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Background and Current Status
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National
Trauma System
Vision

A unified effort is
needed to ensure
the delivery of
7 A — optimal trauma care
TRAUMA CARE to save the lives of
SYSTEM : -
Americans injured

Integrating Military

et ) within the United
Preventable States and on the
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;.;;;Role of Leadershlp ‘

dership (Rec 2)
- M|I|tary"“Leaq§érsh|p (Rec 3)
. — Civilian Sector Leadership (Rec 4)

NASEM 2016 .;'r'it"ég’r‘ated Military—Civilian Framework for
o lLearnmg to Advance Trauma Care

. —Improving the Collection, Integration,
FINDINGS and Use of Data (Recs 5 and 9)

& — Collaborative Research Infrastructure

RECOMMENDATIONS in a Supportive Regulatory

Environment (Recs 7 and 8)

e Systems and Incentives for Improving
Prehospital Trauma Care

T =Quality (Rec 10)
S Developmg Expertise (Recs 6 and 11)




Fundamental Gap

Missing Dead:
Trauma System Blind Spot

* 1. portion of a field that
cannot be seen or
inspected with available
equipment

» 2. failure to exercise
judgment or discrimination

* 3. lack of understanding or
impartiality

If we do not recognize it, we will not

develop strategies to remediate



Value of Mortality Analysis



IOM Report 1966

“If this opportunity to
ascertain the specific cause THE NEGLECTED DIsErge o "
of death is to be grasped, o HopERN Soctem
complete autopsies must be
performed routinely on
those who have died as the
result of injury.
Furthermore, the findings in
large numbers of autopsies
must be critically analyzed
in order to point the way to
necessary cha nges in NATIORAL LGABCMT 0F SEIENGES  MATIONAL Ristann connei
treatment.”




NASEM Findings
Medical Examiner Systems 2003

“The current practices of
medicolegal death
investigation in this country Value of a

are in substantial need of Functional i i U

improvement. 2:'(‘::2::" Examiner e
Need accurate data '

“On first glance, official identification of 4 E) ;
O n t h e Ci r-c u m Sta n CeS human remains and certification of the 2D
cause of death appear to be mundane

endeavors that serve mainly private needs

a n d Ca u Ses Of d eath of families, insurers, and litigants. In truth, ¥ , 5: ':“ " '. ;'.‘ .

however, valid and reliable data on the

2ol DS
circumstances and causes of deaths serve S 1) WA

a variety of important public needs,
including fair and accurate adjudication in

Va | u a b I e to p u b I iC criminal and civil cases, maintenance of

accurate vit;lstatistics, effective public aWa 1
health which accrues S ilasii edliandic o researdh R
. and improvement in quality of heath
to the benefit of the care” o
nation as a whole.”



Gap:

Linkages are incomplete or entirely missing
among prehospital care; hospital-based acute
care; rehabilitation; and medical examiner

-~ data.

- “A critical but often neglected source of data—
particularly in civilian systems—is autopsy
reports on trauma deaths, which could be
used to determine the preventability of
fatalities based on a common, accepted
lexicon.”

Pt

NASEM Zer
Preventable Death

Specific
Recommendations

for Mortallty Recommendation 5:

Analysis and ME The Secretary of Health and Human Services
System Integration and the Secretary of Defense, together with
their governmental, private, and academic
partners, should work jointly to ensure that
military and civilian trauma systems collect
and share common data spanning the entire
continuum of care




Understanding
Co bat Casualty

centers and trauma s
substanti
disability
* Substantial opportﬁiﬁﬂiﬁ’t& to further
reduce deaths in pre-hospital setting.

— Opportunities for trauma system
improvement in pre-hospital
environment must be identified

.»and remedlated in order t :
reduce the number of potentially
_ preventable deaths. =




Relationship Impacts
Pillars of a Modern Trauma System

Preventlon

Acute Care i 1 s oo Mortality Analysis
_ Data mtegratlon  f Points of Impact
- Communlcatlons systems
— EMS -

L Trauma Centers Wi

Rehabllltatlon

Framework for Disaster Preparedness



Joint Trauma System
Learning Healthcare System



* Military trauma system

(JTS/ DoDTR)
* Damage control resuscitation
o * Tactical Combat Casualty Care

- *Tourniquet
Desert Shield/Storm .
* Burn team augmentation of *Understanding of preventable death

evacuation hospitals to provide

theater-wide burn care *Combat casualty care research
* Intercontinental aeromedical

transport of burn patients | — =

Vietnam
* Improved use of helicopter
* Improved laboratory support
* Portable radiology equipment
* Mechanical ventilators in theater

Korean Conflict
Improved fluid resuscitation
Forward availability of definitive

surgery
* Helicopters for patient
evac/transport
World War Il * Primary repair/grafts for vascular
* Whole blood/plasma d injury
« Specialty-specific surgi
* Antibiotics
World War | * Fixed wing aero-medical
o |V fluids evacuation
« Blood transfusior

* Motorized ambulances
* Topical antisepsis




Battlefield Mortality
Mechanism and Causation
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DOW Analysis

Review died of wounds (DOW)deaths n=558

Data sources

 DoD Trauma Registry

 Armed Forces Medical Examiner System (AFMES)
Variables

— Demographics

— Mechanism and cause

— Injury severity
Expert panel trauma surgeons, emergency physician,

neurosurgeon, and forensic pathologist graded deaths as non
survivable or potentially survivable.

Goal: Identify areas for improved training, medical care, material,
research and development
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Eastridge et al: Died of Wounds on the Battlefield. J Trauma 2011
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Eastridge et al: Died of Wounds on the Battlefield. J Trauma 2011



DOW Survivabil
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Transitional Injury Mortality
from Field to Hospital



Abstract Presentation for:
on Tactical Combat C: Ity Care Meeti
Atlanta, Georgia — February 4, 2015

Saving| _ives on the Pattlefield:
The Golden Hour and the Gates F ffect

Secretary of Defense Mandate
COL (R) Russ S. Kotwal, MD MPH FAAFP
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CFR (Predicted -Actual)=10.3-8.6=1.7
Estimated lives saved (21089x0.017)=359

Conclusions

A 2009 mandate by Secretary of Defense Gates reduced the time
between critical injury and definitive care for combat casual-
ties in Afghanistan. Despite evidence of increased severity and
complexity of wounds from explosive devices, the combina-
tion of reduced prehospital transport time and increased treat-
ment capability are likely contributors of casualty survival.
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Empiric Probability of Combat Death
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Bellamy, J Trauma, 1984



How People Die In Ground Combat
(From COL Ron Bellamy)

10% KIA- Surgically
Correctable Torso

I 2 9% KIA- Exanguination

njury :
l From Extremity Wounds

25% KIA- Surgically

Uncorrectable Torso Trauma

31% KIA- CNS
Injury

—

12% DOW- Largely
Infections & Complications

Of Shock 20, KIA- Tension
Pneumothorax

1% KIA- Airway
Obstruction

% KIA-
Blast Mutilating Trauma




KIA Analysis

Review battlefield deaths (n=4,596)

Data sources

 DoD Trauma Registry

 Armed Forces Medical Examiner System (AFMES)
Variables

— Demographics

— Mechanism and cause

— Injury severity
Expert panel trauma surgeons, emergency physician,

neurosurgeon, and forensic pathologist graded deaths as non
survivable or potentially survivable.

Goal: Identify areas for improved training, medical care, material,
research and development



KIA Analysis

* Nonsurvivable * Potentially Survivable
— Dismemberment — All other

— Traumatic brain injury

— Cervical cord transection (above
C3)

— Airway transection within
thorax

— Cardiac injury (>1/2"), thoracic
aorta injury, pulmonary artery

— Hepatic avulsion

— Junctional lower extremity
amputations with open pelvis
with soft tissue loss
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Eastridge et al: Death on the Battlefield: Implications for the
Future of Combat Casualty Care. J Trauma 2012




Putting it in Perspective




Distribution of Battlefield Death
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Eastridge et al: Death on the Battlefield: Implications for the
Future of Combat Casualty Care. J Trauma 2012



Percent

100
90
80
70
60
50
40
30
20
10

3,040

Non Survivable Potentially Survivable
Pre-MTF Death
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Eastridge et al: Death on the Battlefield: Implications for the
Future of Combat Casualty Care. J Trauma 2012
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Eastridge et al: Death on the Battlefield: Implications for the
Future of Combat Casualty Care. J Trauma 2012
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Brain Injury

High Spinal Cord Injury
Dismemberment
Heart/ Thoracic Injury
Open Pelvic Injury

Other

38.3% (620)

31.6% (512)

23.6% (383)

6.5% (104)

53.0% (753)

9.2% (131)

21.8% (310)
6.5% (93)
9.5% (134)

Eastridge et al: Death on the Battlefield: Imblications for the
Future of Combat Casualty Care. J Trauma 2012
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Eastridge et al: Death on the Battlefield: Implications for the
Future of Combat Casualty Care. J Trauma 2012



Anatomic Locus of Hemorrhagic Death

!

J 13.5% S i
B n=119 B

¥ Truncal
® Junctional

¥ Extremity

67.3%
n=598

39% Cervical : 36% Thoracic
61% Axilla and Groin ~ 64% Abdominopelvic

Eastridge BJ, Mabry RL, Seguin PG, et al. Death on the battlefield (2001-2011): implications for the future of combat casualty
care. Journal of Trauma, 2012. In press.



Isolated Extremity Deaths / Year
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Eastridge et al: Death on the Battlefield: Implications for the
Future of Combat Casualty Care. J Trauma 2012



Summary

* Most battlefield casualties (87.3 %):die on the
battlefield

* Majority of battlefield deaths (75.7%) are non-
survivable

— Mitigation strategy: prevention

« Hemorrhage is the major mechanism of death in
(90.9-%)-of PS combat injuries .

— Mitigation strategy: hemorrhage control
* Tourniquets
* Junctional hemorrhage control

* Intracorporeal hemostasis

— Freeze dried plasma
— TXA
— Novel therapeutics

* Extending the survival time window from POl to MTF



U.S. military
potentially survivable injury:
24%

Ranger
Potentially preventable death incidence:
3%
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ORIGINAL Eliminating Preventable Death on the Battlefield

ARTICLE
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Death on the battlefield (2001-2011): Implications for the
future of combat casualty care
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DoD Lexicon
Combat Casualty Mortality Assessment Definitions

DHA-PI 6040.03
August 21, 2018

- DERg,

12 An injury so severe the casualty would not have survived even if
T all required medical resources were available and appropriate
T non-survivable ) : . . X
S ) : .. medical care was optimally administered initially and throughout
) Defense Health Agency injury . . ’ =
Y PROCEDURAL INSTRUCTION - the continuum of care.
. | &7 . NS p I\ ~ N - N
O 13 A death that occurred from a survivable or potentially survivable
NUMBER 6040 03 potentially injury when the tactical situation limited prompt and/or optimal X
wgust 21, 2 U
preventable death |medical care.
Assistant Director, Combat Support Agency (CSA) — " . . N
14 An injury that the casualty might have survived if all required
SUBJECT: Joint Trauma Lexicon Sotentially medical resources were available and appropriate medical care X
References: See Enclosuse 1 P Y was optimally administered initially and throughout the
survivable injury . ! -
: continuum of care.
1. PURPOSE. This Defense Health Agency-Procedural Instruction (DHA-PI), based on the - ~ . . .
authority of References (z) and (b). and in accordance with the guidance of References (c) 15 A death that occurred from a survivable injury when the tactical
through (m). establishes the Defense Health Agency’s (DHA) procedures to develop a . . - 1 .. . T X
universally accepted. sandardized Joint Trauma Leicon preventable death | situation did not limit prompt or optimal medical care.

2. APPLICABILITY. This DHA-PI applies to OSD, the Military Departments (MILDEPs). the
Office of the Chairman of the Joint Chiefs of Staff (CJCS) and the Joint Staff. the Combatant
Commands. the Office of the Inspector General of the DoD. the Defense Agencies. the DoD
Field Activities, and all other organizational entities within the DoD (referred to collectively in
this DHA-PI as the “DoD Components™)

3. POLICY IMPLEMENTATION. Itis DHA's instruction. pursuant to References (e) and (f).
that the Joint Trauma Lexicon establishes and defines key common tranma terms used in support
of trauma care, operational medical planning. performance improvement. and research across the
full range of military operations. The DHA serves as the Military Health System’s authoritative
source for Joint Trauma Lexicon; therefore, this DHA-PI will be used to update DoD Issuances,
Toint Publications (TPs). DHA Publications, and Service-level regulations. The DoD will use
these terms where applicable and. if not used. the author of the alternative term and/or definition
will disclose the reason.

4. RESPONSIBILITIES. See Enclosure 2

5. PROCEDURES. See Enclosure 3

An injury that the casualty should have survived if all required

21 medical resources were available and appropriate medical care
survivable injury | was optimally administered initially and throughout the
continuum of care.

A P 4 11t 4 . 10



Conclusion

* Understanding battlefield mortality is a vital
component of the.trauma system
— Trauma system optimization
— TCCC improvements
— Data driven research and development focus
— Command emphasis
— Training & tactical perspective
— Equipment and materiel



MIMIC

Multiinstitutional
Multidisciplinary Injury
Mortality Investigation
in‘Civilian PreHospital

Environment

Pls:Eastridge, Nolte, MacKenzie

Funded by USAMRMC

(Department of Defense)

Purpose of this proposal is to develop
a coordinated, multidisciplinary, multi-
Institutional effort within the civilian

clinical sector to identify and
characterize the causes of pre-
mortality from trauma

ldentify potential high yield areas for
research and development in pre-

hospital medical care, injury
prevention, and trauma systems.



Investigationin the-
Civilian Prehospital

Environment (MIMIC) '

* Develop a framework for
evaluating the causes and
pathophysiology of pre-
hospital deaths

the causesa 0
hospital deaths dueto
trauma and estimate
potential for survivability.

* Trauma surgery

* Neurosurgery

* Orthopedic surgery
* Forensic pathology

* Emergency medicine

'+ Emergency medical

services

Injury Survivability
Methodology

Prehospital

Mortality Reviews

Translation &
Dissemination of
Analysis

Representative US sample population
derived from central medical examiner
systems
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Integrating Geospatial Modeling
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Project Update

Data Abstraction

— 2,539 of 3,000 cases -have been abstracted
Coding

— AIS/ICD — 860 cases completed

— GIS — 2,587‘cases completed
Case Reviews

— Created 13 review team panels each consisting of 4
surgeons, 1 EM/EMS reviewer, and 1 Forensic Reviewer. All
panels have a reviewer with past military experience, and a
minimum of 1 female reviewer on each panel.

— Case reviews were launched to the first review team panel
in January 2019.

— To date, 775 cases have been released to panels.
— 585 cases have been completed.



Prellmlnary

trauma cera;
patient. /

RESEARCH AND DEVELOPMENT
OPPORTUNITIES TO INFORM
INJURY PREVENTION

322 (78%)

37 (21%)
T

Note: Using 414 cases that have reached consensus on survivability assessments
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Prehmmary

OPPORTUNITIES TO IMPROVE
CURRENT TRAUMA SYSTEM

Cannot Judge

Note: Using 414 cases that have reached consensus on survivability assessments
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Potentially Survivable
Definitely Survivable
Cannot Judge

i

Potentially Survivable

Definitely Survivable




Preliminary

* Q4: Which rey ograms/devices
or interve might a proved the
chances of | is individual?

| ".‘I ‘ﬁ £ Eé‘?
PreventionProgram(s) |  Frequency
777
469

149
55
34

Child Restraint

'| Protective Clothing

| Personal Flotation Device

EN S U B O

e

Note: Using records from all reviewers in Round 1 and Round 2.



Current State
Gaps and Vulnerabilities
Opportunities



Combat Casualty Death Review

Does the DoD have at present reliable
methodology for reviewing all combat
fatalities and identifying those deaths that
might have been prevented if optimal care
had been provided?



DoD CCC Mortality Analysis
Current State

Interval process based upon established DoeD CCC
mortality review process

Ability of JTS subject matter experts to perform
comprehensive reviews of battlefield deaths proximate
to date of death

Ability of Armed Forces Medical Examiner System
(AFMES) to perform full autopsy analysis of combat
casualty deaths supported by low operational tempo

Limited prehospital Tactical Combat Casualty Care data

Mortality review focuses determinations based upon
most severe injuries



DoD CCC Mortality Analysis
Gaps and Vulnerabilities

 Lack of prehospital data limits ability of JTS / AFMES
review team to examine salient factors necessary to
render decision

 Review and cataloging of combat mortality injury
survivability data is not codified by “requirement”

e Sensitivity and operational security issues may limit
open discussion and review of cases



DoD CCC Mortality Analysis
Gaps and Vulnerabilities

 Complete autopsy, including imaging may be
constrained / delayed by high operational tempo
scenarios

 Review process based upon single system injury
severity likely underestimates the complex
interactions of multiple injuries



DoD CCC Mortality Analysis
Opportunities for Improvement

* Develop requirement for mortality-review process
and support:with commensurate policy (mandate)
and resources (monies, manpower)
(Near/Immediate)

* Codify mortality review construct (policy, mandate,
enforcement) to ensure standardized care,
documentation, and data collection practices are
performed and transferred to the AFMES and JTS
(Near/Immediate)

 Mandate prehospital care documentation
(Near/Immediate)



DoD CCC Mortality Analysis
Opportunities for Improvement

* Augmented ME workforce / contingency plan for
mass casualty producing events (Peer / Near Peer /
High Volume Casualty Producing Event)

* Considerspecialty of Forensic Pathology critical
wartime specialty (5 Year)

* Develop interactional review / assessment
algorithms for injury mortality outcome
determination (5 year)

— Artificial intelligence solution based upon data (15 year)



Performance Improvement
and
Loop Closure

For all fatalities identified as preventable
or potentially preventable, is there reliable
methodology for determining what could
have been done differently that might
have prevented the casualty’s death?

Is there reliable methodology for ensuring
that the needed improvements have been
made?



Joint Trauma System
Operational Cycle

Armed Forces Medical |
Examiner System
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Pl / Loop Closure
Current State

* JTS / TCCC'integrate mortality review
assessments into system performance
improvement activities

 AFMES liaison to the JTS charged with review
of battlefield deaths for system PI codified in
DHA-AI 107.



Pl / Loop Closure
Gaps and Vulnerabilities

 Fundamental challenges related to the
perception of performance improvement
activities
— Perception as punitive process limits stakeholder
engagement

e Current military investigative processes
— Perception of wrongdoing
— UCMJ implication



Pl / Loop Closure
Opportunities

* Formal integration of performance
improvement process in relevant doctrine
(5 year)

4

* Further develop “learning healthcare system’
perspective of the JTS (Near/Immediate)



Informing End User(s)

Are these Opportunities for Improvement
reliably and effectively communicated to
the units and organization that could
effect these changes?



Informing End User(s)
Current State

* No process exists to effectively. communicate
mortality review lessons learned to the units
and organizations

* No clear pathway exists to disseminate
mortality review assessments to leadership
— Medical
— Line

* Leadership does not understand the

implications and value of combat casuaty
mortality review information



Informing End User(s)
Gaps and Vulnerabllltles

Unreallzed Potentlal Value

TCCC
iImprovements

| Performance [
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Informing End User(s)
Opportunities

 Develop and implement a formal process to
inform commanders about the care and
outcomes of their troops (Near/Immediate)

— Communication “pipeline” directly to
commanders (medical and non-medical) for their
visibility in order to inform decision-making and
action

* Medical
e Operational (Near/Immediate)



Summary

e Battlefield death secondary to injury is a-significant
operational mission capability issue

— Majority of deaths in occur pre-hospital
environment

— 24% combat casualty deaths potentially
survivable of which most are hemorrhage related

— Mortality review data informs
* Training
* Clincal care
* Research
* Operational considerations



Summary

* DoD must develop an organizational
commitment to understanding combat
casualty mortality and eliminating potentially
preventable death.

* Insightful analysis of combat casulty deaths
valuable for informing battlefield care,
training, the combat casualty research and
development agenda, as well as supporting
operational risk assessment.



Summary
Highest Value Opportunities

* Develop requirement for mortality review process and
support with commensurate policy (mandate) and
resources (monies, manpower) (Near/Immediate)

* Develop-interactional review / assessment algorithms for
injury mortality outcome determination (5 year)

— Artificial intelligence solution based upon data (15 year)

e Communication “pipeline” directly to commanders
(medical and non-medical) for their visibility in order to
inform decision-making and action (Near/Immediate)



“People are always the #1 priority
and are our greatest strength and
our most important weapon
system.”

General James C. McConville
40th Chief of Staff, US Army
2019



