111 who were wounded in action (WIA). Of the WIA,
4 were DOW and 49 were rapidly returned to duty (RTD) with mi-
nor wounds.® This event resulted in a %KIA of 18.4, %DOW of
6.4, and a CFR of 23.7. In contrast, from 2001 to 2010, rangers
conducted more than 8,000 combat missions which were primar-
ily direct-action raids and incurred a total of 419 casualties dur-
ing 8.5 years of continuous combat in Afghanistan and 7 years in
Iraq.” For Afghanistan, rangers sustained 180 casualties to include
13 who were KIA and 167 who were WIA. Of the WIA, 2 were
DOW and 76 were RTD with minor wounds resulting in a %KIA
of 12.5, %DOW of 2.2, and a CFR of 8.4. For Iraq, rangers sustained
239 casualties to include 15 who were KIA and 224 who were WIA.
Of the WIA, 2 were DOW and 81 were RTD with minor wounds
resulting in a %KIA of 9.5, %DOW of 1.4, and a CFR of 7.1.

Between 1993 and 2001, critical assessments of the
Somalia conflict with commensurate adjustments in “TTPs” or
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tactics (employment and arrangement of forces), techniques
(nonprescriptive methods to perform missions, functions, or
tasks), and procedures (standards and detailed steps that pre-
scribe how to perform specific tasks); personal protective equip-
ment (PPE); and casualty care and transport have proved
invaluable for saving ranger lives in subsequent conflicts.” Al-
though it initially came at a cost of ranger lives, a “silver lining”
of the Somalia conflict was the subsequent ranger pursuit of
eliminating preventable death during the Afghanistan and Iraq
conflicts. As evidenced by ranger reductions in %KIA, %
DOW, and CFR between conflicts, parallel efforts from the De-
partment of Defense (DoD) Joint Trauma System and the Ranger
Casualty Response System have been vital in mitigating morbidity
and mortality through an integrated whole-community approach to
a continuous learning health system and evidence-based perfor-
mance improvement model.>>=>%"1° Of the 419 battle injury ca-
sualties incurred by rangers between 2001 and 2010, this model
resulted in no casualties who died from injuries that were poten-
tially survivable through additional prehospital medical inter-
vention, and only one casualty who died from injuries that
were potentially survivable in the hospital setting.” A notable
and integral component of this model of success was the
leadership- and culture-driven integration of modern prehospital
combat casualty care practices.

Ownership and Priorities

Responsibility, accountability, and ownership are core
leadership traits. Developing a culture of personal accountabil-
ity, where leaders and subordinates alike possess the freedom
to make bold decisions and the courage to assume risk and take
ownership, is a vital characteristic of a successful organization.
Individuals who are invested in what they are doing, and engaged
with the greater good of the organization, will exhibit ownership.
Once individuals are engaged and have ownership, they will be
compelled to accomplish tasks and innovate solutions for the bet-
terment of the organization and to complete the mission.

Leadership is the key component of combat power, and
combat power is the total means of destructive and/or disruptive
force which a military organization can apply against an oppos-
ing force at a given time. As leaders can direct priorities of effort;
and as leaders can enforce expectations or standards; and as
leaders are also the standard bearers for their organization; leaders
must retain visibility, ownership, accountability, and responsibility
for major programs within their organization, regardless of subject
domain. Subject matter experts can propagate a leader’s intent by
developing and continuously refining systems-based programs that
achieve standards, goals, and expectations for performance as mea-
sured and analyzed through data and metrics. Thus, for combatant
units, many challenges in military medicine can be overcome
through ownership, prehospital trauma training and expertise,
and data collection and metrics that inform leader decisions.'"™*

Combatant units within the U.S. Military are normally led
by a leadership team comprised of a commanding officer and a
command sergeant major or senior enlisted advisor. For the 75th
Ranger Regiment from 1997 to 1999, this team was comprised
of Colonel Stanley A. McChrystal and Command Sergeant Ma-
jor Michael T. Hall. Early on, this command team decided to fo-
cus primarily on four major priorities—marksmanship, physical
training, small unit tactics, medical training—which they called
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“the Big Four.”'> As this team realized that they would not have
the time to do everything that they wanted to do, they decided to
do what they could do very well. Thus, prioritizing and continu-
ously reinforcing high standards and a mastery within these four
basic domains of effort. They accomplished this feat by uphold-
ing a regimented culture of excellence through standards while
also inspiring all to “flatten the organization” so as to encourage
leadership, innovation, and cohesion at all levels.

Cohesion is a critical factor for performance within an orga-
nization. Cohesion creates shared responsibility for success, while
giving each individual the confidence that someone else is
watching over them— “sure of their reliability and consequently
of mutual aid.” As medical training and readiness became a leader
priority, it created another cultural opportunity for cohesion that
primed the regiment for a prehospital casualty response system.

Also imparting support to this system, was the fact that the
other three leader priorities overlapped with the medical domain
and were viewed as components of a holistic approach. Expert
skills in marksmanship and small unit tactics translated readily
into preventive medicine, and heightened physical training es-
tablished a conduit for both prehabilitation and rehabilitation.
Although additional study is needed, rangers have supported
the concept that a conditioned body may be more apt to com-
plete the mission and avoid injury, and if injured, may have im-
proved outcomes and shortened periods of recovery.'®'® In
addition, in 2005, the commanding officer of the regiment, then
Colonel Paul J. LaCamera, added a fifth priority of “mobility.”
Once again, this domain overlapped with medical training in re-
spect to the transport and en route care of casualties.

Best Practices

Regardless of military or civilian sector, for trauma,
the greatest opportunity to save lives is in the prehospital
setting.>=8:11-14.19.20 Thyg, for the military, efforts directed to-
ward reducing KIA mortality, or prehospital combat trauma
death, can have the largest impact on eliminating preventable
death on the battlefield.>®'""'%1920 Ag rangers and ranger
leaders realized the importance of prehospital care early on,
before the recent conflicts in Afghanistan and Iraq, they im-
plemented best practices that would ultimately increase sur-
vival in their population.?*~

For critically injured combat casualties, survival from
trauma is associated with the time that has elapsed between injury
and receiving a required intervention or capability.*' Although
rapid prehospital transport to a higher level of medical care is im-
portant, it is rather the timely administration of a needed capabil-
ity that is ultimately paramount.”**'"%> Thus, as demonstrated
by the 75th Ranger Regiment, both medical and nonmedical
first responders must have the capability to successfully provide
life-sustaining prehospital trauma care.” Because most poten-
tially survivable combat deaths are from hemorrhage,*® hemor-
rhage control and blood transfusion capabilities are paramount.

A modern-day revolution in prehospital trauma care was
born from the principles of Tactical Combat Casualty Care
(TCCC) in 1996.2°3° These principles have been continuously
updated, refined, and propagated since the advent of the Com-
mittee on Tactical Combat Casualty Care in 2001,%*° which
currently resides under the DoD Joint Trauma System. The three
core goals of TCCC are to treat the casualty, prevent additional
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casualties, and complete the mission. These goals merge mission
tactics with casualty care to optimize casualty response TTPs. The
resultant protocols are a standard of care that should be expected
from all first responders in a tactical or prehospital battlefield set-
ting. The 75th Ranger Regiment integrated TCCC into trainin% in
the four years preceding the events of September 11, 2001.>’
During more than a decade and a half of continuous involvement
in combat thereafter, this standard of care has become interwoven
into the very fabric of its organizational structure.

As has been previously described,'! prehospital combat
morbidity and mortality can be prevented by combatant and
medical leaders at multiple levels through: (1) primary preven-
tion; prevent injury incident through physical and mental condi-
tioning, TTPs, and evidence-based findings from tactical and
medical After Action Reviews (AARs), (2) secondary preven-
tion; mitigate injury extent through tactical contingency plan-
ning and PPE, and (3) tertiary prevention; optimize injury care
through properly executed TCCC, optimized tactical casualty
response, and remote damage control resuscitation.

CASUALTY RESPONSE SYSTEM

The 75th Ranger Regiment has three line battalions stag-
gered by three months onto a 9-month operational readiness
training cycle. The cycle begins with individual training, moves
through small unit collective training, and then culminates into
large scale training exercises, which are followed by combat de-
ployments as directed. Ranger leader integration of casualty care
and evacuation into their operational readiness training cycle
was absolutely vital, because it provided graduated levels of
knowledge and skill application in the context of and synchro-
nized with other combat-related TTPs that occur within fighting
formations. Every stage of training was evaluated for opportuni-
ties to provide casualty care training, and where appropriate, the
training was integrated for all personnel—medical officers,
medics, nonmedical leaders, and nonmedical first responders.
Thus, all received continuous casualty response training through-
out the 9-month cycle. A key underpinning of casualty response
training is the use of the term casualty response rather than med-
ical training, as it conveys a communal obligation for the entire
force to take action as with any other battle drill.” When a casualty
occurs on a mission, the incident is a tactical and leader problem
to be solved and not just an isolated issue consigned to medical
personnel alone. Although comprehensive medical training was
previously implemented and described by one battalion in the reg-
iment before the Somalia conflict,”' it was not ubiquitously prac-
ticed by all in a casualty response system, nor was it based on a
standard dictated by TCCC guidelines.

Standards for the Nonmedic

Distributed knowledge and capability are major force
multipliers.® The principles of TCCC, coupled with the directive
for all rangers to focus on four priorities of training to include
medical readiness and casualty care, proved to be a timely catalyst
for developing a TCCC-based Ranger First Responder (RFR)
program of instruction in 1999.%” The RFR course is taught to
all personnel prior to assignment within the 75th Ranger Regi-
ment, and on a recurrent basis thereafter. 92732 The initial and re-
fresher 2-day course teaches critical first aid and advanced
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combat lifesaver procedures through didactic lectures, hands-on
skill stations, and realistic trauma lanes that were conducted dur-
ing the day and night, and as frequently as possible, integrated
into live fire and other training exercises.

Standards for training were based on TCCC guidelines,
and all were expected to be current and competent on these stan-
dards. Regardless of military occupational specialty, this course
afforded every ranger the basic knowledge and operational skills
required to treat and save lives. Fundamental expectations are di-
vided into three categories of familiarization, proficiency, and
mastery within the fields of hemorrhage control, airway prob-
lems, breathing issues and chest trauma, and damage control re-
suscitation.” The required skills to be mastered in this course are
practiced, reinforced, and rehearsed continuously throughout the
training cycle during the conduct of small-unit battle drills and
training exercises at every level—team, squad, platoon, company,
battalion, and regiment. For first responders with a propensity to-
ward medicine, and in accordance with a command directive for
at least one advanced nonmedic provider per squad or seven-
man element, additional training was provided through Emer-
gency Medical Technician (EMT) courses which has evolved into
a more tactical advanced RFR training.

Confidence and competence was gained through training
and real-world experiences. These real-world experiences, in
both training and combat, prompted a cultural sense of immedi-
acy where casualties are expected. Because confidence does not
equate to competence, integrating performance measures was
paramount. The key to training was conditioning all to do the
right thing at the right time. Guidelines, protocols, and proce-
dures were established based on best practices from the medical
literature. Trainers were trained and provided performance mea-
sures based on guidelines so as to reduce variability in training.

Self and buddy care should be the foundation of a whole-
community approach to reducing mortality from trauma. Because
all have the potential to be a casualty, and all have the potential to
be a first responder, then all were directed to carry a bleeder con-
trol kit with commensurate ability to provide and document initial
care. Bleeder control kits were carried in a standard location with
contents directed toward the rapid treatment of the three major
causes of preventable death as outlined by TCCC guidelines—
extremity wound hemorrhage, tension pneumothorax, and airway
obstruction.”® Included in the bleeder control kits were extremity
tourniquets, hemostatic gauze, pressure dressings, needles for de-
compression of a tension pneumothorax, nasopharyngeal air-
ways, and casualty cards. Notable was that these kits became a
model for the modernization of individual first aid kits through-
out the DoD. Additionally, ranger squads were also expected to
carry aid and litter kits that contained a compact and collapsible
lightweight litter and additional medical supplies for the TCCC
management of casualties.

Standards for the Medic

Ranger medics are highly trained physician extenders with
trauma care expertise. Although training standards for ranger
medics have been previously described,® their training has con-
tinued to evolve as commensurate to the needs of the mission
and their casualty population. Ranger medics are expected to
teach and have a mastery of prehospital trauma care practices.
Following initial EMT basic and TCCC training through the
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Army medical department, ranger medics complete the Special
Operations Combat Medic course where they receive EMT para-
medic training combined with advanced TCCC applications as
well as special operations-specific tactical medical emergency
protocols. Recurrent training is received through formal refresher
and certification courses, trauma center rotations, and a culminat-
ing combat trauma management and assessment and validation
program. This program included written and oral tests, multiple
hands on skill stations, and a variety of human patient simulator
and live tissue scenarios. This assessment occurred each training
cycle, just prior to large scale exercises or combat deployments.

Because knowledge plus experience equate to wisdom,
those medics who gained real-world experiences in addition to
the knowledge provided during training tended to perform better
and to have better judgement when providing care as they had
real-world applications and references for context. Thus, inte-
grating trauma center rotations, ambulance ride along call, and
clinical rotations into the training cycle was very important.
These rotations provided a venue for applying judgement, skills,
and knowledge. These rotations also provided experience and
objective performance measures through patient outcomes of
morbidity and mortality.

Knowledge products provided to ranger medics included
TCCC guidelines and updates, the military version of the
Prehospital Trauma Life Support manual,>* and a comprehensive
Ranger Medic Handbook that has been published and updated
since 2001.%>* The Ranger Medic Handbook succinctly outlines
standards, a scope of practice, and details and algorithms on pro-
tocols and procedures that are expected of the ranger medic;
and as stated in the handbook, ranger medics are expected to
have a “Mastery in Close Combat Medicine.”

Medical equipment and supplies carried by the ranger
medic are primarily geared toward the acute prehospital manage-
ment of trauma casualties, and secondarily tailored to support
specific mission profiles. Ranger medic aid bag contents are
synchronized with TCCC guidelines, and all medics pack in ac-
cordance with a standardized and routinely updated packing list.
The regiment also maintained additional modified packing lists
to accommodate specific mission profiles (e.g. airfield seizure) so
as to assist medics with adjustments based on mission require-
ments. A ranger medic’s kit worn on their body armor was stan-
dardized for the care of at least one acute multi-system trauma
patient, and afforded the opportunity to rapidly provide life-
saving treatment without the need to open their aid bag.

Standards for Ranger Leaders

Because tactical leaders manage all resources (e.g. person-
nel, training, equipment, time, money, etc.) dedicated to prepar-
ing for and completing a mission, it is this nonmedical leader
who is ultimately responsible for the prehospital casualty re-
sponse system. Thus, a Casualty Response Training for Ranger
Leaders (CRTRL) course was developed and initiated in 1999,
and has been integrated into initial training for leaders as they
are assigned to the regiment; as well as during an internal team
leader’s course for enlisted personnel assuming their first leader-
ship position. This training event focused primarily on providing
each leader, at every level from team leader to ground force com-
mander, with an enhanced understanding and expectation of
their role and responsibilities in the casualty response system,
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as well as how their individual decisions can affect both successful
completion of the mission and survivability of casualties. In addi-
tion to leader management of casualty response TTPs, to include
casualty evacuation procedures, contingency planning for the pos-
sibility of taking casualties during each phase of the mission was
stressed as paramount to casualty survival and the overall success
of the mission. Contingency planning and an appropriately condi-
tioned tactical response to casualties are just as important as
medical interventions for eliminating preventable death.

A critical component of CRTRL was the detailed instruc-
tion on capabilities, limitations, and employment methods of in-
ternal and external medical assets, because it was vital for
leaders to understand the intricacies of getting the right capabil-
ity to the right casualty at the right time and place; and balancing
such so as to not misappropriate or misuse limited resources. Addi-
tionally, an important and routinely updated component of CRTRL
was that of casualty vignettes and AARs from recent combat mis-
sions. These cases would demonstrate currency and relevance of
training, highlight casualty events they would likely encounter,
and prompt potential solutions for future casualty events.

Before and in response to casualty events, CRTRL teaches
leaders to take charge and to develop TTPs that are based on
organization-specific missions, assets, and capabilities; to imag-
ine and rehearse contingency plans; and to leverage first re-
sponders as their most abundant and responsive resource. As
leaders assume higher positions of responsibility, they are also
taught to be cognizant of their broader casualty response role.
A junior leader’s first encounter and decision-making on behalf
of a casualty should not be during a real-world event; it should
be during training. Ranger senior leaders have often injected un-
expected events (e.g., complex casualty scenarios) during train-
ing to challenge and progress the organization to a higher
level,® and force junior leaders to think, react quickly, and exe-
cute contingency plans. As key leaders have often been desig-
nated as the casualty during training, junior leaders were also
forced to assume higher-level roles and responsibilities while
also ensuring care for the casualty. The practice of “next-man-
up” drills have become a hallmark of ranger leader training
and is paramount to the development of junior leaders.

Casualty Transport

During the planning phase of operations, contingencies to
accommodate rapid casualty transport included standard medi-
cal evacuation as well as use of mission aircraft and ground ve-
hicles. Some of the aviation units supporting rangers developed
and provided highly-trained special operations casualty trans-
port personnel; most achieving the level of critical care and flight
paramedic certification. Preparatory and synchronized training
with these casualty transport personnel, as well as with surgery
and resuscitation teams, afforded a seamless transition and cohe-
sive effort of care during combat operations.

Damage Control Resuscitation

In addition to implementing hypotensive resuscitation
practices historically recommended by TCCC guidelines,?**°
Rangers have also been at the forefront of evolving techniques
in tactical or remote damage control resuscitation.**** Follow-
ing the approval of a U.S. Army Special Operations Command
and Food and Drug Administration (FDA) Investigational New
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Drug protocol, ranger medical providers started routinely carry-
ing French freeze dried plasma during combat missions starting
in 201 1. This effort, in combination with aggressive hemorrhage
control techniques, attempted to provide a more homeostatic re-
suscitation fluid compared with colloids and crystalloids while
retaining the ultimate goal of negating hemorrhagic shock and
increasing survivability.

In 2014, after a revision to the TCCC guidelines which ad-
vocated use of blood products over colloid or crystalloid solu-
tions,*® continued ranger efforts directed toward preventing or
reducing effects from hemorrhagic shock was initiated through
the development of a unit-wide whole blood program.*!-** With
active support from ranger leaders, this program identified blood
group O rangers who demonstrated antibody (IgM to group A
and B antigen) levels of less than 1:256. These individuals
were categorized as ranger O Low Titer, or “ROLO,” and tested
before deployment for standard transmittable diseases. This
group served as an immediate walking blood bank of universal
donors for prehospital casualty care. In 2015, the 75th Ranger
Regiment deployed its first group of ROLO personnel. Since that
time, every ranger task force has deployed with a fully functional
ROLO program. In 2016, prescreened Low Titer O Whole Blood
(LTOWB) was also supplied to ranger task forces from U.S. blood
bank facilities. This permitted ranger medical personnel to rapidly
use LTOWB, and if needed, also activate the ROLO walking
blood bank to obtain additional whole blood within minutes.

As of December 2016, rangers have thus far administered
freeze dried plasma to 10 combat casualties. Of these casualties,
eight arrived alive at a surgical treatment facility. Rangers have
also administered cold-stored LTOWB to three combat casual-
ties with two receiving one unit and one receiving two units.
Two of these casualties arrived alive at a surgical treatment facil-
ity, but only one ultimately survived. Company- and platoon-
level leadership have been essential to the preparatory success
of the ROLO program through integrated training and rehearsal
of this protocol as a contingency battle drill. Although the
person-to-person ROLO protocol has not been activated and
used on a real-world combat casualty as of yet, this capability
is ready and available.

Performance Improvement—Integrating and
Distributing Lessons Learned

To continuously validate, refine, and solidify standards for
TCCC practice, the ranger casualty response system integrated a
performance improvement cycle, with components to include:
(1) provide casualty care; (2) document care; (3) collect and con-
solidate data; (4) analyze data; (5) enact performance improvement
by refining best practice guidelines and personnel, training, and
equipment requirements; (6) publish findings internally and exter-
nally to activate force modernization, research and development,
and to integrate and distribute lessons learned; and (7) provide
casualty care. Lessons learned are not lessons learned unless
you learn them; thus, a performance improvement cycle is re-
quired to preserve and advance lessons learned. Data and les-
sons learned can not only inform and educate they can also
recruit and garner support from leaders.

Data help to drive requirements and authorizations for
personnel, training, and equipment. Leaders appreciate data that
informs decisions and justifies expenditures of time and monies.
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However, data rely on personnel to document efforts, and docu-
mentation of prehospital care in combat has historically been
suboptimal.3-6-11-13:43-45 T contrast, rangers developed, and their
leaders mandated and enforced, two simple documentation
tools—a casualty card and a casualty AAR—which have proven
successful in collecting combat casualty care data since 2001354449
Additionally, as funded and supported by ranger leaders, a Web-
based prehospital trauma registry (PHTR) was developed to
consolidate and analyze data from cards and AARs for near
real-time feedback, performance improvement, and sharing les-
sons learned.?>->#4->0 In addition to improving command and or-
ganizational visibility of casualties, the PHTR provided leaders
with data-driven evidence for decision making; validated and re-
fined casualty response system TTPs, PPE, and TCCC treatment
strategies; and refined medical and nonmedical personnel, train-
ing, and equipment requirements through cost-effective and di-
rected procurement.

For parent commands, ranger efforts have influenced med-
ical sustainment training efforts within U.S. Army Special Opera-
tions Command (regulation 350-1, Appendix G) and special
operations forces medical training within U.S. Special Operations
Command (directive 350-29). As ranger medical personnel have
been integral members of the CoTCCC since its inception, they
have also routinely used data to influence and propagate novel
practices and changes to TCCC guidelines which are distributed
throughout the DoD and beyond.>>~**° Ranger casualty
cards, AARs, and PHTR have been, and continue to be, a vital
component of ranger performance improvement. Additionally,
this methodology has become a model of excellence from which
to guide documentation and data collection for the Department
of Defense 310:21:44.50.51

Ranger medical force modernization efforts are based on
requirements directly related to casualty care dictated by TCCC
guidelines, battlefield lessons learned, and most importantly, the
tactical mission. As self and buddy aid are paramount to rapid
care and eliminating preventable combat death, medical capabil-
ity development priorities start with the individual ranger or
nonmedic first responder; then the ranger squad; followed
closely by the ranger Medic. The Regiment’s medical force
modernization efforts are synchronized with other special oper-
ations forces, as well as DoD research and development. Thus,
the regiment is often a lead in the testing and evaluation of med-
ical products and equipment.

CONCLUSION

The efforts described in this article support the charters for
the 75th Ranger Regiment as mandated by former U.S. Army
Chiefs of Staff General Creighton W. Abrams, General John
A. Wickham, and General Gordon R. Sullivan,*? and reinforced
by recent Army Chief of Staff General Raymond T. Odierno.
The regiment is to lead the way in modernizing doctrine, tactics,
techniques, procedures, and equipment to meet the challenges of
the future, and will share its philosophy and standards.

Eliminating preventable death is an organizational and
community issue that requires the attention of all leaders, both med-
ical and nonmedical. It is a matter of morale and moral obligation
that battlefield casualties receive the best care possible to optimize
survival and recovery from traumatic injury. However, this should
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not be left to chance. The ability to set, know, enforce, and exceed
established standards is what sets a good organization apart from
others. Good leadership can instill what is required to fight on to
the objective to complete the mission, and good leadership can also
instill what is required to save lives during such missions.

Continuous performance improvement processes and fo-
cused emgiricism must be used to inform practice and evolve
standards.” This article outlined several steps undertaken by the
75th Ranger Regiment to improve combat casualty care through
organizational structure, culture, and strategy to include: (1) con-
duct a critical assessment of the organization’s state of affairs;
(2) establish priorities of effort and ownership for those priorities;
(3) identify and integrate best practices into organizational struc-
ture as dictated by mission and culture; (4) establish cohesion and
a flat organizational construct for which to develop subject matter
experts and to train all to be masters of the basics through stan-
dards; (5) establish a continuous performance improvement cycle
through metrics and data collection, consolidation, and analysis;
and (6) share lessons learned.

The 75th Ranger Regiment institutional goal and commit-
ment to the relentless pursuit of eliminating preventable death,
which has been embedded within their special operations and in-
fantry tactics and culture, has and will continue to help preserve
advances in combat casualty care. Regardless of personnel and
personality turnover, this organization and its systems-based ap-
proach has consistently and continuously sustained this goal for
nearly two decades. Several challenges to improving combat ca-
sualty care and survival on the battlefield had to be overcome,
particularly in the realms of ownership, prehospital trauma ex-
pertise, data collection, and metrics. For military medicine as a
whole, these challenges and others remain as friction points to
performance improvement.''™'* As U.S. national goals have
now aligned to develop a national trauma action plan to pursue
zero preventable deaths from trauma,>>* > intensified momen-
tum of bidirectional translation of efforts will aid in overcoming
challenges in both military and civilian populations.

The 75th Ranger Regiment model is readily translatable to
others throughout the military and civilian sectors. Organizing,
unifying, and training casualty response systems can provide all
levels of leadership with invaluable insight into strengths and
weaknesses found within their communities. As with leaders
within the 75th Ranger Regiment, community leaders at the local,
state, and national levels must recognize that severe and critical
trauma injuries are inevitable, but death from such is not. Medical
and nonmedical community leaders alike can take ownership of
their casualty response systems, and promote awareness, cohe-
sion, and creative solutions that will ultimately achieve the desired
outcome of eliminating preventable death.

FINAL COMMENTS FROM CURRENT
RANGER LEADERSHIP

“Standards of excellence for providing care to our fellow
rangers were firmly established and have become an integral part
of the Ranger Regiment culture. A mastery of the basics—
marksmanship, physical training, small unit tactics, and medical
proficiency—remain fundamental to our training and critical to
our success on the battlefield. An RFR's ability to master the ba-
sics of casualty care remains a top priority of the Regiment.
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Likewise, our medical personnel must deliberately maintain a
learning posture that seeks to develop and implement innovative
approaches to confront and overcome the innate difficulties of
providing care to battlefield casualties. Accounting for the
challenges inherent to the extreme conditions in which we
are expected to operate, the Ranger Regiment will continue
to maintain focus on mastering the basics while also seeking
cutting edge solutions for trauma care. We will do this first
and foremost through our investment in our people—by provid-
ing realistic training that holds every individual ranger and leader
accountable for medical skills proficiency and ensures all are the
best trained on the battlefield.”

Rangers Lead The Way!

CSM Craig A. Bishop, IN, USA
17th Regimental Command Sergeant Major
75th Ranger Regiment

COL Marcus S. Evans, IN, USA
19th Colonel of the Regiment
75th Ranger Regiment
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Challenges to Improving Combat Casualty Survival
on the Battlefield

LTC Robert L. Mabry, MC USA*; COL Robert DeLorenzo, MC USAT

“We succeed only as we identify in life, or in war, or
in anything else, a single overriding objective, and make
all other considerations bend to that one objective.”

-Dwight D. Eisenhower

The United States has achieved unprecedented survival
rates (as high as 98%) for casualties arriving alive to the
combat hospital. Official briefings, informal communica-
tions, and even television documentaries such as CNN Pre-
sents Combat Hospital highlight the remarkable surgical
care taking place overseas. Military physicians, medics,
corpsman, and other providers of battlefield medical care
are rightly proud of this achievement. Commanders and
their troops can be confident that once a wounded service
member reaches the combat hospital, their care will be the
best in the world.

Combat casualty care, however, does not begin at the hos-
pital. It begins in the field at the point of injury and continues
through evacuation to the combat hospital or forward surgery.
This prehospital phase of care is the first link in the chain of
survival for those injured in combat and represents the next
frontier for making further significant improvements in battle-
field trauma care.

Even with superb in-hospital care, recent evidence sug-
gests up to 25% of deaths on the battlefield are potentially
preventable."? The vast majority of these deaths happen in
the prehospital setting. The indisputable conclusion is that
any meaningful future improvement in combat casualty out-
comes depends on closing the gap in prehospital survival.
Improving prehospital combat casualty care, however, may
be significantly more challenging than improving hospital
based casualty care because of significant structural chal-
lenges facing the military medical establishment. We describe
5 key challenges and a plan to overcome them.
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CHALLENGE NO. 1: OWNERSHIP

Responsibility for battlefield care delivery is distributed to
the point where seemingly no one “owns” it. Unity of com-
mand is not established and thus no single senior military
medical leader, directorate, division or command is uniquely
focused on battlefield care, the quintessential mission of mil-
itary medicine. This diffusion of responsibility is a result of
multiple agencies, leaders, and units of the service medical
departments each claiming bits and pieces, with no single
entity responsible for patient outcomes forward of the combat
hospital. Combat arms commanders “own” much of the battle-
field casualty care assets in that medics, battalion physicians,
physician assistants, flight medics, and associated equipment
are assigned to their operational units, yet combat arms com-
manders are neither experts in nor do they have the resources
to train their medical providers for forward medical care.
Commanders rely on the service medical departments to pro-
vide the right personnel, medical training, equipment allo-
cations, doctrine, and medical force mix in their units. In
turn, although the institutional base trains and equips the
combat medical force, it defers the responsibility of battle-
field care delivery to line commanders. Although this divi-
sion of responsibility may at first glance seem reasonable,
the net negative effect of line commanders lacking expertise
and medical leaders lacking operational control has been
described.’ The axiom “when everyone is responsible, no one
is responsible” applies.

The concept of Tactical Combat Casualty Care (TCCC)
evolved to fill this gap for line commanders. Originating from
an article by Butler and Hagmann published in this journal in
1996,* TCCC created a conceptual framework focused on
treating life-threatening battlefield injuries while taking into
account tactical considerations. Navy physician and former
SEAL, Dr. Frank Butler, spearheaded what has now emerged
as the most significant battlefield medical advancement of the
past decade. Before the advent of TCCC, combat medics
were taught civilian-style first aid. Many of these techniques,
based on civilian injury patterns such as motor vehicle acci-
dents, were unhelpful or frankly dangerous when performed
under fire.
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The Committee on TCCC or CoTCCC is organized under
the Joint Trauma System and is responsible for promulgat-
ing the tenants of TCCC. Its origins were nontraditional,
reflecting a grassroots effort by a dedicated group of surgeons,
emergency physicians, and experienced combat medics to
incorporate new evidence and best practices into prehospital
treatment guidelines. As a paradigm it is thoroughly grounded
in the realities of the modern battlefield. The very existence
of the CoTCCC, an organization born outside the traditional
military medical establishment exposes a void in ownership
and expertise in battlefield care. Although TCCC as a para-
digm is sound, its adoption and implementation has been
uneven. There remains considerable overlap of authorities and
responsibilities between the services, the Geographic Combat-
ant Commanders, and individual combat units with respect to
training and equipping troops in battlefield trauma care.
Previous recommendations by Assistant Secretary of Defense
for Health Affairs to train all combatants and all physicians in
TCCC, in particular, remain unimplemented throughout the
Department of Defense (DoD). Newly recommended TCCC
devices and medications are still being transitioned into use
by combat forces largely based on the initiative of individual
medical officers assigned to combat units.

In contrast to combat casualty care, other areas of the
military medical establishment are led by flag-level officers.
In the Army Medical Department, for example, brigadier
generals lead veterinary medicine and warrior transition
care. Dentistry and nursing are both led by major generals.
Battlefield care would strongly benefit from similar central-
ized senior leadership. Establishing organizational owner-
ship such as a battlefield medicine directorate, division, or
command is the key first step.

CHALLENGE NO. 2: DATA AND METRICS

The services’ medical departments repeatedly cite the
reduction of case fatality rates to historically low levels as
a major medical accomplishment during operations in Iraq
and Afghanistan. Although seemingly positive, this statistic
tells only part of the story. The case fatality rate, or the
percentage of those injured who died, reflects multiple fac-
tors including weapons and tactics, protective equipment,
and medical care.” In other words, the current data equally
support the conclusion that the enemy’s lack of regular
combat units, artillery and armor (the major casualty pro-
ducers in conventional warfare) and reliance instead on
improvised explosive devices is plausibly just as responsible.
Although many intended improvements have been made in
military trauma systems, especially at the combat hospital
and higher, there are few data to link specific actions to a
direct and quantifiable relationship with lowered case fatality
rates. Repeatedly citing “the lowest case fatality rate in the
history of warfare” as an affirmation of military medicine’s
success over the past decade without a sober account of other
contributory and confounding factors risks telegraphing the
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message that battlefield trauma systems are near perfected
and no further significant improvements are required or
even possible.

Another problematic statistic is the died of wounds (DOW)
rate or the percentage of those reaching medical care that
later die. Remarkably, recent DOW rates exceed those of
World War II and the Vietnam era.® Although startling, this
does not necessarily reflect a decline in care. As evacuation
becomes faster and prehospital care improves, the DOW rates
will go up as more mortally injured casualties will reach the
hospital alive. Conversely, if evacuation is delayed or medic
care is poor, more will die in the field and reduce the DOW
rate. Neither the DOW nor case fatality rates quantify the
effect of medical care on survival nor do they provide insight
into where specific improvements in combat casualty care
can be made.

Another statistic which distorts the overall effective-
ness of combat casualty care is the hospital survival rate.
Surgical care in the combat hospitals and care in the sub-
sequent evacuation chain back to the United States has
advanced to such a degree that 98% making it there alive
will go on to survive their wounds. By definition, it does
not capture those with potentially survivable injuries who
died in the field or died during prehospital evacuation. In
other words, it does not speak to all of the casualties that
succumb before hospitalization. What is needed is a metric
that encompasses the full spectrum of care that includes
the prehospital setting.

In contrast, the potentially preventable death rate illumi-
nates where care can be improved along the entire chain of
survival, from the point of injury to rehabilitation back in the
United States. It is defined as deaths which could be avoided
if optimal care could otherwise be delivered. The challenge
of deriving this statistic comes from the complexity in deter-
mining if a death is potentially preventable. To accomplish
this, specific clinical facts must be collected on each case
and as we discuss shortly, prehospital data is often difficult
to collect.

The potentially preventable death rate is derived by exam-
ination of autopsy and medical records by a multidisciplinary
physician panel. One such review examined all the U.S.
combat deaths in Iraq and Afghanistan from 2001 until
2011 and found up to 25% to be potentially preventable.’
The vast majority of these (87%) died before reaching a
surgeon or combat hospital. Many of the remaining 13%
who died in the hospital were in profound shock on arrival and
would have likely benefitted from aggressive prehospital
resuscitation. It is important to recognize this figure, like the
DOW rate, does not necessarily reflect inadequate care. All
of these casualties were severely injured. Some would have
required immediate, on-the-spot access to the most advanced
care (e.g., the kind found only in premier trauma centers in
the United States) to have any hope of survival and others
died related to unavoidable delays because of on-going combat
operations (e.g., hostile fire). However, many could have
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survived with currently available prehospital medical inter-
ventions if only they were routinely and correctly employed.
Unfortunately, we continue to know little about what care is
provided before casualties reach the combat hospital.

The key goal is a coherent system to collect prehospital
patient care information. We know very little about this
phase of care.® Only 1 military unit we are aware of, the U.S.
Army’s 75th Ranger Regiment, has collected complete sets
of casualty care data. The commander of the 75th Ranger
Regiment has taken ownership of that unit’s casualty response
system. Using their Ranger Casualty Card and their unit casu-
alty registry, they are able to determine what happened to
every Ranger casualty during all phases of care. Ranger com-
manders routinely use this data to improve their casualty
response systems. The Rangers are also the only unit in
the U.S. military that can demonstrate no potentially pre-
ventable deaths in the prehospital setting after more than a
decade of combat.”

Systematically examining potentially preventable deaths
and prehospital care data gives a more accurate assessment
of the entire continuum of care compared to other metrics.
If collected and analyzed quickly, it also allows for the
development of an agenda to improve casualty care in near
real time. The Israeli Defense Force’s medical corps has
embraced the concept of eliminating preventable deaths as
part of the next 10-year force build-up plan and emphasizes
point-of-injury care (Dr. Elon Glassberg, personal commu-
nication, Trauma and Combat Casualty Care Branch, IDF,
August 20, 2013).

A significant recent positive example of data driven combat
casualty care improvement concerns the capabilities of medics
staffing medical evacuation (medevac) helicopters. Medevac
helicopters have traditionally been staffed by medics trained
at the basic emergency medical technician level. Staffing
civilian medical helicopters with advanced paramedics has
been done since the 1980s and advocated for military med-
evac since the 1990s. A recent study comparing a National
Guard medevac unit staffed with critical care-trained flight
paramedics showed a 66% reduction in mortality compared to
the standard flight medics.® After at least a decade of debate
(and nearly 40 battlefield after-action reports recommending
it but lacking detailed supporting data), a program was adopted
by the Army in 2011 to train critical care paramedics for
helicopter medevac. With better data collection in the pre-
hospital setting, it is likely the decision cycle could be far
reduced from the 11 years observed.

Changing the narrative of “unprecedented” survival rates
to instead highlight the 25% potentially survivable death rate
does place military medicine in a difficult strategic commu-
nications predicament. A fair and open accounting of the
successes to date as well as where progress needs to be
made is an imperative. In 1984, Dr. Ron Bellamy examining
many of the same issues discussed here following analysis
of Vietnam era casualty data noted, “A research program
designed to improve health care delivery will have the greatest
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impact if its goals are chosen after a comprehensive review has
been made in the ways of which the existing system fails.”
A similar comprehensive review of combat casualty care in
Iraq and Afghanistan is recommended.

CHALLENGE NO. 3: PREHOSPITAL

AND TRAUMA EXPERTISE

If the prehospital setting is the area where nearly all poten-
tially preventable deaths occur, then it is likely not coin-
cidentally an area of limited organizational expertise. It
would be natural to expect that the services, especially the
ground forces, would invest heavily in clinical experts in
far-forward combat casualty care. Paradoxically, the oppo-
site appears true. The Army, for example, relies on the
Professional Officers Filler System (PROFIS) to provide
the bulk of forward medical officers. PROFIS is a cold-
war era program whereby primary care physicians from the
base hospital are tasked, often just before combat deploy-
ment, to serve at battalion surgeons responsible for the
resuscitation of battle casualties in the battalion aid-station.
This is reminiscent of how “Emergency Rooms (ERs)” were
staffed in the 1960s and 1970s when junior physicians just
out of training (or disinterested physicians from unrelated
specialties) were rotated into the ER. Like the PROFIS phy-
sicians, these physicians had no in-depth training in resusci-
tation or emergency care, or worse, little interest in even
learning it. Many of these PROFIS physicians, often inexpe-
rienced and unprepared, are placed into operational posi-
tions outside the scope of their training. This professionally
unrewarding experience likely contributes to many leaving
the military at the first available opportunity.'®

The Korean and Vietnam Wars set the stage for the emer-
gence of modern emergency medical services (EMS) systems
in the late 1960s. These wartime experiences spurred the
development of a robust “system of systems” comprised of
emergency medical technicians, ambulances, communications,
training programs, medical direction, and trauma centers that
integrate prehospital and hospital trauma care. The invest-
ment paid off as trauma centers opened in nearly every major
urban center and large swaths of the population are now
served by effective and cohesive trauma care systems. Yet,
the combat casualty on the battlefield today, like the accident
victim in the 1960s ER, is likely attended to by a physician or
physician assistant with no formal training in emergency
medicine or trauma resuscitation. In the intervening years,
ERs and the physicians that staff them have evolved into a
sophisticated and specialized system of care, whereas the
model for physician care in forward aid-stations remains
largely stuck in the practices of the past century.

Since the 1980s, programs have emerged to train physi-
cian specialists in trauma surgery, emergency medicine and
prehospital care. Without a major conflict since the emer-
gence of these new specialties, there has simply not been a
demonstrated need for them in the military until now. Nor
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has there been a critical appraisal of how these relatively
new specialties could be leveraged to optimize combat casu-
alty care. For example, the DoD has only one relatively new
prehospital training program capable of training 3 physi-
cians per year. Today the U.S. Army has less than a dozen
prehospital physician specialists and about the same number
of trauma surgeons on active duty. By comparison, the
Army has roughly the same number of radiation oncologists
and nearly three times the number of pediatric psychiatrists
and orthodontists. This is largely because medical specialty
allocations are based on traditional peacetime beneficiary
care needs. Refocusing on the wartime needs could populate
key institutional and operational billets with a critical mass
of trained prehospital and trauma specialists and drive fur-
ther advances in battlefield care during peacetime.

CHALLENGE NO. 4: RESEARCH

AND DEVELOPMENT

Current research and development (R&D) efforts are focused
on material “things” and our current medical combat devel-
opment efforts are primarily focused on rearranging existing
paradigms for doctrine, manpower, and equipment. Less atten-
tion is paid to training, leadership, and organization, yet the
current literature shows these areas have made the most signif-
icant documented improvements in survival. Several examples
illustrate the potential for capitalization: (1) The U.S. Army
Rangers, with their command led casualty response system,
are able to document no potentially preventable prehospital
deaths after more than a decade of combat.” (2) Staffing
a forward battalion aid-station with emergency medicine
trained providers showed a 30% reduction in deaths,ll and
(3) adopting current civilian air ambulance standards during
helicopter evacuation in Afghanistan showed a 66% reduc-
tion in the risk of dying.® The training level and capabilities of
the providers in the examples above exceeded the existing
doctrinal model and the benefits were tangible. The solution
lay with people, not technology. Using a sports analogy, the
DoD is spending billions of dollars trying to perfect golf
clubs, golf balls, and golf shoes, and virtually no research
dollars on how to train the best golfers.

Prehospital care experts should direct and advise key
research and development efforts, and set research priorities
focused on improving prehospital casualty survival. Tradi-
tional measures of research program success (grants awarded,
article published, and abstracts presented) should be shifted
in favor of measurable solutions to specific battlefield prob-
lems (reducing preventable death, improving procedural
success, reducing secondary injury, etc.).

To be sure, advanced technology can pave the way for
enhanced combat casualty care. Examples of recent tools
placed in the hands of medics and battalion medical officers
include tourniquets, junctional hemorrhage control devices,
and intraosseous needles. Yet, many of these so-called “new”
tools and concepts have existed for decades or even centuries.
With the exception of the hemostatic dressing, no new tech-
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nology has been put into the medic’s aid bag today that did
not exist before the war (or even a century ago). The propo-
sition is to balance the investment between things and people
to optimize care on the battlefield.

CHALLENGE NO. 5: HOSPITAL CULTURE

The delivery of health care in fixed facilities is military med-
icine’s largest mission and dwarfs all others. At a cost of
nearly 60 billion dollars, the Military Health System (MHS)
represents one of the most expensive components of the
overall defense budget and is under constant scrutiny from
Pentagon leaders. Former Assistant Secretary of Defense for
Health Affairs, Dr. Sue Bailey’s quote, “We are an HMO
that goes to war” sums up a continuing concept regarding
military medicine’s primary focus on beneficiary care at fixed
facilities. Indeed, when physicians are tasked to deploy from
hospitals in the United States to the combat zone, a regula-
tion calls them “fillers” and hospital personnel officers col-
loquially refer to the loss of skilled physicians as an “the
operational tax.”'”

Regarding the combat medics’ role, the traditional con-
ceptual framework for some medical leaders starts not at the
point of injury but rather in the combat hospital (or forward
surgical team): “get the casualty to the hospital and we will
take care of them.” This is a legacy of the cold war when the
combination of massive casualties and limited far-forward
capability meant few meaningful interventions were possible
until the casualty reached a combat hospital.'> Today, we
know the actions or inactions of the ground medic, flight
medic, or junior battalion medical officer can mean the dif-
ference between delivering a salvageable casualty or a corpse
to the combat hospital. We expect medics to perform life-
saving treatment under the most difficult of circumstances
but invest minimal institutional effort toward training them
to a high level or insisting they train alongside physicians and
nurses in our fixed military hospitals during peacetime.

In their defense, military medical leaders face a unique set
of challenges combat arms commanders do not face. Combat
arms commanders focus on preparing for war. When not
deployed or in a recovery or support cycle, they are focused
on training and preparing for the next mission. Conversely, the
MHS is expected to perform its mission of delivering high
quality health care to military beneficiaries in its fixed facilities
every day and be prepared to go to war at a moment’s notice.
Historically, the overwhelming pressures of providing benefi-
ciary care in clinics and hospitals have conspired to redirect
resources away from maintaining or improving battlefield care
skills during peacetime.'? Future efforts should be devoted
to breaking free from this seemingly intractable constraint.

A WAY FORWARD

If history is any guide, making significant interwar advance-
ments in battlefield medical care will be very difficult. As the
current conflicts end, repeating the narrative of low case
fatality and high survival rates, without a comprehensive and
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TABLE I.

Summary of Challenges and Recommendations

(1) Ownership

(2) Metrics and Data

in Equipment, Training, and Doctrine in Near Real Time

(3) Prehospital and Trauma Expertise

(4) Research and Development

Use Metrics and Data to Drive R&D Efforts and Priorities

(5) Hospital Culture

Establish a High-Level Battlefield Care Directorate, Division or Command Responsible for Improving and Synchronizing Battlefield Care Delivery
Develop Methods to Collect Comprehensive Combat Casualty Care Data From the Point of Injury and During Evacuation

Develop a Systematic and Ongoing Method to Analyze Potentially Salvageable Combat Deaths and Use That Analysis to Drive Improvements
Systematically Train and Develop a Cadre of “Combat Medical Specialists”

Leverage Civilian Models of Prehospital Care (Advanced Medics, Flight Paramedics, EMS-Trained Physicians) to Improve Battlefield Care
Focus R&D Efforts on Training, Leadership, and Doctrine, as well as Material Solutions

Leverage Prehospital Care Physician Specialists to Set Research Priorities

Embrace Wartime Combat Casualty Care as the Core Mission of Military Medicine

Make the Elimination of Potentially Salvageable Combat Deaths an Organizational Goal
More Closely Align the Culture of Military Medicine With the Warfighter

sober review of both successes and where improvements can
be made, risks impeding the ability to truly learn the lessons
that will improve the survival of Soldiers, Sailors, Airmen,
and Marines in the next conflict.

As a call to action, the following steps offer a potential
way forward to overcome the challenges described above
(Table I): (1) Adopt the IDF or similar model of combat
casualty care focus and make an institutional commitment
to eliminating potentially preventable death. Allow careful
study of these deaths to drive the training, research, and
development agenda. (2) Leadership of battlefield care must
be established at the most senior level and the service medical
departments held accountable for improving it. (3) Data and
metrics must be obtained from the point of injury and through-
out the continuum of care, and this information should drive
evidence-based decisions. (4) Commit to training physician,
nursing, and allied health providers to become “combat med-
ical specialists” and placing them in key operational and
institutional positions to leverage improvements in training,
doctrine, research and development. (5) Research funds should
be directed towards solving prehospital clinical problems and
balanced to include research on training, organization, and
leadership, not just material solutions. (6) The current para-
digm of military medicine needs to evolve from an organiza-
tional culture chiefly focused on full-time beneficiary care in
fixed facilities and part-time combat casualty care, the “HMO
that goes war,” toward an organizational culture that treats
battlefield care delivery as its essential core mission. This
need not lessen the importance or scope of beneficiary care
and if agilely executed, could enhance the prestige and cache
of the beneficiary mission.

Addressing leadership, strategy, metrics, workforce, and
patient outcomes is common methodology for promoting
excellence in hospital-based health care. The same method-
ology could be used to improve care forward of the hospital.
Such a program would require a significant realignment of
resources and priorities within military medicine that would
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challenge existing bureaucratic and leadership hierarchies.
Acting on what we have learned to prepare for the next
conflict in a resource constrained interwar period will chal-
lenge our medical leaders. Civilians can operate peacetime
hospital systems, perhaps even more efficiently than the mil-
itary. Yet ultimately, going to war is the unique mission of
military medicine that distinguishes us from civilian health
care and justifies our cost to the nation. If military medicine
cannot demonstrate ownership of and expertise in its quintes-
sential mission, prehospital, and battlefield trauma care, we
must ask ourselves why military medicine exists.
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