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Army Medical Department at War:

Lessons Learned

On July 27, 1775, the Continental Congress established
a hospital for an Army of 20,000 and appointed the
following officers and attendants: one director general
and chief physician, 4 surgeons, one apothecary, 20 sur-
geon’s mates, one clerk, 2 storekeepers and one nurse
for every 10 patients. This marks the organization of the
Army Medical Department (AMEDD).

The following 240 years included many significant con-
tributions to the nation and the field of medicine. When
the AMEDD immunized the Army against smallpox
during the Revolutionary War, the AMEDD proved
that mass immunization was effective, and subsequent
global campaigns eradicated the disease. The history of
AMEDD is replete with distinguished figures who have
contributed greatly to the field of medicine. MAJ Wil-
liam Beaumont, a Medical Corps officer, is not only the
father of gastroenterology but also of the discipline of
physiology. MAJ John Shaw Billings established The
Surgeon General’s Library, which is now The National
Library of Medicine. MAJ Walter Reed demonstrated
that the mosquito was the vector of transmission for yel-
low fever. COL William Gorgas, who led the campaign
against mosquitos in Panama, made the construction
of the Panama Canal possible by controlling the out-
breaks of yellow fever and malaria that threatened its
completion.

Among the many advances achieved in the last century,
a number of which are shown in the Table, the AMEDD
has produced major advances in trauma management,
blood transfusions, and the treatment of shock. Dur-
ing the Korean War, the AMEDD developed innovative
techniques used for renal dialysis; and during the Viet-
nam War, it made significant improvements in the treat-
ment of acute respiratory failure. Throughout its illustri-
ous history, AMEDD continues to progress and evolve
by learning from each war and applying that knowledge
in future conflicts. The lessons we learned in the trench-
es of the 2 World Wars, the frontlines of Korea, and the
rice paddies of Vietnam made AMEDD stronger in the
towns of Somalia, the deserts of Iraq, and the mountains
of Afghanistan. The lessons we have learned in the most
recent conflicts in the Middle East will make us stronger,

COL Clinton K. Murray, MC, USA
MAJ Scott R. Hitter, SP, USA
MG Stephen L. Jones, MC, USA

wiser, and more effective in the conflicts to come. The
knowledge gained from conflicts in the past has been
applied in many ways. We have developed the Combat
Lifesaver and 68 W Programs, Tactical Combat Casual-
ty Care, damage control resuscitation, and damage con-
trol surgery. Through the years, the AMEDD has also
developed new treatments and rehabilitation methods in
all disciplines of medicine that have allowed Soldiers
and Families to lead productive lives.

During the past 14 years of war, the AMEDD helped
raise casualty survival rates from 76% in Vietnam to
over 92% during the wars in Iraq and Afghanistan.’
That means that over 8,000 casualties who would have
died in previous conflicts returned home to their fami-
lies. Our Warfighters fight more effectively knowing
that AMEDD is on the battlefield to care for them if in-
jured, and they take comfort in knowing that AMEDD
is caring for their Families back home.

The quality of medical care markedly advanced during
the wars in Iraq and Afghanistan due to evidence-based
medicine.** In addition, the advances in body armor,
fire retardant clothing and vehicles, vehicle survivabil-
ity, evacuation assets, and communication prominently
enhanced patient outcomes. Finally, since 80% of initial
care is done by the patient himself or buddy aid, trauma
medical management training of entire units—espe-
cially nonmedical personnel—can significantly impact
overall morbidity and mortality.”

Substantial efforts to codify and document care have
proved that significant improvement has occurred over
the last 14 years. Despite the statutory prohibition on
the performance of randomized controlled trials in the
combat zone (10 USC 980, Limitations on Use of Hu-
mans as Experimental Subjects), many lessons have still
been learned, rapidly disseminated, and effectively ap-
plied. Initially, the Advanced Technology Applications
to Combat Casualty Care annual meeting allowed shar-
ing of trauma-related lessons. The meeting transitioned
to the Military Healthcare System Research Sympo-
sium to broaden the lessons learned across all military
healthcare issues. Peer-reviewed journal supplements

April — September 2016 1
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AMEDD Advances in Combat Casualty Care.*

World War |

Use of intravenous fluids and blood transfusions

Motorized ambulances

Laparotomy for penetrating abdominal wounds

Use of surgical specialists

Effective topical antisepsis: Carrel-Dakins wound irrigation system
Antitetanus serum

Radiologic localization of foreign bodies

Neurosurgical trauma databank

Characterized the bacteria and infection rates associated with wounds

World War Il

General availability of whole blood and plasma
Formulaic resuscitation of burn patients

Availability of “well trained” surgeons and use of specialty specific Auxiliary Surgical Groups

Hierarchical organization of trauma care

Use of antibiotics

Use of fixed wing aeromedical evacuation
Identification of “Wet Lung in War Casualties”

Korean War

Fluid resuscitation adequate to correct shock and prevent organ failure
Availability of board certified surgical specialists

Forward availability of definitive surgery

Use of helicopters for patient transport

Primary repair and vascular grafts for injured vessels

Use of hemodialysis in theater of operations

Identification of high output renal failure

Recognition of seasonal variation in bacteria recovered from battle wounds

Vietham War

General use of helicopters for patient transport
Monitoring of organ function in theater of operations
Blood gas measurements

Serum chemistries

Portable radiology equipment
Use of mechanical ventilators in theater of operations
Effective topical antimicrobial chemotherapy for burns
Staged intercontinental aeromedical transport of burn patients
Identification of Acute Respiratory Distress Syndrome
Established Vietnam Vascular Registry

Operation Desert Storm/Shield

Burn team augmentation of evacuation hospitals to provide theater-wide burn care
Reactivation of intercontinental burn patient transport system

Operations in Iraq and Afghanistan

Development of a military trauma registry
“Low volume” resuscitation fluids - colloids and red blood cells
Hemostatic agents
Systemic
Topical
Use of “damage control” initial surgery
Use of endovascular stents
Common use of external fixators
Improved tourniquets
CAD/CAM limb prostheses
Pain control
Concussion care
Established clinical practice guidelines for combat casualty care
Identification of coagulopathy in injury
Challenges of treating infections with fungus and multidrug-resistant bacteria
Deployed Electronic Health Record
Reach back capability with telehealth and programmatic email communication

*Data from Pruitt,! Pruitt et al.2
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and Borden Institute textbooks (http://www.cs.amedd.
army.mil/borden/) have been published for wide dis-
semination of the information. In addition, guidelines
have been developed through collaborative military and
civilian subject matter expertise with regular revisions
as new lessons are learned.®!?

A 3-day meeting was held September 9-11, 2015, in San
Antonio, TX, to address key lessons across all of the
AMEDD Corps that had not been consistently captured
in previous publications. Forty-seven lectures®* were
delivered with a focus on Setting the Stage; Equipment
and Techniques; Tactics and Procedures Changes that
Impacted Care and Outcomes; Personnel Changes that
Impacted Care and Outcomes; Wounded Warrior Care;
Programmatic Implementations to Improve Health;
Operational System Challenges; Veterinary Care; Pub-
lic Health Challenges; and Doctrine and Training Pro-
grams. Thirty-six lectures were developed into manu-
scripts that are presented in this issue of the AMEDD
Journal. These articles highlight key aspects of the les-
sons learned and address aspects of Doctrine, Organiza-
tion, Training, Material, Leadership, Personnel, Facili-
ties, and Policy to ensure the lessons are incorporated
throughout the Army and Army Medicine.

REFERENCES

1. Pruitt BA. The symbiosis of combat casualty care
and civilian trauma care: 1914-2007. J Trauma and
Acute Care Surg. 2008;64:S4-S8.

2. Pruitt BA, Rasmussen TE, Gueller G. The formula
for success in military medical research. J Trauma
and Acute Care Surg. 2015;79:S64-S609.

3. Eastridge BJ, Mabry RL, Seguin P, et al. Death on
the battlefield (2001-2011): implications for the fu-
ture of combat casualty care. J Trauma and Acute
Care Surg. 2012;73:S431-S437.

4. Blyth DM, Yun HC, Tribble DR, Murray CK. Les-
sons of war: combat-related injury infections dur-
ing the Vietnam War and Operation Iraqi and En-
during Freedom. J Trauma and Acute Care Surg.
2015;79:S227-S235.

5. Murray CK, Hinkle MK, Yun HC. History of in-
fections associated with combat-related injuries. J
Trauma and Acute Care Surg. 2008;64:S221-S231.

6.

10.

12.

Kotwal RS, Howard JT, Orman JA, et al. The ef-
fect of a golden hour policy on the morbidity
and mortality of combat casualties. JAMA Surg.
2016;151(1):15-24.

Kotwal RS, Montgomery HR, Kotwal BM, et al.
Eliminating preventable death on the battlefield.
Arch Surg. 2011;146:1350-1358.

Tactical Combat Casualty Care Guidelines for
Medical Personnel. Fort Sam Houston, Texas: US
Army Institute of Surgical Research; June 2015.
Available at: http:/www.usaisr.amedd.army.mil/
pdfs/TCCC_Guidelines for Medical Person
nel 150603.pdf. Accessed December 4, 2015.

TCCC-MP Guidelines and Curriculum [inter-
net]. National Association of Emergency Medical
Technicians; 2016. Available at: http:/www.naemt.
org/education/TCCC/guidelines_curriculum. Ac-
cessed December 4, 2015.

JTS Clinical Guidelines [internet]. Fort Sam Hous-
ton, Texas: US Army Institute of Surgical Research;
2015. Available at: http:/www.usaisr.amedd.army.
mil/cpgs.html. Accessed December 4, 2015.

Murray CK, Hospenthal DR. Prevention and man-
agement of combat-related infections clinical prac-
tice guidelines consensus conference: overview. J
Trauma. 2008;64:S207-S208.

Hospenthal DR, Murray CK. Preface: Guidelines
for the prevention of infections associated with
combat-related injuries: 2011 update. J Trauma.
2011;71(2 suppl 2):S197-S201.

AUTHORS

COL Murray is Deputy Chief of the US Army Medical
Corps and Medical Corps Specific Branch Proponent Of-
ficer, AMEDD Center & School, Joint Base San Antonio
Fort Sam Houston, Texas.

MAJ Hitter is an Associate Professor, Interservice Phy-
sician Assistance Program, AMEDD Center & School,
Joint Base San Antonio Fort Sam Houston, Texas.

MG Jones is the Commanding General, AMEDD Center
& School, US Army Health Readiness Center of Excel-
lence, Joint Base San Antonio Fort Sam Houston, Texas.

*Available at https://www.milsuite.mil/book/groups/ameddcs-hrcoe-lessons-lessoned-conference-2015/overview

April — September 2016



SETTING THE STAGE

Planning for Organizational Success:

Hope is Not a Method

ABSTRACT

MG (Ret) David Rubenstein, MS, USA

The foundational requirement for US Army Medical Department (AMEDD) organizational success on the
battlefield is proper planning in accordance with Army doctrinal and tactical guidance. The same can be said
for every type of AMEDD garrison-based organization. Commanders and leaders of AMEDD garrison-based
organizations must be familiar with and rehearsed in the military decision making process, and use it to their
advantage in support of the Warfighter and his or her family.

Hope is Not a Method
Gordon R. Sullivan and Michael V. Harper!

THE PERSPECTIVE

Admiral Sergei Gorshkov of the former USSR knew the
American military well when he said “the most difficult
thing about planning against the Americans is that they
do not read their own doctrine, and they would feel no
particular obligation to follow it if they did.”? An anony-
mous American Soldier unknowingly supported the Ad-
miral’s observation with the comment “as a former Sol-
dier, let me assure you, ain’t none of us ever read those
damn things. Field manuals just take up space in some
back office and go untouched for years before someone
throws them out.”?

THEY SEE Us AS DIFFERENT

A nonhealthcare Army colleague once
expressed to me his sympathy for the
plight of the military healthcare lead-
er. “You healthcare leaders,” he said
“work by committee, always want to
talk, are constrained by guilds, feel a
need to reach consensus, try to influ-
ence others instead of giving orders,
and lead people who want to govern
themselves.” His conclusion: “I don’t
envy you one bit.”

In this article, I do not argue the point
that leadership skills are both similar
and different across a range of spe-
cialties within the Army and the mili-
tary. We must, though, understand that
some of our colleagues see us military

OCTOBER 2011
DISTRIBUTION RESTRICTIO!

healthcare leaders, and our organizations, as dramati-
cally different from them and their organizations. Unfor-
tunately, this opinion can put our work and our organiza-
tions at a disadvantage when trying to get approval of or
simple synchronization to operational plans.

BUT WE ARE THE SAME

The Army’s foundational doctrinal publication, Army
Doctrine Publication 3-0 (ADP 3-0),' defines “Army
doctrine [as] a body of thought on how Army forces
operate as an integral part of a joint force.”*®" This
capstone doctrine establishes “the Army’s view of the
nature of operations, the fundamentals by which Army
forces conduct operations, and the methods by which
commanders exercise mission command.”*®)

The family tree for ADP 3-0 goes back
to 1923 and the Army’s publication
of its Field Service Regulations. This
publication was “designed especially
for the government of the operations
of large units and of small units form-
ing a part of larger units.”” In it, the
| Army outlines the underlying doctrine
~ to guide the decisions and actions of
| commanders and staffs in land opera-
~ tions. Sanitation, hospitalization and
evacuation have a prominent place
in Field Service Regulations: Chapter
X (Shelter) of Part I (Operations) and
Chapter II (Hospitalization and Evac-
uation) of Part II (Administration).

The 1923 Field Service Regulations
served as the precursor to Field

4 http://www.cs.amedd.army.mil/amedd_journal.aspx
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Manual 100-5, Field Service Regulations, Operations,
published in 1941 to disseminate Army doctrine broadly
across an Army rapidly expanding for future operations,
which were realized as World War I1. In the Preface of
the 1992 reprint by the US Army Command and Gener-
al Staff College, historian Christopher Gabel points out
that “The 1941 version of FM 100-5 has long been rec-
ognized as a classic piece of doctrine writing, remark-
able for its clarity of concept and prose.”® However, un-
like its predecessor, health services were not addressed
in that publication.

Through the intervening years, Field Manual 100-5 was
continuously updated based on contemporary thinking
developed from lessons of past and current efforts and
expectations of future efforts. The current state of that
evolution is now vested in ADP 3-0 which, in addition
to presenting the Army’s capstone doctrine, “serves
as the basis for decisions about [Army] organization,
training, leader development, materiel, Soldiers, and
facilities.”*®)

Nowhere in the various editions of publications defin-
ing Army operations do we see that capstone doctrine
as intentionally limited to field units or warfighting
operations. In fact, “operational art is not associated
with a specific echelon or formation, nor is it exclu-
sive to theater and joint force commanders. Instead, it
applies to any formation that must effectively arrange
multiple, tactical actions in time, space, and purpose to
achieve a strategic objective, in whole or in part.”*®”
Garrison-based Army Medical Department units and
organizations certainly operate in “multiple, tactical ac-
tions in time, space, and purpose to achieve a strategic
objective....” 4

As the discussion of ADP 3-0 above demonstrates,
knowledge and application of Army doctrine applies
to all Army organizations, those in the field operating
at the tip of the spear, those in field and garrison loca-
tions planning the operations, and those uniquely in gar-
rison locations supporting the fight and the Warfighter.
Whether Soldiers in combat arms, combat support, and
combat service support, all are held to the same philoso-
phy, thinking, and expectations when it comes to Army
operations within our construct called Army doctrine.

DOCTRINE AS IT APPLIES TO PLANNING

In ADP 3-0, Army capstone doctrine defines an opera-
tions process as “a commander-centric activity, informed
by the mission command approach to planning, prepar-
ing, executing, and assessing military operations.”*®'?
From that foundation, ADP 3-0 tells us “planning is the
art and science of understanding a situation, envisioning

a desired future, and laying out effective ways of bring-
ing about that future.”**'® To understand, envision, and
develop solutions to unfamiliar problems requires that
“leaders integrate this methodology with the detailed
planning typically associated with the military deci-
sionmaking process to produce executable plans.”4®!

The concept of mission command is not unique to the
combat arms commander, leader, or organization. Nor
does it intend to exclude the medical commander, leader,
or organization. From our own Army doctrine we learn
“the medical commander exercises mission command
(authority and direction) over his subordinate medical
resources. As discussed in Army doctrine on unified
land operations, “the commander is the focus of mission
command....”’

Army health system support doctrine to the warfighter
and tactical units is outlined in Army Techniques Pub-
lication 4-02.3 (ATP 4-02.3).® While the primary fo-
cus for ATP 4-02.3 is for “Army Health System (AHS)
support to maneuver forces,” it specifically applies to
[author’s emphasis] “all commanders and their staffs,
command surgeons, AHS planners, and Army Medical
Department (AMEDD) personnel and units.”3*) The
reasoning for this emphasis is unambiguous: in its ulti-
mate design, all AMEDD support is to the commander
and Warfighter in the field. Within the AMEDD, garri-
son-based leaders, staffs, and organizations are as im-
portant as colleagues in tactical field-based healthcare
organizations in accomplishing the AMEDD respon-
sibility “to effectively execute AHS operations to sup-
port the tactical commander [requires] comprehensive
planning....”%¢3D

That comprehensive planning, to ensure the tip of the
spear is well supported by both AMEDD tactical units
and AMEDD garrison-based units, requires AHS plan-
ning on par with those being supported. To that end,
commanders and units being supported by the AMEDD
use the military decisionmaking process to develop
comprehensive plans. It stands to reason, then, that
AMEDD garrison-based organizations should also use
the military decisionmaking process.

The linkage is clear. Army doctrine applies to all Army
organizations; Army operations come from mission
command focused planning; Army operational plan-
ning is a result of the military decisionmaking process;
tactical and garrison-based AMEDD organizations are
a part of the Army; and the AMEDD commander, like
his nonhealthcare peers, exercises mission command. It
stands to reason, therefore, that AMEDD operational
planning in both field and garrison-based organizations

April — September 2016 5



SETTING THE STAGE

should be based on the military de-
cisionmaking process (MDMP).

THE MILITARY DECISIONMAKING

just at a bigger scale or faster rate.
Garrison operations to support the
warfight and the Warfighter are
different than day-to-day health-

FM 6-0

PROCESS . COM%&%&ETQ?%%T:SE care .operatior.ls. The populqtion
Field Manual 6-0 “applies to the OPERATIONS | is unique, their needs are unique,
Active Army, the Army National | the universe of interested people
Guard/Army National Guard of [ is unique, and the intense scrutiny
the United States, and the United [} given to the process is unique.
States Army Reserve unless oth- |-
erwise stated.”*™ It presents the As a result, these unique garrison
military decisionmaking process, MAY 2014 operations by AMEDD organiza-

one of the Army’s 3 planning
methodologies.”™" Key to this ar-

L Aperoveator publc relse. dvTuton % wrmnd

Trs TR 5.001.1, dubeet 34

tions in support of the warfight and
the Warfighter require planning.

ticle, the manual makes no exclu-
sion for garrison-based AMEDD
units. It provides guidance for
planning across all components
and branches of the Army.

» HEADQUARTERS, DEPARTMENT OF THE ARMY

Published Army doctrine describ-
ing effective planning requires
use of the MDMP. Implement-
ing MDMP requires commanders,
leaders, and staff who are schooled

To that end of inclusivity, “Effectively conducting the
military decisionmaking process requires leaders who
understand the fundamentals of planning.”®*) Opera-
tional planning in support of the commander and Warf-
ighter is not an activity for amateurs. Nor is it an activity
for a small subsection of the staff with knowledge of the
characteristics, steps, and plans. Instead, the “process
helps commanders, staffs, and others think critically
and creatively while planning.”°®*-D

Also, to be involved in the process means one under-
stands the process. The MDMP is taught to officers and
noncommissioned officers alike during professional
military education. The depth and complexity of that
exposure varies depending on the curriculum of the
specific course. Further, continuing practice with the
elements of the MDMP is dependent on the expectation
of the commander and senior leaders. In fact, “the com-
mander is the most important participant in the MDMP.
More than simply decisionmakers in this process, com-
manders use their experience, knowledge, and judgment
to guide staff planning efforts.””®*?

THE CHALLENGE OF DOCTRINE, ORGANIZATION, TRAINING,
MATERIAL, LEADERSHIP, PERSONNEL, FACILITIES

This returns us full circle to the opening paragraph of
this article and the realization that many of our col-
leagues, rightly or wrongly, see colleague leaders in
garrison-based AMEDD organizations as being differ-
ent. Unless those in garrison-based organizations learn,
understand, practice, and use Army doctrine related to
operations planning, they will be outsiders and, as out-
siders, minimized. Garrison operations to support the
warfight and the Warfighter are not business as usual,

and comfortable with it. Schooling
comes from attending professional military education;
comfort comes from routine use of the process.

There are at least 4 results that accrue from knowing,
practicing, and using the MDMP, three of which are:
plans that our line colleagues understand; plans that can
be easily integrated with those plans developed by other
Army and military organizations; and plans that lead to
successful mission command and successful missions.
The fourth result can best be voiced in the negative:
MDMP-developed plans ensure that commanders, lead-
ers, and staffs do not rely on hope as a method to a suc-
cessful outcome. Hope is Not a Method.!

From the perspective of Doctrine, Organization, Train-
ing, Material, Leadership, Personnel, Facilities (DOT-
MLPF), what is the commander, the staff leader, the
AMEDD to do? The answer to the doctrine, training,
and leadership elements of the DOTMLPF challenge
is 2-fold: schooling and use. First, the MDMP must be
schooled at all AMEDD professional military education.
Then, the MDMP must be inculcated into the planning
DNA of all AMEDD organizations and their people. Its
schooling and its use are not limited to field-based, tac-
tical units alone. Commanders and leaders of AMEDD
garrison-based organizations must be familiar with and
rehearsed in the military decision making process and
use it to their advantage in support of the Warfighter and
his or her family.
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Data-driven Casualty Estimation and Disease

Nonbattle Injury/Battle Injury Rates

in Recent Campaignhs
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ABSTRACT

To ensure Soldiers are properly equipped and mission capable to perform full spectrum operations, Army
medical planners use disease nonbattle injury (DNBI) and battle injury (BI) admission rates in the Total Army
Analysis process to support medical deployment and force structure planning for deployed settings. For more
than a decade, as the proponent for the DNBI/BI methodology and admission rates, the Statistical Analysis
Cell (previously Statistical Analysis Branch, Center for Army Medical Department Strategic Studies) has pro-
vided Army medical planners with DNBI/BI rates based upon actual data from recent operations. This article
presents the data-driven methodology and casualty estimation rates developed by the Statistical Analysis Cell
and accredited for use by 2 Army Surgeon Generals, displays the top 5 principal International Classification of
Disease, 9th Revision, Clinical Modification (ICD-9-CM) diagnoses for DNBI/BI in Operation Iraqi Freedom/
Operation New Dawn (OIF/OND), and discusses trends in DNBI rates in OIF/OND during the stabilization
period. Our methodology uses 95th percentile daily admission rates as a planning factor to ensure that 95% of
days in theater are supported by adequate staff and medical equipment. We also present our DNBI/BI estima-

tion methodology for non-Army populations treated at Role 3 US Army medical treatment facilities.

An important task of medical planning involves the
inevitable occurrence of disease and nonbattle injury
(DNBI) hospitalizations in deployed troops. Histori-
cally, DNBIs have exceeded combat-related injuries in
every major US military operation.' In 2002, the Office
of The Surgeon General noted that existing projection
models based on subject matter expert opinions pro-
duced admission rates much higher than those record-
ed during recent operations and asked the Center for
Army Medical Department (AMEDD) Strategic Studies
(CASS) to study the DNBI issue.® The Statistical Analy-
sis Cell (previously Statistical Analysis Branch, CASS)
was given the task to provide a new methodology for
casualty estimation and to calculate DNBI rates for re-
cent operations. Our approach was to develop a data-
driven methodology based on deployed population and
administrative healthcare data collected in theater and
to analyze profiles of DNBI rates over time.

In this article, we briefly describe 2 distinct disease and
nonbattle injury/battle injury (DNBI/BI) methodolo-
gies, one for deployed US Army Soldiers and one for
other groups of patients treated at Role 3 Army mili-
tary treatment facilities (MTFs) in theater. We present
variability in daily DNBI/BI rates over time, show how
DNBI/BI rates changed through the campaign, describe

which diagnoses mainly contributed to the volume of in-
cidence rates, and provide recommendations for future
analyses.

DEVELOPMENT OF DNBI RATES METHODOLOGY

The study of DNBI admission rates was conducted by
merging records from existing military databases, in-
cluding US Army Soldier deployment data from the
Contingency Tracking System files from the Defense
Manpower Data Center (DMDC) and hospitalization
data from the Standard Inpatient Data Record (SIDR)
files acquired from the Army’s Patient Administra-
tion Systems and Biostatistics Activity (PASBA). The
DMDC data identified all Soldiers who were deployed
to the various operations by date of arrival in theater
and date of departure from theater. Battle injuries were
identified through use of NATO Standardization Agree-
ment (STANAG) 2050 trauma indicator “0” (direct re-
sult of war) or “1” (other battle injuries) and cause of
injury codes 300-479 (injuries caused by enemy action).
Note that the SIDR variables for STANAG codes are
well-populated and provide a fairly reliable identifica-
tion for cause of injury.” For the remaining records, we
determined disease cases and nonbattle injury cases
using the principal diagnosis code. A hospital admis-
sion record was identified as disease if the 3-digit
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ICD-9-CM* principal diagnosis code was between 001-
799 or 960-999. Nonbattle injury included ICD-9-CM
codes 800-959.

We identified 2 types of operations: warfighting and
peacekeeping.” Statistical Analysis Cell (SAC) analysts
performed extensive data mining of deployment data
in Operations Desert Shield/Desert Storm (the Persian
Gulf War) and Operation Endeavor (peacekeeping in
Bosnia and Kosovo). Admission rates were determined
by merging the healthcare data records with the US
Army Soldier population data. Daily rates were ex-
pressed as the number of admissions per 1,000 Soldiers
present in theater on that day. Overall rates expressed
as the number of admissions per 1,000 Soldier-days
were calculated by taking the total number of hospital
admissions that occurred within the analyzed period
of time divided by the total number of Soldier-days at
risk (present in theater) during the time examined. Dur-
ing the peacekeeping operation, rates varied over time
seasonally or with geographic location.® Analysis of the
Persian Gulf War data indicated that DNBI admission
rates vary during the 3 phases of a warfighting opera-
tion—build up, ground combat, stabilization—when
these phases can be identified.

Additionally, the Statistical Analysis Cell determined
that the traditional use of mean or overall DNBI ad-
mission rates in previous medical planning processes
carried a significant risk of failing to provide sufficient
medical resources for approximately half of the de-
ployed days. To counter this problem, we developed an
alternate method to using the mean. The SAC examined
daily admission rates using percentile analysis and se-
lected the 95th percentile daily DNBI admission rate as
a planning factor. The 95th percentile cutoff point iden-
tifies the daily admission rate at which 95% of days had
hospital admissions at or below this rate. Only 5% of
days had admissions above this planning factor. Note
that we examined daily diagnosis profiles and found no
statistically significant difference between the top 5% of
days with the highest admissions and the bottom 95% of
days with lower admissions.’

Results of the SAC analysis addressing warfighting op-
erations were approved by The Army Surgeon General,
LTG James Peake, and Director, Force Management,
Army G-37/FM, MG Dennis Hardy in December 2002.
The DNBI 95th percentile admission rates were pro-
vided by the SAC to the Center for Army Analysis for
DNBI modeling and force structure planning in the To-
tal Army Analysis 2011 process (TAA 11). The analysis

*International Classification of Disease, 9th Revision, Clinical
Modification

results were published by Wojcik et al.” Throughout this
paper we refer to the term 95th percentile daily DNBI/
BI admission rate as a DNBI/BI admission rate.

METHODOLOGY FOR EXPANDED ADMISSION ANALYSIS

The Director, Force Management, concurred with the
Office of The Surgeon General that the DNBI analysis
should be a continuous process culminating in an an-
nual analysis and report to Army leadership.

In response, the Statistical Analysis Cell embarked upon
a project to analyze the rates of hospital admission for
disease and nonbattle injuries during recent troop de-
ployments and use the analysis to develop data-driven
DNBI web applications for medical deployment and
force structure planning. The resulting web tool sepa-
rately addresses peacekeeping (Bosnia, Kosovo) and
warfighting operations (Desert Shield/Desert Storm,
Operation Enduring Freedom, Operation Iraqi Free-
dom/Operation New Dawn), and takes into account
the geographic location, phase of the operation (if ap-
plicable), and the size and composition of the deployed
force. Composition variables include Soldier age, gen-
der, unit type, force component, and enlisted/officer sta-
tus. The SAC further expanded the admission analyses
to include disease, nonbattle injury, battle injury, com-
bat stress, and behavioral disorder rates in addition to
combined DNBI rates for US Army Soldiers. In 2005,
the DNBI rates were accredited by LTG Kevin Kiley for
use as a planning tool by the AMEDD and Army medi-
cal planners.”” In 2011, Army planners made the deci-
sion to replace DNBI rates based upon Desert Shield/
Desert Storm with admission rates estimated from data
collected in Operation Iraqi Freedom.

Also in 2011, the Statistical Analysis Cell received a re-
quest to provide the Center for Army Analysis a casu-
alty estimation methodology and estimated admission
rates for nontraditional populations (patients other than
US Army Soldiers) treated at Role 3 Army MTFs in
theater. A different methodology was proposed to esti-
mate DNBI/BI rates for these patients. Admission data
records include the patient beneficiary category which
indicates the basis under which individuals are provided
care at MTFs. Using the beneficiary category, the fol-
lowing groups of patients were identified in collabora-
tion with the Center for Army Analysis: other US uni-
formed services; coalition forces NATO; coalition forces
non-NATO; US government agencies and civilians; con-
tract employees; indigenous population; detainees; and
others. Since the populations at risk were not available
for these patient groups, the traditional method of rate
calculation could not be used. Rates for these patients
were defined in terms of US Army Soldier population at
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risk. The new estimation method was accomplished by
calculating ratios of the number of admissions for each
group of patients to the number of Soldier admissions at
Army Role 3 MTFs during the same period of time. Next,
these ratios were multiplied by the 95th percentile Army
Soldier daily admission rate during the examined period
of time to estimate the rates for nontraditional groups of
patients treated at Role 3 Army facilities (expressed per
1,000 Soldiers). Results of this analysis were incorpo-
rated into the TAA processes starting with TAA 14-18.

[LLUSTRATION OF DNBI/BI RATE METHODOLOGY

Data and admission rates presented in this paper were
obtained using the sources and methods described above.
For this illustration, US Army Soldier deployment data
and US Army Role 3 hospitalization data were summa-
rized for the entire campaign of Desert Shield/Desert
Storm (DS/DS), for Operation Enduring Freedom for
the period September 11, 2001, through December 31,
2012, and for Operations Iraqi Freedom and New Dawn
(OIF/OND) for the period September 1, 2002 through
December 31, 2011. Three distinct phases were iden-
tified for OIF/OND: buildup (September 1, 2002, to
March 19, 2003), ground combat (March 20, 2003, to
April 30, 2003), and stabilization (May 1, 2003, to De-
cember 31, 2011).

Data used by the Statistical Analysis Cell were obtained
and analyzed following strict data governance rules ap-
proved by the Army Human Research Protection Office:
records were limited in scope to variables needed for the
stated purposes and de-identified. All datasets were pro-
tected on secure DoD servers. Data analyses were per-
formed using SAS version 9.1.3 software (SAS Institute,
Inc, Cary, NC). P-values less than .05 were considered
statistically significant.

The variability in 95th percentile daily DNBI/BI rates
during the stabilization phase in OIF/OND was present-
ed as percentage change compared to the first year of the
stabilization phase. The overall change was presented
as a fluctuation ratio between the largest and smallest
DNBI/BI admission rates during the entire stabilization
period. The top 5 principal ICD-9-CM diagnoses for
each category of disease and injury type for US Army
Soldiers hospitalized during the OIF/OND campaign
were identified.

Because nontraditional populations were unknown, rates
for these patients were defined in terms of US Army Sol-
diers population at risk. Using the new methodology de-
veloped by the SAC, ratios of the number of admissions
for each group of patients to the number of Army Soldier
admissions were multiplied by the 95th percentile Army
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Soldier daily admission rate to estimate rates for nontra-
ditional groups of patients (expressed per 1,000 Soldiers).

RESULTS
Rates for US Army Soldiers

Figures 1 and 2 present profiles of DNBI admissions and
admission rates during buildup, ground combat, and the
first year of stabilization in Operation Iraqi Freedom.
These graphs reveal daily variability in the size of de-
ployed troops and also in the number of hospital admis-
sions during each phase of the campaign. Note that low
admission counts (Figure 1) during the build-up phase
equate to high admission rates (Figure 2) due to the rela-
tively small number of deployed troops. Admissions and
admission rates demonstrate descending trends for the
stabilization phase. Results of the analysis performed
for this phase show that each year’s 95th percentile daily
admission rate is more than 25% lower than the DNBI
rate during the first year of stabilization. A fluctuation
ratio of 1.45 illustrates an almost 50% difference be-
tween the lowest and the highest DNBI rate during the
stabilization period. For the same period of time, the BI
rates demonstrated much higher variability (fluctuation
ratio was 4.3), and the 95th percentile daily BI admis-
sion rates for the last 3 years of OIF/OND decreased, on
average, by almost 60%.

Table 1 presents 95th percentile daily admission rates
for 3 recent campaigns. The DNBI rates for Iraq and
Afghanistan are 47% and 27% lower than the DNBI rate
for Desert Shield/Desert Storm. Table 2 presents the top
5 principal diagnoses in OIF/OND for each category:
disease, nonbattle injury, and battle-injury. The top di-
agnosis for NBI is concussion, for Bl is fracture of tibia
and fibula, and for disease is symptoms involving chest
and respiratory system.

Rates for Nontraditional Populations

Table 3 presents results of the casualty estimation for
nontraditional populations for the entire OIF/OND cam-
paign. Analysis conducted by phase showed that for each
Soldier admitted during the stabilization period, there
was over one patient from the nontraditional categories
admitted to Role 3 Army MTFs. This ratio is even more
pronounced for BI patients (more than 2 nontraditional
patients admitted for each admitted US Army Soldier).

COMMENT

This paper presents the methodology behind the current
DNBI/BI medical planning factors accredited by the
Army Surgeon Generals and used in consecutive Total
Army Analysis requirements for over a decade. Use of
data from actual deployments as the basis for the casu-
alty estimation of DNBI/BI rates greatly improved their
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Figure 1. Daily admissions of US Army Soldiers for disease and nonbattle injuries and daily Soldier population at risk in Operation

Iraqi Freedom through first year of Stabilization (April 30, 2004).

accuracy compared with previous planning tools which
relied primarily on subject matter expert opinions. The
DNBI/BI casualty estimation rates were validated by
comparison to the most recently available data from cur-
rent deployments. The methodology along with the SAS
programming code was internally and externally veri-
fied and validated. The Center for Army Analysis used
these rates to update Combat Support Hospital Rules of
Allocation. As a consequence, the total number of beds
and the total number of medical staff were corrected to
account for nontraditional groups of patients. Prior to
the analysis performed by the Statistical Analysis Cell,
these patients were not included in the TA A process and
the medical workload did not account for treating pa-
tients other than US Army Soldiers.

April — September 2016

The continuous update of DNBI/BI rates is crucial for
the accuracy of the casualty estimates. Our analysis is
based on both healthcare administrative data from the
SIDR housed by PASBA, and the Contingency Tracking
System files capturing the US Army deployed Soldier
population from DMDC. Both files are still subject to
updates, changes, and corrections to the existing records.
As a result, our estimates change, which is reflected in
planning factors for consecutive TAA cycles.

Comparison of the DNBI/BI rates currently in use to
the rates originally used in the TAA 11 based on the
Desert Shield/Desert Storm experience emphasizes the
effectiveness of the recent strategic approaches regard-
ing force health protection, including Soldier readiness,
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Figure 2. Daily admission rates (per 1,000 Soldiers) for disease and nonbattle injuries and daily Soldier population at risk in Opera-
tion Iragi Freedom through first year of Stabilization (April 30, 2004), with 95th percentile (PCTL) phase rates.

new and/or improved personal protection equipment,
personal physical fitness, camp sanitation measures, im-
proved medical screening, environmental surveillance
of the deployment destination, and more.!! For example,
for TAA 11, the 95th percentile daily DNBI rate for the
ground combat phase based on DS/DS was 0.590/1,000
Soldiers. In recent TA A analysis, this rate is 0.287/1,000
Soldiers. The 95th percentile daily DNBI rate for stabi-
lization was 0.370/1,000 Soldiers for DS/DS and now is
0.202/1,000 Soldiers based on OIF/OND data.

During the last decade, DNBI rates in OIF/OND de-
creased by 25% compared to the first year of stabiliza-
tion, and BI rates decreased in the last 3 years of the
campaign by almost 60%. These decreasing trends

12

demonstrate the effectiveness of Army initiatives to
protect deployed Soldiers.

To fully embrace challenges regarding readiness of de-
ployed troops, dental emergency encounters or D-DNBI
incidence rates must be included in the planning process.
In recent campaigns, dental emergency rates exceeded
medical DNBI rates.”>"* Dental emergencies in a de-
ployed setting may compromise combat effectiveness of
deployed Soldiers, which is why medical planners need
accurate estimates of D-DNBI rates to properly deter-
mine the amount of equipment, supplies, and manpower.

The DNBI casualty estimation methodology allowed us
to conduct numerous epidemiological studies regarding

http://www.cs.amedd.army.mil/amedd_journal.aspx
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1,000 US Army Soldiers).

Table 1. Campaign Comparison of 95th Percentile Daily Admission Rates (per

Campaign Disease NBI DNBI Population at Risk

(total Soldier days)
Desert Shield/Desert Storm? 0.307 0.110 0.392 55,757,089
Operations Iraqi Freedom/New Dawn®  0.166 0.071 0.208 404,439,909
Operation Enduring Freedom® 0.227 0.122 0.285 130,098,331

AEntire campaign
bThrough 31 Dec 2011 (the end of OND)
CThrough 31 Dec 2012

sion Category.

Table 2. Top 5 Principal Diagnoses? for In-theater Admissions in Operations Iragi Freedom/New Dawnb by Admis-

Disease Nonbattle Injury Battle Injury
Diagnosis % Diagnosis % Diagnosis %
786 Symptoms involving respiratory | 6.81 | 850 Concussion 5.74 | 823 Fracture of tibia and fibula 5.11
system and other chest symptoms
592 Calculus of kidney and ureter 4.72 | 802 Fracture of face bones 4.37 | 863 Injury to gastrointestinal 4.69
tract
682 Other cellulitis and abscess 4.22 | 824 Fracture of ankle 3.88 | 891 Open wound of knee, leg 4.35
[except thigh], and ankle
540 Acute appendicitis 4.19 | 959 Injury, other and 3.88 | 890 Open wound of hip and thigh | 4.28
unspecified
780 General symptoms (Alteration |4.02 | 823 Fracture of tibia and fibula | 3.78 | 873 Other open wound of head 3.65
of consciousness)

43-digit ICD-9-CM diagnosis code
bThrough 31 Dec 2011 (the end of OND)

Table 3. OIF/OND DNBI Admission Ratios and Rates? for all Patient Populations
Compared to US Army Soldiers.
Patient Category Ratioto | 95% Army Daily Rate
Army Admission per
Admissions Rate per 1,000
1,000 Soldiers | US Army
Soldiers
US Army 0.208
Other US uniformed services 0.166 0.035
Coalition forces NATO 0.069 0.014
Coalition forces non-NATO 0.014 0.003
US government agencies and civilians 0.019 0.004
Contract employees 0.274 0.057
Indigenous population 0.174 0.036
Detainees 0.278 0.058
Other 0.0004 0.0001
Total (excluding US Army) 0.9944 0.207
AThrough 31 Dec 2011 (the end of OND)

Soldiers’ readiness in both OEF and OIF/OND. These
studies cover a wide spectrum of healthcare topics, in-
cluding behavioral health,' traumatic brain injury,'*'

organization, training, materiel, leadership and educa-
tion, personnel, and facilities development, and crucial
for success of future operations.

spinal cord injury,"” and dental emergencies.'®
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ABSTRACT

Disease and nonbattle injury (DNBI) are the leading causes of morbidity during wars and military operations. How-
ever, adequate medical data were never before available to service public health centers to conduct DNBI surveillance
during deployments. This article describes the process, results and lessons learned from centralized DNBI surveil-
lance by the US Army Center for Health Promotion and Preventive Medicine, predecessor of the US Army Public
Health Command, during operations in Afghanistan and Iraq (2001-2013).The surveillance relied primarily on medi-
cal evacuation records and in-theater hospitalization records. Medical evacuation rates (per 1,000 person-years) for
DNBI were higher (Afghanistan: 56.7; Iraq: 40.2) than battle injury rates (Afghanistan: 12.0; Iraq: 7.7). In Afghanistan
and Iraq, respectively, the leading diagnostic categories for medical evacuations were nonbattle injury (31% and 34%),
battle injury (20% and 16%), and behavioral health (12% and 10%). Leading causes of medically evacuated nonbattle
injuries were sports/physical training (22% and 24%), falls (23% and 26%) and military vehicle accidents (8% and
11%). This surveillance demonstrated the feasibility, utility, and benefits of centralized DNBI surveillance during

military operations.

Historically, disease was the greatest threat to Soldiers’
health and the leading cause of death in early Ameri-
can wars, including World War 1. During World War
I, there was a transition to a more mechanized Army.
There were also significant advances in sanitary and
medical control of infectious diseases.? As a result, for
the first time in history, the Army fatality rate for dis-
ease and nonbattle injury (DNBI) combined (74/10,000
Soldiers) was much lower than the rate for battle injury
(209/10,000 Soldiers).?

Unlike the fatality rate, the hospitalization rate for DNBI
in World War II was still much higher (669/1,000 person-
years [p-years]) than the rate for battle injury (29/1,000
p-years), due primarily to disease (592/1,000 p-years).!
Even though DNBI and battle injury rates dropped sig-
nificantly in Viet Nam and again in Operations Desert
Shield and Desert Storm (the Gulf War, 1990-1991), the
DNBI hospitalization rate was still higher than the bat-
tle injury rate in the Gulf War (152/1,000 p-years and
6/1,000 p-years, respectively).*> Of the DNBI hospital-
izations in the Gulf War, the 2 leading diagnosis catego-
ries were acute nonbattle injury and conditions of the
musculoskeletal system, accounting for 25% and 13% of
hospitalizations, respectively.®

After 13 years of continuous military operations in Af-
ghanistan and Iraq, the Army is rapidly transforming
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from a force focused on counterinsurgency operations
to a smaller force that will be more adaptable, mobile,
and responsive to global threats.”® In the future, there
will be an ever greater dependence on the personal med-
ical readiness of every Soldier. In this rapidly changing
operational setting, every casualty, whether from battle
injury or DNBI, will impact unit and mission readiness.
Even more than now, commanders will rely on near-real
time DNBI surveillance to assess medical readiness of
the force and identify emerging medical threats."*°

In past military deployments and conflicts, up to and
including Operations Desert Shield and Desert Storm,
the military services had no systematic, theater-wide
DNBI surveillance.’ Reported DNBI patterns, rates, and
trends were based on analysis of hospitalization records
that were centrally collected after the deployments end-
ed.’ The absence and importance of a systematic DNBI
surveillance program were realized when there were in-
sufficient medical and environmental surveillance data
to evaluate possible causes of adverse health effects re-
ported by veterans of the Gulf War.'?

In 1993, the Joint Staff mandated medical surveillance
with weekly DNBI reporting on future joint deploy-
ments.>!" A theater-wide program for collecting outpa-
tient data for DNBI surveillance was in place for deploy-
ments to Somalia (Operation Restore Hope, 1992-1993),
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Haiti (Operation Uphold Democracy, 1994), and Egypt
(Bright Star training exercise, 1994). But these surveil-
lance data were incomplete and nonspecific.’ This same
Joint Staff DNBI surveillance was still in place in Oc-
tober 2001 when Operation Enduring Freedom began in
Afghanistan.

IMPROVEMENTS IN DNBI SURVEILLANCE DURING
OPERATIONS IN AFGHANISTAN AND IRAQ

In 2003, the Deployment Health Support Directorate
(Office of the Secretary of Defense) fielded the The-
ater Medical Information Program (TMIP), a layered
force health protection data system.!” The Joint Medical
Workstation (JMeWS), an element of TMIP fielded in
January 2003, provided online, near real-time medical
surveillance and analysis derived from patient records
and DNBI reports.'®!? Later, TMIP added the Medical
Situational Awareness in the Theater (MSAT) and The-
ater Medical Data Store (TMDS) web-based applica-
tions that allow both classified and unclassified access
to theater medical records and other medical data.”*"
Numerous system updates contributed to improvements
in the theater medical surveillance capability during
the operations in Afghanistan and Iraq.”” Updates to
components of the electronic health record, including
AHLTA-Theater and Theater Composite Health Care
System Cache, improved the capture of outpatient and
inpatient medical encounters, respectively. Improve-
ments in the theater informatics infrastructure allowed
greater connectivity and access to these systems. But
even with these improvements, concerns persisted about
the completeness and accuracy of the in-theater DNBI
surveillance capability and the medical encounters in
the electronic health record.

In early 2004, the US Army Center for Health Promotion
and Preventive Medicine (USACHPPM), predecessor of
the US Army Public Health Command (USAPHC) de-
veloped and implemented a plan for centralized DNBI
surveillance for the operations in Afghanistan and Iraq.
This surveillance plan included identifying and coding
causes of nonbattle injury to monitor rates and trends
over time. This article describes the process used by the
USACHPPM and USAPHC for centralized DNBI sur-
veillance for operations in Afghanistan and Iraq; sum-
marizes findings from the surveillance; and describes
surveillance lessons learned.

METHODS

The Injury Prevention Program at USACHPPM identi-
fied and evaluated medical and nonmedical data systems
for their potential contribution to centralized, system-
atic DNBI surveillance. It evaluated the data systems
initially in 2004, and reevaluated them periodically as
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changes and improvements were made. Using data com-
pleteness, accuracy, accessibility, timeliness, and utility
as criteria, the following data systems were evaluated:

» Medical encounter data from theater accessed
through MSAT and TMDS

» Standard Inpatient Data Records (SIDR) from in-
theater hospitalizations provided by the Patient

Administration System and Biostatistics Activity
(PASBA), Office of the Surgeon General

» Medical evacuation records from the Transporta-
tion Command Regulating and Command & Con-
trol Evacuation System (TRAC2ES)

» Casualty records from the Defense Casualty Infor-
mation Processing System

» Accident records from the Army Safety Manage-
ment Information System

The USACHPPM concluded from this evaluation that
TRAC2ES and hospitalization records were best suited
for centralized surveillance. The data from TRACE2S
were complete (all medical evacuations from theater),
accurate, accessible (through the TRAC2ES portal),
timely (data entered at the time of evacuation), and use-
able (ie, unique personal identifiers, ICD-9-CM™ diag-
nosis codes, and patient histories from which causes of
nonbattle injury could be determined). Also considered
was the fact that Soldiers requiring evacuation from
theater have serious medical conditions and are a “loss”
to their unit until they return to theater or are replaced.
Each loss negatively affects the unit’s mission readiness
related to the operational tempo and special skills of
each Soldier. While hospitalization records were judged
to be accurate and useable, they were not accessible un-
til 4 to 6 months after the hospitalization occurred.

The USACHPPM evaluation of the remaining data
sources (ie, theater outpatient encounters, casualty re-
cords, and accident records) determined that they should
be used only as secondary data sources. Due to theater-
related issues, the outpatient encounter data were incom-
plete and the representativeness of available data could
not be determined. These encounter data were used to
investigate some specific medical problems, but were not
used in the centralized surveillance. Casualty and acci-
dent records were valuable in providing additional de-
tails about the causes and mechanisms of some injuries.

For rate calculations used in the surveillance, the Armed
Forces Health Surveillance Center provided the denomi-
nator data (number of deployed person-months) for each
month of the deployments. These data were based on the

*International Classification of Diseases, 9th Revision, Clinical
Modification
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Contingency Tracking System data from the Defense
Manpower Data Center.

REsuLTS OF CENTRALIZED DNBI SURVEILLANCE
Medical Evacuations

Overall, 20,702 Soldiers were medically evacuated from
Operation Enduring Freedom (OEF: October 2001 to De-
cember 2013) and 47,647 Soldiers were evacuated from
Operation Iraqi Freedom-New Dawn (OIF-OND: March
2003 to December 2011). Medical evacuation rates in
OEF for disease, nonbattle injury, and battle injury were
28.6/1,000 p-years, 18.1/1,000 p-years, and 12.0/1,000 p-
years, respectively. In OIF-OND, these rates were lower
than in OEF (24.0/1,000 p-years, 16.3/1,000 p-years, and
7.7/1,000 p-years, respectively).

Figures 1A and 1B show the monthly rates for DNBI
(blue line) and battle injury (red line) medical evacua-
tions from OEF and OIF-OND, respectively. Monthly
rates were highest during the initial phases the opera-
tions. After the initial phases, monthly DNBI rates in
OEF were generally higher (range after 2002: 21/1,000
p-years to 93/1,000 p-years) than in OIF (range after
2003: 20/1,000 p-years to 70/1,000 p-years). Monthly
battle injury rates in OEF were lower prior to May 2006
compared to the period June 2006 to December 2011.
Battle injury rates after June 2006 in OEF followed a
seasonal pattern with higher rates between April and
September reflecting higher levels of hostile action dur-
ing the warmer months. In OIF-OND, monthly battle
injury rates were higher during the first half of the op-
eration (March 2003 to May 2008; range: 5 to 25/1,000
p-years) compared to the period June 2008 to December
2011 (range: 0 to 5/1,000 p-years).

Figures 2A and 2B show the distribution of medical
evacuations for each operation by primary diagnosis
groups in the ICD-9-CM. The pattern for distribution
is similar for both operations. The 2 leading diagnosis
categories for OEF and OIF-OND were nonbattle injury
(ie, acute injuries and injury-related musculoskeletal
conditions) accounting for 31% and 34%, respectively,
of medical evacuations, and battle injury, accounting
for 20% and 16%, respectively, of evacuations. The next
3 leading categories for OEF and OIF-OND were be-
havioral health (12% and 10%, respectively), ill-defined
conditions (8% and 9%, respectively), and digestive dis-
orders (6% for both operations).

Figures 3A and 3B show the annual percentage of all
medical evacuations for each of the 6 leading diagnosis
groups from Figures 2a and 2b. Evacuations for nonbat-
tle injury fluctuated in both operations. The percentage
of battle injury evacuations in OEF increased starting in
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2006, whereas the battle injury percentage in OIF-OND
was increasing from 2003 to 2007 and then dropped
from 2008 to 2013. For both operations, the percentage
of evacuations for behavioral health increased begin-
ning in 2007, peaking at 18% in OEF (2012) and 21% in
OIF-OND (2010).

Figure 4 shows the leading causes of nonbattle injuries
that required medical evacuation, as determined from
the patient history in TRAC2ES records. The leading
causes of nonbattle injury were similar for both opera-
tions, though the rank order of the causes differed by op-
eration. Sports and physical training accounted for 24%
and 22% of nonbattle injury evacuations in OIF-OND
and OEF, respectively. Falls and near-falls accounted for
23% of evacuations in OIF-OND and 26% in OEF. Mili-
tary motor vehicle accidents accounted for 11% and 8%
of nonbattle injury evacuation in OIF-OND and OEF,
respectively.

In-theater Hospitalizations

Overall, there were 12,251 hospitalizations in OEF and
23,299 hospitalizations in OIF-OND. Hospitalization
rates for disease, nonbattle injury, and battle injury in
OEF were 16.1/1,000 p-years, 6.2/1,000 p-years, and
12.3/1,000 p-years, respectively. In OIF-OND, hospital-
ization rates for disease and nonbattle injury (26.3/1,000
p-years and 8.8/1,000 p-years, respectively), were higher
than in OEF, but the rate for battle injury (9.1/1,000 p-
years) was lower.

The distribution of primary diagnosis groups for in-
theater hospitalizations differed from the distribution
for medical evacuations. For OEF and OIF-OND, the 4
leading diagnosis groups for hospitalizations were bat-
tle injury (36% and 21%, respectively), nonbattle injury
(18% and 19%, respectively), digestive disorders (11%
and 15%, respectively) and ill-defined conditions (10%
for both operations). Whereas behavioral health ranked
third for medical evacuations in both operations (18% to
21%), it ranked eighth for OEF hospitalizations (3.0%)
and sixth for OIF-OND hospitalizations (6%).

The distribution of causes of nonbattle injuries hospi-
talized in-theater also differed from the distribution for
nonbattle injuries that were medically evacuated. The
2 leading causes of nonbattle injury hospitalizations
for OEF and OIF-OND were military vehicles (21% for
both operations) and falls (21% and 15%, respectively).
Inhalation or ingestion of toxic substances (intentional
injuries) ranked fourth for OEF (11%) and third for OIF-
OND (13%). Sports and physical training ranked fifth
for hospitalizations but was the leading category for
nonbattle injury medical evacuations.
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1B. Operation Iraqi Freedom - New Dawn (March 2003 - December 2011).

Figure 1. Monthly rates (per 1,000 person-months) for medical evacuation of battle injuries and disease/nonbattle injuries for

Operation Enduring Freedom (1A) and Operation Iraqi Freedom - New Dawn (1B).
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2B. Operation Iraqi Freedom - New Dawn (2003 - 2011).

Figure 2. Distribution of primary diagnosis categories for US Army medical evacuations from Operation Enduring Freedom (2A) and
Operation Iragi Freedom - New Dawn (2B).
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dom (3A) and Operation Iraqi Freedom - New Dawn (3B).
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COMMENT

The USACHPPM/USAPHC conducted central-
ized DNBI surveillance during the operations
in Afghanistan and Iraq. This surveillance used
medical evacuation and in-theater hospitalization
records as primary data sources. A unique com-
ponent of the surveillance was coding causes of
nonbattle injuries based on the narrative patient
history in TRAC2ES records. This surveillance
demonstrated the feasibility and utility of identify-
ing causes of nonbattle injury from medical evacu-
ation and hospitalization records.

Operation Enduring Freedom and OIF-OND were
the first Army operations of this scale in which
data were available to conduct centralized DNBI
surveillance during the operations. This surveil-
lance provided an additional means of monitor-
ing health of the force and identifying emerging
medical threats. As for nonbattle injuries, this sur-
veillance helped to focus attention on potentially
preventable causes of injury such as falls from tac-
tical vehicles, rollover tactical vehicle accidents,
and injuries from sports and physical training.

Distributions for the primary diagnosis groups for
medical evacuations were similar for both opera-
tions. The 3 leading diagnosis groups were nonbat-
tle injury, battle injury, and behavioral health. The
leading diagnosis groups for in-theater hospital-

[ OIF-OND (n=11,063)

B OEF (n=4,870)
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Figure 4. Causes of US Army nonbattle injuries requiring medical evacu-
ations from Operation Enduring Freedom (OEF), 2001-2013, and Opera-
tion Iraqi Freedom - New Dawn (OIF-OND), 2003-2011.

izations were also similar for both operations (ie,

battle injury, nonbattle injury, and digestive), but
the rank order and proportion for the leading diagnosis
groups were different for hospitalizations compared to
medical evacuations. In-theater medical capabilities and
individual prognosis likely influenced these differences.

LESSONS LEARNED FROM DNBI SURVEILLANCE IN
AFGHANISTAN AND IRAQ

As the Army transforms to a smaller, yet more adapt-
able, mobile, and responsive force, senior leaders and
commanders will have a greater expectation for near
real-time DNBI surveillance to accurately assess the
medical readiness of the force and identify emerging
medical threats."*’ Lessons learned from surveillance
during OEF and OIF-OND should guide efforts in the
Department of Defense and Army as they work toward a
more robust and informative DNBI surveillance for the
future. Lessons learned from this surveillance follow:

e Central DNBI surveillance was achieved using
medical evacuation (TRAC2ES) and in-theater hos-
pitalization (SIDR-PASBA) records.
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e Utility of MSAT for centralized DNBI surveillance
was limited because it could only be accessed on
the classified network. As such, MSAT data could
not be analyzed or linked to other medical and non-
medical surveillance data that reside on unclassi-
fied systems.

e Air evacuation records from TRAC2ES were used
to identify and code causes of nonbattle injury. In-
theater SIDR hospitalization records from PASBA
included coded causes of injury.

e The deployment outpatient encounter data in MSAT
did not have coded causes of injury. Currently, in-
jury cause coding in the electronic health record
by medical providers is not mandatory in the elec-
tronic health records. As a result, causes of injury
are unknown for injuries treated at levels I and II
where the majority of injured Soldiers receive medi-
cal care. Finding a solution to this important short-
fall in the health record should be a priority.

Nonbattle injury was the leading diagnostic cat-
egory of medical evacuations in both operations,

21



SETTING THE STAGE

followed by battle injury. Of in-theater hospitaliza-
tions, battle injury was the leading category, fol-
lowed by nonbattle injury. These data show that in-
juries are a leading medical problem during deploy-
ments and affect unit and mission readiness.

Leading causes of nonbattle injury during deploy-
ments were the same as leading causes among Sol-
diers in garrison. Whether in garrison or on deploy-
ment, the 3 leading causes of injury for hospitalized
nonbattle injuries are motor vehicle accidents, falls,
and sports/physical training.!® The leading cause of
air evacuated nonbattle injuries was sports/physical
training, which is also the leading cause of injuries
among Soldiers in garrison.'”!8

CENTRAL AND IN-THEATER DNBI SURVEILLANCE ISSUES
RELATED TO DOCTRINE, ORGANIZATION, TRAINING,
MATERIEL, LEADERSHIP & EDUCATION, PERSONNEL,
AND FACILITIES

Doctrine

¢ Policy and directives should include the requirement

for entering medical care in the electronic medical
record at all levels of medical care in theater. De-
spite improvements during OEF and OIF-OND, no
outpatient medical encounters were entered in the
electronic medical record during the most recent
operation in Africa (Operation United Assistance,
2014-2015).

Consideration should be given to allow greater ac-
cess to deployment medical encounter and popula-
tion data from MSAT on unclassified systems to
support military public health centers in medical
surveillance and force health protection work.

Training

¢ Active and reserve component medical units should

receive predeployment training on the medical
information technology systems they will use in
theater (for example, Medical Communications for
Combat Casualty Care [MC4] and IMeWS).

Facilities
¢ In-theater support for JMeWS/MSAT/MC4 sys-

tems is essential for data flow throughout the en-
terprise to those with a need-to-know. Reliable in-
theater and central DNBI surveillance at all levels
of care can only be achieved when the medical en-
counter data are complete and representative of the
deployed population.

Leadership & Education

¢ Given the magnitude of the injury problem for the
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Army, senior medical and safety leaders should sup-
port mandatory cause-coding of injuries in the elec-
tronic health record.

REFERENCES

1. Sanders JW, Putnam SD, Frankart C, et al. Impact
of illness and noncombat Injury during Operations
Iraqi Freedom and Enduring Freedom (Afghani-
stan). Am J Trop Med Hyg. 2005;73(4):713-719.

2. Skeehan CD, Tribble DR, Sanders JW, Putnam
SD, Armstrong AW, Riddle MS. Nonbattle injury
among deployed troops: an epidemiologic study.
Mil Med. 2009;174:1256-1262.

3. Defense Casualty Analysis System, Defense Man-
power Data Center. US Military Casualties: Con-
flicts 1775-1991 [internet]. Available at: https:/
www.dmdc.osd.mil/dcas/pages/report_principal
wars.xhtml. Accessed September 25, 2015.

4. Jones BH, Perrotta DM, Canham-Chervak ML,
Nee MA, Brundage JF. Injuries in the military: a
review and commentary focused on prevention.
Am J Prev Med. 2000;18(suppl 3):71-84.

5. Writer JV. Deployment injuries. In: Kelly PW, ed.
Military Preventive Medicine: Mobilization and
Deployment. Vol 1. Fort Sam Houston, TX: Borden
Institute; 2003:523-537.

6. Writer JV, DeFraites RF, Keep LW. Non-battle in-
jury casualties during the Persian Gulf War and
other deployments. 4m J Prev Med. 2000;18(suppl
3):64-70.

7. Davidson RS. The vision: transformation of our
cold war-era force. Mil Intell. 2000;26:5-8.

8. McHugh JM, Odierno RT. Army Strategic Plan-
ning Guidance 2013 [internet]. Available at: http:/
www.army.mil/e2/rv5 downloads/info/references/
army_strategic planning guidance.pdf. Accessed
September 23, 2015.

9. Peake JB. Reflections on injuries in the military:
a hidden epidemic. Am J Prev Med. 2000;18(suppl
3):4-5.

10. DeNicola AD. Deployment surveillance. In: NATO
Medical Surveillance and Response, Research and
Technology Opportunities and Options. Report No.
RTO-MP-HFM-108. 2004:9:1-9.10. Available at:
http://www.dtic.mil/dtic/tr/fulltext/u2/a433716.pdf.
Accessed September 24, 2015.

11.  Department of Defense Instruction 6490.3: Imple-
mentation and Application of Joint Medical Sur-
veillance for Deployments. Washington, DC: US
Department of Defense; August 7, 1997. Available
at: http://biotech.law.lsu.edu/blaw/dodd/corres/
pdf2/i64903p.pdf. Access September 24, 2015.

12. Hooper TI, DeBakey SF, Bellis KS, Cox KL,
Gackstetter GD. The Joint Medical Workstation
(JMeWS) database in 2003: intradeployment health
encounters of military personnel supporting Op-
erations Enduring Freedom and Iraqi Freedom. Mil
Med. 2008;173(2):119-128.

http://www.cs.amedd.army.mil/amedd_journal.aspx




13.

14.

15.

16.

THE ARMY MEDICAL DEPARTMENT JOURNAL

Performance Military Health System Medical Situ-
ational Awareness in Theater/The Theater Medical
Data Store [internet]. Reston, VA: Data Networks
Corporation. Available at: http:/www.dncx.com/
PDF%20Files/DHITS%202014%20%20-%20
MSAT%20TMDS%20Both%20Pages.pdf. Acces-
sed September 28, 2015.

Fact Sheet: Medical Situational Awareness in the
Theater (MSAT) [internet]. Health Information
Technology Directorate, Defense Health Agen-
cy. Available at: http://www.health.mil/~/media/
MHS/Fact%20Sheet%20Files/DHCS/Theater/
MSAT%20Factsheet.ashx. Accessed September
23, 2015.

US Army Center for Health Promotion and Preven-
tative Medicine. An assessment of current health
surveillance capabilities in deployed settings. Paper
presented at: Proceedings from a Tri-Service Sym-
posium; July 18-22, 2005; Landstuhl, Germany.

Jones BH, Canham-Chervak M, Canada S, Mitch-
ener TA, Moore S. Medical surveillance of injuries
in the U.S. military: descriptive epidemiology and
recommendations for improvement. Am J Prev
Med. 2010;38(suppl):S42-S60.

17.  Hauret KG, Bedno S, Loringer K, Kao TC, Mallon
T, Jones BH. Epidemiology of exercise- and sports-
related injuries in a population of young, physically
active adults: a survey of military servicemembers.
Am J Sports Med. 2015;43(11):2645-2653.

18.  Knapik JJ, Jones SB, Darakjy SD, Hauret KG,
Bullock SH, Sharp MA, Jones BH. Injury rates and
injury risk factors among US Army wheel vehicle
mechanics. Mil Med. 2007;172:988-996.

AUTHORS

Mr Hauret is with the Injury Prevention Program, Army
Public Health Center-Provisional, Aberdeen Proving
Ground, MD.

Dr Pacha is Director, Epidemiology and Disease Surveil-
lance Portfolio, Army Public Health Center-Provisional,
Aberdeen Proving Ground, MD.

Dr Taylor is with the Injury Prevention Program, Army
Public Health Center-Provisional, Aberdeen Proving
Ground, MD.

Dr Jones is Program Manager, injury Prevention Pro-
gram, Army Public Health Center-Provisional, Aberdeen
Proving Ground, MD.

April — September 2016 23



CHANGES IN EQUIPMENT AND TECHNIQUES/TACTICS/
PROCEDURES THAT IMPACTED CARE AND OUTCOMES

Dismounted Complex Blast Injuries
Including Invasive Fungal Infections

ABSTRACT
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Large blast injuries during dismounted operations in southwest Afghanistan causing major limb amputations
and perineal injuries associated with large blood volume resuscitation were associated with invasive fungal,
primarily mold, infections. This article outlines the interventions undertaken to mitigate excess morbidity and
mortality associated with invasive fungal infection. These interventions include defining the problem and asso-
ciated risk with systemically collected and analyzed information, developing improved protective body armor
for the thigh and perineal region, standardizing management through clinical practice guidelines that outlined
risk, diagnostic and treatment recommendations with enhanced discussions on the weekly Theater Combat
Casualty Care Conference that includes personnel from the combat zone, Germany, and the United States.
The article concludes by explaining the key way forward with regarding an inner-war approach to sustained

knowledge and skills.

BACKGROUND

Unprecedented knowledge and advances during the
wars in Iraq and Afghanistan have improved survival
rates, but at the same time led to increased morbid-
ity.! As the enemy adjusted to US countermeasures, the
military medical response had to adjust accordingly.
Mechanisms of injury transitioned between small arms
fire, mortars, rocket-propelled grenades and impro-
vised explosive devices (IED). In addition, the military
had to adjust from mounted to dismounted operations
and from centralized larger bases to widely distribut-
ed smaller bases as the wars transitioned from ground
combat operations to counterterrorism/counterinsur-
gency. This required utilization of the Combat Medic
for unparalleled care at the point of injury. There was
also the implementation of evacuation from time of in-
jury to surgical care within an hour, leading to improved
outcomes.? In addition, the US military developed ad-
vanced care nearer to the point of injury through flight
paramedics and flight critical care nurses, reflecting
the British Medical Emergency Response Team. The
operational environment also changed from deserts in
Iraq to rocky mountains and lush waterways in parts of
Afghanistan. The culminations of these changes led to
alterations in injury types and infecting pathogens re-
quiring continual medical response adjustments.
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Examples of military adjustments included equipment;
tactics, techniques and procedures (TTPs); and clinical
training and guidelines. Equipment advances to im-
prove survival included tourniquet fielding with train-
ing, improved body armor, improved uniform design to
survive thermal injury and improved vehicular design
to minimize injury. New training courses such as the
Tactical Combat Medical Care and the implementations
of Clinical Practice Guidelines led to standardization of
care and rapid fielding of the most current information
and practices. Vital to every decision was the ability to
collect information to improve the entire continuum of
casualty care. The Department of Defense Trauma Reg-
istry (DoDTR) in combination with the Joint Trauma
System allowed for rapid data collection, analysis, and
distribution of new care guidelines. As infections occur
in approximately 50% of casualties that were injured se-
verely enough to be admitted to an ICU, the Infectious
Disease (ID) Module was developed for the DoDTR
with a separate Trauma Infectious Disease Outcome
Study to analyze and collect 5-year outcome data.’

The recognition of the challenges with dismounted com-
plex blast injuries in southwest Afghanistan were first
noted by the British military as this was their primary
area of responsibility prior to the US Army and Marine
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Corps transitioning to the area.* The British referred to
this area as the “Green Zone” because of the vegeta-
tion and waterways which was often confused with the
Green Zone in downtown Baghdad, Iraq. Once the US
military was in the region a similar recognition of se-
vere injury pattern with associated complications was
recognized. A US Army task force was established to
summarize and analyze information to develop recom-
mendations of care.’> At the same time, the infectious
disease and surgical community noted increased rates
of mold infections in these patients.®

In order to address the problem, numerous parallel pro-
grams were developed, including defining the problem,
developing equipment to address the injury pattern,
modification of TTPs to avoid the injury, and clinical
practice guidelines to standardize care.

DEFINING THE PROBLEM

Once the risk was identified to be fundamentally due
to large blast injuries associated with dismounted op-
erations in southwest Afghanistan causing major limb
amputations and perineal injuries, the next goal was to
further stratify the patients to develop diagnostic and
treatment protocols to minimize excess morbidity and
mortality. Data collected from the DoDTR and ID Mod-
ule was able to define regions of Afghanistan at highest
risk, including case control analysis with 10-digit co-
ordinates linked with geographic information system
to identify other regions that were at potential risk if
similar care and injury patterns developed.” The over-
all evaluation allowed for the identification of risks for
infections and poor outcomes.®'? Key characteristics in-
cluded type of mold, region of the country, presence of
ongoing necrotic tissue, blast injury, dismounted at time
of injury, above the knee amputation, and large-volume
packed red blood cell (greater than 20 units) transfusion
within the first 24 hours. All of this information was
able to assist in the development of equipment, TTPs,
and guidelines to address the issue.

EQUIPMENT

Implementation and modification of body armor has
greatly affected casualty outcomes. As such, a similar
program was developed for this new injury pattern. The
British led the way developing a 3 Tier system. Tier I,
issued in 2010, included layered synthetic silk cycling
shorts that were thicker than previous issued cycling
short-type underwear with some antimicrobial activ-
ity. Tier 2 was an over garment diaper appearing device
with some ballistic protection that covered the perineal
region to be worn with Tier 1. It was issued in Febru-
ary 2011 to all British troops to wear when operating
outside the wire to apply in moderate IED threats. Tier
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3 was issued in November 2011 with over-trousers that
are % length extending from the Tier 2 device to above
the knee to be combined with Tier 1 and 2 worn mainly
by the point men operating the metal detector. After No-
vember 1, 2010, the British military assessed adherence
with overall 81% wearing any combination of Tier 1/2/3
when injured. They found that 78% were wearing Tier
1, 66% were wearing Tier 2, 6% were wearing Tier 3.
Overall, 10% were not wearing pelvic protection with
12% injured in the first 2 months of Tier 1 issue; 71%
were within the base not required to wear pelvic protec-
tion; and 16% were outside the wire. No documentation
was available for 9% of casualties.

Genitourinary injury rate based upon Tier of protection at
Bastion, Afghanistan between April 2, 2011 and September
30, 2011.

Level of
Tier Protection

High Lower Extremity
Amputation with
Genitourinary Injury

Low Lower Extremity
Amputation with
Genitourinary Injury

n=45 n=31
Tier 1 and 2 17% 0%
Tier 1 only 56% 25%
None 68% 21%

Unknown (n=11)

As US Marines moved into the area, there was an op-
portunity to compare the British to US Marine equip-
ment as the British mostly used Tier 1 and 2 while the
Marines had only Tier 1. The information was collected
from trauma logs from Bastion, Afghanistan, between
April 1 and September 30, 2011. Overall, there were 45
US and British casualties in a high amputation group
with unilateral or bilateral at or above the knee trau-
matic amputations, plus several with unilateral below
knee or above ankle amputation. A comparison group
of low amputations included 31 US or British casualties
with unilateral or bilateral below knee or above ankle
amputations, but no through the knee or above the knee
amputations. There were 59 US and 17 British casualties
(N=76) with decreased rates of genitourinary injuries
of those wearing more protective equipment as shown
in the Table. Ongoing analysis is required to continue
to validate utility of this Tiered system, but the DoDTR
does not collect this information and limited data from
autopsy findings are released.

TACTICS, TECHNIQUES, AND PROCEDURES

There was a recognition from the line that the IEDs asso-
ciated with dismounted blast injuries were placed along
major valley paths with vegetation and waterways. How-
ever, the trigger mechanism was often present up in the
rocky edges along the valley walls and was frequently
human controlled to avoid indiscriminate injuring of
animals or local personnel. Given this recognition, there
was a switch to moving US military personnel away from
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the valley paths with vegetation and waterways to oper-
ate along the valley and rocky environment. Although
there is no available data regarding implementation of
this change or direct evidence of decreased injuries with
its implementation, it does highlight that close communi-
cation of medical findings to the line allows a collabora-
tive, multidisciplinary approach to address the problem
using each group’s unique perspective and skill set.

CLINICAL PRACTICE GUIDELINES

A number of standard clinical approaches were devel-
oped to ensure optimal delivery and standardization of
care. A 2011 meeting to develop Combat-related Injury
Practice Guidelines for Extremity Care identified fungal
infections as a major gap with regards to information and
care.”” After this meeting, Landstuhl Regional Medical
Center established a standard approach to screening for
invasive mold infection resulting in an ability to assess
the utility of this clinical change in standard practice."
There were 44 patients available for analysis pre-protocol
and 30 postprotocol. Although there was less angioinva-
sive cases, fewer days to invasive mold infection diagno-
sis, fewer days to initiating antifungal therapy, and more
patients receiving antifungal therapy after implementa-
tion of the protocol change, there were no changes in
hospital days, ICU duration stay, operating room Vvisits,
high level amputations, or deaths. As such, there is likely
more specific information required to clearly identify at
risk patients, which likely includes host parameters and
wound parameters such as ongoing necrotic tissue.

Infectious disease, orthopaedic surgeons, and trauma
surgeons collaborated to develop a standard clinical
practice guideline to address risk stratification of pa-
tients and management plans in and out of the combat
zone."” The development of the CPG demonstrates the
value of a trauma system involved in combat casualty
care from point of injury to return to the United States.
During the weekly Thursday Theater Combat Casualty
Care conference, colleagues at Walter Reed National
Military Medical Center reported on casualties with
progressively invasive fungal infections. This feedback
to theater prompted a series of teleconferences moderat-
ed by the Joint Theater Trauma System Director. These
teleconferences linked surgeons in theater, surgeons at
Landstuhl Regional Medical Center, surgeons at Walter
Reed National Military Medical Center, orthopaedic sur-
geons, and infectious disease specialists. Data from the
Trauma Infectious Disease Outcomes Study group was
reviewed for trends. From this collaboration, the Man-
agement of Suspected Invasive Fungal Infection CPG
was formed. The trauma system demonstrated value in
this circumstance as (1) a means to sense an evolving
clinical issue, (2) enhancing communication by linking
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subject matter experts of several disciplines and several
locations, (3) reviewing data, (4) developing a clinical
practice guideline, and (5) providing feedback to care
providers along the continuum during weekly Thurs-
day Theater Combat Casualty Care conferences. Most
of these recommendations predated any of the publica-
tions that supported the initial conclusions that led to
the document. These guidelines allowed for defining the
problem, evaluating and treating the patient, and estab-
lishing a built in performance improvement monitoring
process including standard notes and care. Although
the clinical practice guidelines were implemented, the
drastic changes in injury rates prevented any adequate
powered analysis of the effect of the clinical practice
guideline implementation to be undertaken.

Other research endeavors undertaken after recognizing
the challenges was determining the ideal therapy for in-
juries, including agents such as Dakins solution or novel
therapies such as tea tree oil.'*!” Although therapy rec-
ommendations for modifying Dakins solution to lower
concentration were recommended in the guidelines,
outcomes studies with adequate power were not pos-
sible. These studies should be conducted to validate that
clinical changes affect outcomes similar to the lack of
outcome changes associated with changing the diagnos-
tic approach. It is important to notice that these studies
were developed and carried out in military treatment fa-
cilities (MTFs) and not within the Medical Research and
Material Command (MRMC) research programs. This
reflects the ability of astute clinicians to recognize the
problem and link to an answer. Overall, better collabo-
ration with research commands is a priority as some re-
search programs were reluctant to shift away from stan-
dard research focus areas.

WAY FORWARD

In order to continue to make advances for the next war,
key issues within Doctrine, Organization, Training, Ma-
teriel, Leadership and education, Personnel, Facilities
Policy (DOTMLPF-P) must occur to advance clinical
care:

1. Maintaining the DoDTR with an ID Module is re-
quired as the ID module took 8 years from the
onset of the war to become fully running in 2009,
and a number of years after that for data analysis
and publication of findings. This program needs
to be written into Doctrine with clearly defined
Organizational responsibility to monitor, assess,
develop, deliver and then collect data based upon
any changes to validate improvement. These vali-
dated improvements then are further codified into
the appropriate section of DOTMLPF-P.
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2. Vital to decreasing traumatic injuries and infec-

tions is avoidance of the injury in the first place.
Key equipment is vital to this change and contin-
ue assessments of lessons learned through autop-
sy analysis of equipment and the DoDTR are re-
quired to transition to equipment studies, whether
it be a tourniquet, eye covering, uniform, or vehi-
cle. Once the equipment is placed into a system to
fund, then training is required with incorporation
across the Army as a whole, meaning not only the
medical community.

Experts in the full spectrum of care from point
of injury to rehabilitative specialty care are vital.
The recognition of invasive fungal infection com-
plication was detected in level V care facilities by
clinically experienced subspecialists. However, it
is incumbent that a pathway for communication
throughout the organization be established as
these lessons were not known or even managed
in the dedicated research lanes such as MRMC.
This requires better leadership links among casu-
alty care across the full spectrum of operations,
research, and clinical communities. General offi-
cer level responsibility for combat-casualty care
within the AMEDD or at a joint assignment that
links FORSCOM to MEDCOM and within MED-
COM MRMC to MTFs should be considered.

Establish the Joint Trauma System as the lead
agency for trauma in the Department of Defense
with authority to establish and assure best-prac-
tice trauma care guidelines to the Director of De-
fense Health Agency, the 3 services, and the com-
batant commanders.'®
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Battlefield Tourniquets: Lessons Learned in
Moving Current Care Toward Best Care in an
Army Medical Department at War
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ABSTRACT

Bleeding prevention and control by tourniquet use by out-of-hospital caregivers is a major breakthrough in
military medicine of current wars. The present review documents developments in tourniquet practices since
2001 among the US military services for aid in improving doctrine, policy, and especially care in wars to come.
Tourniquets are an adjunct for resuscitation in self-care and buddy aid and today are issued to all military
servicepersons who deploy into a combat zone. In the US Army, virtually every Soldier is trained in first aid
tourniquet use; since 2009 they are instructed early and often to use them early and often. Despite substantial
knowledge gains among the services in tourniquet use and resulting improvements in casualty survival, current
evidence shows persistent difficulties in achieving best care with tourniquet use for individual trauma patients.
Nevertheless, contemporary tourniquet use incorporates key lessons learned over the last 14 years of war that
include: (1) tourniquet use reliably stops bleeding from limb wounds and prevents mortality in prehospital
settings; and (2) brief tourniquet use appears to be safe. These 2 lessons have become so evident that civilian
emergency medical systems have begun using them, albeit unevenly. Collection and interpretation of data of
casualties with tourniquet use have showed that such intervention has lifesaving benefit through 2 mechanisms:
control of both ongoing hemorrhage and shock severity. The next generation of interventions in bleeding con-
trol involves developing the skill sets, education, and standards of tourniquet users which may improve hemor-

rhage control in wars to come.

Tourniquets today have come far from where they were
on September 11, 2001. When war came to the United
States on 9-11, tourniquets were a means of last resort
in bleeding control. Today, tourniquet use is a means of
first aid. The scientific evolution of tourniquets among
the US military services since 9-11 has had one main
finding: tourniquet use provides a significant survival
benefit."”> However, little is known about that benefit:
what is its size; who receives that benefit, and does it ap-
ply to both military and civilians?® Other gaps include
how to optimize performance of tourniquet users.*> A re-
minder of our current need to know such things may aid
ongoing efforts of key leaders to maintain a scholarly
focus within the US Army Medical Department so that
it does not drift. “No drift” is a mantra of stewards of
combat casualty care research so that the military goes
to the next war without having to relearn lessons of past
wars, i.e., without the need to improve caregiving to
reach levels of the last war.*

In an effort to maintain a scholarly focus on improving
first aid, the present update gives a basic understanding
of the recent scientific evolution of tourniquets in the
US military. The present review documents such les-
sons not only to improve doctrine and policy today, but
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also—and especially—to prevent such drift and thereby
improve care in future wars. Furthermore, the lessons
learned by the military may guide improvements in ci-
vilian first aid.

UPDATE ON CURRENT USE OF TOURNIQUETS
IN THE US ARMY

Tourniquet use in the military services today incor-
porates 4 key lessons learned over the last 14 years of
war. The first lesson about tourniquet use the military
learned in the current war was that we should not for-
get to focus on what we need to know; that is to say,
what is not already in the lesson plans of medics. Al-
though we have learned much recently, such as if sur-
viving casualty percentages are compared between
those with first tourniquet use after shock onset and
those who are not in shock at first use, the fact remains
that shock onset is associated with more mortality—as
much as 80% to 92%.%7 However, such a difference is
not a treatment effect of tourniquets, it is a difference
in shock effect. Such a need to know more about first
aid is a still a well-established knowledge gap; tourni-
quet use provides a ready example of such gaps.*>® Some
such gaps are discovered by trying to answer questions
such as, what is the effect size of tourniquet treatment?’
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A military survey reported in 2015 that tourniquet use
was associated with worse shock and more transfusion
requirements among hospital-admitted casualties, yet
those who received tourniquets had survival rates simi-
lar to those of comparable, transfused casualties who
did not receive tourniquets.™® Does effectiveness vary
by clinical setting (use out-of-hospital vs emergency de-
partment)? Surveys of military casualties have shown
that first use of tourniquets in such settings is associated
with improved survival if use is earlier; specifically, sur-
vival has been associated with prehospital application
(89% vs 78% hospital, P<.01) and application before the
onset of shock (96% vs 4% after).>” But such surveys be-
gan at the emergency department, not at the time of indi-
cation which is a better, albeit harder, way of surveying
the need for intervention.>%’ Does effectiveness vary by
condition of the casualty (degree of shock or injury se-
verity)?*¢ An evaluation of tourniquet use for patients
treated at forward surgical (Role 2) facilities revealed an
association with improved survival and reduced shock
index on arrival; a 20% reduction of mortality was as-
sociated with each increase of 0.2 unit of shock index
(odds ratio [OR], 1.27; 95% confidence interval [CI],
1.12-1.42) in tourniquet use vs nonuse (OR, 1.46; 95% CI,
1.37-1.56).8 However, in this study the time-course of in-
dividuals casualties was not tracked for shock control
as the data were not paired in 2 times for an individual;
such cohort data are more like epidemiology of large
groups rather than treatment of individual patients—the
difference between public health of populations and
health care of individuals.

What should first aid instructors teach about how and
when to use tourniquets, for example, at a marathon
bombing or at a shooting in a movie theater? Such ques-
tions are basic to how and when caregiving is needed.>
Data gathered regarding improvised tourniquets has
advanced rapidly since 2013, and improvised strap-and-
windlass tourniquets have been shown to be more effec-
tive than those with no windlass, as a windlass allowed
the user to gain mechanical advantage. However, im-
provised strap-and-windlass tourniquets fail to control
hemorrhage often (ie, 32% of tests), even in a laboratory
setting.>!? In a second laboratory study of improvised
tourniquets, the commercial Combat Application Tour-
niquet (CAT) was a control for the US Army improvised
tourniquet and a bandana-windlass tourniquet; CAT
performed fastest (P<.0001, both), but both improvised
techniques were not statistically different from each
other. All time-of-application results in the commer-
cial group were less than the minimums of either im-
provised group." In a third laboratory study of impro-
vised windlasses, effectiveness, windlass turn numbers,
time to stop bleeding, the number of windlasses, and
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the under-tourniquet pressure were associated inversely
with breakage.'” The windlass type was associated with
breakage; only chopsticks were without breakage at 2
windlasses. Of those windlass types that broke, 21%
were chopsticks, 26% were pencils, and 53% were craft
sticks; such data showed differential value of various
items used together as one working windlass.”? In a
fourth laboratory study of a standard issue military tour-
niquet, tourniquet effectiveness rates were uniformly
100% irrespective of whether the windlass position was
medial, lateral, anterior, or posterior.”®* Presently, much
other information is lacking about what first aid instruc-
tors should teach about how and when to use tourniquets,
and a focus on user development is needed if we are to
optimize user performance.

The second lesson the military learned about tourniquet
use was that its use provided a survival benefit while
safety was also provided."* A tourniquet survey began
in Baghdad was made in 3 sequential parts and observed
casualties with tourniquet indications."* Altogether, the
survey included 727 patients with 1,212 tourniquets
used on 952 limbs.>7!%1*17 This large survey was useful
by dispelling theories that were wrong and confirming
theories that were right.>"” The performance improve-
ment aspect of the large survey was emphasized in the
third time period surveyed which showed increased us-
age of tourniquets within the US military trauma system
in Baghdad in 2007 (Figure 1)."” This survey over 466
days showed that (1) the appropriate wound indication
rose from 96% to 99%, (2) first usage before shock onset
for individual casualties rose from 96% to 99%, and (3)
the prehospital (first use before hospital) usage rose from
84% to 97%."7 All of these changes were significant. A
newly refined concept of bleeding control by tourniquet
use emerged that indicated the patient’s status regard-
ing hemorrhagic shock at the time of first tourniquet use
was the main determinant of survival. If shock onset
had not occurred, tourniquet use was associated with
high survival rates as documented by both a higher
proportion of surviving patients and a longer duration
of patient survival.? Much like emergency room thora-
cotomy, shock onset (as indicated by loss of a palpable
peripheral pulse) before tourniquet use was associated
with low survival rates.? Furthermore, minor morbidity
during tourniquet use was empirically confirmed as few,
temporary, and incomplete."” Such a refined understand-
ing led to renewed efforts to use tourniquets early and
often, and tourniquet trends showed good results such
as improving survival (decreasing case fatality rates of
all-causes) despite increasing injury severity.>*%!>!7

The third lesson about tourniquet use that the military
learned in the current war was that the users’ concepts
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Figure 1. Improvement in use of tourniquets by time period
in a Baghdad combat support hospital during 2006-2007.
The time span is separated into 3 distinct, sequential peri-
ods: 1-Precondition; 2-Preparation; 3-Execution of the Surge.
Data source: Kragh et al.17

of tourniquets changed. Early in the war, a tourniquet
was a device, a materiel item issued within an individ-
ual’s first aid kit. Since tourniquets were devices made
of materials familiar to Soldiers like nylon webbing and
a metal rod, early in the war Soldiers innately thought
of them as a mechanical means of compressing limbs
and underlying blood flow to control bleeding from
wounds. Such mechanistic thinking was easy to teach
and learn, as illustrated in Figure 2, and there was lit-
tle action needed to develop user training (eg, learning
curves, skill decay measurement, or differentiating user
skillsets by experience level). Situational concerns were
more apparent at the beginning of the war. For example,
strategies concerning tourniquet use might change in an
environment-dependent manner: Care Under Fire (tour-
niquets could be tried first) versus Tactical Field Care
(tourniquets were to be tried last). Tourniquets applied
in the field were often found later to be relatively loose
by physicians, and the looseness problem was thought
to be caused by the tourniquet user applying them too
loose. However, the problem was eventually understood
and explained better through research from Iowa.'*?
Difficulty in achieving arterial compression was ex-
plained by civilian researchers who showed that persons
with tourniquets applied changed over time during tour-
niquet use; the individual’s limb changed.”* A person
who self-applied their tourniquet to their arm, for ex-
ample, soon relaxed their arm muscles which altered the

140 —
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Figure 2. Learning curve for a user of a first aid tourniquet (on a manikin). For this subject, the data indicates that the user
learned to achieve better bleeding control by becoming faster. The variance tended to decrease, but the maximum variance in
use-to-use was in use number 68, surprisingly late and after almost half of the experience. This chart was generated for this
article using data from Davinson et al.18
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tourniquet effectiveness from arterial to venous control
within minutes."”?° Further research showed that there
was variance in applied pressures under tourniquets
even of the same model applied by the same person.'**
More research showed that compression of the limb
changed the underlying limb itself by extruding blood
from all vessels and lymph from the lymphatic sys-
tem."”' Such fluid extrusion altered effectiveness of the
tourniquet as its pressure applied to the skin dropped
within minutes, which in turn allowed arterial flow to
recur while venous flow remained blocked; a bad sit-
uation—a venous tourniquet. Moreover, the blood and
lymph responses differed over time; the blood effects
were faster and the lymph effect was slower.”?' From
such science, refinements were subsequently made to
caregiving guidelines to underscore the importance and
to increase the frequency of users reassessing casual-
ties with tourniquets.”> Given such subtle science, a re-
fined understanding occurred to change the tourniquet
concept from mechanistic to probabilistic. That is to say,
tourniquet use was not a simple, mechanistic, yes-no in-
tervention. Rather, each use had a probability of success
that could be partial, change over time, or be altered by
the specific situation. The mechanistic concept changed
to a tetrad concept wherein the 4 interrelated parts of
the tetrad are a user, a patient, an intervention, and a
situation, as shown by Figure 3. This new concept is
dynamic as all elements can change, and such change
means that empiric results are probabilistic and not
purely mechanistic; empiric outcomes of tourniquet use
indicate that the probability of better outcomes is asso-
ciated with improvements in care delivered. In another
example of improved caregiving from the large, 3-part
Baghdad survey, the rate of limbs with only one tour-
niquet used increased from 66% to 74% to 89%; while
tourniquet models themselves did not change, and while
injury numbers and severity increased, improvements
appeared to come from users as use, experience, and
efficiency improved."” Such new knowledge involving
best tourniquet practices is continuously and incremen-
tally added. Given battlefield experience over a decade,
knowledge of wear and tear of tourniquets has increased
in part through scientific inquiries.”?¢ For one example,
in a study of heat exposure, prolonged dry heat was not
associated with change in tourniquet effectiveness rates
(P=.32); when adjusted for the effects of user and mod-
el, the comparisons of time to effectiveness and total
blood loss were statistically significant (P<.0001), but
the comparison of pressure was not (P=.0613) as user
effects appeared to affect outcomes while exposure did
not."” The military changed its concept of the tourniquet
to become a concept of dynamic interrelation among
users-situations-patients-tourniquets.
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What the military teaches Soldiers in tourniquet ap-
plication is substantial in breadth and occasionally in
depth. In an example of breadth, all new Army recruits
learn tourniquets upon initial entry training, receive
further detailed training during subsequent advanced
individual training in a combat lifesaver course, and get
predeployment refresher training. (and data to support
why when available) gaps that remain. Another example
of breadth: medics receive training in greater specific-
ity for their more advanced skillset than other Soldiers,
and they often are taught about troubleshooting difficult
cases and converting tourniquets to pressure dressings.
Specific information about what Soldiers are taught
about tourniquet application is included in the Combat
Lifesaver course.”” Specific information that military
medics are taught about tourniquet application is pre-
sented in Figure 4.

Caregiver

Situation

Intervention Patient

Figure 3. A new schema of tourniquet science developed re-
cently includes the dynamic interaction among components of
a tetrad that include a patient, a caregiver, an intervention, and
a situation, represented schematically as a tetrad. Each item in
the tetrad can change. The caregiver may also be the patient in
self-applied tourniquet use. Each item is interrelated with the
others. For example, if a casualty (patient) is wounded in a limb
in combat, a Soldier (caregiver) provides first aid with tourniquet
use (intervention) during Care Under Fire (situation). Soon after
the end of active combat, the situation changes to Tactical Field
Care (a new situation) wherein Soldiers are taught to convert
the tourniquet use to use of a pressure dressing. The schema
alters the perception of the challenges for looking just at the
device (the tourniquet) to invite looking at each item and each
interrelation. The tourniquet is a tool, and it its use is the inter-
vention; deemphasizing other items makes the problem simpler
than reality, an over-simplification which generates unintended
problems such as under-emphasizing patient reassessment.
The patient changes because of the intervention. The patient
also changes over time and requires rechecking if the limb un-
der the tourniquet gets smaller from applied pressure.
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The fourth lesson the military learned about tourniquet
use in the current war was that today, in developing the
way ahead for military medicine, civilians may also
improve their use of tourniquets. Such implementation
gaps also apply to civilian first aid situations wherein
similar risks occur (eg, external hemorrhage associated
with penetrating trauma).*** Such application led civil-
ian medical authorities to reverse course and recom-
mend tourniquet use.”®** An increasing number of clini-
cal studies from civilian settings have been published
since 2014 indicating that several of the military find-
ings about tourniquet use are supported by comparable
civilian findings such as lifesaving benefit and safety of
use.’'*” However, civilian adoption of tourniquet use is
currently uneven.” Defense research in out-of-hospital
use of tourniquets paved the way for civilian use, and
both military and civilian investigators are considering
extension of other interventions to control hemorrhage,
such as prehospital use of pelvic binders. On the road
from current care toward best care, the lessons that the
military learned about what is necessary for a large
trauma system to work well is also improving civilian
caregiving.

CURRENT STATUS OF TOURNIQUET USE
IN ALL US MILITARY SERVICES IN 2015

As a result of one of the longest wars in US history in
which combat still continues, the military is keenly
aware of existing knowledge gaps. Another important
gap relevant to the military services presently being ad-
dressed by ongoing research is junctional hemorrhage,
ie, bleeding from wounds at the torso-appendage junc-
tions where limb tourniquets cannot fit.**-** Presently,
there are few clinical trials, junctional case reports, or
case series of hemostatic dressing use, but there are
some laboratory and preclinical studies.** Additional-
ly, the hydraulic or mechanical effects of wound packing
in bleeding control are becoming better understood. >+’
The principles of controlling hemorrhage early by me-
chanical methods appear to apply to all portions of the
extremities: the limbs where limb tourniquets fit and
junctional parts of extremities where junctional tourni-
quets fit. Furthermore, tourniquets have been proposed
in prolonged field care for mitigation of reperfusion af-
ter limb crush syndrome, although limited experience is
available for decision-making.!®**2 The topics of junc-
tional bleeding and crush syndrome require further re-
search to provide evidence of effectiveness and safety.

Tourniquets in 2015 are issued to all military service
personnel who deploy into a combat zone. In the US
Army, virtually every Soldier is trained in tourniquet
use—early and often. For example, since 2009 all re-
cruits (new enlisted Soldiers) irrespective of specialty
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(1)

“

(5)

To maintain firepower supremacy, only extremity bleeding

should warrant any intervention during Care Under Fire.

(a) Casualty blood sweeps are not recommended
during this phase of care. The assessment takes a
considerable amount of time to complete and leaves
the care giver vulnerable to the enemy.

(b) Visual inspection is not necessary until both the care
provider and the casualty are behind cover.

(c) When approaching the casualty, if blood is apparent
on the shirt sleeve or the pant leg, that is all the proof
necessary to warrant application of a tourniquet.

When the tactical situation dictates, no intervention
should be employed unless and until:

(a) The unit can afford to have the provider drop out of
the fire fight long enough to intervene.

(b) Efforts to direct the self-aid/buddy aid have failed.

Tourniquets are the only recommended treatment for
extremity hemorrhage during this phase. (Remember: 30
seconds on the “X” is 25 seconds too many. Even if it take
only a few seconds to apply a tourniquet, that is enough
time for the enemy to take aim and fire on both you and
the casualty.)

(a) Intervention should take place under suitable cover or
concealment. This may require that you initially move
the casualty before placing a tourniquet.

(b) The intervention should be tactically feasible as to
avoid a circumstance where the care giver is an
additional casualty.

(c) For obvious life threatening extremity hemorrhage.

1) You may not really know if hemorrhage is life
threatening until Tactical Field Care phase when
the wound can be exposed and evaluated.

2) The suspicion of life threatening hemorrhage is
the only required criteria during Care under Fire.

All tourniquets placed during Care Under Fire should be
Hasty Tourniquets.
(a) Place over the clothing.
(b) As high on the extremity as possible (without
capturing the shoulder or the buttock).
1) Rarely are combat wounds clean incisions
perpendicular through the extremity.
2) This placement is preferred during Care under
Fire because of the inability to properly expose
and assess the wound.

3) High application ensures the tourniquet is placed
completely above any possible damaged/injured
tissue.

(c) As tightly as possible (due to the limitations during
this phase of care, pulse checks are not required).

Hasty Tourniquets should be converted to an alternative
form of hemorrhage control prior to evacuation, typically
during the Tactical Field Care Phase.

Figure 4. Excerpt from student handout for US Army Medic:
Tourniquet Use During Care under Fire.
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have been trained in tourniquet use in Basic Combat
Training (also known as Initial Entry Training) that
includes a Combat Lifesaver Course in first aid skills.
Soon thereafter in Advanced Individual Training, more
tourniquet training is again provided. Further training
may be given when Soldiers are assigned to their units,
and refresher training occurs before deployments. Such
a systematic and long-standing program has changed
the US Army’s first-aid culture. Before 2009, tourni-
quets were new, a new way of doing things; after 2009,
they were old. Prior to 2009, such a culture change was
made in miniature by individual units like the 75th
Ranger Regiment and Special Operations Forces. After
their success, leaders of other organizations used it as
a template for expanding this critical knowledge to all
Soldiers.?

NEXT GENERATION OF BLEEDING CONTROL
INTERVENTIONS

Current evidence shows that user development is im-
portant to best performance in bleeding control inter-
ventions.'®**** Moreover, an emphasis on the quality of
training should be recognized, understood by key lead-
ers, planned for in military units, and made a priority.
Among all areas associated with improvement of tour-
niquet use (ie, Doctrine, Organization, Training, Ma-
terial, Leadership, Personnel, Facilities [DOTMLPF]),
training is today the quintessential item to be addressed
for tourniquet use: optimal user development is the most
likely of all factors to improve outcomes. The path from
current care toward best care is challenging; may we
journey with knowledge, hope, and determination.
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Lessons Learned for the Resuscitation
of Traumatic Hemorrhagic Shock

ABSTRACT

Philip C. Spinella, MD
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The lessons learned regarding the resuscitation of traumatic hemorrhagic shock are numerous and come from
a better understanding of the epidemiology, pathophysiology, and experience in this population over 10-plus
years of combat operations. We have now come to better understand that the greatest benefit in survival can
come from improved treatment of hemorrhage in the prehospital phase of care. We have learned that there is an
endogenous coagulopathy that occurs with severe traumatic injury secondary to oxygen debt and that classic
resuscitation strategies for severe bleeding based on crystalloid or colloid solutions exacerbate coagulopathy
and shock for those with life-threatening hemorrhage. We have relearned that a whole blood-based resuscita-
tion strategy, or one that at least recapitulates the functionality of whole blood, may reduce death from hemor-
rhage and reduce the risks of excessive crystalloid administration which include acute lung injury, abdominal
compartment syndrome, cerebral edema, and anasarca. Appreciation of the importance of shock and coagulop-
athy management underlies the emphasis on early hemostatic resuscitation. Most importantly, we have learned
that there is still much more to understand regarding the epidemiology, pathophysiology, and the resuscitation
strategies required to improve outcomes for casualties with hemorrhagic shock.

Operation Iraqi Freedom (OIF) and Operation Endur-
ing Freedom (OEF) in Afghanistan have proven to be
crucibles of learning for combat casualty care. This
brief review will summarize recent advances in our un-
derstanding of the epidemiology of combat trauma, the
importance of shock and coagulopathy, the concept of
damage control resuscitation, the limits of hypotensive
resuscitation, the central role of blood products in hemo-
static resuscitation, and the role of systemic hemostatic
adjuncts.

EPIDEMIOLOGY

Recent evidence from the Iraq and Afghanistan con-
flicts indicates that 90% of combat deaths occur in the
prehospital phase of care, and that 25% of these deaths
are potentially preventable with existing medical tech-
nology. Significantly, 90% of medically preventable
deaths occur due to hemorrhage.'? Although major ad-
vances in hemorrhage control have been made with the
reintroduction of tourniquets, noncompressible hem-
orrhage remains a major challenge. There were 4,596
combat deaths in a 10-year period from 2001 to 2011, of
which about 1,000 were due primarily to hemorrhage
and were potentially preventable. Overall, when patients
requiring massive transfusion during their initial resus-
citations are considered, it is apparent that about 10% of
combat wounded are at high risk of early exsanguina-
tion and require aggressive, early hemorrhage control
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and blood-based resuscitation beginning in the prehos-
pital phase of care to reduce morbidity and mortality.’?

SHOCK AND COAGULOPATHY

On average, OIF/OEF patients requiring blood trans-
fusion presented to combat support hospitals with an
International Normalized Ratio (INR) of 1.5; nonsur-
vivors averaged an INR of 2.2 on admission.* Oxygen
debt due to ischemia during hemorrhagic shock causes
organ dysfunction and ultimately death if not reversed
with timely resuscitation. Shock causes endothelial dys-
function and this has been associated with the develop-
ment of a primary or endogenous coagulopathy which
includes activation of fibrinolysis. In addition, mecha-
nisms such as autohemodilution from mobilization of
interstitial fluid, catecholamine release, proinflamma-
tory signaling, and other poorly understood pathways,
such as the unique contribution of traumatic brain injury
(TBI), contribute to this endogenous coagulopathy.>
Primary coagulopathy occurs early after injury and is
more severe with increased amount of tissue injury. In
early primary coagulopathy, thrombin generation is
typically elevated compared to uninjured subjects; the
degree to which thrombin is a limiting factor in hemo-
static function for these patients is thus debatable.” Over
time, with resuscitation and ongoing bleeding, a second-
ary or exogenous coagulopathy occurs as a result of fur-
ther dilutional and consumptive etiologies. Thrombin
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generation can be reduced as a result of this secondary
or exogenous coagulopathy.® Since it is difficult to rap-
idly identify primary or secondary coagulopathy with
current clinically available measures of hemostasis,
goal-directed therapy is difficult to achieve. In principle,
the rapid treatment and prevention of both shock and
coagulopathy with early surgical control of bleeding
and hemostatic resuscitation with blood products that
deliver the functionality of whole blood provides the
best currently available resuscitation strategy to reduce
death from hemorrhage. This approach, which includes
the use of resuscitation to blood pressure targets slightly
below normal levels (80 mm to 90 mm Hg systolic) in
order to minimize pressure-induced rebleeding—so-
called “hypotensive resuscitation,” and the avoidance
of crystalloids and colloids has been termed damage
control resuscitation (DCR).” It should be noted that our
understanding of shock and coagulopathy continues to
evolve and that optimizing patient monitoring in order
to adjust ratios of blood products and hemostatic ad-
juncts, as well as their delivery over time, remains an
area of active research.

HYPOTENSIVE RESUSCITATION

The duration of time from injury to surgical control of
bleeding is an important factor in the appropriateness
of applying hypotensive resuscitation strategies. Hypo-
tensive resuscitation, particularly the avoidance of large-
volume crystalloid use, has been shown to reduce death
from hemorrhage for patients with penetrating injuries
and with evacuation times under 30 minutes." It is un-
known if this practice is advantageous for patients with
evacuation times of over 60 minutes. The risk of shock
and coagulopathy increases with a low cardiac output
state, especially as the oxygen content of blood drops
over time with bleeding and the loss of red blood cells
(RBCs). As a result, caution is necessary when con-
templating the appropriateness of hypotensive resusci-
tation in prolonged field care situations, as well as in
particular clinical scenarios such as TBI. The validity
of the current hypotensive resuscitation thresholds has
also been questioned in the light of transfusion-based
strategies that deliver improved hemostasis compared to
crystalloid. In short, it is not clear whether hypotensive
resuscitation offers any advantages if hemostatic blood
products are available in the prehospital environment.
Conversely, there is fairly strong evidence supporting
avoidance of excess crystalloid through permissive hy-
potension when blood is not available and bleeding is
not controlled."

HEMOSTATIC RESUSCITATION

A whole blood-based resuscitation with either whole
blood or whole blood approximated with a 1:1:1 unit ratio
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of RBCs, plasma, and platelet units provides a balanced
treatment of both the shock and coagulopathy that to-
gether increase the risk of hemorrhagic death. It should
be noted for planning purposes that the platelet units in
“1:1:1” refer to platelet concentrate volumes from whole-
blood derived platelets (imagine literally reconstituting
a unit of whole blood that has been separated by cen-
trifugation into red cells, plasma and platelets — with
anticoagulant and red cell additive solution added, thus
diluting final product concentrations by about a third).
Given that modern component use in the US military
is exclusively based on platelets collected by apheresis,
it might be more accurate to use the ratio of 6:6:1 (red
cell units: plasma units: one apheresis platlet unit), but
for the purposes of consistency with the literature, we
retain the “1:1:1” terminology. In austere environments,
whole blood is available through walking blood banks,
where donors are typically screened with abbreviated
questionnaires, and in some situations pre-screened for
transfusion transmitted diseases prior to deployment. In
this situation, the whole blood is collected and trans-
fused within a very short period of time; therefore, it is
termed warm fresh whole blood (WFWB). The ratio-
nale for the use of WFWB for resuscitation compared to
the use of blood components is that it is more concen-
trated than one unit each of RBCs, plasma, and platelets,
which contain three times the volume of anticoagulants
and additive solutions and is more convenient in the pre-
hospital setting. Warm fresh whole blood also has not
developed the various storage lesions that reduce the ef-
ficacy and safety of stored blood components such as
the well-known loss of labile coagulation factors and
thrombin generation potential in thawed plasma, the
loss of aggregation response in standard room temper-
ature-stored platelets and the increased risk of bacterial
growth in room temperature-stored platelets.'>!*

In an effort to increase the availability of whole blood,
the effects of storage at 4°C have been re-evaluated.
Whole blood has been found to retain most of its hemo-
static function for up to 14 days.” A potential advan-
tage of this product compared to the approximation of
whole blood with blood products in a 1:1:1 unit ratio is
that the platelets in whole blood will be stored at 4°C
and the platelet units used in approximated whole blood
will be stored at 22°C. Previously published trial data in
adults and children have indicated that platelet-contain-
ing products stored at 4°C are more hemostatically ac-
tive compared to when they are stored at 22°C."* Whole
blood at 4°C would still be more concentrated than blood
components in a 1:1:1 unit ratio, reducing the risk of di-
lutional coagulopathy.'®"” To further increase the avail-
ability of whole blood, particularly in emergency situa-
tions when cross-matching is difficult or impossible, it
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is possible to use low anti-A, anti-B titer Group O whole
blood as a universal donor product.?’

The widespread adoption of hemostatic resuscitation
is evident in the findings of a recent survey of 132 US
trauma centers, which reported that for adult trauma
management, 88% of sites target high (1:2 or greater)
plasma-to-RBC ratios. Likewise, 79% of sites target
high platelet-to-RBC ratios. To facilitate the early trans-
fusion of plasma, 69% of sites indicated that they have
plasma immediately available for massive transfusion
protocols (MTP) activation. A similar survey of MTP
policies in children’s hospitals revealed that 78% of cen-
ters targeted a high plasma:RBC ratio in children with
life-threatening bleeding, whereas 65% of centers tar-
geted a high ratio of platelets:RBCs. These survey data
indicate that most adult and pediatric medical centers
are attempting to deliver the functionality of whole
blood with components.?!

A meta-analysis of retrospective studies that evaluated
the effect of high plasma ratios on outcomes in trauma
patients indicated a survival benefit with early and in-
creased plasma administration.’> However, as these
types of studies are prone to several types of biases,
including survivor bias and confounding by indication,
the final word on the effect of high ratios on survival is
unknown. There has been less data published regard-
ing high platelet to RBC ratios, although most reports
indicate improved survival, similar to the plasma:RBC
ratio data.”**

Recently, the Pragmatic Randomized Optimal Platelet
and Plasma Ratios (PROPPR) trial, a large prospective
randomized trial compared a 1:1:1 ratio versus 1:1:2 in
which the latter group received fewer platelets that were
given later in resuscitation.?® The study, while limited by
the similarity of the treatment arms and which was de-
termined by fading equipoise in the field, provided high-
er quality evidence than retrospective studies to support
equal ratio component use and was able to show a dif-
ference in secondary outcomes of reduced death from
hemorrhage at 24 hours and reduced time to hemostasis.
Primary outcomes of mortality at 24 hours and 30 days
were not different between the 2 study groups.

Further improvements in hemostasis and overall resus-
citation outcomes may be possible since platelets stored
at 22°C, the current standard of care, are less hemostati-
cally functional than platelets stored at 4°C, and are also
less safe due to the risk of bacterial contamination.?*?’
Efforts are underway to make platelet units at 4°C avail-
able for patients with traumatic bleeding. The FDA
and AABB in 2015 have permitted the use of apheresis
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platelet units stored unagitated between 1°C and 6°C at
the Mayo Clinic Trauma Center in Rochester, MN, for
bleeding patients. In addition, clinical trials comparing
platelets stored at 4°C vs 22°C are underway in Ber-
gen, Norway, in patients undergoing complex cardiac
surgery and experiencing severe bleeding. Cold-stored
platelets have been designated an Army Strategic Tech-
nology Objective and could soon be deployed in support
of combat operations.

In addition to improvements in platelets, the develop-
ment of dried plasma products, such as freeze-dried
(FDP) or spray-dried plasmas may provide important
opportunities for improving prehospital resuscita-
tion, particularly in austere settings where other blood
products may be unavailable or inconvenient to collect
on-site. While FDP was first fielded by US Forces in
World War II and used as a bridge to whole blood trans-
fusion, reintroduction of such a product to the clinical
armamentarium requires FDA approval. The US Army
Medical Research and Materiel Command, in partner-
ship with the US Navy’s Office of Naval Research and
the Department of Homeland Security, has spearheaded
efforts to obtain dried plasma products for trauma re-
suscitation. Development is advancing and clinical trials
are currently underway. For the time being, US Army
Special Operations Command troops have access to
FDP manufactured by the French Army under an Ex-
panded Access Investigational New Drug (IND) proto-
col. Execution of this protocol in the deployed setting
is extremely cumbersome due to data management and
reporting requirements and use has been extremely lim-
ited. The true utility of FDP and similar products will
only be assessed once they are available off the IND
protocol.

SYSTEMIC HEMOSTATIC ADJUNCTS

The logistical challenges of resuscitating trauma pa-
tients in remote settings often limit administration of
blood products and have prompted the evaluation of he-
mostatic adjuncts. These medications may be particu-
larly useful if intravascular volume is supported with
crystalloid fluids, which cause dilutional coagulopathy.

Hemorrhage may be better controlled by improving
clot stability. The CRASH-2 trial demonstrated that
tranexamic acid (TXA), a lysine analog inhibitor of
fibrinolysis, administered upon admission to hospital
within 3 hours of injury, reduced all-cause mortality
and death due to hemorrhage in trauma patients with-
out causing an increase in venous thromboembolism.?
The MATTERS and MATTERS-2 studies retrospec-
tively evaluated TXA use in OEF combat casualties
and found evidence of improved survival, although a
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higher rate of venous thromboembolism was identified
in unadjusted data in patients receiving TXA.?** Since
earlier administration of TXA resulted in improved out-
comes in CRASH-2, use in the prehospital setting is a
reasonable extrapolation of the available clinical data.’!
Furthermore, TXA has been shown to be stable across
a wide range of environmental conditions that account
for even very severe military operational settings.**
Tranexamic acid has thus been endorsed by the Blood
Advisory Group of the North Atlantic Treaty Organiza-
tion** as part of a protocol for the resuscitation of pa-
tients in hemorrhagic shock.*

Another approach to hemorrhage control is centered
on providing substrate for clot formation. Fibrinogen
conversion to fibrin is the final common pathway of the
coagulation system. Fibrinogen is rapidly depleted in
the setting of massive trauma and hemorrhage due to
hemodilution, consumption, and fibrino(geno)lysis.**
Fibrinogen concentrates appear to be relatively safe and
can rapidly restore hemostatic function in some circum-
stances, thus reducing bleeding and transfusion require-
ments.*** In a large observational study of severely in-
jured patients, the early use of fibrinogen concentrate
was associated with significantly lower 6-h mortality
and an increased time to death, but also a greater in-
cidence of multiple organ failure.*’ Randomized trials,
particularly in the prehospital setting, are urgently need-
ed to guide appropriate use of fibrinogen concentrates in
trauma resuscitation.

Finally, increased thrombin generation has been sug-
gested as an approach to improve hemorrhage control.
Recombinant human factor VIla has been evaluated in
trauma and in other bleeding patient populations. While
rFVIla unquestionably increases thrombin generation
and may reduce bleeding and RBC transfusion require-
ments to some extent, no mortality benefit has been
demonstrated with use of this drug, and it associated
with increased thromboembolic risk in certain patient
populations (eg, elderly, active atherosclerotic vascular
disease).** Its use in trauma cannot be recommended
outside of a clinical trial setting. Prothrombin complex
concentrates (PCCs) have become the new standard of
care in managing hemorrhage in patients receiving war-
farin anticoagulation.** Use of PCCs in a broader popu-
lation of trauma patients has not been evaluated in ran-
domized controlled trials and may excessively increase
thromboembolic risks due to the long half-lives of
procoagulant factors in these products.”” Animal stud-
ies suggest that PCCs may reduce blood loss but may
also increase the risk of developing DIC and death.*
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Randomized controlled trials are required before the use
of PCCs can be recommended for the broader trauma
population.

CONCLUSION

The central tenets of damage control resuscitation, ag-
gressive hemorrhage control, early treatment of shock
and coagulopathy with blood products that deliver the
functionality of whole blood, early administration of
TXA,*® and avoidance of crystalloid and colloid infu-
sions have become the standard of care in combat ca-
sualty management. Further improvements in outcomes
are possible with incorporation of products like cold-
stored platelets, freeze- or spray-dried plasma, and fi-
brinogen concentrate, but the most important gains will
be made through translation of DCR principles to the
prehospital setting with therapies like point-of-injury
whole blood transfusion. Additional gains will be pos-
sible through acquisition of a deeper understanding of
the physiology of shock and coagulopathy which will
permit enhanced patient selection and goal-directed
therapy. Overall, reducing the time between an injury
and hemostatic resuscitation remains the great chal-
lenge of battlefield medicine.
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Theater Blood Support in the

Prehospital Setting

ABSTRACT

LTC Audra L. Taylor, MS, USA
LTC Jason B. Corley, MS, USA

The Army Blood Program (ABP) is charged with the responsibility of supporting the Warfighter on the battlefield, in

addition to meeting garrison hospital blood requirements on a daily basis. Blood support concepts developed in re-
sponse to Operation Iraqi Freedom/Operation Enduring Freedom combat operations are the cornerstone to maintain-
ing current capabilities and shaping future endeavors.. The ABP is actively engaged with research, advanced devel-
opment of blood products and medical technology to improve blood safety and efficacy for both our conventional and

operational forces. The feasibility of frozen/deglycerolized red blood cell use in theater has been demonstrated. The

use of Blood Group A plasma in the place of Blood Group AB plasma has been successful. Placement of cryopre-
cipitate at Role 2 medical facilities and the placement of blood products on MEDEVAC (Vampire Program missions)

have proven invaluable in moving transfusion therapy closer to the point of Injury. The improved patient outcomes

from earlier transfusion of blood products has driven the requirement for far-forward blood support. Now (more than

ever), there are products and processes in place to meet the requirements for blood use in the prehospital setting.

The overall mission of the Armed Services Blood Pro-
gram (ASBP) is to provide quality blood products and
services for all worldwide customers in peace and war.
The standard blood distribution system used by ASBP
provides a solid framework for the 3 service blood pro-
grams to move blood and blood products to designated,
in-theater medical care activities, treatment facilities,
and first responders as illustrated in Figure 1.* While
the distribution system works very well when estab-
lished in support of theater operations, stringent stor-
age and shipping requirements, inventory management,
and limited potency periods have a continuous influence
on the ability to provide this required support.? Despite
these constraints and in response to documented lessons
learned, several improvements on the blood program
have already been made. Supporting units have become
more flexible, inventory management has been en-
hanced, Hemacool refrigerators and freezers (AcuTemp
Thermal Systems, Moraine, Ohio) are found at Role 2,
apheresis platelets are collected in theater, aggressive
collections in the United States have resulted in fresher
blood on the shelf in theater, and protocols have been es-
tablished to standardize transfusion ratios and the emer-
gency collection of whole blood. These efforts alone
have contributed immensely to the noted improved sur-
vival rates on the battlefield. However, the work and ad-
vances must continue in order to sustain current practice
with our conventional forces as well as continue to focus
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on extending the required support beyond the current
distribution system to those closest to the point of in-
jury—the first responders. The determination of blood
types through use of Eldon ABO cards and development
of the Micronics ABORh card (both approved by the
Food and Drug Administration (FDA) for educational
use) has allowed the capability to determine blood types
of donors and closed the gap of depending on dog tags
with a known error rate of 3%-5%.> A capability gap
in ensuring safe blood products led to the whole blood
pathogen reduction device (PRD) development effort.
As of 2011, PRD is an official Program of Record for
the Department of Defense (DoD) which will enhance
blood safety efforts in support of future capabilities.

FREEZE DRIED PLASMA

While the theater blood management of FDA licensed
products has been successful, frozen plasma products
are only available doctrinally at Role 2 and Role 3 MTFs
due to logistical constraints. With the long logistical tail,
breakage rates of fresh frozen plasma (FFP) sometimes
exceeded 25%, rendering a precious product useless.
Research and development efforts have been vital to the
future success in combating these constraints and sup-
porting damage control resuscitation (DCR). The devel-
opment of a dried plasma product would eliminate the
need for shipping at ultra-low temperatures and unac-
ceptable loss of product due to breakage. Freeze dried
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plasma (FDP) provides tremendous advantages in bat-
tlefield DCR beginning at the POIL. Once reconstituted,
this product combats the coagulopathy of trauma and
restores circulatory volume.

Freeze dried plasma will be used to treat life threaten-
ing, severe hemorrhage arising from injuries sustained
during contingency operations in remote, austere en-
vironments where access to standard blood products
and immediate damage control surgery is not readily
available. The US military has identified an operational
need for an FDP product on the battlefield as noted in
an approved Capabilities Development Document. De-
partment of Defense requirements have been identified
and collaboration efforts are underway with private in-
dustry to develop a product approved by the FDA. In
the meantime, the US Army Special Operations Com-
mand has an immediate need and, under an Expanded
Access Investigational New Drug (IND) protocol, has
been granted permission from the FDA to procure this
type of product from the French Military Blood Bank
(also referred to as Centre de Transfusion Sanguine des
Armees (CTSA)).? The CTSA provides a very limited

amount of FDP due to a limited donor pool in France.
A novel collaborative approach among the Special Op-
erations Command, the Army Medical Research and
Material Command, the Army Blood Program (ABP),
and CTSA has been in the works to amend the Expand-
ed Access IND to provide apheresis plasma collected
by the ABP as the source material for CTSA to manu-
facture FDP. To date, 5 ABP Blood Donor Centers are
collecting plasma for this program. Freeze dried plasma
will provide blood support at the POI, will reduce cur-
rent wastage of FFP due to breakage and outdating, does
not require cold chain management, and can be used by
both conventional and special operations forces.

BLooD GrRoup O Low TITER WHOLE BLOOD

The requirement for the collection and transfusion ben-
efits of whole blood in emergency conditions is well
known and documented. The evolution of this practice
has resulted in the development of a Clinical Practice
Guideline for Fresh Whole Blood Collections* by the
US Central Command and identified the need for a stan-
dardized training platform. Current practice includes
the collection and transfusion of type specific whole

a. Information paper. Subj: Relationship Between the French Military Blood Program and the US Army; November 4, 2013. Internal military

document not readily accessible by the general public.
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Figure 2. Titer results from the first 3 collections at Fort Ben-
ning. BD indicates blood draw. Data provided by S. Rudesheim,
Sullivan Memorial Blood Center, Fort Benning, GA.
*Positive results for the FDA mandated Transfusion Transmis-
sion Disease Testing.

blood, however, the ability to obtain the blood type of
a potential donor can be problematic. The 75th Ranger
Regiment Trauma Management Team (Tactical) at Fort
Benning, Georgia, has partnered with the ABP to deploy
with identified low titer Group O donors. This program
has evolved throughout FY15 and includes completion
of the DD Form 572 (Donor Screening Record) and in-
terview process for volunteer low titer Group O Soldiers
assigned to the regiment, the collection of tubes for the
required viral marker and titer testing, establishment of
the unit in the Theater Medical Data Store (TMDS) for
theater access by the Regimental Surgeon of results, and
appropriate donor follow-up and counseling in the event
of a positive test. This collaborative effort was initiated
in conjunction with the Sullivan Memorial Blood Donor
Center at Fort Benning. The Fort Benning donor col-
lection team has worked to streamline the process and
develop a standard operating procedure to be used in
support of Rangers assigned to Joint Base Lewis Mc-
Chord and Hunter Army Air Field.® This program also
involves the Department of Pathology at each location
in order to process, ship, and enter the requested titer
results in the Composite Health Care System. Group O
Rangers with a titer of 1:256 or greater are considered
“high titer” and will not be used as donors. Group O
Rangers with a titer less than 1:256 are considered “low
titer” and may be used as donors. Titer results of the first
3 collections are shown in Figure 2. Donor interview
is documented on the DD Form 572: Blood Donation
Record. Transfusion transmitted disease testing, and
titer testing results are entered into TMDS by the do-
nor center staff. This step closes the loop and provides

visibility to the Regimental Surgeon or designee. As this
program continues to mature, approximately one half of
the potential blood Group O donors should be identified
as low titer.

THE VAMPIRE PROGRAM

The current Vampire Program, established in 2012, al-
lows the transfusion of blood products on MEDEVAC
rotary wing aircraft during combat operations by flight
medics, registered nurses, physicians, and physician as-
sistants for patients with appropriate indications.? These
MEDEVAC medical personnel are authorized to admin-
ister blood products in accordance with the approved
protocol in theater. Identified personnel must complete
the initial training program, which provides familiar-
ization with the indications for transfusion, recognition,
and treatment of reactions and administrative require-
ments. Refamiliarization is required every 3 months.
Standard blood products used in this program include
Group O packed red blood cells (pRBCs) and group A
thawed FFP. Both products require refrigeration and
are issued and transported in the approved “golden
hour box.” Upon issue, MEDEVAC medical person-
nel assume all responsibility for the products and the
appropriate documentation. Transfusions must be or-
dered by a physician and appropriately documented in
the patient’s chart. Transfusion activities must be docu-
mented in TMDS and documentation placed in the pa-
tient’s medical record. The medical detachment blood
support (MDBS) commander also maintains oversight
of this program and reports any problems to the joint
blood program officer on a weekly basis. Approximately
320 units of pRBCs and 20 units of thawed FFP have
been transfused as of this writing. There will be a con-
tinued need for this program as one avenue to provide
life-saving measures in the prehospital setting. As new
FDA approved blood products are made available within
industry, a future product menu for the Vampire Pro-
gram may include FDP, cold stored apheresis platelets,
and cold stored whole blood.

CoLD PrODUCTS: WHOLE BLOOD, APHERESIS PLATELETS
AND LIQUID PLASMA

Whole blood is a product that is not routinely stored in
theater beyond 24 hours. The current initiative to iden-
tify Group O low titer donors with the 75th Ranger Regi-
ment will lay the foundation for the collection and stor-
age of Group O low titer units to support our conven-
tional forces. The current Clinical Practice Guidelines

Sources are internal military documents not readily accessible by the general public:
b. Draft Standard Operating Procedure: Ranger Titer Testing. Fort Benning, GA: Sullivan Memorial Blood Center; August 2015.
c. Ranger Titer Results and Graph. Fort Benning, GA: Sullivan Memorial Blood Center; July 2015.
d. Malsby RF, Shackelford S, Coots NV. SOP for Management and Administration of Blood Products on Army MEDEVAC Missions,

version 3. US Forces - Afghanistan; August 2012.
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allow for the transfusion of type-specific whole blood. A
shift to the collection, testing, storage, and distribution
of Group O whole blood in theater at Role 2 facilities will
have a huge effect on current inventory constraints and
allow the ASBP to provide the right product to the right
patient.* Fresh whole blood contains platelets and may
also be incorporated into the current Vampire Program.

Apheresis platelets are collected in theater due to their
5-day expiration, Upon collection, platelet products are
maintained at room temperature in an incubator (with
gentle agitation) while a deployed Role 3 medical facility
provides microbiology support for bacterial contamina-
tion testing. Despite being collected in theater, the avail-
ability of this product is still limited to Role 3 medical fa-
cilities and the MDBS.? As operations move to more aus-
tere environments and efforts continue to provide blood
support in these locations, storing this resource-intensive
product in a refrigerator will assist in this endeavor. The
blood industry has noted that specific platelet products
may target specific clinical indications. Room tempera-
ture platelets are important for those patients with chron-
ic conditions, while cold stored platelets are good for
trauma patients. In addition to the significant decrease
in required resources to maintain this blood component,
the Army Institute of Surgical Research has conducted
a tremendous amount of research with this product and
noted that cold stored platelets provide better hemostat-
ic function.’ The FDA has recently approved the use of
3-day, apheresis cold stored platelets. This is definitely
a significant step in the right direction as research con-
tinues to focus on extending the expiration date of cold
stored platelets with the addition of platelet additive solu-
tions. The ability to store cold apheresis platelets that are
fully tested and FDA licensed would create the capability
to ship this product to the theater of operations through
the Armed Services Blood Distribution System.

The ASBP has received a few requests for liquid plasma
to support exercises and operations. This whole blood
derived product has a 26-day expiration date, is ideal
for those Role 2 medical facilities without thawing
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capability, and is stored in a refrigerator at the same
temperature as pRBCs and thawed FFP. Since this
product is not widely used, the procurement of it by
ASBP requires a significant amount of lead time. The
3 service blood programs are currently working on li-
censure packets to routinely provide this product. Once
licensed with ASBP, this product will be more readily
available with less lead time required for collection and
distribution

PREDEPLOYMENT TRAINING

Training plays a vital role in the successful execution of
donor collections and transfusion activities. In the ab-
sence of a formalized training platform, laboratory of-
ficers and the service blood programs will work together
to facilitate training for laboratory personnel preparing
to deploy. This process will work for active duty per-
sonnel, but does not capture reserve personnel and, as a
result, a significant amount of training is completed in
theater. The ABP submitted a request in 2011 to develop
a formalized training course to provide training on the
collection of whole blood, collection of apheresis plate-
lets, and deglycerolization of frozen blood. Future plans
include the availability of the course in the Army Train-
ing Requirements and Resource System and attendance
by personnel from the Army, Navy, and Air Force.

CONCLUSION

As the ABP continues to be engaged with research and
advanced development, partnerships with industry and
other alliances are vital to the continued success and ef-
forts to provide blood support in the prehospital setting.
Freeze dried plasma is available to US Army Special
Forces, the 75th Ranger Regiment can now deploy with
known Blood Group O low titer donors, and the FDA
has approved cold stored apheresis platelets. This col-
laborative type of effort must continue as we work dili-
gently to decrease cold chain management requirements,
provide pathogen reduction technology, and move blood
products further forward on the battlefield into the pre-
hospital setting. Lessons learned by the ABP will have
significant effect on future doctrine and training.

http://www.cs.amedd.army.mil/amedd_journal.aspx
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Shaping the Flight Paramedic Program

ABSTRACT

LTC Neil B. Davids, MC, USA

Over the past 14 years of conflict, the Department of Defense medical community has made significant strides
in patient care. As the conflicts developed, many sources identified a critical gap in en route care, specifically
the need for critical care trained personnel for point of injury and intrahospital transfers, as well as improved
outcomes for patients who received care from critical care trained providers. As stopgap measures were imple-
mented, the US Army instituted the Critical Care Flight Paramedic Program in order to meet this need of
life saving critical care transport. Execution of both an institutional training model as well as a home station
training option allows for increased numbers of personnel trained, as well as flexibility for National Guard and
Army Reserve units to keep personnel in their area. The Critical Care Flight Paramedic Program’s educational
outcomes have been exceptional, with National Registry Paramedic pass rates well above the national average.
As the program develops, recertification and sustainment of knowledge and skills will be challenges, and novel
approaches and flexibility will become critical for continued success.

BACKGROUND

After September 11, 2001, the Army transitioned from
a peacetime Army to one in continuous wartime opera-
tions. As our conflicts have continued, there have been
many significant changes and improvements in combat
casualty care from the point of injury to rehabilitation
of Wounded Warriors to the first ever critical care trans-
port by Army combat medics. This manuscript attempts
to capture the observations and decisions that led to the
creation of the Army’s Critical Care Flight Paramedic
(CCFP) Program and how it is being shaped to meet fu-
ture requirements.

At the initiation of the conflicts after 9/11, Army Aero-
medical Evacuation units were staffed with one medical
provider for en route care. This provider (flight medic)
was trained with the certification level of an Emergen-
cy Medical Technician (EMT) Basic. Additionally, the
flight medic received training at the Army School of
Aviation Medicine on aircrew functions and Advanced
Cardiac Life Support, Pediatric Education for Prehospi-
tal Professionals, and International Trauma Life Support.
This training was 6 weeks long and upon completion the
medic became a flight medic with the skill qualification
identifier of “F.”

The experiences, advice, and decisions that led to the
creation of the program occurred over the course of sev-
eral years. Initially, anecdotal evidence and after action
reviews from providers in Iraq and Afghanistan noted
that during the course of medical evacuation, postop-
erative patients transferred from a forward surgical
team were critically ill and required significant inflight
medical management, such as ventilator management,
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provision of multiple medications, and blood adminis-
tration. The flight medic was not trained to deliver this
level of care and although many would learn these skills
on the job, it was not a stated requirement to do so. Be-
cause medics were not trained in en route care, another
medical provider, ie, physician, physician assistant, or
critical care nurse, would have to accompany the patient
during medical evacuation. This caused several poten-
tial problems: new providers were typically not familiar
with aircrew procedures which could potentially cause
issues while in flight, were unfamiliar with providing
care in a nonhospital environment, and most important-
ly, were lost to the units for a lengthy period of time
before they could make their way back.

Medical leaders identified these gaps through various
channels and initiated efforts to change the paradigm.
One of the Army solutions was the creation of the En
route Critical Care Nurse (ECCN) program, which
trained critical care nurses to accompany critically ill pa-
tients during intrafacility transport. The ECCNs were ini-
tially assigned to one of the medical treatment facilities,
however, as time progressed, the ECCNs were eventu-
ally attached to the air ambulance units where they could
develop relationships with the flight medics and aircrews,
to great success. This change in assignment contributed
greatly to the success of the program because the ECCN
became more familiar with the providers and other unit
personnel and could assist with point of injury responses.

Although the employment of the ECCN markedly en-
hanced the level of en route care, a larger issue remained.
Because ECCNs were never assigned to air ambulance
units, there was no guarantee that ECCNs would be

http://www.cs.amedd.army.mil/amedd_journal.aspx
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trained and available for deployment in future conflicts.
The logical solution to this problem was to ensure that
the provider assigned to the unit, the flight medic, has
the necessary skills and knowledge to perform the es-
sential en route care, which is standard practice within
the US civilian air evacuation community.

Anecdotal evidence from after action reports assess-
ing en route care continued to mount over the course of
combat operations. However, there was little evidence
to support that staffing evacuation platforms with medi-
cal providers who had a level training above that of a
flight medic resulted in improved patient outcomes.!
This changed in 2011, when the Journal of Trauma pub-
lished the paper “Impact of critical care trained flight
paramedics on casualty survival during helicopter evac-
uation in the current war in Afghanistan”.? The study
showed patient survival at 48 hours was 66% higher
when patients were transported by critical care trained
crews as compared to patients transported by crews who
were not trained in critical care. This strongly supported
the recommendation that critical care training should
become the standard for MEDEVAC medical providers.

In 2010, the Army Medical Department Center and
School (AMEDDC&S) and the US Army School of Avi-
ation Medicine convened a Flight Medic Critical Task
selection board which determined that the requisite skill
level for a flight medic should be a paramedic with cer-
tain additional skills. Shortly thereafter, The Army Sur-
geon General, based upon a recommendation from the
AMEDDC&S Commanding General, decided that the
flight medic would be trained as a paramedic with criti-
cal care training. The Army codified this series of deci-
sions in ALARACT* 061/2012 which provided notifica-
tion of the requirement and intent to train 68W Flight
Medics to NREMT-P' standards with critical care train-
ing. Additionally, the FY13 National Defense Authori-
zation Act® (NDAA) directed the Secretary of the Army
to implement a requirement to have “all in-flight medi-
cal care providers to be critical care flight paramedic
(CCFP) certified within the next 3 years.”

ESTABLISHMENT

The development of the institutional model started with
the creation of the Critical Care Flight Paramedic Pro-
gram at AMEDDCAS in late 2011. The first pilot course
for National Registry Paramedic (NRP) certification
was conducted at the University of Texas Health Science

*All Army Activities: a message transmitted to all US Army activities
throughout the world, providing announcements, notifications,
and other information of import requiring rapid dissemination
Army-wide.

fNational Registry of Emergency Medical Technicians-Paramedic
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Center San Antonio (UTHSCSA) from February to Au-
gust of 2012. This course follows the National Registry
of Emergency Medical Technician guidelines for the
medical curriculum taught by the faculty at UTHSC-
SA. The first time pass rate of the NRP exam was 92%
(historical average across the United States in 2012 was
74%), and since inception has always remained above
90%. Upon completion of the NRP course, students
transitioned directly to the critical care course, with the
didactic portion conducted at UTHSCSA, and critical
care clinical rotations at the San Antonio Military Medi-
cal Center. Each student completed 240 hours of clini-
cal rotations which significantly exceeded the number
of hours in civilian critical care courses for paramedics.
The justification for this number of hours was that in the
civilian air ambulance community, a paramedic gener-
ally will not be considered for hire with less than 3-5
years of experience as a ground paramedic. Given the
potential for an Army Medic to not have the clinical pa-
tient experience that a full time paramedic would have,
the increase in patient encounters during training would
provide an equivalent experience that a civilian would
accumulate in 3 to 5 years.

The third training course was the integration of medical
training in the aviation environment coupled with air-
craft crewmember training. Given that the initial para-
medic students were already MEDEVAC crewmembers
and therefore been to the legacy flight medic course
(with the additional skill identifier (ASI) of F3), crew-
member training would not be a requirement for them.
However, natural attrition of medics required that new
medics, who were not trained as MEDEVAC crewmem-
bers, must attend this training. Initially, these students
went to the legacy flight medic course until a new course
could be created for the flight paramedics.

HOME STATION TRAINING

As the institutional model was created, it became appar-
ent that it would not be possible to meet the throughput
necessary to meet the FY13 NDAA directive. Given that
the civilian community has many facilities to provide
the training necessary to obtain NRP certification and
critical care training, the Army created the Home Sta-
tion Training option. This option, outlined in ALARACT
028/2013 and updated in ALARACT 301/2013, allowed
units to send Soldiers to an accredited civilian NRP
program as well as civilian critical care programs (with
the approval of the director of the CCFP Program). This
provides flexibility for units and Soldiers to obtain the
training without having to change duty stations. This
is extremely beneficial to Soldiers assigned to air am-
bulance units that may be pending a deployment cycle.
Additionally, this option is advantageous for National
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Guard and Reserve unit Soldiers whose civilian em-
ployment would be severely disrupted for an individual
training event. This model may become more attractive
in the years to come as we try to meet the goal of having
every inflight provider be a CCFP.

CURRENT TRAINING

The current institutional model consists of contracted
courses from UTHSCSA. The NRP course is 6 months
in length and culminates with the student taking the
NRP exam. Upon passing the exam, the student transi-
tions to the critical care course, which is 8 weeks long.
The current contracted course differs from the pilot in
that the clinical rotations are done with civilian facilities
and agencies, broadening the students’ experience.

The third course required for those students who have
not received the ASI F3 in the past is the new AMEDD
Aviation Crewmembers Course. The purpose of this
course is twofold: first to “operationalize” the medical
knowledge that the students have in the aircraft environ-
ment, and second, to introduce the student to the avia-
tion environment and the crewmember skills necessary
to become an effective crewmember on an aircraft. The
first pilot of this course was conducted in July 2015, and
student feedback has been overwhelmingly positive.

FUTURE

As stated earlier, the initial goal of the program was to
transition all Army flight medics to CCFP by FY 2017.
For a variety of reasons (deployments, funding for pay
and allowances for National Guard/Reserve, throughput
capability), the likelihood of meeting this goal is low.
However, significant progress has been made, and atten-
tion is being focused at the highest levels to ensure the
program continues to provide for training of this critical
skill set.

As the program matures, there will likely be a transi-
tion of the contracted courses to bring the training into
the AMEDDC&S. One advantage of this would be that
the instructors will be primarily CCFPs with deploy-
ment experience which would bring real world experi-
ence to students. Another advantage would be the ability
to integrate training in the aircraft cabin environment
using the newly constructed Transport Medical Train-
ing Lab (TMTL) at AMEDDC&S. The TMTL enables
students to integrate all the skills learned using high fi-
delity patient simulators in a realistic aircraft environ-
ment. Instructors are able to record all of the students’
interventions with the simulated patient ensuring a
thorough evaluation is provided. Additionally, there is a
forward surgical team “‘suite” in which the student will
be able to hand over and receive patients from hospital
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providers, so the first time they conduct such handovers
will not be in a deployed environment. This will also
allow other providers to rehearse and train in a more
realistic environment while at AMEDDC&S. The San
Antonio Military Medical Campus, as well as civilian
hospitals and other civilian agencies, will still be part
of the CCFP training through the use of Medical Train-
ing Agreements in order to ensure the students have a
breadth of clinical experience prior to seeing a critically
ill or injured patient on their own. Finally, the ability to
integrate the other agencies at AMEDDC&S, such as
the veterinary instructors, allow for integration of mili-
tary specific training requirements into the program.

CHALLENGES

One of the main challenges in creating the CCFP is the
“tail” of sustainment and recertification training. Army
Emergency Medical Service currently has an interim
recertification policy that is outlined in ALARACT
071/2014, which meets the requirements of NREMT
recertification for NRP. Although it meets the require-
ments, many of the interventions and much of the
knowledge outlined in the policy fail to address the
needs for sustainment of the CCFP. Currently the CCFP
Program is working on a solution through the creation
of a training circular (TC) similar to TC8-800 for 68Ws
(combat medics), but focused on the CCFP needs. Ad-
ditionally, getting sustainment clinical training in a high
acuity environment (ICU level care) will be necessary
to maintain clinical acumen. This will require medical
training agreements (MTA) between units and military
treatment facilities (MTF) or civilian hospitals, as many
local MTFs do not have the patient level of acuity for the
CCFP to maintain clinical knowledge and skills. This
will require leaders at separate posts to take the lead
in integrating with the outside community, which is al-
ready happening at locations like Fort Hood, where the
leadership has approved MTAs with civilian agencies,
enabling their medics to acquire patient care experience.

As the transition to Critical Care Flight Paramedics con-
tinues to progress, other challenges will become evident.
Given the successful history of the rapid development
of this program, these challenges will likely become
opportunities to improve on the program and allow for
future success. Early identification of the gaps in en
route care, followed by parallel initiatives from multiple
sources, have shown that developing a highly skilled en
route care provider can be done effectively. Challenges
in the future, primarily concerning sustainment of these
skills, will likely be met through innovative institutional
and organizational solutions in order to maintain the ca-
pability to take care of the most critically ill and injured
patient.
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US Army Physical Therapist Roles
and Contributions in Operations
Enduring Freedom and Iraqi Freedom

ABSTRACT
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Musculoskeletal injuries are a leading cause of health care utilization, medical evacuation, and disability. US
Army physical therapists (PTs) have served as physician extenders for the management of nonsurgical neu-
romusculoskeletal injuries since the Vietnam conflict. The roles and evidence supporting US Army physical
therapy continue to evolve. This article discusses the different levels of care and roles of US Army PTs, the con-
tributions and evidence regarding US Army physical therapy, and physical therapy lessons learned during Op-
erations Enduring Freedom and Iraqi Freedom. Since 2001, US Army PTs and enlisted physical therapy techni-
cians have provided care from Levels 1 to 5 and assignments have expanded to special operations and brigade
combat teams. Evidence suggests US Army PTs serving both in referral and direct access roles provided safe
and definitive care that maximized readiness while reducing evacuation. Key physical therapy lessons learned
include: (1) a continued focus on a Soldier sports medicine forward care model, (2) a need for injury risk assess-
ment, physical performance screenings, and reconditioning programs that optimize readiness, and (3) continued
support for physical therapy structure, training, and research that maximizes Soldier readiness and health.

PROBLEM STATEMENT: IMPACT OF MUSCULOSKELTAL
INJURIES

Musculoskeletal injuries (MSI) are the primary cause
for healthcare visits, lost duty days, decreased readiness,
medical evacuation, and disability in the military."®
Musculoskeletal injuries resulted in 2.5 and 2.2 million
healthcare visits in 2010 and 2012, respectively.>® Ad-
ditionally, approximately 68,000 military members are
injured on an annual basis, resulting in 25 million injury
related lost duty days and healthcare costs exceeding
$700 million a year.** The estimated annual salary cost
alone for nondeployable Soldiers exceeds $3 billion.’
The long-term costs of musculoskeletal disabilities are
staggering with the Veterans Administration reporting
annual compensation exceeding $5.5 billion for service
members with musculoskeletal disabilities.>® Musculo-
skeletal injuries during deployment are also extremely
common with reports of 87% of all nonbattle injuries in-
volving the musculoskeletal system.” Further, nonbattle
MSI was the leading cause of medical evacuations from
theater from 2001 to 2010.

ARMY PHYSICAL THERAPY PRIOR TO SEPTEMBER 2001

The roles and contributions of US Army physical thera-
pists (PTs) have evolved since formal military physical
therapy education and practice started in 1922. In par-
ticular, Army PTs have served in every major military
conflict since World War I1.3-° Prior to the Vietnam War,
Army PTs typically served in field or general hospitals

52

outside the combat zone (Level 4 care) or in large medi-
cal centers in the United States (Level 5 care) provid-
ing rehabilitative care. During Vietnam, the roles and
responsibilities of Army PTs were expanded to include
serving as physician extenders for the evaluation and
treatment of neuromusculoskeletal conditions, with 43
Army PTs serving in 3 of 4 combat zones.*’ Two key
factors contributing to the use of Army PTs in a direct
access role was the overwhelming MSI and orthopaedic
surgical caseload during and following Vietnam.>!-!2

Various studies prior to 2001 examined the impact of PTs
in direct access and deployment settings.”'*!'* In particu-
lar, during Operation Desert Storm, return to duty rates
for Soldiers evaluated by an Army PT were 90%.>"* Re-
search by Teyhen' during peacekeeping operations in
Bosnia reported that 19% of all patients seeking care at
the combat support hospital (Level 3 care) were man-
aged by physical therapy, with only 2% of all PT patients
requiring lost duty, hospitalization, or medical evacua-
tion. In 2000, Army PTs were assigned to Army Rang-
er battalions. The original PTs assigned to these units
demonstrated immediate value for operational readiness
and within a 10 month period, deployment readiness for
Ranger Battalions shifted from 88% to 95%.”"* The im-
provements in readiness were attributed to Ranger PTs
focus on a Soldier sports medicine (SSM) model which
defined 6 roles Army PTs, shown in the Figure, within
the following 3 areas: (1) injury surveillance/prevention,
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injuries

injuries

AREA 2

EARLY IDENTIFICATION AND
REHABILITATION OF INJURIES

ROLES

3. Early identification of musculoskeletal

4. Rehabilitation of musculoskeletal

AREA 1

MUSCULOSKELETAL INJURY
SURVEILLANCE AND PREVENTION

ROLES
1. Musculoskeletal injury surveillance

2. Injury prevention strategies in the form
of screening and education

READINESS
AND
HEALTH 5,

' ' 6.
b b

AREA 3

RECONDITIONING AND
HUMAN PERFORMANCE OPTIMIZATION

ROLES

Reconditioning programs for injured Sol-
diers transitioning back to full training
status

Individual and/or command guidance
on human performance optimization
techniques

The Soldier Sports Medicine Model encompasses 6 key roles across 3 areas. All roles are interrelated and are a collaborated ef-
fort by the Soldier, command team, master fitness trainers, physical therapists, physical therapy technicians and medical staff

is required to maximize readiness and Soldier health.

(2) early identification and rehabilitation of MSI, and (3)
reconditioning/human performance optimization.” The
SSM approach using this concept continues to be the
foundation of Army PT outpatient practice today, both
in garrison and deployment.’

ARMY PHYSICAL THERAPY AFTER SEPTEMBER 2001

The growing evidence of Army PT’s effect on readiness
prior to September 2001, and the employment of the
SSM model by US Army Rangers set the stage for ex-
panded assignments and utilization of Army PTs during
Operations Enduring Freedom and Iraqi Freedom (OEF/
OIF). Specifically, Army PTs and enlisted physical
therapy technicians started serving in US Special Op-
erations Command (SOCOM) units and brigade combat
teams (BCTs) in 2003 and 2005, respectively. During
deployment, these assignments provided an immedi-
ate forward presence for Army PTs and PT technicians
and allowed for an expansion of neuromusculoskeletal
evaluation and treatment to Level 1 and 2 care facilities
(forward operating base battalion aid stations).”'> Army
PTs serving in these assignments consistently traveled
to Soldiers at various locations within their area of op-
eration, thus reducing Soldiers’ travel to a higher level of
care at a combat support hospital (CSH)."* The combina-
tion of the number of MSI sustained during OEF/OIF,
ill-defined enemy locations, and geographic separation
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between operating bases also necessitated the augmen-
tation of one to 2 additional physical therapists for each
deployed CSH. Collectively, from 2001 to 2011, 162
Army PTs deployed in support of OEF/OIF,’ and in 2011,
approximately 80% of all deployment qualified active
duty Army PTs had deployed at least once.

CONTRIBUTIONS OF ARMY PHYSICAL THERAPY SINCE
SEPTEMBER 2001

Early Identification and Management of
Musculoskeletal Injuries

Since the beginning of the OEF/OIF conflict, Army PTs
have embraced the SSM model and commitment to Sol-
dier readiness. Research by Moore etal®in 2013 provides
descriptive data of patient encounters and management
by deployed Army PTs from July 2004 to March 2011,
presented in the Table. Findings from deployed BCTs
and CSHs (N=74) reported that over one-third (38%) of
all outpatient workload was completed by physical ther-
apy with 45% of all physical therapy encounters being
new evaluations. Additionally, almost half (45%) of new
evaluations were seen on a direct access basis with CSH
specific data confirming that 91% of military personnel
with MSI at Level 3 care were managed by physical ther-
apy. Overall, the low ratio of new evaluations to overall
visits (71,310/157,337; 1 new evaluation per 2.3 overall
encounters) suggests most military personnel required
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minimal visits and almost all (97%) were

returned mission capable.’

Data Comparing Outpatient Physical Therapy Encounters From Combat Support
Hospital and Brigade Combat Teams During Operation Iraqi Freedom/Operation
Enduring Freedom From July 2004 to March 2011.

Moore et al® also examined CSH and BCT
data in isolation, and of the 71,310 BCT/

CSH PT new evaluations reported, 69%
(48,879) were evaluated by PTs serving

in BCTs. These findings emphasize the

forward shift of Army PTs and reflect that
the majority of physical therapy patients

were managed by PTs organic to the bri-
gade. In consultation with brigade physi-

cian assistants, it was also reported that
31% (15,084/48,879) of patients seen by

BCT PTs would have required evacuation
to the CSH had a PT not been assigned

to the brigade. Combat support hospital
physicians also reviewed physical therapy

Description of Workload Outpatient Percentage
Encounters of Total

Physical therapy encounters/total of patient 157,337/416,987 37.7
encounters for organization (CSH/BCT)

Physical therapy new evaluations/physical therapy | 71,310/157,337 45.3
total encounters (CSH/BCT)

Direct access evaluations/total physical therapy 31,769/71,310 44.6
evaluations (CSH/BCT)

Musculoskeletal injuries managed by PTs com- 34,009/37,332 91.1
pared with other providers (CSH only)

Soldiers returned to duty treated by physical 69,454/71,310 974
therapists/total physical therapy evaluations
(CSH/BCT)

CSH Soldiers who would have required theatre 3,979/22,431 17.7
evacuation had a PT not been present (CSH only)

BCT Soldiers requiring evacuation to a CSH or out | 15,084/48,879 30.9
of theatre had a PT not been present (BCT only)

new evaluations and determined that 18%

Data are from Moore et al.9
CSH indicates combat support hospital; BCT, brigade combat team; PT, physical therapist.

of patients seen by CSH PTs would have
been evacuated from theater had a PT not been present.
Collectively, these findings suggest that Army PTs serv-
ing as part of the CSH or BCT healthcare teams during
OEF/OIF diagnosed and treated a significant percentage
of MSIs, maintained readiness, and minimized evacua-
tion for additional care.”

A survey of primary care BCT healthcare providers
(N=107) also reported BCT PTs significantly decreased
medical evacuations within (68%) and out of theater
(73%). Brigade providers also felt that PTs positively af-
fected the overall mission (97%), patient prognosis (83%),
and PTs were considered the local expert in musculo-
skeletal pathology (92%), including radiology (79%).'®
The clinical diagnostic accuracy of military PTs as com-
pared to magnetic resonance imaging has also been as-
sessed among military PTs, orthopaedic surgeons, and
nonorthopaedic healthcare providers. Findings demon-
strated that the diagnostic accuracy for military PTs and
orthopaedic surgeons was superior to nonorthopaedic
providers."” Finally, the safety of direct access military
physical therapy care was evaluated across 25 DoD
healthcare sites and involved 112,653 new patient evalu-
ations with 50,799 (45%) of the patients seen through
direct access without physician referral. Over the
40-month data collection period, there were no reported
or documented adverse events, probation or reduction
of privileges, state licensure disciplinary actions, or liti-
gation cases involving DoD credentialed PTs."* United
States military PTs in garrison and during deployment
are deemed by their counterparts to provide safe and
critical expertise with regards to the prevention, diag-
nosis, and management of musculoskeletal conditions.
Serving in a direct access role to identify and manage

54

musculoskeletal conditions appears to enhance physical
therapy care closer to the point and time of injury while
allowing other members of the healthcare team to fo-
cus on complex medical and surgical patients sustaining
traumatic injuries.

Musculoskeletal Injury Surveillance

A concentrated effort was made by Army PTs during
OEF/OIF to conduct MSI surveillance with a specific fo-
cus on body regions involved and mechanisms of injury.’
Three separate physical therapy studies examining MSI
injuries by body region have consistently demonstrated
the top 5 involved regions as lumbar spine, knee, leg/
foot/ankle, shoulder, and cervical spine.*!*?° Research
by Roy et al'** also reported on occupational and gen-
der differences for body regions and mechanisms of in-
juries for deployed BCT Soldiers. The authors identified
that female Soldiers deployed in support of OEF had a
higher percentage of lower extremity (women: foot/an-
kle=22%, knee=17%, hip=11%; men: foot/ankle=19%,
knee=8%, hip=1%) injuries as compared to male Sol-
diers who sustained higher rates of low back injuries
(men=32%; women=22%)."” Roy*" also demonstrated
variability in body region injured, diagnosis, and mech-
anism of injury based on occupational specialty and au-
thors emphasized a need for specific occupational injury
prevention strategies.

Injury Prevention, Reconditioning, and Human
Performance Optimization

Since 2008, Army PTs have led a DoD funded project
examining military power, performance, and injury
prevention.?'> This trial involved injury prevention (IP)
and physical performance screening of over 1,400 US
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Army Rangers, special operations and BCT Soldiers. To
date this research has outlined advances in musculo-
skeletal screening, provided normative data for various
physical performance screening measures, and identi-
fied multiple potential predictors of MSI sustained by
US Army Rangers.?* Additional research is required
to refine MSI screening for the Army but this area holds
great potential for mitigating injuries and optimizing
readiness.

The contribution of Army PTs to IP, reconditioning,
and human performance optimization (HPO) efforts
in response to OEF/OIF are also highlighted by col-
laborative efforts with the US Army Fitness Institute,
Public Health Command, US Army Research Insti-
tute of Environmental Medicine, and the Office of the
Army Surgeon General. In particular, these collabora-
tive efforts led to injury prevention programs in initial
entry training that resulted in decreased femoral neck
stress fractures, integration of physical readiness train-
ing, reconditioning programs, and recommendations
for pre-enlistment physical performance screening.**
Additional research by Lester et al?® was also integral
for defining the impact of deployment on BCT Soldiers’
body composition and physical fitness and the potential
importance of additional targeted HPO physical train-
ing postdeployment. The importance of high intensity
reconditioning or “bridge program to return to duty”
was also demonstrated by an Army PT serving with SO-
COM. Following rehabilitation, Soldiers who completed
a 6-week functional training program exhibited statis-
tically significant pre- to posttraining improvements in
agility, vertical jump height, timed and distance hop
testing, kip-ups, and body fat.?’ Although promising,
additional research examining the effect of recondition-
ing programs on injury prevention, Soldier specific oc-
cupational tasks, and readiness are needed.

ARMY PHYSICAL THERAPY LESSONS LEARNED

It is important to point out that for this article the fo-
cus was limited to Army PTs’ impact on the surveil-
lance, prevention, early assessment, rehabilitation, and
reconditioning of MSI in an outpatient setting. This
manuscript does not address the countless contributions
Army physical therapy has provided in the areas of poly-
trauma, amputee, limb salvage, burn and neurologic (eg,
traumatic brain injury, spinal cord injury, vestibular
dysfunction) rehabilitation during OIF/OEF. A system-
atic review of the affect that Army PTs had on these
conditions and lessons learned is warranted.

With regard to MSI, the opportunities, contributions,
and lessons learned by US Army Physical Therapy
since 2001 are numerous and diverse. First, Army PTs
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were integral to the early identification and management
of MSIs during OEF/OIF, and PTs directly contributed
to maintaining Soldier readiness and decreased medi-
cal evacuations within and outside the theater of opera-
tions.” Second, despite the expansion of Army PTs into
the BCTs, full integration of a SSM model, and specifi-
cally, adequate resources (currently 1 PT/1 PT enlisted
per 3,500 BCT Soldiers) to address the IP, recondition-
ing, and HPO roles remain a challenge. Future BCT PT
staffing models similar to those in Ranger and SOCOM
units (1 PT and 1 PT technician per 600-1000 person-
nel) would allow Army PTs to address the IP, recon-
ditioning, and HPO needs of BCT Soldiers. The third
lesson learned involves a need for continued develop-
ment, standardization, and policy/leadership support
for physical training, reconditioning, and employment
of an annual musculoskeletal physical performance
screening assessment.>*! It is also important that the
selected screening measure(s) and reconditioning/HPO
programs nest with critical occupational and physical
readiness tasks.>?! Improvements in these areas will
require continued collaboration with multiple organiza-
tions, but ultimately hold great potential for maximizing
readiness and the health of the force. Additional support
for physical therapy clinical outcomes research, includ-
ing integration within the electronic health record, is
critical for analyzing current practice and optimizing
care. Military physical therapy is a leader within evi-
dence-based physical therapy practice, as demonstrated
by over 400 military PT publications since 2001.% Fi-
nally, Army physical therapy’s success has developed
since 1922 secondary to a long-standing commitment
to education/training across the career lifespan of of-
ficers, enlisted, and civilian PT team members. Since
2001, Army physical therapy has expanded entry-level
physical therapy education to the doctoral level, estab-
lished 2 doctor of clinical sciences fellowships (sports
medicine and orthopaedic manual therapy), developed
2 postprofessional short courses (joint operational de-
ployment course and forward musculoskeletal screening
course), integrated a military physical therapy residency,
and expanded educational opportunities for PhD and
training with industry. Future commitment to these pro-
grams and expansion of enlisted and civilian training
are required to enhance the health and readiness of the
future force.
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Family nurse practitioners are an essential member of the military medical team. They were incorporated into
the Army medical system almost as soon as there was an academic program to develop the role in primary care
settings. The role for nurse practitioners during deployment has not been as clear. Even though they have been
around for 50 years, the specific role nurse practitioners provide is still evolving. This article explores the in-
corporation of nurse practitioners into Army medicine with a focus on deployed medicine. Nurse practitioners
have been shown to be very versatile providers with the requisite skill sets to meet the demands of the combat
environment and are able to substitute for other medical assets that are critically short due to sustained conflict.
Clarifying the value a nurse practitioner brings to medical care in the combat environment is essential to insure
all assets are being employed to provide the best medical care to the US fighting force.

In 2015, Army nurse practitioners celebrate 50 years of
providing high-quality, patient-centered primary and
specialty care as part of the military medical team.'
Over this time, facility-based Army nurse practitio-
ners have seen a gradual yet steady increase in roles
and responsibilities. Today, nurse practitioners in non-
deployed settings enjoy a predominantly autonomous
practice with a clearly delineated role in caring for pa-
tients within patient centered medical homes. In fact,
the Army has been granted a special waiver by the Na-
tional Committee for Quality Assurance to allow Army
nurse practitioners to be patient-centered medical home
team leaders. Within the military medical system, the
combat mission remains paramount. While the role of
nurse practitioners in nondeployed settings has matured,
the “go to war” roles for them have expanded at a slow-
er pace. This article explores the maturing role for the
nurse practitioner in Army medicine.

EVOLVING ROLES FOR THE NURSE PRACTITIONER

The nurse practitioner role has evolved differently be-
tween the peacetime and wartime missions. The Army
was quick to incorporate nurse practitioners into medi-
cal care being provided within the United States. The
first advanced practice nurses in primary care, called
nurse clinicians in ambulatory care, were recognized
in June 1972"and assigned to select military medical
facilities.” This was very progressive as the first nurse
practitioner academic program had begun only 7 years
previously and the American Nurses Association would
not establish the Council of Primary Care Nurse Prac-
titioners until 1974.3 Nurse practitioners were incorpo-
rated into the Army Medical Department, growing and
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expanding in role and scope of practice. Today, over 170
family nurse practitioners (FNPs) serve on active duty
in the Army.

The evolution of the role of FNPs during deployment
or combat has been less methodical. The reasons are
unclear but may be due in part to the relatively recent
introduction of nurse practitioners into the combat en-
vironment. Incorporating a new nursing specialty into
the go-to-war mission requires both a clear need and
display of essential skills to meet that need. While the
role of Army nurse practitioners in noncombat positions
has become an integral part of normal patient care, the
opportunity to explore the role in combat has been lim-
ited until very recently. Combat action in Vietnam con-
cluded in 1975, only 3 years after FNPs were introduced
into the Army, which did not allow time to evaluate the
role of nurse practitioners in that conflict. Between 1975
and 1990 there were several minor combat deployments
to Grenada and Panama. These conflicts were brief and
did not strain the medical system, resulting in little in-
terest in changing the accepted models of care. The first
major troop deployment that required full fielding of
all medical assets occurred with the advent of Desert
Shield/Desert Storm in 1990. A number of nurse practi-
tioners were deployed with the rest of the medical assets.
The exact number is unknown because there existed no
specified combat role for an Army nurse practitioner nor
institutional method to track them during a deployment.
These nurse practitioners were unrecognized in the Pro-
fessional Filler System (PROFIS) and subsequently de-
ployed into combat hospital nursing specialties of medi-
cal/surgical, emergency, or critical care nursing. Despite
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this limitation, a select few nurse practitioners were able
to make their debut in this conflict. These nurse prac-
titioners self-identified as providers to their respective
units once deployed. As nurse practitioners were an inte-
gral part of patient care in CONUS, the skills they were
offering were known to the leadership. The nurse prac-
titioners were given permission to become credentialed
providers in theater. However, the decision remained on
a case-by-case basis handled at the unit level.

The recognition of a role for nurse practitioners in a
combat environment led to a broader discussion of how
to institutionalize the role. However, Desert Shield/Des-
ert Storm also ended quickly with the medical system
having sufficient medical resources to meet the demand.
This short combat action was followed by a rapid rede-
ployment back to the United States which once again
relegated consideration of the role of nurse practitioners
in the combat environment into an academic discussion
with no clear answers.

The commencement of protracted combat operations in
Afghanistan and Iraq taxed the Army medical system
in terms of the length and frequency of deployments for
healthcare providers. As a result of the high operational
tempo with resultant strain from frequent deployments
on physicians and physician assistants, nurse practitio-
ners were once again evaluated for a permanent role on
the Table of Organization and Equipment* (TO&E).

THE EMERGENCE OF ARMY FNPS DURING OPERATIONS IN
IRAQ AND AFGHANISTAN

In 2001, the United States entered into a series of con-
flicts which have lasted over a decade. At the com-
mencement of hostilities, troops and medical assets
were deployed into Afghanistan using the same medical
deployment model employed in Desert Storm. Deployed
FNPs once again found themselves working in tradition-
al roles such as staff nurses on medical-surgical wards
or using previously acquired skills in specialty areas
such as critical care or emergency nursing. There were,
however, some indications that FNPs were beginning to
be recognized in theater. In 2003, the 28th Combat Sup-
port Hospital (CSH) was deployed to Iraq with a compli-
ment of nurses that included nurse practitioners. While
awaiting movement orders into Iraq, it became evident
that medical support was significantly limited at a stag-
ing base located in Kuwait. Two nurse practitioners
from the 28th CSH were selected to lead the mission of
establishing a troop medical clinic. Through close co-
ordination with the leadership of the 28th CSH and 21st
CSH, the nurse practitioners garnered the appropriate

*A Table of Organization and Equipment defines the structure and
equipment for a military organization or unit.
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approvals to allow nurse practitioners to provide pri-
mary care within the newly established Troop Medical
Clinic at Camp Victory, Kuwait. The clinic employed 8
nurse practitioners and other members of the healthcare
team who successfully provided round-the-clock care
for over a month to an estimated 1,956 service members
that presented with a wide variety of disease and non-
battle injuries.*

As the conflicts intensified, the need to officially recog-
nize the role and combat functionality for nurse prac-
titioners grew. The FNP Consultant to The Surgeon
General began to push for recognition of FNPs prior to
deployment in order to assign them to provider roles as
well as maintain visibility of where the FNPs worked
and to which units they were assigned within the theater
of operations. This effort met with success in 2004 when
the first official FNP TO&E slot was approved within a
combat support hospital. Assignment to a hospital unit
represents the most direct translation of an FNP’s skills
between nondeployed hospitals in the United States to
deployed hospitals in a combat zone. Notably, the broad
utility of the FNP skill set offered many other avenues
for FNPs in the combat environment. At the beginning
of 2005, 6 nurse practitioners were specifically desig-
nated to deploy as FNPs, but with dramatically different
roles. Four deployed to function as general practitio-
ners conducting routine patient care in the rear echelon.
They were assigned with family practice physicians to
conduct routine sick call as well as physicals for troops
headed to theater. The 2 others, however, were sent to
act as medical advisors to the Multinational Security
Transition Command-Iraq. The 2 FNPs embedded
within Iraqi military units in order to teach them how
to provide medical care. Perhaps due to the success of
these 2 individuals or perhaps just a recognition of the
versatility of the FNP skill set, FNPs were soon being
considered to assist with other critical shortages being
seen in theater. The pool of forward deployed physician
assistants in battalion aid stations became strained due
to the continued high operational tempo and relatively
limited supply of physician assistants available for de-
ployments. Having similar skill sets and more avail-
ability, nurse practitioners began to be substituted for
a select number of physician assistant positions. These
substitutions were soon followed by nurse practitioners
also being employed to fill vacant slots for a family phy-
sician in the combat support hospital (W. Bester, oral
communication, January 22, 2011) and to replace a phy-
sician in the 549th Area Support Medical Company.*
The continued integration of FNPs into combat contin-
ued to evolve slowly with nurse practitioners substitut-
ing for physicians and physician assistants as shown in
the Table. However, 2 years after the policy changes
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were made and 7 years after initiation of combat action,
25% of deploying nurse practitioners were still being as-
signed to noncredentialed nursing positions.®

THE ROLE OF FNPs IN A COMBAT ENVIRONMENT

As the wars in Iraq and Afghanistan are drawing to
a close, the role for the family nurse practitioner in a
combat support hospital has been validated. While this
seems a simple translation of current peacetime FNP
utilization into a combat environment, recent literature
would suggest that the skills may not be entirely similar.

Lewis et al® surveyed 50 Army FNPs with deployment
experience to elucidate their clinical practices while de-
ployed. Only two-thirds (62%) of the nurse practitioners
reported clinical care as their primary duty with various
other leadership positions accounting for the other third.
Those in clinical care saw typical primary care com-
plaints such as musculoskeletal complaints, back pain,
gastrointestinal issues and psychiatric issues. These
FNPs practiced independently with over 80% reporting
a need to collaborate with a physician “only occasion-

multipliers and possess the requisite skills and scope of
practice to accomplish the mission. Over the course of
14 years of conflict, nurse practitioners have become vi-
tal members of deployed medical teams with expanded
roles and responsibilities.

In 2012, The Surgeon General of the Army commis-
sioned a RAND Corporation study’ that explored meth-
ods to improve the Army’s deployment augmentation
system (PROFIS) to find ways of ensuring that health-
care needs are efficiently met both in garrison and on
the battlefield. One of the recommendations was to
improve the utilization of nurse practitioners and phy-
sician’s assistants in direct support of maneuver units.
A revision in the military regulations governing nurse
practitioner practice will be required to fully implement
that recommendation. Credentialing for nurse practitio-
ners is delineated within Army Regulation 40-68.% There
is ambiguity within the regulation regarding the author-
ity of a nurse practitioner to delegate medical tasks such
as administration of controlled substances to unlicensed
personnel (for example, medics). This authority is seen
as critical in a war environment. If

ally” or “not at all.” Interestingly,
44% of the nurse practitioners sur-

veyed reported having credentials |2003-2015.

Roles of US Army Family Nurse Practitioners
During Deployments to Combat Theaters,

nurse practitioners are deployed to
level I echelon of care, such author-

to admit to observational hold sta-
tus and 12% having full hospital
admission privileges.

Role

ity is necessary to allow medics to

Family Nurse Practitioner

Physician Assistant

While the FNP’s practice seemed
to be traditional in many respects,

Family Medicine Physician

AOC Number .
Performing | perform the duties they have been
Role assigned in a combat environment.
66P 133
65D 54 There are many anecdotal stories
61H 18 regarding the exceptional perfor-

there are some indications that

AOC indicates Area of Concentration, the alphanumer-
ic designator of the medical specialty.

mance of nurse practitioners who

many also experienced a practice
which was more intense than that seen in peacetime
when practicing outside the primary care setting. One
study (R. M. P, unpublished data, 2012) found that
47.8% of surveyed FNPs reported independently assess-
ing trauma and 30.4% reported independently managing
trauma. According to Lewis et al,’ about 20% of sur-
veyed FNPs reported participating in combat patrols,
68% reported coming under direct or indirect fire, and
24% report encountering improvised explosive devices
or land mines. Currently, there is limited research on the
evolving role for the FNP in combat.

CONCLUSION

The wars in Iraq and Afghanistan are the first conflicts
in US history that have officially recognized the role of
the deployed nurse practitioner. At the commencement
of hostilities in 2001, nurse practitioners were deployed
in a range of roles from bedside medical surgical nurses
to advanced practice nurses. In 2005, the Army Medical
Department officially recognized that FNPs are force
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have been deployed to various
clinical and leadership positions during the wars in
Iraq and Afghanistan. Unfortunately, there is little sci-
entific research investigating the roles of nurse practi-
tioners during deployments. Conflicts are cyclical and
it is expected that, at some point in the future, the US
Army will once again be called upon to protect our na-
tion. The Army Medical Department will be ready and
able to care for the sick and wounded. As the history of
the conflicts in Operations Enduring Freedom and Iraqi
Freedom are written, the effect of nurse practitioners
on the provision of battlefield healthcare will become
more apparent. Leveraging the capability and capacity
of all members of the healthcare team is of paramount
importance in a time of diffuse threats and diminishing
medical resources.
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Advances in Anesthesia Delivery
in the Deployed Setting
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ABSTRACT

Lessons learned over the past decade and a half of combat casualty management has brought about numerous
advances in trauma anesthesia practice. In the post-Vietnam era, deployable anesthesia equipment centered
on the capability to provide a balanced anesthetic technique, utilizing a combination of volatile gas and intra-
venous anesthetic adjuncts. The evolution of the modern battlefield has forced anesthesia providers across the
military to adapt to mission requirements that often dictate a surgical capability that is more rapidly mobile and
less reliant on logistical support. Institutional medical equipment development has focused on fielding a lighter,
more mobile volatile gas delivery method. Despite numerous advances in anesthetic gas delivery, many veteran
anesthesia providers have come to recognize the value of alternative anesthetic techniques in the deployed set-
ting. One of the most appealing advances in combat anesthesia practice is the emergence of total intravenous
anesthetics (TIVA) for trauma management and resuscitation. Although there have been numerous develop-
ments in anesthetic equipment for use in the deployed setting, TIVA has many advantages over volatile gas
administration. Future research, development, and education should focus on TIVA and the ability to provide
this as an alternative safe anesthetic for patients in austere environments. It is imperative to retain the lessons
we have learned in order to adapt more effectively in future conflicts. This accumulation of knowledge must

inform future innovative solutions to the challenges of casualty management in a deployed setting.

In August 2015, the Chief of Staff of the Army, GEN
Mark A. Milley, emphasized the importance of listen-
ing and learning from the Army itself and preparing for
the fight tomorrow. It is imperative to capture the les-
sons learned from the current conflict while the subject
matter experts are still able to provide the necessary
feedback to implement change. Preparation for future
conflict is replete with new and innovative ideas, how-
ever, these initiatives should be informed by listening
to previous lessons learned. The determination of anes-
thetic capability begins prior to any patient ever show-
ing up on an operating table. The anesthesia provider,
as part of a medical planning team, is key to any suc-
cessful deployment or humanitarian mission. A working
knowledge of the number of personnel supported, ex-
pected casualties rate, and logistical support available
to the surgical team will always influence the anesthesia
plan that can be sustained. For example, some supported
units may have insufficient lift or ground capability to
move a fully manned and equipped surgical team. This
places a limitation on the mobility of the surgical team
unless they are able to reduce their weight and cubic
requirements. These limitations directly affect the type
of anesthetic that a forward deployed provider can de-
liver. Although there have been numerous developments
in volatile anesthesia equipment for the deployed setting,
total intravenous anesthesia (TIVA) has emerged as a
safe alternative with additional physiologic advantages.
Ideally, the optimal anesthetic kit for any mission is
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based on durability, dependability, weight, and volume.
An anesthetic packing plan centered on a TIVA capabil-
ity fulfills these requirements.

DEPLOYABLE ANESTHESIA EQUIPMENT

The evolution of mission requirements and the fluid na-
ture of the battlefield has directed surgical and advanced
resuscitation capability to move increasingly forward.
Often located within minutes of the point of injury, sur-
gical teams are frequently deployed in elements smaller
than the traditional Role 2 forward surgical team. Mili-
tary anesthesia providers have consistently sought to
find the optimal anesthesia equipment set to meet mis-
sion requirements, increase mobility, and still maintain
the highest standard of anesthetic care. The traditional
combat anesthetic is a balanced technique of volatile in-
halation gas and intravenous anesthetic adjuncts. In the
early phases of Operation Enduring Freedom and Op-
eration Iraqi Freedom, many anesthesia providers de-
ployed with the Ohmeda Universal Portable Anesthesia
Complete (PAC) draw-over anesthesia system to deliver
volatile inhalation anesthetics. The draw-over meets the
requirements discussed above. Since its development in
the 1970s, the PAC has proven to be durable, dependable,
and relatively lightweight. Additionally, it does not re-
quire power or gas flow to deliver an anesthetic. However,
the draw-over does have limitations, which include the
requirement to scavenge waste gases and the potential, as
with all volatile gases, to trigger malignant hyperthermia,
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a potentially lethal metabolic crisis in susceptible indi-
vidual. Perhaps the greatest barrier to the continued use
of this device is that it is no longer being manufactured
by Ohmeda and no commercial vendor has offered a re-
placement; meanwhile, stockpiles of replacement parts
are rapidly being depleted. A similar problem occurred
with the Narkomed M anesthesia machine (Drigerwerk
AG, Liibeck, Germany) secondary to the manufacturer
discontinuing its production. The device was simple and
safe and similar in design to anesthesia machines famil-
iar to providers used in the United States. Unfortunate-
ly, the Narkomed M failed to meet the criteria for agile
surgical teams on many levels. First, the machine and
its components weigh close to 200 pounds. Secondly, it
requires compressed gas and power for sustained opera-
tions. Consequently, the Narkomed M was limited to use
by Role 2 (forward surgical team) and Role 3 (combat
support hospital/field hospital) medical facilities.

In response to continued requirements for a suitable field
anesthesia machine, the Defense Medical Standardiza-
tion Board convened a Theater Care Anesthesia Work-
ing Group to evaluate commercial, off the shelf, anes-
thesia machines suitable for use in austere environments.
The purpose was to quickly field a unit that would re-
place the Narkomed M while maintaining the standards
for safety and mobility. The recommendation forwarded
was the Dréeger Fabius Tiro M. The most noticeable dif-
ferences from the Narkomed M was that the Tiro M pro-
vided alternative ventilation modes and integrated safety
features absent in earlier generations of field anesthesia
machines. The familiar technology provided by the Trio
M appealed to most anesthesia providers, however, once
again this device was designed for Role 2 and higher
medical facilities with limited requirements for mobility.
The newly fielded Tiro M weighs 200 pounds, has regu-
lar maintenance requirements, and requires electrical
power to operate the ventilator (battery charge limited
to 45 minutes.) There are similar limitations found with
the Magellan anesthesia machine. Although it weighs
only 45 pounds, which makes it more appealing for field
anesthesia, the protective case required for transport
adds an additional 65 pounds. As with all other volatile
gas machines, this makes the Magellan suitable for Role
2 medical facilities but not practical for mobile surgi-
cal teams with weight and cubic restrictions. For these
reasons, TIVA, rather than volatile gas anesthetics, may
be a more desirable method for providing anesthesia in
deployed mobile surgical teams.

OXYGEN CONCENTRATORS

The development and implementation of commercially
available oxygen concentrators have reduced many
of the requirements to maintain large quantities of
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compressed gas. All commercially available anesthetic
machines, however, require a compressed gas source.
Most mobile surgical units deploy with E size com-
pressed gas cylinders, which weigh on average 8 pounds
empty. Some Role 2 (forward surgical team) facilities
deploy with H size compressed gas cylinders, which are
over 100 pounds each. The use of compressed gas by
surgical teams can create a burdensome logistical prob-
lem by introducing the requirement for a robust infra-
structure with capability to refill and procure replace-
ment cylinders. In some cases, a local vender may be
available, however, a quality control issue is introduced
when relying on an outside source.

Patient air and ground transport add an additional con-
sideration when using compressed gas. A traditional
alloy-encased bottle may become compromised and
suffer catastrophic failure. The explosive release of
metal fragments can create safety concerns for air and
ground crew personnel.! Consequently; the use of Kev-
lar oxygen bottles has gained support for long distance
transport. Kevlar is approximately half the weight of
an ordinary, alloy-encased oxygen cylinder. Addition-
ally, the Kevlar casing may help reduce ductile failure,
limiting cylinder disintegration and the risk of frag-
mentation if compromised.! However, the unacceptable
risk of fragmentation remained, especially for patient
transport via aircraft. In an effort to reduce reliance on
compressed gas, US Army Medical Department leader-
ship invested in systems that actually generate oxygen
through room air concentration at the point of use. This
initiative ensured that the supply of oxygen was uninter-
rupted on the battlefield.? Portable oxygen concentrators
were subsequently developed, including the Eclipse and
Saros (Sequal Technologies, Ltd, Taipei City, Taiwan).
The implementation of oxygen concentrators resolved
several problems created by compressed gas cylinders.
First and foremost, they clearly reduced explosive risk
and personnel endangerment. Secondly, they reduced
or eliminated logistical requirements incumbent with
the use of compressed oxygen cylinders. Finally, the
concentrators that have been fielded have demonstrated
their ability to remain functional in extreme tempera-
tures and harsh environments, which make them a per-
fect complement for TIVA administration.

TOTAL INTRAVENOUS ANESTHESIA

The technique or specific drugs used when designing
an anesthesia plan for a trauma patient may often ap-
pear irrelevant.® Experienced providers argue that the
best results are achieved by familiarity and experience
of the anesthetist. Based on the modality of administra-
tion, anesthetics agents can be divided into 2 subclass-
es: those delivered by inhalation via volatile gases and
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those delivered intravenously (TIVA).> Whether using
TIVA or inhalation, either technique must be carefully
titrated to the hemodynamic profile while assuring ad-
equate sedation/hypnosis and analgesia.* Unfortunately,
in some percentage of patients it is nearly impossible
in early resuscitation efforts to adequately address all
pillars of anesthesia while maintaining hemodynamic
stability. Total intravenous anesthesia provides the anes-
thetist with a unique flexibility. The provider can select
individual intravenous agents and concentrations that
address analgesia, amnesia, and akinesia with reduced
detriment to the patient’s hemodynamic stability.

Historically, a typical trauma anesthetic may have been
accomplished using 2 simple intravenous medications,
scopolamine and a narcotic. However, in the past year,
the manufacture of intravenous scopolamine has be-
come very limited leaving anesthesia providers in search
of alternative agents for trauma patients in extremist. In-
travenous anesthetic management of the trauma patient
is still preferred over volatile anesthetic management for
emergent airway facilitation and damage control sur-
gery. There are several alternative intravenous agents
that have been implemented with varied success. Intra-
venous medications such as propofol, etomidate, mid-
azolam, and fentanyl have been administered alone and
in combination for induction and anesthetic maintenance
during trauma resuscitation. One of the most promising
intravenous anesthetic agents for trauma is ketamine, an
older medication that was previously avoided because of
undesired side effects. However, as the clinical manage-
ment of ketamine administration improves and renewed
research provides refutable evidence from previous
claims, anesthesia providers have taken a second look at
ketamine use in trauma.’ In fact, some evidence suggests
that ketamine may provide a neuroprotective quality by
improving cerebral perfusion in neurologic injury.®

A number of studies have compared TIVA and volatile
anesthetics. The results demonstrated in Englehart et al
showed that a TIVA regimen produced less pronounced
hypotension then isoflurane in uncontrolled hemorrhag-
ic shock.® The study suggested that in circumstances
of limited resources, such as mobile surgical teams, a
ketamine-based TIVA regimen might be a viable op-
tion. Ketamine is a noncompetitive antagonist of the N-
methyl-D-Aspartate (NMDA) receptor. It demonstrates
several beneficial pharmacodynamic effects in the set-
ting of hypotension due to the fact that it increases sym-
pathetic tone, which leads to an increase in heart rate,
blood pressure, and cardiac output.” This is a significant
advantage in a cohort of trauma patients including adults,
children, and polytrauma patients who are hypotensive
secondary to hypovolemia.” A popular medication used
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in the induction of anesthesia and maintenance of gen-
eral anesthesia is propofol. Propofol is a short acting,
hypnotic/amnestic agent. Although propofol has an ap-
pealing pharmacokinetic profile, it has been associated
with hypotension. Shearin et al® determined that 16.5%
of trauma patients who were administered propofol only
infusions developed hypotension. Therefore, an alterna-
tive to propofol alone is the mixture of ketamine with
propofol known as “ketofol”. According to Smischney
et al,” propofol was more likely to generate a 20% re-
duction in systolic blood pressure compared to “keto-
fol” which was associated with significantly improved
hemodynamic stability.

Total intravenous anesthesia in the deployed setting has
additional practical advantages over volatile anesthetics.
In wartime trauma resuscitation, the ability to continue
to provide anesthesia despite loss of power or equipment
failure is crucial. A total intravenous technique can be
accomplished without additional equipment or power
supply. Occasionally, the deployed setting introduces ad-
ditional tactical considerations such as environments that
require light and noise discipline. An intravenous anes-
thetic may prove to be a better option than a cumbersome
anesthesia machine. The total intravenous technique also
allows the anesthesia provider the ability to continuously
provide en route patient transport by litter, ground, or air
without interruption of amnesia and analgesia.

Recent changes in tactical combat casualty care doctrine
have increased the recognition and availability of ket-
amine in the deployed setting. First line medics are now
more familiar with ketamine and frequently include it as
a first line adjunct in their medic aid kits. The consorted
use of ketamine across the continuum of combat care
enables the consolidation of resources in extreme condi-
tions where resupply may be constrained.

CONCLUSIONS

The discussion about anesthesia in the deployed austere
environment is not a new concept. In 2009, Barras et
al' summarized many of the same discussion points
made in this paper. New paradigms in Army medicine
and emergent tactical requirements necessitate smaller,
more agile surgical teams to conduct missions with a
reduced logistical footprint. Complacency with cur-
rent practice and equipment should not be status quo
for the next conflict. An increased investment in time
and resources should be expended on predeployment
training and the continued pursuit of alternative anes-
thetic techniques. Demonstrated success with total in-
travenous anesthesia remains one of the most promis-
ing developments from years of combat lessons learned.
Continued educational and training efforts should focus
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on ensuring that every military anesthesia provider is
comfortable delivering TIVA in an unstable trauma pa-
tient. Doctrine should support formal TIVA education
in military anesthesia curricula for both nurse anesthe-
tist and physician anesthesiologists. Prior to deployment,
anesthesia providers should demonstrate proficiency in
the administration of TIVA to trauma patients as part of
predeployment training.

The effectiveness of any anesthesia provider, however, is
also dependent on the effectiveness of the tools they have.
Research and development should focus on new and in-
novative ways of delivering combat anesthesia. Promis-
ing investigative projects such as closed loop inhalation
anesthesia and racemic versus +S isomer ketamine have
been documented in anesthesia journals, however, con-
tinued research is necessary. The increased interest in
TIVA across the field of anesthesia has prompted several
biomedical manufactures to develop target controlled
infusers. Target controlled infusers use specifically pro-
grammed syringe drivers to enable a more precise titra-
tion of anesthetic medication. The infuser operates on
algorithms based upon pharmacokinetic and pharma-
codynamic data to an estimated target concentration in
blood." With continued development and clinical trials,
this type of infuser shows tremendous promise for fu-
ture military use in the deployed setting.

Collaborative triservice efforts should guide future stud-
ies and focus on the effectiveness of different anesthet-
ics throughout the continuum of care on the battlefield.
Future education and deployment training should focus
on physiological endpoints and be informed by clinical
outcomes. Numerous technological advances have oc-
curred in anesthetic delivery throughout the past decade
of war. It is now imperative that we retain these lessons,
learn from our missteps, and continue to develop tech-
niques that allow for quicker adaptation to meet future
battlefield requirements.

REFERENCES

1. More Durable Aerospace, Marine, and Rail
Equipment [internet]. Du Pont Corporation
Website; 2014. Available at:  http:/www.du-

pont.com/products-and-services/fabrics-fibers-
nonwovens/fibers/uses-and-applications/aero
space-marine-rail.html. Accessed September 24,
2015.

April — September 2016

2. Arnold M. US Army Oxygen Generation System
Development. Defense Technical Information
Center Website; 2010. Report RTO-MP-HFM-182.
Available at:  http:/dtic.mil/dtic/tr/fulltext/u2/
a581789.pdf. Accessed September 24, 2015.

3. Schifilliti D, Grasso G, Conti A, Fodale V. Anaes-
thetic-related neuroprotection: intravenous or inha-
lational agents?. CNS Drugs. 2010;24:893-907.

4. Joint Theater Trauma System Clinical Practice
Guideline [internet]. Fort Sam Houston, TX: US
Army Institute of Surgical Research; 2014. Avail-
able at: http:/www.usaisr.amedd.army.mil/cpgs/
Trauma_ Anesthesia 16Jun2014.pdf. Accessed
September 24, 2015.

5. Himmelseher S, Durieux ME. Revising a dogma:
ketamine for patients with neurological injury?
Anesth Analg. 2005;101:524-534.

6. Englehart MS, Allison CE, Tieu BH, et al. Ket-
amine-based total intravenous anesthesia versus
isoflurane anesthesia in a swine model of hemor-
rhagic shock. J Trauma. 2008;65:901-9009.

7. McDermott P, Sebastian J. Should Ketamine be
used as an induction agent in traumatic brain in-
jury? Br J Hosp Med. 2013;74(9):538.

8. Shearin AE, Patanwala AE, Tang A, Erstad BL.
Predictors of hypotension associated with propofol
in trauma patients. J Trauma Nurs. 2014;21(1):4-8.

9. Smischney NJ, Beach ML, Loftus RW, Dodds TM,
Koff MD. Ketamine/propofol admixture (ketofol)
is associated with improved hemodynamics as an
induction agent: a randomized, controlled trial. J
Trauma Acute Surg. 2012;73:94-101.

Barras P, McMasters J, Grathwohl K, Blackbourne
L. Total intravenous anesthesia on the battlefield.
US Army Med Dep J. January-March 2009:68-72.

11.  Morton NS. Total intravenous anesthesia (TIVA)
and target controlled infusion (TCI) in children.
Paediatr Anaesth. 2013;3:37-41.

10.

AUTHORS

MAJ Wilson is assigned to the San Antonio Military
Medical Center, Joint Base San Antonio-Fort Sam
Houston, Texas.

COL Barras is Chief, Clinical Operations, US Army
Forces Command Surgeon’s Office, Fort Bragg, North
Carolina.

65
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LTC Enrique V. Smith-Forbes, SP, USA
LTC Charles D. Quick, SP, USA
LTC Katherine M. Brown, SP, USA

The impetus to deploy occupational therapy (OT) assets into theaters of operation lies in the occupational
therapist’s ability to evaluate the effect of physical and/or behavioral symptoms on functional performance and
effectively develop individualized interventions. Occupational therapy utilization has been robust during 14
years of continuous deployments in Iraq and Afghanistan. Occupational therapy’s indoctrinated role in combat
is solely with the combat and operational stress control missions, however, the skills and capabilities of this
profession have demonstrated efficacy in other specializations, including concussion care. The effectiveness
of OT interventions is demonstrated with improved return to duty (RTD) rates for casualties suffering with
combat and operational stress reactions where OT was a major component of a restoration and reconditioning
program. As well, postconcussion RTD rates have been linked to the broad skill sets inherent in OT that allow
casualties to remain in theater from the point of injury to complete recovery and RTD.

Occupational therapy (OT) is defined as “the art and
science of helping people do day-to-day activities im-
portant and meaningful to their health and well-being
through occupational engagement.”' Since its incep-
tion, OT was grounded on the concept of engagement
in therapeutic activities to promote health. Today, there
is a growing multidisciplinary appreciation for occupa-
tional engagement and its associated well-being, which
highlights the health effects of participating in multiple
activities and occupations.?

MILITARY OCCUPATIONAL THERAPY WARTIME ROLES

The involvement of occupational therapists as recon-
struction aides during World War I created national
professional recognition. The executive order of 1917
authorized the Civil Service Commission to employ oc-
cupational therapists as civilians in the Army Medical
Department for the duration of the war emergency and
to accompany hospitals for overseas duty.> The aim was
to employ medical aides and teachers in the reconstruc-
tion of the injured Soldier. The intent was for this cu-
rative phase to allow Soldiers to return to active duty
rather than “be discharged to live reliant upon a pension,
as an economic drain on the country.”* Since the early
1800s, training individuals in activities of daily living
and remedial work were used in the rehabilitation thera-
py of mentally ill patients.?

By the advent of World War II (WWII), OT’s presence
in the military had diminished. There were only 5 Army
hospitals providing OT services and only 8 occupational
therapists serving as civilians in the Army.* However,
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due to the war escalation, by 1945 there were 899 civil
service occupational therapists, including 452 appren-
tices, serving in the United States.’ Following the WWII
carnage resulting in over 40 million casualties world-
wide, departments of physical medicine were developed
which laid the foundation for OT practice in physical dis-
abilities and orthopedics. By 1947, occupational thera-
pists were granted military designation with the creation
of the Women’s Medical Specialist Corps. In 1955, Pub-
lic Law No. 84-294 allowed the Army Medical Specialist
Corps (AMSC) to commission men into the Corps.’

The Army OT support for the Vietham War was pro-
vided primarily in Japan, Hawaii, and the continental
United States. In 1971, MAJ Hetty Ricker became the
first AMSC OT officer assigned to the combat zone in
South Vietnam where she served as the OT consultant to
the US Army, Vietnam Surgeon.® Her 3 missions were
to assist in establishing a drug abuse treatment program
at the 3,000-bed convalescent center at Cam Ranh Bay,
to strengthen rehabilitation programs in 13 other Army
drug control treatment facilities, and to evaluate OT
support and education in the medical civil assistance
programs aiding the Vietnamese population.

During Operations Desert Storm and Desert Shield, oc-
cupational therapists were represented in the first hos-
pitals to deploy to Southwest Asia. This was in marked
contrast to medical support mobilizations during the
Korean and Vietnam Wars. In October 1990, MAJ Mary
Laedtke, and an enlisted OT assistant became the first
occupational therapists to be assigned to a Combat Stress
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Control Team deployed to Operation Desert Storm. The
team’s task was to evaluate, in the combat environment,
the success of methods and techniques developed to
manage combat stress.’

OCCUPATIONAL THERAPY UNIQUE ROLES

Occupational therapists perform multiple functions in
the combat or garrison environments. Apart from a
background in orthopedics and physical dysfunction
rehabilitation, occupational therapists train in neurol-
ogy and behavioral health rehabilitation. Occupational
therapists evaluate the effects of physical, cognitive,
neurologic, or psychosocial symptoms on functional
performance in the deployed environment. Because
of the unique ability to conduct analysis, occupational
therapists are skilled to develop activities of increasing
challenge (grading) to facilitate healing and effective
return to duty (RTD). The ability to make environmen-
tal modifications enables occupational therapists to fa-
cilitate cognitive, emotional, and physical rehabilitation.
Finally, occupational therapists address physical, cogni-
tive, and psychosocial symptoms in conjunction with
job analysis to ensure successful RTD.

OCCUPATIONAL THERAPY AND CONCUSSION CARE
IN THEATER

Mild Traumatic Brain Injury (mTBI) is also known as
a concussion. It is important to note that “mild” does
not refer to symptoms, but rather injury severity. Con-
cussion is the preferred term when communicating with
service members. Concussion became the signature
injury for the Operations Iraqi Freedom and Enduring
Freedom due to the prevalence of improvised explosive
devises. This is in contrast to posttraumatic stress dis-
order that was the signature injury for the Vietnam War.
Prior to 2010, up to 90% of concussed service members
remained undiagnosed, redeployed, and/or were evacu-
ated from theater. The condition was not well understood
and there was a lack of standardized training, facilities,
staffing, and medical documentation. Since 2010, an
increased awareness of injury events, evaluation, and
treatment has occurred. Department of Defense Instruc-
tion 6490.11° was published to provide policy guidance
for the management of mTBIl/concussion care in the de-
ployed setting. In theater, concussion treatment resulted
in an improved RTD rate (92%-95%).

The OT role in concussion care is threefold: evaluate,
treat, and educate. First, evaluation of cognitive, psycho-
social, physical, and vestibular injuries is required to as-
sess effect on functional performance. Second, treatment
is provided by graded activities and environmental mod-
ification. Service members begin with rest and gradually
progress through various phases of recovery in which

April — September 2016

treatments are designed to provide increasing physical,
cognitive, and vestibular challenges that simulate indi-
vidual occupational demands until performance does not
trigger symptoms. The appearance of no new symptoms
at rest and with exertion is the cue to evaluate the service
member for readiness to RTD. Recommendations are
given to the service member’s provider who ultimately
determines fitness for duty. Third, occupational thera-
pists provide detailed education in 3 primary venues: (1)
to concussed service members on how to facilitate heal-
ing and the expectation for recovery; (2) to commanders
and line leaders on the expected recovery from mTBI as
well as the line leader’s roles and responsibilities; and
(3) to medics and medical providers on concussion care,
current policies, and treatment algorithms.

Concussion recovery is a physiological recovery. When
deployed in the combat theater, occupational therapists
act as force multipliers by enabling service members
to recover from concussion and remain with their unit
following injury. Due to closely monitoring symptoms,
providing cognitive and physical rest, and ensuring Sol-
diers are fit to perform occupational tasks before return-
ing to work, occupational therapists preserve the force
for combat readiness and maintain unit integrity. Occu-
pational therapists are an asset for both service members
and line leaders.

COMBAT STRESS CONTROL

Serving in a combat environment exposes service mem-
bers to demands and inherent dangers that result in ex-
periencing physiological and emotional stress which is
defined as combat stress.® Combat occupational stress
reactions (COSR) are the predictable, expected, emo-
tional, intellectual, physical, and/or behavioral reactions
of service members who have been exposed to stress-
ful events in combat or military operations other than
war.® Combat operational stress control (COSC) aims
to identify, prevent, and manage adverse combat and
operational stress reactions.*” There are 4 Army tacti-
cal tasks taken from Army Doctrine Reference Publica-
tion 1-03% that guide COSC doctrine: ART 4.3.1 Pro-
vide Combat Casualty Care3®*+°9; ART 4.3.1.5 Provide
Behavioral Health Neuropsychiatric Treatment®®+%9;
ART 6.7 Provide Force Health Protection®®®>Y; and
ART 6.7.3 Provide Combat and Operational Stress Con-
trol Prevention.®?%-*¥ Occupational therapists within the
COSC detachment return service members to duty by
accomplishing 3 objectives:

1. Assist the service member to develop a sense of be-
longing. Occupational therapists facilitate the rees-
tablishment of the service members’ relationships
with their leaders and their peers.
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2. Help the service member develop an internal locus
of control, mediated through the stress of graded ac-
tivities. Occupational therapists provide purposeful
activities to enhance functional performance.

3. Facilitate the improvement of communication skills
using cognitive behavior therapy facilitated by each
occupational therapist’s therapeutic use of self.’

OCCUPATIONAL THERAPIST ROLES IN THE FITNESS/
RESTORATION TEAM

Although occupational therapists contribute in the 9
functional roles of COSC,® they are a stronger force
multiplier when employed in the functional areas of res-
toration'’ and reconditioning, and during the conduct of
unit needs assessments. Occupational therapists work to
identify stressors (physical) and assess performance (re-
actions), teach prevention to facilitate adapting coping
and social skills, and engage service members in mean-
ingful, purposeful activities.

COSC POPULATIONS AND OCCUPATIONAL
THERAPY'S FOCUS

During Operations Iraqi Freedom and Enduring Free-
dom, occupational therapists learned that COSC opera-
tions were dictated by the populations needs. This was
accomplished by coupling Maslow’s hierarchy of needs
theory'' to the maturation of the battlefield to determine
the focus of intervention as illustrated in the Figure. Co-
hesive teams are developed through extensive training
opportunities and that is what was delivered early in the
conflict to occupy immature battlefields. Immature bat-
tlefields necessitate predominately combat operations
that are time and energy intensive. In this stage, service
members require restoration to meet Maslow’s funda-
mental physiological needs and a safe environment to en-
sure recovery (rest, sleep, etc). As the conflict protracts,
extensive training is replaced by personnel turnover and
hasty operational deployment, generating a population
with fragmented criterion to occupy a mature battlefield,
who now require the development of team cohesion.
The mature battlefield requires predominately stabiliza-
tion and reconstruction operations in a relatively safe en-
vironment where their basic physiological needs (food,
shelter, sleep) are met. These service members require
reconditioning, as the primary needs in this population
are a sense of belonging and esteem, which coincides
with Maslow’s higher levels of self-esteem (M. Callison
et al, unpublished data, 2012).

COSC RECOVERY OF AcuTe COSR

The Restoration program is typically a 24-72 hour
program.*®%Y The focus is on nutrition, sleep hygiene,
personal hygiene, graded activities, and a structured
military environment. Evaluation is conducted to
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determine adaptive versus maladaptive behaviors. Re-
conditioning involves Restoration and additional train-
ing up to 7 days.’®'>D Life skills classes are conducted
daily and service members receive behavioral health of-
ficer follow-up. Service members are provided a struc-
tured, scheduled environment to prevent them from
adopting a patient role.”” The aim is to restore resiliency
through physical, emotional, spiritual, and cognitive
skills. The Table presents data concerning the patients
seen in one year at a Restoration center.

OCCUPATIONAL THERAPY UNIQUE SKILLS
APPLIED IN THE COSC

Occupational therapy’s intake focus is on service mem-
bers’ functional performance." It is the only discipline
on the interdisciplinary team assessing work skills/
abilities. Other providers have commented on the value
of this particular skill. Occupational therapists use the
same unique skills used in concussion care. However, in
COSC, the graded tasks and environmental modifica-
tions vary based on the specific needs of each service
member. Treatments are designed to provide increasing

Battlefield Population Focus
Immature Cohesive Team Basic Needs
Mature Fragmented Team Belonging

SELF
ACTUALIZATION

SELF ESTEEM
achievement, respect

/
/
/

/

\
\
\

A\

SENSE OF BELONGING
unit, friends, family, partner

SAFETY
safety and security of self and family

PHYSIOLOGICAL
breathing, food, water, rest

VARIABLES

Battlefield:
Immature=restoration: low level needs
Mature=reconditioning: higher level needs
Population:
Early=Psychosocially equipped
Late=Psychosocially wanting

Combat operational stress control operations dictated by

population needs.
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physical, cognitive, and psychosocial challenges that
simulate individual occupational demands until they are
able to perform occupational demands, illustrated in the
Figure. For example, while in concussion care, treatment
begins with modifications to create a quiet environment;
in restoration, the environment is modified to maintain
a structured military environment to prevent service
members from adopting a “patient role.” In a compari-
son of restoration/reconditioning, units using both be-
havioral health-directed and OT-directed intervention,
there was a 17% greater likelihood of RTD when com-
pared to those restoration/reconditioning teams that did
not include occupational therapists (T. L. Brininger et al,
unpublished data, 2013).

OCCUPATIONAL THERAPY RECOMMENDATIONS FOR
CONCUSSION CARE

Doctrine: Occupational therapy services and other be-
havioral health disciplines are not written in the TBI
doctrine. It is important that the distinctive roles for each
provider be written in the TBI doctrine similar to that of
the COSC doctrine in order to provide a thorough under-
standing of roles and responsibilities for future conflicts.

Manning: The Occupational Therapist (Area of Concen-
tration (AOC) 65A) listed on the TDA? be added to TBI
doctrine.

Training: Training is available and requirement is neces-
sary. This includes the Interdisciplinary TBI Training
for Deploying Providers NCAT(ANAM).b Each deploy-
ing provider is to be a graduate of the Captain’s Career
Course (at a minimum).

OCCUPATIONAL THERAPY LESSONS LEARNED IN COSC

Doctrine: The current COSC doctrine contained in Field
Manual 4-02.51° works well when it is employed. An
update is needed to reflect current occupational therapy
nomenclature. Currently, service members referred to
Restoration require an evaluation by a behavioral health
provider in order to avoid Restoration misuse.

Manning: There is no occupational therapy asset at the
main support medical company level. Recommend fill-
ing the established COSC OT position with a Major (O-
4) as listed in the TOE.€

Training: Train as a team with other COSC providers
to have cohesiveness and gain insight on provider roles.

US Military Service Number of
Service | No.| %N Combat Deployments
Army 277 | 84% Deployment : l)\/Jo %N
Air Force 34 | 10% e 2
1st 176 | 55%
Navy 15 5% o
Marine Corps 2 1% 2nd 84 | 26%
3rd 31 | 10%
0,
Gender 4th 17 | 5%
No. (%N) 5 or more 12 4%
Male Female Posttraumatic
275 (84%) 53 (16%) Stress Disorder
Diagnosed No. | %N
5 Highest Percentages Yes 19| 6%
of Patient Military No 302 | 92%
Occupational Specialties Unknown 721 2%
MOS No. | %N
Infantry 54 | 17% Experiencgd
Military Police | 27 | 8% Combat? .
Truck Driver 27 8% Al Il e /OON
Mechanic 16 5% YNes 2Z81 520;0
Cook 15 | 5% ° o
Unknown 71 2%
5 Most Listed Patient 5 Most Cited Reasons
Deployment Locations for Seeking Treatment
Location No. | %N MOS No. | %N
i 0,
Bigrf?Td 155 | 48% Oc.cupatlonal 133 | 17%
Irfie Adjustment 50 | 8%
Shank 19 6% Disorder °
Stone 14 4% Relationship 41 | 8%
Salerno 12 4% PTSD 19| 5%
Gardez 9 3% Leadership 11| 5%

US military service members seen from February 6, 2010 to
February 9, 2011 at the Freedom Restoration Center in Afghan-
istan. N=328; Return to duty rate of this period, 97%.

Data provided by CPT Jason Judkins, SP, USA.

There are current occupational therapy efforts to sup-
port garrison behavioral health programs. The Manage-
ment of Combat and Operational Stress Control Casual-
ties postprofessional behavioral health course currently
trains AOC 65A (Occupational Therapist), and military
occupational specialties 68L (Occupational Therapy
Specialist) and 68X (Behavioral Health Specialist). En-
suring all receive the training required to vet for suicidal
or homicidal tendencies is very important.

REFERENCES

1. CohnES, consulting ed; Schell BAB, Gillen G, eds.
Willard and Spackman’s Occupational Therapy.
12th ed. Philadelphia, PA: Lippincott Williams &
Wilkins; 2003:50.

@Table of Distribution and Allowances: Prescribes the organizational structure, personnel, and equipment authorizations, and require-
ments of a military unit to perform a specific mission for which there is no appropriate table of organization and equipment (defined in

note ¢ below).

bNCAT indicates neurocognitive assessment tool; ANAM, Automated Neuropsychological Assessment Metrics.
CTable of Organization and Equipment: Defines the structure and equipment for a military organization or unit.

April — September 2016

69



PERSONNEL CHANGES THAT IMPACTED CARE AND OUTCOMES

Stav WB, Hallenen T, Lane J, Arbesman M. Sys-
tematic review of occupational engagement and
health outcomes among community-dwelling older
adults. Am J Occup Ther. 2012;66(3):301-310.

Hartwick AMR. The Army Medical Specialist
Corps: The 45th Anniversary. Washington, DC: US
Army Center of Military History; 1993. Available at:
http://www.history.army.mil/html/books/085/85-2/
index.html. Accessed February 18, 2016.

Gutman SA. Influence of the U.S. military and oc-
cupational therapy reconstruction aides in World
War I on the development of occupational therapy.
Am J Occup Ther. 1995;49(3):256-262.

Department of Defense Instruction 6490.11: Pol-
icy Guidance for Management of Mild Traumatic
Brain Injury/Concussion in the Deployed Setting.
Washington, DC: US Dept of Defense; 2012. Avail-
able at: http:/www.dtic.mil/whs/directives/corres/
pdf/649011p.pdf. Accessed February 18, 2016.

Field Manual 4-02.51: Combat and Operational
Stress Control. Washington DC: US Dept of the
Army; July 2006.

Field Manual 4-02: Army Health System. Washing-
ton DC: US Dept of the Army; August 2013:12-2.

. Army Doctrine Reference Publication 1-03: The
Army Universal Task List. Washington DC: US
Dept of the Army; October 2015.

9. Holmgqvist K, Holmefur M, Ivarsson AB. Thera-
peutic use of self as defined by Swedish occupa-
tional therapists working with clients with cogni-
tive impairments following acquired brain injury: A
Delphi study. Aust Occup Ther J. 2013;60(1):48-55.

10. Smith-Forbes E, Najera C, Hawkins D. Com-
bat operational stress control in Iraq and Af-
ghanistan: Army occupational therapy. Mil Med.
2014;179:279-284.

11. Maslow AH. A dynamic theory of human motiva-
tion. In: Stacey CL, DeMartino M, eds. Under-
standing Human Motivation. Vol XV. Cleveland,
OH: Howard Allen Publishers; 1958:26-47.

12.  Gerardi S, Newton S. The role of the occupational
therapist in CSC operations. US Army Med Dep J.
July-September 2004:20-27.

AUTHORS

LTC Smith-Forbes is Director, DScOT Program, Gradu-
ate School, Army Medical Department Center & School,
Joint Base San Antonio-Fort Sam Houston, Texas.

LTC Quick is Chief, Army Medical Specialty Corps/Vet-
erinary Corps Education Branch, Army Medical Depart-
ment Center & School, Joint Base San Antonio-Fort Sam
Houston, Texas.

LTC Brown is Deputy for Healthcare Delivery and the
Occupational Therapy Consultant to The Army Surgeon
General, Falls Church, Virginia.

COMBAT AND OPERATIONAL BEHAVIORAL HEALTH

SECTION V - SURVEILLANCE AND INTERVENTION
CHAPTERS 24-26 DISCUSS ARMY SUICIDE PREVENTION EFFORTS

This comprehensive publication covers all aspects of behavioral health in the
military population, including traumatic brain injury, posttraumatic stress
syndrome, combat and operational stress control, training for resiliency and other
preventive measures, pain management, grief, family dynamics, rehabilitation and
occupational therapy, medications, suicide prevention, forensic psychiatry,
detainee care, substance abuse, eating disorders, ethics, and the roles of military
behavioral health providers and chaplains, as well as the military's evolving
behavioral health policy and practices.

This textbook and others are
available for download from
www.cs.amedd.army.mil/borden

BORDEN

INSTITUTE

www.cs.amedd.army.mil/borden

70 http://www.cs.amedd.army.mil/amedd_journal.aspx



WOUNDED WARRIOR CARE

Wounded, lll, and Injured Challenges

ABSTRACT

MG Stephen L. Jones, MC, USA

The Washington Post articles of February 2007 led to a close examination of the care provided Wounded War-
riors at Walter Reed Army Medical Center. Subsequent reports by the President’s Commission, Independent
Review Group, and Defense Health Board all recommended ways to improve care. Joint Task Force National
Capital Region Medical was established to implement the recommended improvements in Warrior care, and
the recommendations of the Base Realignment and Closure Commission to close Walter Reed and realign the
staff into a new Walter Reed National Military Medical Center and Fort Belvoir Community Hospital. It ac-
complished these tasks, maintained existing wounded, ill, and injured care, and safely transferred patients dur-
ing the height of the fighting season in Afghanistan. It successfully accomplished its mission through engaged
leadership, establishing an appropriate environment for Warrior care, careful management of casualty flow,
and robust communication with all parties affected by the changes. The lessons learned in Warrior care should
be considered when planning future military medical operations.

BACKGROUND

From the onset of the wars in Afghanistan and Iraq, the
National Capital Region (NCR) served as America’s pri-
mary reception site for returning casualties and trauma
care. Flights from Landstuhl Regional Medical Center
landed at Joint Base Andrews where the 779th Medi-
cal Group operated an aeromedical staging facility. Al-
most all critical casualties were evacuated to Ladhstuhl
Army Medical Center with 50% of all inpatients being
taken to Walter Reed Army Medical Center (WRAMC)
or National Naval Medical Center (NNMC) or Brooke
Army Medical Center/San Antonio Military Medical
Center with most stayed for outpatient rehabilitation at
WRAMC.

The Washington Post articles published in February
2007 led to a close examination of the care provided
the wounded Warriors at WRAMC."? In these articles,
Dana Priest described the lodging conditions in Build-
ing 18 and difficulties faced by outpatients. The Presi-
dent’s Commission led by Bob Dole and Donna Shalala
found high quality clinical care, but noted problems
with handoffs between inpatient and outpatient care, be-
tween the separate Department of Defense and Veterans
Administration health care systems, and the separate
disability systems.® The Independent Review Group es-
tablished by the Secretary of Defense found first class
care from the battlefield to the tertiary medical facility
which set a recognized standard of excellence in trauma
care.* However, they noted that a breakdown in health
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services and care management occurred once the ser-
vice member transitioned from inpatient to outpatient
status. Other key findings were that comprehensive care,
treatment, and administrative services were not provid-
ed in an interdisciplinary, collaborative manner. A clear
standard was lacking for the qualifications and training
of outpatient case managers, there were insufficient be-
havioral health staff, and more work was needed in the
diagnosis and treatment of traumatic brain injury and
posttraumatic stress disorder. Significant improvements
arose from the lessons learned. The Army increased
funding for WRAMC, constructed new facilities includ-
ing a state of the art amputee center, and implemented
efforts to retain staff leaving because of the impend-
ing closing of Walter Reed. It established the Warrior
Transition Command and implemented new policies to
provide better support to wounded (ie, combat related
injured), ill, and injured (ie, noncombat related injuries)
along with their families.

The Base Realignment and Closure Commission
(BRAC) recommendation to close WRAMC and estab-
lish the Walter Reed National Military Medical Center
(WRNMMC) and Fort Belvoir Community Hospital
(FBCH) also led to an evaluation of Warrior care. Se-
nior military and elected leaders closely examined plans
to transfer patients during the height of the fighting
season in Afghanistan when casualty flows were ex-
pected to peak. The recommendations from this second
evaluation, like the first, brought further resources and
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additional improvements. Joint Task Force National
Capital Region Medical was established to implement
the BRAC recommendations, apply these lessons, and
those learned during execution of their mission. The
challenges they faced, and their approach to overcom-
ing those challenges are presented below.

THE MILITARY PROBLEM

Joint Task Force National Capital Region Medical (JTF
CapMed) was tasked to continue existing wounded, ill,
and injured operations in the NCR while constructing
new facilities, building new teams, and establishing new
patient care processes. Staff would have to prepare for a
projected increase in casualty flow, ensure patient safety
throughout the transfer, overcome Army, Navy, Marine
Corps, and Air Force culture and policy differences,
and maintain standards of multiple accrediting organi-
zations. Components of the solution included engaged
leadership, an appropriate environment for Warrior care,
careful management of casualty flow, and robust com-
munication with all parties affected by the changes.

ENGAGED LEADERSHIP

Engaged leadership requires far more than regular ca-
sualty visits. Leaders must take the time to gather facts
and truly understand the situation. Effective leaders
provide more than purpose, direction, and motivation;
they also ensure careful planning is conducted and ad-
equate resources are provided. They change overly bu-
reaucratic policies that hinder care, develop solutions to
the challenges that arise, and monitor implementation
of the solutions. Senior civilian and military leadership
accomplished this through the reviews noted above, and
a follow-up evaluation by the Defense Health Board
(DHB) entitled “Achieving World Class.™ The latter
review examined the planned integration of military
medical facilities in the NCR, and plans for WRNMMC
and FBCH to determine if they were being designed
and constructed to be world-class medical facilities.
The first recommendation of the DHB provided a defini-
tion of world-class medical facility which was codified
in the 2010 National Defense Authorization Act. The
second was to empower one official with singular or-
ganizational and budgetary authority and be staffed ap-
propriately to manage and lead the healthcare integra-
tion efforts and operations in the NCR. The third was to
develop a Comprehensive Master Plan for an NCR inte-
grated delivery system and for WRNMMC. Additional
recommendations focused on facility and infrastructure
improvements.

The JTF CapMed staff followed the standard military
planning process to implement the recommendations
discussed above. They developed a concept of operations
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Table 1. Joint Task Force National Capital Region Medical
Concept of Operations.

Integrated system of care for Wounded, lll, and Injured com-
prised of Service and Military Treatment Facility programs, with
Installation/Base, Veterans Affairs, and Volunteer Organization
support.

One standard of clinical care, rehabilitation and recovery that
is patient-centered, holistic and builds independence and
resiliency.

Walter Reed National Military Medical Center Unique Capabilities
Amputee and complex battle trauma
Severe traumatic brain injury and neurosurgery
Eye trauma
Cardiothoracic surgery

Fort Belvoir Community Hospital Unique Capabilities
Residential substance abuse treatment
Dual diagnosis with substance abuse

Table 2. Responsibilities of Joint Task Force National Capital
Region Medical.

Military Treatment Facility Responsibilities
Provide patient/family-centered clinical care and rehabilitation.
Operate a Warrior Family Coordination Cell.
Conduct timely and responsive Medical Evaluation Board (MEB)
system.
Administer military Service-specific MEB.
Contribute to an optimal healing environment.
Provide other support services as required.

Service Responsibilities
Maintain command and control over Warriors to include but not
limited to the Uniform Code of Military Justice, transfer author-
ity, movement, and family support.
Maintain personnel accountability.
Administer Service-specific personnel services.
Maintain Service Wounded, Ill and Injured Warrior Programs.

Assure personnel availability for continuity of healthcare and
rehabilitation.

Installation/Base Responsibilities

Provide base operation services (eg, childcare, dining, lodging,
and on-campus transportation).

Ensure campus is compliant with Americans with Disabilities Act
Accessibility Guidance.

Operate fitness center, morale, welfare & recreation activities,
the Exchange/PX, and related entities.

Contribute to an optimal healing environment.

(Table 1) and clearly assigned responsibilities to the hos-
pital, military service, and installation (Table 2). They
integrated the efforts of the many agencies that played
a role in Warrior care and applied a single standard of
care to all military services. They analyzed every aspect
of care from the patient and family’s perspective, and
provided additional services like child care, transporta-
tion, and internet access which supported the Warrior’s
rehabilitation and reintegration. During execution of
the BRAC recommendations, JTF CapMed adapted to
many challenges: increasingly severe casualties, signifi-
cant construction delays, a telecommunications strike,
and even an earthquake. At the last minute they trans-
ferred patients a day early because of an approaching
hurricane.
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ENVIRONMENT FOR WARRIOR CARE

The DHB definition of a World Class Medical Facility
addressed 6 domains shown in Table 3. The recovery,
rehabilitation and reintegration of Warriors also re-
quired a campus specifically designed for that purpose;
the elements of the campus are outlined in Table 3. The
environment for Warrior care considered far more than
facilities. It included the exchange of clinical informa-
tion while casualties were still in theater, an appropri-
ate reception at Joint Base Andrews, and transfer to the
medical facility in a mobile ICU if required. The inter-
action with families during and after casualty notifica-
tion was equally important in establishing a supporting
environment. Families experienced less stress when
provided information about their service members’ con-
ditions, their progress en route home, and what to expect
upon arrival at Walter Reed.

Facility lessons learned at WRAMC were applied dur-
ing construction of WRNMMC and FBCH.* The JTF
CapMed modified the standard Army Warrior Complex
plans to better suit more severely wounded casualties.
Warrior lodging was constructed with 2-bedroom suites
that included a kitchen, laundry facilities, and living
area. Each bedroom had a separate bathroom and large
closet. They provided amputees additional storage space
for prosthetics, electrical outlets to recharge batteries,
and allowed more privacy for nonmedical attendants.
Wounded Warriors assisted in the selection of furniture
and suggested modifications. Postconstruction modifica-
tions included installation of tubs to bathe children and
to allow amputees to soak themselves. Staff personally
navigated the campus in wheel chairs and spent much
time with casualties and families to discover remaining

Table 3. Environment for Warrior Care

World-Class Medical Facility
Basic Infrastructure
Leadership and Culture
Processes of Care
Performance
Knowledge Management
Community and Social Responsibility
Holistic Wounded Warrior Campus
Outpatient Rehabilitation that encourages reintegration into the
community
Lodging specifically designed for Warrior and Family needs
Dining
Childcare and playgrounds
Transportation
Outpatient medical care for nonmedical attendants and families
Service Wounded, lll and Injured Programs
Family and other support services
Veterans Affairs and Charitable Organizations
Social programs
Internet access in Military Treatment Facility, Lodging and Gym
Designed for accessibility
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accessibility obstacles. This guided improvements to
flow within the hospital, modification of sidewalks, ad-
dition of more automatic door openers and handicapped
parking. The installation developed plans to improve ac-
cess to athletic fields and build biking and running trails.

The Independent Review Group, Defense Health Board,
Army Dismounted Complex Blast Injury Task Force,
and Pain Management Task Force all recognized mul-
tidisciplinary care was a critical element of the clinical
environment.*’ It was particularly important for pain
management, treatment of multiple amputees, casual-
ties with complex abdominal and genitourinary injuries,
and managing transitions in care. The transition from
inpatient to outpatient status was a high risk event. A
multidisciplinary approach involving inpatient and out-
patient clinical staff, Warrior Transition Unit cadre, case
managers, and administrative personnel was essential to
a smooth transition. Clinical details were shared where
needed and occupational therapy staff evaluated lodg-
ing for suitability. Discharges at night and on weekends
were avoided, especially for high risk behavioral health
patients. Finally, inpatient staff were required to make
personal contact with Warrior Transition Unit cadre at
discharge and not rely on email to transmit information.
Once Warriors transitioned to outpatient status, non-
medical attendants assisted those who were unable to
perform activities of daily living. Since many were not
otherwise eligible, policy changes allowed nonmedical
attendants to receive health care at the medical facility.
When Warriors did not have a suitable family member
to serve as a nonmedical attendant, the Army designat-
ed another Soldier to assist.

The Warrior Transition Unit cadre contributed signifi-
cantly to the environment for Warrior care. They provid-
ed support to casualties and families that was normally
the responsibility of the home station chain of command.
Families required even greater assistance after abruptly
moving to assist in the rehabilitation of their Warrior.
Squad leaders were the first line of support for Warriors
and families. The ratio of squad leaders to Warriors
was standard across the Army and adequate for most
medical facilities. It was not adequate, however, for the
medical centers caring for those with the devastating in-
juries seen in Afghanistan after 2009. A typical squad
at WRNMMC in September 2011 included 10 Warriors;
of these 7 were amputees, and over half of them were
multiple amputees. Six of the 7 amputees were accom-
panied by families who also required support. Severely
wounded Warriors averaged 3-5 clinic appointments a
day, requiring squad leaders to track 150 to 250 appoint-
ments per week. The more complex casualties required
more medications, behavioral health care, intense case
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management, and more administrative support. Since
many had served in Afghanistan and Iraq 3 or 4 times,
they and their families were recovering from the cumu-
lative stress of multiple deployments.

The social environment is a key element of both reha-
bilitation and reintegration. Warriors and families de-
veloped a sense of camaraderie at WRAMC’s outdoor
barbeque and playground which was the center of so-
cial life. This environment was difficult to duplicate at
WRNMMC. The increasing severity of wounds, cumu-
lative stress from multiple deployments, and more com-
fortable lodging at WRNMMC led many Warriors to re-
main isolated in their rooms. The activities sponsored by
private organizations on and off campus assisted with
their reintegration into society. As they progressed with
rehabilitation, Warriors were moved to leased apart-
ments in the community to learn to live independently
before returning home.

MANAGEMENT OF CASUALTY FLOW

As casualties declined in 2007 following the surge in
Iraq, Army surgical leadership concentrated acute am-
putee care at WRAMC to maintain expertise. Burn ca-
sualties decreased as well, so there were fewer direct ca-
sualty flights to San Antonio. As a result, by 2010 92%
of all critically injured Warriors were taken to the NCR.
In the summer of 2010, a significant increase in casual-
ties from Afghanistan was noted. Many were severely
wounded by improvised explosive devices during dis-
mounted operations and sustained high lower extremity
amputations, pelvic, genital, and spine injuries. In 2009,
there were 49 single and 13 multiple major limb amputa-
tions in Afghanistan and Iraq. This rose to 77 single and
25 multiple major limb amputations in 2010.° The peak
in casualty flow during those years occurred from July
through October. The closure of WRAMC was sched-
uled for August 2011 when casualty flow was projected
to be high, and planned operating room renovations at
WRNMMC in accordance with DHB recommendations
would severely limit capacity at the same time.

The JTF CapMed leadership recognized this challenge
in the summer of 2010 and coordinated with the US
Transportation Command (TRANSCOM) to redistrib-
ute critically injured patients to Brooke Army Medical
Center, which was also undergoing a BRAC evolution
at Lackland Air Force Base which involved reduction in
services at Wilford Hall Medical Center. The change re-
quired reopening of the Aeromedical Staging Facility at
Joint Base San Antonio—Lackland, and was implement-
ed in January 2011. It allowed better use of the Military
Health System capacity to treat amputees, and moved
many Warriors closer to home, families and friends.
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During the first 3 months of 2011, 145 casualties were
regulated to the NCR rather than the projected 424.

To determine the facility and staff required to support
the increasing casualty flow, JTF CapMed staff devel-
oped a model as described by Kepner and Spencer else-
where in this issue.* The model estimated the number
of ICU beds, medical surgical beds, and operating room
hours needed for different levels of casualty flow. The
capacity for amputee care at Brooke Army Medical Cen-
ter and Naval Medical Center, San Diego, were included
to better inform decisions on medical regulation. The
model was adjusted after the 2011 casualty season to ac-
count for the increased numbers of and requirements for
multiple amputees. The JTF CapMed also projected re-
quirements for outpatient rehabilitation staff and lodging
which were increasing as the average length of stay for
casualties with multiple extremity amputations rose to 2
years. On August 2, 2011, as the NNMC approached ca-
pacity limits, JTF CapMed requested temporary staffing
augmentation from the military services for its operating
rooms, intensive care unit, medical surgical wards, radi-
ology, and occupational therapy sections. It made contin-
gency plans for additional lodging, including Americans
with Disabilities Act (Pub L No. 101-336, 104 Stat 328
(1990)) compliant rooms, and transportation. Require-
ments were projected well in advance to allow time for
the movement of personnel and execution of contracts.

COMMUNICATION

Communication of clinical information assisted staff
to prepare for a casualty’s arrival. The web based Joint
Patient Tracking Application (JPTA) provided patient
information once a casualty reached the combat support
hospital. The application which was developed by the
Landstuhl Regional Medical Center and implemented
across the Military Health System in 2004 provided in-
formation earlier and in more detail than the TRANS-
COM Regulating and Command & Control Evacuation
System, commonly known as TRAC2ES. The Land-
stuhl Medical Center staff also participated in Joint The-
ater Trauma System conferences to discuss the clinical
status of casualties en route.

Communication of information to families after casu-
alty notification is equally as important, but was limited
in the first years of the conflict. Families were provided
limited details of a casualty’s condition during initial
notification, then often heard nothing for days. Imple-
mentation of JPTA allowed providers at the home sta-
tion to keep families better informed. The Warrior and
Family Quick Reference Guide helped families prepare

*See article on page 124.
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for travel to the NCR. It was placed on the hospital’s
web site and included checklists for preparing to leave a
household, travel, packing lists, caring for children, and
what to expect upon arrival at the facility. The handbook
eased a family’s transition and allowed them to better
support their casualty.

Families are overwhelmed with information upon initial
arrival at a medical center and retain little of what they
are initially told. They are also significantly affected
when they first see their critically injured Warrior in
the intensive care unit. These issues were addressed by
providing information in writing and repeating it often.
Warriors well along in their rehabilitation met with new
families and provided encouragement. Seeing a multi-
ple amputee walking on his prostheses provided hope to
families during this difficult time. An Integrated War-
rior Care Roadmap was developed to show casualties
and families the phases and milestones of their recovery.
Originally developed by the Marine Corps Wounded
Warrior commander, it was refined using length of stay
data and tailored to each Warrior based on their injuries.
The roadmap allowed families to plan, demonstrated to
casualties they were making progress, and gave them
events to look forward to, such as convalescent leave.
A Nonmedical Attendant/Family Member Advisory
Group met monthly with senior JTF CapMed leadership.
These meetings kept senior leadership informed of is-
sues and allowed them to discuss progress in resolving
them. Monthly town hall meetings with Warriors and
families served the same purpose and allowed presen-
tation of information by the many agencies support
wounded Warriors.

Regular updates to other interested parties including se-
nior military and civilian leaders, non-Federal entities,
the media, and even residents of local neighborhoods
were important to the mission. This demonstrated that
JTAF CapMed leadership was aware of and were ad-
dressing issues, reduced questions, and maintained con-
fidence in the effort.

CONSIDERATIONS FOR THE FUTURE

Two areas of Warrior care require further improvement.
First, Warrior Transition Unit, hospital, and installa-
tion staff should be provided training in how to sup-
port families recovering from the cumulative stress of
multiple deployments and rehabilitating from devastat-
ing injuries. The second area requiring improvement is
the intra-United States medical evacuation system us-
ing C-130 aircraft. The vibration, noise, and cold make
C-130 medical evacuation flights far less comfortable
than those on C-17s. Intra-United States flights on the
slower C-130 aircraft are long, as the flight from Joint
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Base Andrews to Fort Bragg could take 10 hours with
stops at West Point, Fort Drum, Fort Benning, Fort
Stewart, and Fort Gordon along the way. Evacuation
to the Naval Medical Center, San Diego or Joint Base
Lewis McChord could take a week with multiple stops
where casualties remained overnight. Army senior lead-
er involvement is required to effect this change with
TRANSCOM.

Army Medicine should include the entire continuum of
casualty care in the DOTMLPF-P domains and lessons
learned process. Casualty care begins in garrison with
development of a fit and healthy force, continues in the-
ater and ends in garrison with rehabilitation and rein-
tegration. The collection of lessons learned should not
focus only on battlefield care, but include those learned
in hospitals, clinics, by support staff, and those crafting
policies and programs. Warrior care should be addressed
with the same systematic approach as a military opera-
tion. Finally, the expertise gained through hard work
over years should be sustained by continuing to care for
those severely injured rather than referring them to the
Department of Veterans Affairs health care system.

The Dole-Shalala Commission noted that making sig-
nificant improvements in casualty care “requires a sense
of urgency and strong leadership. The tendency to make
systems too complex and rule-bound must be countered
by a new perspective, grounded in an understanding of
the importance of patient-centeredness.” We must con-
sider this lesson as we prepare for the new challenges
ahead.
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Rehabilitation of the Combat Casualty:

Lessons Learned from
Current Conflicts
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The field of rehabilitation is deeply rooted in military medicine, especially in promoting the restoration of function
and community reintegration of injured service members returning from war. Since military operations began in
Iraq and Afghanistan over a decade ago, rehabilitative care programs have been integral in supporting the Military
Healthcare System in providing high quality comprehensive care for combat casualties and their families, particu-
larly those with complex blast injuries resulting in conditions such as amputation and other limb dysfunction, trau-
matic brain injury, and spinal cord injury. Fundamental to a successful rehabilitation program is the coordination of
interdisciplinary care that not only crosses multiple medical specialties and disciplines, but also promotes ongoing
education, research, quality improvement and readiness. This brief article is intended to highlight some of the most
important lessons learned from current and past conflicts in delivering the highest quality rehabilitative care to our

nation’s heroes.

As you know, you go to war with the Army you have.
They ’re not the Army you might want or wish to have
at a later time.

Secretary of Defense Donald Rumsfeld!

Although this quote by Secretary Rumsfeld may evoke
considerable criticism and debate, more importantly
his words should help us focus our attention to make
certain that our future fighting forces are well trained,
resourced, and equipped to respond to its nation’s call
for action, whether in peacetime or at war. In order to
meet this goal, however, it is critically important that
the lessons learned from prior conflicts be preserved,
documented, and taught to future generations. Nowhere
is this more important than within the Military Health-
care System (MHS), whose fundamental mission is to
assure the readiness of its military forces? and to ensure
that the existing healthcare system has both the capacity
and the competency to ensure that service members and
their families receive the highest quality of care. This is
particularly true for those who have sustained combat
related injuries; or, as President Abraham Lincoln de-
scribed in his second inaugural address, “to care for him
who shall have borne the battle.”® In fact, evidence sug-
gests that independent of what Army you might go to
war with, the expectation of the American public is that
those men and women who place themselves in harm’s
way in defense of this nation receive only the highest
quality of medical care available.*

Over the past decade, tremendous advances have taken
place in the acute resuscitative trauma care, changes to
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combat medical tactics, techniques, and procedures, and
systemic improvements in medical response to battle-
field polytrauma, along with the rapid evacuation of
combat casualties. Coupled with the protection provided
by enhanced body armor, these changes have resulted
in historically high survival rates.>¢ Mortality rates
have been reduced from approximately 24% in the Viet-
nam conflict to approximately 20% in Operation Iraqi
Freedom and Operation Enduring Freedom (OIF/OEF).
Survivability of those injured on the battlefield is at an
unprecedented historical level of 90%, compared with
84% in Vietnam and 80% in World War I1.” Survival on
the battlefield, however, is just the first step. The MHS
should be committed to not just helping service mem-
bers “survive” after injury, but to “thrive” as they recov-
er from their wounds and reintegrate with their military
units and among family, friends, and communities. This
is particularly true for those combat casualties who are
challenged with overcoming significant physical, cog-
nitive, or psychological impairments. This capability is
especially relevant and important for those who have
sustained severe blast injuries, such as those described
by the Army Dismounted Complex Blast Injury Task
Force.?

The term “rehabilitation” can be used in many different
contexts, but in healthcare, the term is generally used
when discussing the programs or processes for return-
ing an individual to health after an injury, illness, or
addiction. More specifically, “rehabilitation medicine”
refers to the evaluation, diagnosis, and management of
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individuals of all ages with a physical and/or cognitive
impairment, to maximize recovery and quality of life. It
is through rehabilitation and the restoration of functional
independence that many individuals regain dignity and
even discover personal growth, which can propel them
to discover new meaning and purpose within their lives.
Ultimately, rehabilitative efforts are not solely limited
to achieving independence or adaptive strategies to pro-
mote daily functional activities, but to promote active
participation in society and, whenever possible, return
to active military service.

The field of Rehabilitation Medicine is deeply rooted in
military medicine, especially concerning the restoration
of function and community reintegration of injured ser-
vice members returning from war. Significant advances
in the diagnosis and treatment of numerous conditions
have largely resulted from rehabilitation programs de-
veloped after World Wars I and II. Furthermore, techno-
logical advances after Vietnam, particularly in orthot-
ics, prosthetics, and mobility aids have had a profound
impact on the care of individuals with limb loss and
neuromuscular disorders, not just in the military but
also across the globe. Since combat operations began in
Iraq and Afghanistan, military medicine has been at the
forefront of advancing the knowledge of rehabilitation
sciences. As the threat of terrorism continues to be of
top priority for the United States, the military and public
healthcare systems must be prepared to provide state-of-
the-science care to individuals suffering from the acute
and chronic effects of terrorist-related injuries.*!

Although rehabilitative care has been long considered
to be the principal responsibility of the Department of
Veterans Affairs," lessons learned during OIF/OEF and
Operation New Dawn (OND) indicate the need for the
MHS to maintain competence and capacity in provid-
ing rehabilitative care, particularly for combat casualties
with complex blast injuries.® Service members exposed
to blasts commonly sustain injuries to multiple organ
systems. Injuries such as limb loss, soft tissue wounds,
paralysis, traumatic brain injury, and vision and/or hear-
ing impairment commonly happen in combination and
are frequently also accompanied by complex pain and
infection, as well as psychological complications such
as depression, anxiety, and posttraumatic stress.'? It is
therefore fundamental to provide aggressive and coor-
dinated care for each of these conditions early in the
acute setting, because not addressing these issues im-
mediately may lead to secondary problems and poorer
outcomes."*!°

Rehabilitative efforts are largely accomplished through
the work of an interdisciplinary team of specialists
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representing a multitude of disciplines. These special-
ists employ an array of interventions, modalities, and
assistive technologies to help maximize functional inde-
pendence and successful reintegration or participation in
society. Because of the complex nature and spectrum of
needs of combat casualties, an expanded list of interdis-
ciplinary team members is required to sustain wartime
operations. An example of this list is provided in the
Table. In addition, the patient and patient’s family are
also vital members of the rehabilitative team and remain
critical to the successful engagement of rehabilitation
throughout the various phases of recovery. An individu-

The Amputee Care Program is dependent upon an interdis-
ciplinary team consisting of many specialties, an example
of which is shown below. The specialists and a coordinated
team approach are absolutely necessary to provide the high-
est quality of care and ensure that all needed services are
readily available.

Surgery (Access to Subspecialties) Behavioral Health

Physiatry Neuropsychology
Infectious Disease Social Work

Pain Management Peer Support
Nursing Nutrition
Physical Therapy Gait Lab

Database, IT support
Public Affairs Office
VA Counselors

Occupational Therapy
Speech Language Pathology
Prosthetics/Orthotics
Assistive Technology Vocational Rehabilitation
Driving Rehabilitation

Integrative Medicine

Sports/Recreational/Art Therapy
Physical Evaluation Board Liaison Officer

alized treatment plan can then be established with in-
put from all team members, which addresses the unique
characteristics of each patient. This also includes short
and long-term goal setting with the team to reinforce
treatment objectives, facilitate motivation, and measure
outcomes.

Over the course of providing and overseeing rehabili-
tative care for thousands of combat casualties, the fol-
lowing lessons are offered for the reader to consider in
maintaining both competence and capacity for the ongo-
ing and future missions of the MHS.

LESSONS LEARNED
Rehabilitation Must Start in the Acute Care Setting

As reported by COL Paul Brown (MC, USA) regarding
his experiences in Vietnam, rehabilitative interventions
need to start as early as possible.” The paradigm of
waiting until all medical and surgical issues are stabi-
lized or resolved before engaging rehabilitative servic-
es is fraught with complications and poorer outcomes.
This is especially true for casualties with complex blast
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Figure 1. A Wounded Warrior recovering from extensive
blast injuries. As he underwent multiple reconstructive pro-
cedures to save his upper limbs, the specialist team began
the extensive rehabilitation for his lower limb amputations.

injuries, where the frequency of multiple comorbid inju-
ries is high. It is well know that there are numerous neg-
ative effects of immobility, which early rehabilitation
interventions can help mitigate. These negative effects
include bone loss leading to osteopenia and osteoporo-
sis, joint contractures which impair mobility and func-
tion, metabolic abnormalities, cardiovascular decon-
ditioning, electrolyte and fluid imbalances, orthostatic
hypotension, muscle weakness and atrophy, skin break-
down and pressure ulcers, increased risk of infection,
poor wound healing, and vascular thrombus formation.
In addition to their adverse repercussions on functional
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recovery, all of these negative effects are also likely to
lengthen hospital stays and subject patients to higher
rates of morbidity and mortality. Furthermore, delays
in engaging patients in therapeutic interventions to im-
prove independence in activities of daily living, such as
self-feeding, bathing, dressing, and toileting, or not as-
sisting patients to be more functionally independent in
terms of mobility with a wheelchair, prosthesis, or other
assistive device, will likely also have profound negative
effects on an injured service member’s psychological
well-being, motivation, outlook on recovery, and quality
of life. Therefore, when designing comprehensive care
programs for combat casualties, the simultaneous deliv-
ery of state-of-the-science rehabilitative methods is as
important as providing advanced medical, surgical, and
behavioral health care.'®:"

Nowhere is this better illustrated than in the combat ca-
sualty who sustains extensive blast injuries, as shown
in Figure 1. Combat casualties often sustain multiple
injuries, many requiring multiple surgical procedures
over a protracted hospital course, during which time
each of their associated injuries must be addressed si-
multaneously, in a coordinated fashion. Surgical recon-
struction techniques for vascular, soft-tissue, and nerve
repair have dramatically improved over the past decade
and offer great hope in restoring function for even the
most severely injured service members. Fortunately, the
MHS has continued to invest in having some of the most
highly trained surgical subspecialists to perform these
techniques, not to just save lives, but preserve limbs
and function. Their contributions to the care of combat
casualties over the past decade have been enormous.
Equally important to the mission, however, is the same
investment in rehabilitative medicine. As illustrated in
Figure 1, while this Wounded Warrior underwent mul-
tiple reconstructive procedures to save his upper limbs,
our team simultaneously began extensive rehabilitation
for his lower limb amputations. This rehabilitation care
included preprosthetic education, mobility, and activi-
ties of daily living training, core and limb strengthening,
range of motion exercises, wound management, residual
limb care, and comprehensive pain management. Cou-
pled with these interventions, were appropriate design,
fitting, and training for use of his wheelchair and prosthe-
ses, followed by extensive training in transfers, standing,
balance, level ground ambulation, and eventual train-
ing on stairs, ramps, obstacle negotiation, running, and
sports participation. All of these interventions happened
simultaneously with his upper limb reconstruction and
associated upper limb rehabilitation, which included
scar management, neuromotor recovery facilitation,
muscle strengthening, range of motion exercises, as well
as gross and fine motor training to perform functional

79



WOUNDED WARRIOR CARE

activities of daily living. As illustrated in this case, com-
bat casualties with limb loss often experience multiple
complex challenges. Evidence suggests, however, that
the implementation of a comprehensive rehabilitation
care program is effective in improving outcomes.*’

Centers of Excellence

While considerable debate may exist over the definition
of what composes a “center of excellence,” there is little
argument regarding their importance in delivering the
highest quality of care to combat casualties. In response
to the rehabilitative needs for injured service members
from OIF/OEF within the Extremity Trauma and Am-
putation Center of Excellence (EACE), several advanced
rehabilitation centers (ARC) have been established with-
in the DoD system. Their coordinated efforts help sup-
port specific geographic regions within the United States
in order to provide accessible, highly specialized care to
the most complex patients. Given the complexities of the
problems encountered by combat casualties, the integrat-
ed team includes physicians, nurses, medics, corpsmen,
social workers, case managers, behavioral health provid-
ers, pain specialists, therapists, prosthetists, orthotists,
technicians, plastic surgeons, dermatologists, ophthal-
mologists, audiologists, pharmacists, and dentists across
numerous disciplines who must collaborate to provide
interdisciplinary care. In addition to healthcare provid-
ers, numerous support structures must be in place within
the institution to ensure access to expert intensive criti-
cal care and reconstructive surgery; highly specialized
diagnostics; 3D printing and fabrication; state-of-the-art
prosthetic and orthotic fitting and adjustment; computer
assistive accessibility for patients with vision, hearing,
or extremity impairment; interventional pain suites to
apply novel interventions for complex pain syndromes;
highly sophisticated gait, motion analysis, and virtual
reality platforms; as well as access to complementary
and alternative medicine. Of equal importance to hav-
ing trained and experienced providers with cutting edge
technology is having engaged and effective leadership
teams with supportive administrative staff. Unless the
providers are resourced and supported appropriately by
their leadership, efficient and effective care cannot be
delivered. Issues such as infection control policies, effi-
cient scheduling of operating rooms, logistical support to
ensure supplies are delivered on time, along with timely
and efficient provider privileging and credentialing are
all critical functions of the leadership within military
treatment facilities (MTF). Facilitating these actions is a
well-coordinated performance/quality improvement pro-
gram. Having a mechanism where the members of the
interdisciplinary team and leadership can meet regularly
to critically evaluate what processes and interventions
work well and which should be improved can greatly
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enhance the effectiveness and efficiency of the care pro-
gram. Ongoing performance/quality improvement pro-
grams are increasingly important during times of war,
especially when the MTF experiences frequent staff
turnover along with a continuous influx of casualties.

The importance of having access to highly specialized
care cannot be overstated. The advanced rehabilitation
centers and other centers of excellence in the MHS pro-
vide an environment for bringing specialists together and
allowing them to work in a coordinated fashion, while
also further developing their skills through collaborative
experience. This can only be achieved by caring for a
high volume of patients with similar complex problems.
It must also be recognized that the complex set of prob-
lems commonly encountered by Wounded Warriors with
limb loss and their families are unique and not often seen
in civilian settings. For example, nearly all amputations
that are performed in the United States in both civilian
and Veteran Affairs affiliated hospitals are the result
of vascular disease and/or diabetes, not from blast in-
juries. Further, most amputations performed in civilian
hospitals are to the lower limb below the knee, whereas
among our military amputee population, a significant
percentage of combat casualties sustained upper limb
(=20%), multiple limb (=30%), and above knee (=40%)
amputations.”’ Combat casualties with limb loss are
also generally younger than their civilian counterparts,
and the mechanism of blast injuries makes them more
prone to develop complications, such as heterotopic os-
sification (=60%)?** as well as comorbid brain injury and
psychological stress. In summary, the medical, surgical,
rehabilitative, and behavioral health care needs of com-
bat casualties are different than those generally seen in
civilian practice, so without having centers of excellence
within the MHS, expertise in their unique care require-
ments would not otherwise exist.

Centers of excellence bring medical experts together, as
well as patients, families, and often former patients who
serve as peer mentors. This construct is enormously
powerful in promoting healing, recovery, and quality
of life. There are tremendous benefits in the develop-
ment of a therapeutic milieu for a group of Wounded
Warriors going through their rehabilitation, recovery,
and reintegration as a team. Military service members
are trained to be part of a unit and function as a mem-
ber of a team. After injury, they are taken from their
combat team through medical evacuation and now must
join another team—a team motivated to recover and
rejoin the fight. Serving as a peer mentor allows team
membership to continue, even after discharge. Our col-
lective experiences during OIF, OEF, and OND within
the MHS’s Advanced Rehabilitation Centers at Walter
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Reed National Military Medical Center (WRNMMC)
in Bethesda Maryland, the Center for the Intrepid (CFI)
in San Antonio, Texas, and the Comprehensive Combat
and Complex Casualty Care (C5) program in San Diego,
California, demonstrate the positive effect of having
combat casualties who have successfully completed the
program return to motivate others to do the same. Peer
mentors motivate fellow Wounded Warriors throughout
their rehabilitation. This is a very effective method of
proving to those still in rehabilitation that there is life
after injury and that they can also achieve great suc-
cess, no matter what the challenge. Evidence supports
this approach, as graduates of the program have consis-
tently lauded their care and specifically described the
peer support that they received as beneficial. >

Role of Families and Nonmedical Attendants

Differentiating the MHS from the Veteran’s Healthcare
Administration and other civilian healthcare organiza-
tions is the Department of Defense’s ability and author-
ity to provide comprehensive care for the families of
Wounded Warriors, independent of geographical bound-
aries. During OIF, OEF, and OND, DoD policy changed
to allow family members or other designated nonmedi-
cal attendants (NMAs) to stay on the campus of MTFs,
as well as receive a stipend to offset the cost of their
missing work to stay by the side of their Wounded War-
rior to assist them through their recovery. This unprec-
edented practice has had an enormously positive effect
on the rehabilitation of Wounded Warriors. As previ-
ously reported in caring for Vietnam Veterans,'"* promot-
ing independence is critical to successful rehabilitation.
Creating situations where an injured service member
becomes dependent on a loved one for basic functions,
such as feeding, dressing, and hygiene, can have a nega-
tive effect on self-esteem and motivation. While thera-
pists work daily with patients to teach and train inde-
pendent skills, reinforcement by family members during
times when the patient is not in therapy can greatly en-
hance the effectiveness of rehabilitation. Having family
members or NMAs participate in rehabilitation sessions
with the Wounded Warrior has had substantial benefits.
In addition, the importance of the support and love for
the Wounded Warrior during an incredibly emotionally
challenging time cannot be underestimated.

Access to Technology

A comprehensive discussion of all the technological ad-
vances that are currently available for Wounded Warrior
care is beyond the scope of this article. In support of re-
habilitation, however, the technological advances in di-
agnosis, therapeutics, and functional independence have
been tremendous, even over the past decade. Advances
in prosthetic sockets and components, such as computer
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controlled knees, ankles, and hands allow much greater
functionality for individuals with limb loss. Micropro-
cessor controlled variable dampening prosthetic knees
(Figure 2) are able to sense how fast an individual is walk-
ing and adjust knee stiffness during stance and swing

Figure 2. Microprocessor controlled variable dampening pros-
thetic knees are able to sense how fast an individual is walk-
ing and adjust knee stiffness during stance and swing phases
of gait nearly instantaneously to accommodate a variable ca-
dence.

Figure 3. Specialized motorized wheelchairs enable even
those with severe physical impairments to more indepen-
dently perform pressure reliefs, stand, transfer, and control.
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phases of gait nearly instantaneously to accommodate a
variable cadence. Lighter weight materials allow service
members to have access to ultralight, high performance
wheelchairs that have been shown to reduce secondary
problems, such as overuse shoulder, elbow, wrist, and
hand injuries. Furthermore, currently available special-
ized motorized wheelchairs (Figure 3) enable even those
with severe physical impairments to more independent-
ly perform pressure reliefs, stand, transfer, and control.
Computer interfaces, tablet devices, and other technolo-
gies create greater opportunities for those with vision
and hearing loss to communicate. Three-dimensional
printing enhances reconstruction procedures for fab-
rication of customized devices for adaptive equipment.
Finally, advances in virtual reality and simulation plat-
forms create even more opportunities to enhance our
diagnostic and therapeutic rehabilitative interventions.**

Clarifying Roles and Relationships Between
the DoD and Department of Veterans Affairs

Meeting the rehabilitative needs of injured service mem-
bers during a time of war is not only a challenge to the
DoD, but a challenge for the nation. Therefore, a strong
partnership with the Department of Veterans Affairs
(VA) as well as civilian organizations is important to
expand the capacity of care for Wounded Warriors, par-
ticularly during a protracted war or when there is a high
volume of casualties. Although expertise in various ar-
eas of rehabilitative medicine exists within civilian care
settings, the DoD and VA are specifically resourced and
trained to care for the complex issues pertaining to ser-
vice members and Veterans. Understanding each other’s
roles can help clarify patient movement within the 2 sys-
tems, as well as improve access to care and enhance effi-
ciencies in care delivery through resource sharing agree-
ments. Finally, sharing lessons learned and partnership
in education and research can act as a tremendous force
multiplier. An example of this has been the partnership
between WRNMMC, the Uniformed Services Univer-
sity of the Health Sciences and the Human Engineering
Research Laboratories within the VA Pittsburgh Health-
care System. These entities have partnered to present
quarterly state-of-the-science workshops over the past
10 years, bringing nationally recognized experts in all
aspects of rehabilitative medicine and science to share
experiences and new discoveries to elevate the care of
service members, families, and Veterans. Similar work-
shops and educational experiences have been organized
by many other joint efforts between the DoD and VA, in-
cluding those coordinated by the Defense and Veterans
Brain Injury Center, Center for Integrated Pain Manage-
ment, EACE, Vision and Hearing Centers of Excellence,
and others.
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While a detailed description of all the programs that ex-
ist between the DoD and VA in providing healthcare ser-
vices for Wounded Warriors is beyond the scope of this
article, several are worth noting. Of significant impor-
tance is the relationship that exists between the desig-
nated 5 Polytrauma Rehabilitative Centers within the VA
system and those within the DoD system (WRNMMC,
CFI, and C5). In combination, these 8 complex patient
care programs are distributed geographically through-
out the United States and improve access to high quality
care for combat casualties independent of the location of
their home of record or duty station. Coordinating pa-
tient transfers from one facility to another is facilitated
by embedded DoD and VA liaisons at each of these cen-
ters. Coordination between the 2 systems better meets
the acute, subacute, and chronic care needs of Wounded
Warriors, whether they remain on active duty or retire. To
better facilitate patient movement between the DoD and
VA systems, additional work is still needed to improve
the interoperability between the 2 clinical information
technology systems. This would significantly enhance
sharing of medical records, especially radiographic,
laboratory, and pharmacy information. Throughout OIF,
OEF, and OND, numerous service members and Veter-
ans have moved back and forth between DoD and VA
healthcare organizations. Sharing electronic medical
records is important not only to facilitate continuity of
care, but also to enhance patient safety.

Another important aspect of caring for combat casual-
ties is navigating the medical disability process. Many
injured service members remain on active duty after
completing their rehabilitation. Many of these Wounded
Warriors undergo medical review board evaluations to
determine if they meet military medical retention stan-
dards. If they do, they return to duty status, although
it may be with limitations due to permanent physical
disabilities. For those who do not meet military medi-
cal retention standards, they may apply for a Continua-
tion on Active Duty or Continuation on Active Reserves
waiver, which would allow them to remain on active
duty despite their medically disqualifying injury or dis-
ease. Unfortunately, there remains a cohort of Wound-
ed Warriors who will be medically separated from the
military, even though they would prefer to continue to
serve. For these men and women, a system should be in
place to conduct disability evaluations and compensa-
tion ratings in a manner that is both comprehensive and
expeditious. Sharing resources between the DoD and
VA is critical to accomplish this challenging mission.
Medical compensation and life-long access to contin-
ued medical care for injuries sustained during war are
important elements of the trust established between the
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nation and our volunteer military force. Since the ma-
jority of injured service members who go through the
medical evaluation board (MEB) process are also ac-
tively engaged in rehabilitative services, rehabilitation
processionals must be aware of the process and provide
pertinent information to the patient and MEB providers.
Because of the potential for perceived conflict of inter-
est, providers who are intimately involved with treating
patients should not also be involved in the adjudication
of medical compensation decisions. Lessons learned
over the past decade indicate that independent providers
should fulfil this role within both the DoD and VA sys-
tems. Ideally, an integrated disability and compensation
system should be established between the DoD and VA
systems, with clear roles and responsibilities delineated
to avoid confusion for providers and patients.

Promote Reintegration and Community Participation

A key aspect of recovery after war injury is returning to
active participation. The term “participation” may mean
different things to different people, but has been high-
lighted by the World Health Organization as an impor-
tant aspect of International Classification of Function-
ing, Disability and Health. Essentially it recognizes that
quality of life is often dependent on an individual’s abil-
ity to be an active participant in society, either through
vocation, avocation, volunteer work, or engagement
with family and friends. Limitations to participation in-
clude such issues as a “nonaccessible” community with
barriers to mobility, poor transportation systems, lack of
communication aids or provisions for those with vision
or hearing loss, as well as limited access to rehabilitative
services. These issues become very relevant in caring
for Wounded Warriors, particularly those with multiple
complex injuries and resultant impairments. Therefore,
active community reintegration programs are needed to
care for combat casualties and should be well coordi-
nated between the DoD and VA systems. Over the past
decade, many of these programs were developed within
the DoD system to meet the demands of our Wounded
Warriors and their families. While it is clear that these
services are a shared responsibility of both the DoD and
VA, experience suggests the importance of their ongo-
ing presence within the DoD system.

Peer support, adaptive sports and recreation, creative
arts, and service dog programs have all been criti-
cal elements for many Wounded Warriors during their
first steps towards successful community reintegra-
tion. These programs not only build opportunities for
socialization and initial transition out of the hospital,
but greatly facilitate confidence building, motivation,
and improved self-efficacy, which are fundamental to
the successful rehabilitation and recovery of injured
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service members. Disfiguring wounds, impaired mo-
bility, psychological injuries (eg, posttraumatic stress,
depression, anxiety) and loss of many normal bodily
functions are extremely challenging for young service
members, independent of their gender, race, or ethnic
diversity. Therefore, programs that promote activities to
help overcome these challenges continue to prove ben-
eficial in Wounded Warrior care. In fact, many of the
national and international disabled athletic programs,
adaptive sports and recreational activities, or great art
contributions, have come from the efforts of Veterans of
current or prior wars.

Similar to sports, creative arts, or other activity programs,
Driving and Vocational Rehabilitation services are also
fundamental for improving ultimate community par-
ticipation for recovering Wounded Warriors. Adaptive
devices for improving accessibility and independence
in driving are often cited by many Wounded Warriors
as one of the most important aspects of their care. The
ability to drive decreases social isolation, promotes vo-
cational and active life-roles within the community, and
improves access to care for patients who need to return
to medical facilities for ongoing rehabilitation, wellness
visits, or complications that may arise. Vocational reha-
bilitation is also important and should be conducted by
trained professionals who are skilled at both counseling
and evaluating Wounded Warriors based on their inter-
ests, talents, and abilities. Vocational opportunities may
include retraining, additional schooling, internships, or
job placement with the appropriate adaptive devices or
accommodations established to ensure success. Voca-
tional rehabilitation counselors are not solely focused
on finding a job for Wounded Warriors, but helping
Wounded Warriors find a career path that will be sus-
tainable as well as professionally fulfilling.

Finally, programs such as Project C.A.R.E.* (Compre-
hensive Aesthetic Restorative Effort) at Naval Medical
Center San Diego (NMCSD) provide state of the art
multidisciplinary medical and surgical care designed to
reconstruct complex wounds, improve appearance, and
enhance emotional recovery after trauma. The CARE
Program is a highly specialized team of “restorative’
disciplines including plastic surgery, dermatology, oral
surgery, oculoplastic surgery, facial plastic surgery, and
orthopaedic hand surgery. Together, they augment the
MTF rehabilitation program by finding advanced solu-
tions for the most severely injured Wounded Warriors.
In addition to coordinating care and providing emotional
support for patients and their families, the CARE team
helps advance the art and science of restorative care

)

*http://www.med.navy.mil/sites/nmcsd/Pages/Services/Project-
C-A-R-E.aspx
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through education, training, and research. This includes
collaborating with civilian Centers of Excellence to fa-
cilitate hand and face transplantation, along with host-
ing an annual educational summit featuring military and
civilian experts from around the world specializing in
advanced prosthetics, tissue engineering, regenerative
medicine, and other emerging technologies. The CARE
Program at NMCSD is a cutting edge initiative, serving
to break down recovery barriers and expedite the return
of optimal form, function, and emotional wellbeing after
injury to remove the final barriers for Wounded Warriors
to return to full community participation.

Ongoing Education and Research

Military medicine has a long-standing tradition in medi-
cal education and cutting edge research. To sustain war-
related combat casualty care for current and future con-
flicts, ongoing educational programs are necessary to
meet competency and capacity demands, as well as for
building tomorrow’s leaders of military medicine. Edu-
cational programs should support the entire spectrum
of medical specialties and disciplines, ranging from
the combat medic to highly specialized nurses, dentists,
physicians, and therapists. These educational programs
must address the unique and specific needs of the mili-
tary through designated specialized curricula. Ongo-
ing educational activities are important for staff within
military treatment facilities, either within or outside
the continental United States. Issues such as provider
recruitment and retention must be continually assessed
by leaders to ensure current and future capacity needs
are met. Moreover, care and attention must be available
for our caregivers. The stress of caring for Wounded
Warriors, while also balancing one’s own physical, psy-
chological, and emotional health, can be extremely chal-
lenging. It should also be recognized that most of the
healthcare providers in uniform are also frequently de-
ployed overseas during war, which only further contrib-
utes to the likelihood of excessive stress on caregivers.
These factors should be recognized by peers and leaders
at the local and national level—support programs can
be extremely helpful in maintaining a healthy medical
force.

The federal government invests a tremendous amount
of resources each year in medical research. Institutes
such as the National Science Foundation, National In-
stitutes of Health, and others have been responsible for
many breakthroughs in modern medicine and science.
However, the DoD and VA also support critical ongoing
research with the specific and explicit mission to focus
on military and Veteran needs. Institutes such as the
Army Medical Research and Material Command, Naval
Medical Research Center, Defense Advanced Projects
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Agency, and Walter Reed Army Institute of Research
are just some of the examples of DoD’s investment in
advancing the protection and care of military service
members. The efforts of these groups help sustain the
military’s capabilities to perform both its wartime and
peacetime healthcare missions, whether in prevention of
disease, mitigation of injury risk, providing life or limb
saving interventions on the battlefield, or developing
novel prosthetic and orthotic devices.”> These entities
collaborate with national and international partners to
bring the best technology, equipment, and supplies to
the warfighter. A correlate of these efforts is the antici-
pation of the military’s future needs. In terms of reha-
bilitation, much is already known about the long-term
risks of sustaining a combat injury, particularly an in-
jury that results in an amputation.”® Combat casualties
with limb loss are at much greater risk for early morbid-
ity and mortality, whether related to cardiovascular dis-
ease, diabetes, bone health, arthritis, or overuse injuries.
Research efforts must therefore address the long-term
medical challenges of caring for individuals with com-
bat-related injury, by both mitigating their risks as well
as discovering novel treatments. Regenerative medicine,
robotics, neural-prosthetics, personalized medicine, and
advanced diagnostics are just some examples of cur-
rent fields of study in which investment will likely have
an enormous impact on the future of healthcare. Given
the relatively young age of our current Veterans from
Iraq and Afghanistan, technologies that may be 20, 30,
or even 40 years away from clinical implementation
would still have a significant impact on their health and
well-being.

Embrace and Harness Public Support

Unlike prior reports from the Vietnam era, during the
current conflicts the American public has been able to
separate their political views of war from the injured
Warrior. Over the last decade of treating combat casu-
alties from OIF, OEF, and OND, our staff has not en-
countered anyone in our private or professional lives
who was not sensitive to and supportive of the needs of
our Wounded Warriors. Currently there are numerous
federal and state-sponsored programs, as well as count-
less nonprofit organizations that have been established
to help Wounded Warriors. Despite this, however, enor-
mous challenges still exist for individuals with disabili-
ties (military and civilian) to obtain the same access to
care, technologies, or employment as their able-bodied
counterparts. Part of the challenge, therefore, is finding
ways to increase awareness of the support programs that
currently exist for those in need. Many nonprofit groups
and private donors are well-positioned to help enhance
care programs for Wounded Warriors. While their sup-
port should be embraced, it cannot happen without local
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leaders establishing policies and procedures to ensure
that all legal requirements are met. Issues such as a per-
ceived DoD endorsement of one private organization
over another create significant challenges for person-
nel trying to coordinate Wounded Warrior care. While
these challenges may be substantial, the benefits regu-
larly outweigh the risks.

In addition, given the public’s interest in our Wound-
ed Warrior needs, frequent media requests are often
made to MTFs and providers. Department of Defense
providers must be reminded that their words or actions
represent the overall institution, not just themselves.
Therefore, a skilled public affairs office/officer should
be part of the staff of any MTF responsible for caring
for Wounded Warriors. While managing all media invi-
tations/requests may be overwhelming and challenging,
in general they should be embraced by the DoD. Media
requests should be treated as part of the constant effort
to improve awareness of the challenges Wounded War-
riors face, and also as an inspiration and demonstration
to the nation and our allies of the incredible courage,
spirit, and resilience of our Nation’s Heroes.

REFERENCES

1. Kiristol W. The Defense Secretary we have. Wash-
ington Post. December 15, 2004;A33.

2. Evans P. Strategy Management in the Military
Health System: Achieving the Quadruple Aim.
Washington, DC: Office of Strategy Management,
Office of the Assistant Secretary of Defense for
Health Affairs; 27 July 2010. Available at: https:/
www.meprs.info/files/2010 _presentations/Quadru
ple_Aim.ppt. Accessed February 29, 2016.

3. Lincoln A. Second Inaugural Address of Abraham
Lincoln. New Haven, CT: Lillian Goldman Law Li-
brary, Yale University; March 4, 1865. Available at:
http://avalon.law.yale.edu/19th _century/lincoln2.
asp. Accessed February 29, 2016.

4. Burgess L, Shane L. Army Secretary Francis J.
Harvey resigns amid Walter Reed fallout. Stars
and Stripes. March 2, 2007.

5. Gerhardt R, De Lorenzo R, Oliver J, Holcomb
J, Pfaff J. Out-of-hospital combat casualty care
in the current war in Iraq. Ann Emerg Med.
2009;53:169-174.

6. Ling G, Rhee P, Ecklund J. Surgical innovations
arising from the Iraq and Afghanistan Wars. Annu
Rev Med. 2010;61:457-468.

7. Holcomb JB, Stansbury LG, Champion HR, Wade
C, Bellamy RF. Understanding combat casualty
care statistics. J Trauma. 2006;60:397-401.

April — September 2016

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Carvalho J. Dismounted Complex Blast Injury Re-
port of the Army Dismounted Complex Blast Injury
Task Force. Fort Sam Houston, TX: The Army Sur-
geon General; June 18, 2011.

Foster D. Preparing for the next terrorist attack in
America [internet]. American Military University;
October 1, 2015. Available at: http:/inhomelandse
curity.com/preparing-for-the-next-terrorist-attack-
in-america/. Accessed November 15, 2015.

Pasquina PF, Scoville CR, Belnap B, Cooper RA.
Introduction: developing a system of care for the
combat amputee. In: Lenhart MK, ed-in-chief.
Textbook of Military Medicine: Care of the Com-
bat Amputee. Washington, DC: Borden Institute,
2009:1-18.

MacLennan D, Clausen S, Pagel N, Avery JD, Sig-
ford B, MacLennan D, Mahowald R. Developing
a polytrauma rehabilitation center: a pioneer expe-
rience in building, staffing, and training. Rehabil
Nurs. 2008;33:198-204, 213.

Reiber G, McFarland L, Hubbard S, et al. Service-
members and veterans with major traumatic limb
loss from Vietnam war and OIF/OEF conflicts:
Survey methods, participants, and summary find-
ings. J Rehabil Res Dev. 2010;47:275.

Mackay LE, Bernstein BA, Chapman PE, Morgan
AS, Milazzo LS. Early intervention in severe head
injury: long-term benefits of a formalized program.
Arch Phys Med Rehabil. 1992;73:635-641.

Semlyen JK, Summers SJ, Barnes MP. Traumatic
brain injury: efficacy of multidisciplinary rehabili-
tation. Arch Phys Med Rehabil. 1998;79:678-83.

Pezzin L, Dillingham T, MacKenzie E, Ephraim
P, Rossbach P. Use and satisfaction with prosthetic
limb devices and related services. Arch Phys Med
Rehabil. 2004;85:723-729.

McFarland L, Winkler S, Heinemann A, Jones M,
Esquenazi A. Unilateral upper-limb loss: satisfac-
tion and prosthetic-device use in veterans and ser-
vicemembers from Vietnam and OIF/OEF conflicts.
J Rehabil Res Dev. 2010;47:299.

Brown P. Rehabilitation of the combat-wounded
amputee. In: Burkhalter WE, Ballard A, eds. Or-
thopedic Surgery in Vietnam. Washington, DC: De-
partment of the Army, Office of the Surgeon Gen-
eral and Center for Military History; 1994:189-209.

Pasquina P. Optimizing care for combat amputees:
experiences at Walter Reed Army Medical Center.
J Rehabil Res Dev. 2004;41(3B):vii-xii.

Sayer NA, Cifu DX, McNamee S, Chiros CE, Sig-
ford BJ, Scott S, Lew HL. Rehabilitation needs
of combat-injured service members admitted to
the VA polytrauma rehabilitation centers: the role
of PM&R in the care of wounded warriors. PM R.
2009;1:23-28.

85



WOUNDED WARRIOR CARE

20.

21.

22.

23.

Doukas WC, Hayda R, Frisch HM, et al. The Mili-
tary Extremity Trauma Amputation/Limb Salvage
(METALS) Study: Outcomes of amputation versus
limb salvage following major lower-extremity trau-
ma. J Bone Joint Surg. 2013;95:138-145.

Extremity Trauma and Amputation Center of Ex-
cellence. Washington, DC: Department of Veterans
Affairs and Department of Defense; 2015. Avail-
able at: http://www.health.mil/About-MHS/Other-
MHS-Organizations/Extremity-Trauma-and-Am-
putation-Center-of-Excellence.

Potter BK, Burns TC, Lacap AP, Granville RR,
Gajewski DA. Heterotopic ossification following
traumatic and combat-related amputations: preva-
lence, risk factors, and preliminary results of exci-
sion. J Bone Joint Surg Am. 2007;89:476-486.

Pasquina PF, Tsao JW, Collins DM, Chan BL,
Charrow A, Karmarkar AM, Cooper RA. Quality
of medical care provided to service members with
combat-related limb amputations: report of patient
satisfaction. J Rehabil Res Dev.2008;45(7):953-960.

=

24. TIsaacson BM, Swanson TM, Pasquina PF. The
use of a computer-assisted rehabilitation envi-
ronment (CAREN) for enhancing wounded war-
rior rehabilitation regimens. J Spinal Cord Med.
2013;36:296-299.

25. Rasmussen TE, Rauch TM, Hack DC. Mili-
tary trauma research: answering the call. Pref-
ace. J Trauma Acute Care Surg. 2014;77(3 suppl
2):S55-856.

26. Robbins CB, Vreeman DJ, Sothmann MS, Wilson
SL, Oldridge NB. A review of the long-term health
outcomes associated with war-related amputation.
Mil Med. 2009;174:588-592.

AUTHORS

COL (Ret) Pasquina is Chair, Department of Physical
Medicine & Rehabilitation, School of Medicine, Uni-
formed Services University of the Health Sciences, and
Residency Program Director, Physical Medicine & Reha-
bilitation, Walter Reed National Military Medical Center.

COL (Ret) Shero is Director, DoD-VA Extremity Trauma
and Amputation Center of Excellence.

G

A US Army Wounded Warrior injured in Iraq and a physical therapist at the Center for the Intrepid participate in the 15th Annual Around
the World 5K Run at Lackland Air Force Base, Texas, May 7, 2007. Photo courtesy of the Center for the Intrepid.

86

http://www.cs.amedd.army.mil/amedd_journal.aspx



PROGRAMMATIC IMPLEMENTATIONS TO IMPROVE HEALTH

Battlefield Documentation of Tactical
Combat Casualty Care in Afghanistan

COL James J. Geracci, MC, USA
MAJ Charlie D. Day, SP, USA
COL (Ret) Russ S. Kotwal, MC, USA

MAJ John B. Robinson, SP, USA
Michael P. Smith, NREMT

COL Kirby R. Gross, MC, USA
COL Samual W. Sauer, MC, USA

ABSTRACT

Performance improvement is reliant on information and data, as you cannot improve what you do not measure.
The US military went to war in 2001 without an integrated trauma care system to collect and analyze combat
casualty care data. By 2006, the conflict in Afghanistan began appreciating the capture and consolidation of
hospital care documentation into the Department of Defense Trauma Registry. In contrast, a paucity of docu-
mentation has existed for prehospital or tactical combat casualty care (TCCC). Using the 75th Ranger casu-
alty documentation model established in 2005, the Joint Trauma System developed a casualty data collection
system for prehospital care using the TCCC Card, the TCCC After Action Report (AAR), and the Prehospital
Trauma Registry. In 2013, this system was mandated for use by US forces in Afghanistan. The Joint Trauma
System also created and deployed a prehospital team to be an integral part of the Joint Theater Trauma System
in Afghanistan. This prehospital team provided prehospital training and facilitated prehospital data capture.
Described and analyzed in this report are prehospital data captured in Afghanistan from 2013 to 2014 using the

TCCC Card and the TCCC AAR.

BACKGROUND

In 2006, the Joint Trauma System (JTS) established the
Joint Theater Trauma System (JTTS) in Afghanistan with
a hospital data collection system and a database (former-
ly the Joint Theater Trauma Registry, now the Depart-
ment of Defense Trauma Registry), that was specifically
designed to capture, consolidate, and analyze combat
casualty care provided in deployed military hospitals (eg,
combat support hospital). Data from this registry have
subsequently produced evidence-based performance im-
provement recommendations that have optimized clini-
cal practice guidelines, supported equipment and supply
requirements, and ultimately advanced emergency and
surgical care for severely and critically injured combat
casualties. Throughout this process, there have been 44
JTS clinical practice guidelines developed to improve
care for combat casualties.! These efforts have contrib-
uted to survival rates as high as 98% for those arriving
alive at military hospitals in Afghanistan,? however, it
has been both tactical and medical efforts that have sig-
nificantly contributed to the reduction of case fatality
rate to less than 10% for the entire conflict.’

Performance improvement initiatives and implemen-
tation of lifesaving interventions during prehospital
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helicopter transport have also benefitted from the avail-
ability of adequate data, particularly inflight casualty
care data. Notable was the study by Mabry and col-
leagues* that demonstrated survival benefit in casual-
ties who were transported and treated by critical care
flight paramedics as compared to basic flight medics. As
a result of this study, the US Army adopted the criti-
cal care flight paramedic as a standard for prehospital
helicopter transport, and provided the commensurate
funding, support, and training required to achieve this
level of expertise. Additionally, inflight blood transfu-
sion protocols and capability were made available for
prehospital helicopter transport.’ As each prehospital
helicopter transport unit developed their own format for
documenting inflight care, data points captured would
subsequently vary from unit to unit. In response to this
issue, the JTS developed and standardized a prehospi-
tal transport patient care record (PCR) and after action
report (AAR) to improve data captured from inflight
casualty care.’ The PCR data was then entered into an
evacuation care database and also scanned into the pa-
tient record on the Theater Medical Data Store (TMDS).

During the conflicts in Afghanistan and Iraq, more than
87% of US military combat casualty deaths occurred
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during the prehospital phase of care® prior to arriving
at a hospital with surgical capability, and it is in this
phase of care that casualty care documentation is lack-
ing. By the year 2007, more than 30,000 casualties had
already resulted from the conflicts in Iraq and Afghani-
stan; however, less than 10% of these casualties had ad-
equate prehospital documentation.” Although inherently
difficult to capture, this “gap” in documentation was a
significant missing link in efforts to optimize combat
casualty care. Without this requisite data, those dedicat-
ed to improving prehospital care are essentially hunting
for solutions while armed with suboptimal evidence.” As
more than 24% of prehospital deaths on the battlefield
are categorized as “potentially survivable,”** prehospi-
tal data capture is a must for global performance im-
provement of combat casualty care.

Having successfully refined its operations in Afghani-
stan, and having long recognized the gap in prehospital
care and documentation, in 2013 the JTS developed and
deployed a prehospital directorate for the JTTS in Af-
ghanistan. In addition, novel data collection tools were
developed for the capture, consolidation, and analy-
sis of prehospital or Tactical Combat Casualty Care
(TCCC)."*12 These tools included the TCCC Casualty
Card, the TCCC After Action Report (AAR), and the
Prehospital Trauma Registry (PHTR). All of these prod-
ucts use the MIST (mechanism of injury, injury, signs
and symptoms, and treatment) format.

During the tactical field care phase of TCCC, a TCCC
Card is completed by the medical or nonmedical first
responder and attached to the casualty prior to trans-
port to the next higher role of care. This provides criti-
cal treatment information to personnel providing care
during transport, and to the medical team receiving the
casualty at the hospital. In order to provide documenta-
tion of care in the medical record, the TCCC Card was
scanned into the patient record on TMDS.

The more comprehensive TCCC AAR was also com-
pleted by the first responder and submitted or transmit-
ted to the JTTS within 72 hours of injury. The TCCC
AAR has the same basic format and design as the TCCC
Card but has more data entry points which provide for a
more detailed report for analysis. The TCCC AAR af-
fords the opportunity for senior medical providers to
mentor first responders on their prehospital care and to
recognize the effect of providing such care in the con-
text of the tactical environmental. From a performance
improvement perspective, it is absolutely critical to
know and understand the tactical situation when inter-
preting prehospital care documentation. Those who are
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experienced in tactical care can optimize feedback and
insight. The TCCC AAR was entered into the PHTR,
the exclusively performance improvement section was
then removed, and only the injury and treatment section
was scanned into the patient record on TMDS.

During 2013, JTTS personnel traveled throughout Af-
ghanistan training medical leaders and first responders
on the new prehospital documentation system, start-
ing first at main forward operating bases (FOBs) with
Role 3 and Role 2 medical treatment facilities, and then
to smaller FOBs and combat outposts with only Role
1 personnel. Additionally, the Commander, US Forces—
Afghanistan issued Fragmentary Order 13-139* in July
2013 which mandated the use of the TCCC Card and the
TCCC AAR for all combat casualties in Afghanistan.

Assessment of adequacy of prehospital care has histori-
cally been relatively subjective. We do not know if casu-
alties have received the standard of care in accordance
with the TCCC Guidelines at the point of injury. The
analysis of data captured in TCCC Cards (Figure 1) and
TCCC AARs (Figure 2) permit the initiation of critical
performance improvement projects. These performance
improvement projects will be presented in this report
and will demonstrate the value of data capture and
analysis. The JTTS prehospital team evaluated compli-
ance with documentation and use of the TCCC Card and
TCCC AAR. This team also provided “near real time”
performance improvement feedback and recommenda-
tions to unit commanders, medical leaders, and first re-
sponders using PHTR (Figure 3) data and analysis. This
report describes those initiatives.

PERFORMANCE IMPROVEMENT PROJECT ONE
Methods

From July 1, 2013, to March 31, 2014, the patient records
of all US military qualified casualties were reviewed
on TMDS for a TCCC card. The US Central Command
Commander’s Daily Casualty Report was used to pro-
vide accurate casualty counts. Trauma casualties evacu-
ated from prehospital to hospital care (from Role 1 to
a Role 2 or Role 3) qualified for TCCC Cards, TCCC
AARS, and entry into the PHTR.

All qualified TCCC Cards were categorized as legible
if greater than 80% of the card could be read and un-
derstood. The number of data fields completed on the
TCCC Card gave a percentage for completeness. Addi-
tionally, casualties evacuated out of theater were com-
pared to their respective TCCC Card annotated evacua-
tion precedence; “urgent,” “priority,” and “routine.”

http://www.cs.amedd.army.mil/amedd_journal.aspx
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TACTICAL COMBAT CASUALTY CARE (TCCC) CARD

BATTLE ROSTER #:

EVAC: [JUrgent [] Priority [|Routine
NAME@sstersi  LAST&
GENDER:[] M [ F DATE (DD-MMM-YY): TIME:

SERVICE: UNIT:

ALLERGIES:

Me&ﬁanisfn ‘ag Injury: (X aJi that apply)“
[] Artillery [] Blunt [J Burn [] Fall [] Grenade [ GSW [] IED
[l Landmine []MVC []RPG []Other:

|njury: (Mark injuries with an X)

TQ: RArm TQ: LArm
TYPE: TYPE:
TIME: TIME:

TQ: RLeg TQ: LLeg
TYPE: TYPE
TIME: TIME:

Signs & Symptoms: (Fil in the blank
Time
Pulse (Rate & Location)
Blood Pressure ! / i !
Respiratory Rate
Pulse Ox % 02 Sat
AVPU | [ | =

Pain Scale (0-10) = = = =]
DD Form 1380, JUN 2014 TCCC CARD

Figure 1. Tactical Combat Casualty Care Card.

BATTLE ROSTER #:
EVAC: [JUrgent [] Priority [] Routine

Treatments: (X &ll that apply, and fill in the blank)
C: TQ- [[JExtremity [JJunctional [] Truncal

Dressing-[]Hemostatic []Pressure []Other
A: Cintact [JNPA [JCRIC [JET-Tube []SGA
B: [JO2 [JNeedle-D []Chest-Tube [] Chest-Seal
C: Name

Type

Volume Time

Fluid

Blood &
Product =

Name

MEDS:

Analgesic
(e.g., Ketamine,
Fentanyl,
Morphine)

=
=
=
Antibiotic 5]
=
=
[=]

Dose Time

(e.g., Moxifloxacin,
Ertapenem)

Other
(e.g., TXA)

OTHER: [JCombat-Pill-Pack []Eye-Shield (CIR [JL) [JSplint
[JHypothermia-Prevention Type:
NOTES:

FIRST RESPONDER
NAME (Last, First):
DD Form 1380, JUN 2014 (Back)

LAST 4:
TCCC CARD

Results

A total of 363 US military casualties qualified for TCCC
card reporting. Only 7% (24/363) had a TCCC card, of
which 96% (23/24) were legible and 88% (21/24) were
complete. Of casualties with TCCC cards, 92% (22/24)
were battle injuries, and 8% (8/24) were nonbattle inju-
ries (eg, motor vehicle collision). When the 18 casualties
who were evacuated out of theater were compared to
their respective TCCC card annotated evacuation prece-
dence, it was noted that 72% (13/18) were urgent, 28%
(5/18) were priority, and 0% (0/18) were routine.

Comment

Ninety three percent of casualties did not get a TCCC
Card. When TCCC Cards are provided, they are gener-
ally legible and complete, and first responders are triag-
ing casualties correctly for evacuation.

PERFORMANCE IMPROVEMENT PROJECT TWO

Methods

Beginning in August of 2013, all qualified TCCC AARs
received by the JTTS prehospital team were entered
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into the PHTR. For the period October 1, 2013, to April
30, 2014, the PHTR was queried for US casualty TCCC
AAR compliance.

Results

Refer to Figure 4. From October 2013 to April 2014, to-
tal TCCC AAR compliance was 50% (93/186) with the
last 4 months at 84% (57/68).

Comment

Compliance with TCCC AAR submission was directly
related to JTTS staff efforts and coordination with the
casualty chain of command. During this study time
period, the US military initiated retrograde actions for
the Afghanistan campaign, and enemy fighting tapered
down during the winter months. Both of these factors
contributed to a decrease in US military casualties,
while JTTS prehospital team efforts and commander in-
volvement most likely accounted for increased compli-
ance with AARs.
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Figure 2. Tactical Combat Casualty Care After Action Report.

PERFORMANCE IMPROVEMENT PROJECT THREE
Methods

The TCCC guidelines recommend specific analgesia
medications—fentanyl, ketamine, and IV morphine—
for casualties in moderate to severe pain and do not rec-
ommend IM morphine.”” As many casualties who incur
a gunshot wound or an amputation injury experience
moderate to severe pain, from July 2013 to March 2014,
the PHTR was queried to assess prehospital pain man-
agement in this casualty population within US military
forces. Patients who were noted to be “unresponsive” on
the AVPU scale were excluded.

Results

Refer to Figure 5. Of 49 casualties who met study crite-
ria, 47% (23/49) did not receive analgesics in the prehos-
pital field setting. Additionally, 14% (7/49) of casualties
who received analgesics received IM morphine which is
not a recommended medication.

Comment
In contrast to TCCC guidelines, medics continue to be

issued and use analgesics that are not recommended.
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Prehospital medical directors should issue and train
their medics in accordance with current guidelines and
standards for prehospital care on the battlefield.

PERFORMANCE IMPROVEMENT PROJECT FOUR
Methods

For hypothermia prevention, the TCCC guidelines rec-
ommend the use of the Ready Heat blanket with the heat
reflective shell (HRS). To assess compliance with this
device, the PHTR was queried from July 2013 to March
2014 identifying US military casualties who were treat-
ed with a hypothermia prevention device.

Results

Refer to Figure 6. Of 253 casualties who met study cri-
teria, 51% (129/253) were treated with the Hypother-
mia Prevention and Management Kit, which contains
the Ready Heat blanket with the HRS, and 4% (11/253)
were treated using the Ready Heat blanket with the Bliz-
zard blanket. The remaining 45% (113/253) of casualties
were treated through improvised measures and did not
receive the heat producing Ready Heat blanket.

http://www.cs.amedd.army.mil/amedd_journal.aspx
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Joint Trauma System PreHospital Trauma Registry

(Version 1.0 - 8 August 2012)

1.

2. Provide svidence and direct procurement for medi
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3.

The Joint Trauma System PreHospital Trauma Reglstry ks a Microsoft Access-based data collection and
analytic tool used in conjunction with TCCC Cards and TCCOC AARs for near-real time feedback that will:
Increase command visibility of casualties and augment the commander’s decision-making process.

Reduce marbidity and maortality through performance improvement in the areas of primary prevention
itactics, techniques, and procedures), secondary prevention (personal protective eguipment), and
rartiary prevention (casualty response system and tactical combat casualty care).

cal and non-medical personnal, training, and

'I'II'
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- ...i'l
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Unit Enters Casualty Data
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Graphs, Shows Trends, Deplcts Wounding Patterns |

Figure 3. Joint Trauma System prehospital trauma registry.

Comment

Hypothermia in combination with coagulopathy and
acidosis is designated the “lethal triad.” Blood loss can
significantly affect a patient’s ability to generate body
heat, especially in the stressful combat environment.
The TCCC guidelines recommend the use of the Ready
Heat blanket with the HRS for combat casualties, and
it should be made accessible during combat operations
when possible.

PERFORMANCE IMPROVEMENT PROJECT FIVE
Methods

Eastridge and colleagues® identified 19% of potentially
survivable prehospital deaths were due to junctional
hemorrhage. Between January 1, 2013, and March 22,
2014, 541 casualties were entered into the PHTR. The
PHTR provided insight into the use of junctional tourni-
quets in the field.

Results

The data from the PHTR query showed that 178 casu-
alties had either been injured in the junctional region
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or did not have adequate control of extremity hemor-
rhage after application of a tourniquet. Nineteen of
these 178 casualties required a massive transfusion. To
ensure other sources of hemorrhage were not the source
of blood loss, casualties with injuries to other body re-
gions (6 patients) were excluded. This left a cohort of
13 patients who demonstrated the potential need for a
junctional tourniquet. In this group of 13 patients, only
one (7%) was managed with a junctional tourniquet."

Comment

Although the investigators could not quantitate the spe-
cific number, several of the casualties received care at
locations that did not have junctional tourniquets avail-
able. Subsequently, the Army added a junctional tourni-
quet to medical sets.

GENERAL COMMENT

A survey conducted by Sauer and colleagues? in Af-
ghanistan in 2013 showed that deployed US military
personnel confirmed that they had received predeploy-
ment training, including TCCC card training: 88% of
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Figure 4. Tactical Combat Casualty Care After Action Report
compliance; October 2013-April 2014.
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Figure 5. Analgesia administered to amputation or gunshot
would casualties not unconscious; July 2013-March 2014.
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Figure 6. Hypothermia prevention using Tactical Combat Casu-
alty Care recommended Ready Heat Blanket; July 2013-March
2014.

nonmedics had attended the Combat Lifesaver (CLS)
course; 88% of medics had completed Brigade Combat
Team Trauma Training, and 69% of medical officers
had completed the Tactical Combat Medical Course or
Combat Casualty Care Course. Additionally, 92% of
US military personnel carried an Individual First Aid
Kit containing a TCCC card which is usually prefilled
with the service member’s name, unit, and battle roster
number as per unit standard operating procedure. The
Commander, US Forces—Afghanistan issued an order
in July 2013 directing the documentation of prehospital
casualty care using the TCCC card and the TCCC AAR.
However, even with trained end-users, TCCC card avail-
ability, and an order issued by the senior commander in
Afghanistan, after 9 months the JTTS prehospital team
still reported only 7% of prehospital casualty care had
been documented to the patient record on a TCCC card.
The missing element was leadership enforcement of the
mandate.

McGarry and colleagues® conducted a study on wheth-
er there was a training deficiency on using the TCCC
Card by military medical providers at the Tactical
Combat Medical Course (TCMC) course. Their study,
conducted between January and April of 2013, demon-
strated the contrary as their results showed prehospital
medical documentation compliance of 99% (130 cards
for 131 manikins) and accuracy of information of 83%
(1300 of 1560 fields completed correctly).

Over a 2-year period, 60 midlevel and senior US Army
Medical Department and Department of Defense medi-
cal trainers, many of whom were senior noncommis-
sioned officers (NCO) with prior combat deployments
as a front-line medic, were approached and asked why
TCCC cards were not being used for prehospital docu-
mentation.* These medical trainers reported that the
tactical situation—multiple casualties, rapid helicopter
transport times, the need to complete the mission—was
the main reason for the lack of documentation. The
TCCC card was otherwise not considered a treatment
priority as it does not directly contribute to saving a ca-
sualty’s life. Many of those interviewed also acknowl-
edged that TCCC card completion is not an enforced or
reportable event. As there are no consequences if the
card is not completed, many also admitted to not even
attempting to fill out the card during prehospital care.

*Author J. B. Robinson: conversations with NCO Instructors at the
AMEDD Advance Leaders Course, Ft Sam Houston, TX, June 2014;
Combat Casualty Care Course Instructor Course, Camp Bullis, TX,
August 2014; 32D Medical Brigade Training Support Company
Best Medic competition rehearsals at Camp Bullis, TX, October
2014; Brigade Combat Team Trauma Training at Camp Bullis TX,
March 2015; Soldier Medic Training Site, Camp Bullis, TX, May to
September 2014.

92 http://www.cs.amedd.army.mil/amedd_journal.aspx



THE ARMY MEDICAL DEPARTMENT JOURNAL

There is no standard location or recommendation for
TCCC Card attachment to the combat casualty. TCCC
Card placement is left to the discretion of the indi-
vidual units and thus will vary from unit to unit. The
CLS Course Student Self Study Manual trains Soldiers
to “attach the TCCC Card to the casualty or place the
card in the upper left sleeve or the left trouser pocket of
the casualty clothing.”'® In 2012, the Combat Casualty
Care Course (C4) and TCMC courses trained Soldiers
to tape the TCCC Card to the outside of the casualty’s
hypothermia blanket.f The TCCC handbook does not
indicate where the completed TCCC Card should be at-
tached but does provide the alternative of using 3-inch
white tape on the casualty’s chest and an indelible pen
as an alternative to TCCC Card documentation."” Addi-
tionally, in Afghanistan in 2014, it was noted that some
units chose to annotate care information directly onto
the casualty’s chest instead of using a TCCC Card.

By incorporating a standard location for attaching the
TCCC Card to the casualty in the field, those who trans-
port casualties or receive them at a treatment facility can
anticipate and expect the TCCC Card. Thus, ensuring
the card does not get discarded with clothing, blankets,
and dressings. Based on C4 course training observa-
tions and discussions with members of the Committee
on Tactical Combat Casualty Care and the Department
of Combat Medic Training, the TCCC Card should be
attached to the casualty’s wrist or the ankle.

CONCLUSION

In respect to DOTMLPF (Doctrine, Organization,
Training, Material, Leadership, Personnel, Facilities),
and in contrast to those who believe that money and
technology are the ultimate solutions to this problem,
prehospital documentation and data capture is a Doc-
trine and Leadership issue. A mandate and policy for
prehospital documentation and data capture, and the
enforcement of this mandate through leadership, is re-
quired. Throughout most of the conflict in Afghanistan,
the US military has collected minimal prehospital data.
Updated prehospital documentation tools and a prehos-
pital trauma registry is now in place; however, command
ownership and leadership enforcement of this process is
a requisite for achieving success. Leaders are account-
able for the tactical combat casualty care given to their
wounded Soldiers; consistent documentation of this care
will permit performance improvement to thrive.

tCombat Casualty Care Course, March 2012, Camp Bullis, TX; Tacti-
cal Combat Medicine Course, July 2012, JBSA Ft Sam Houston TX.
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Abstract: Lessons Learned,
Saving Lives on the Battlefield

COL Samual W. Sauer, MC, USA

This abstract summarizes information presented to the Defense Health Board—Federal Committee to the Secretary of
Defense, August 11, 2014, in Falls Church, Virginia, and later published in the Journal of Special Operations Medicine:
Sauer SW, Robinson JB, Smith MP, Gross KR, Kotwal RS, Mabry RL, Butler FK, Stockinger ZT, Bailey JA, Mavity ME,
Gillies DA 2nd. Saving Lives on the Battlefield (Part IT) One Year Later A Joint Theater Trauma System and Joint Trauma
System Review of Prehospital Trauma Care in Combined Joint Operations Area Afghanistan (CJOA-A) Final Report, 30

May 2014. J Spec Oper Med. 2015;15(2):25-41.

Based on peer-reviewed literature, up to 25% of deaths
on the battlefield were potentially preventable and most
preventable deaths occurred in the prehospital environ-
ment. Further advances toward significant improve-
ments in combat trauma survival must occur at the point
of wounding and during tactical operations. Strict ad-
herence to the evidence-based Tactical Combat Casualty
Care (TCCC) guidelines are proven to reduce morbidity
and mortality on the battlefield, but full implementation
across the entire force has been variable. Commitment to
full implementation from both line and medical leader-
ship continues to face ongoing DOTMLPF* challenges.
This condition of variability has been described as “is-
lands of excellence in a sea of mediocrity.” Two formal
prehospital trauma care delivery assessments were con-
ducted in Combined Joint Operations Area—Afghanistan
(CJOA-A) by the US Central Command Joint Theater
Trauma System (JTTS). The first occurred in November
2012 followed by the second from December 2013 thru
January 2014. During the second assessment, the JTTS
Prehospital Division directly interviewed deployed pre-
hospital providers, medical leaders, and combatant lead-
ers at 26 deployed locations while physically examining
the available equipment and discussing the reviewed
unit’s techniques, tactics, and procedures related to
TCCC. It was notable that significant progress had oc-
curred between the 2 assessments with the establishment
of a Prehospital Care Division within the JTTS, develop-
ment of a prehospital trauma registry, weekly prehospital
trauma conferences, and CJOA-A theater guidance and
enforcement of prehospital documentation. Specific na-
tional level prehospital trauma care achievements include
expansion of transfusion capabilities forward to the point
of injury, junctional tourniquets, and universal approval
of tranexamic acid. However, without the enforcement of
centralized doctrinal and policy endorsements, the mili-
tary services and their subordinate prehospital trauma
care delivery organizations continued to struggle to ad-
equately and fully organize, train, and equip their forces

*Doctrine, organization, training, materiel, leadership & education,
personnel, facilities
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to meet TCCC guidelines. Among other issues, this vari-
ability in capability and implementation as evidenced in
a lack of adoption of the TCCC’s recommended triple
option analgesia, contraindicated medical material for
traumatic eye care, and a lack of universal compliance
with US Forces Fragmentary Orders concerning TCCC
care delivery. Additionally, 27% of licensed prehospi-
tal care delivery medical leaders had not completed the
Combat Casualty Care Course or training such as the
Tactical Combat Medical Care Course. Finally, 12%
of the supervising licensed healthcare medical leaders
stated that there were TCCC recommended skills that
they would neither train nor allow their enlisted medical
personnel to provide. Among conventional US forces in
the entire CJOA-A, only a single Role I had fully imple-
mented the TCCC guidelines with all the necessary ma-
terials and scope of practice. These findings existed de-
spite a standing memorandum and recommendations by
the Assistant Secretary of Defense for Health support-
ing the incorporation of the published TCCC guidelines
into both training and practice. In contrast, US Special
Operations Command and US Army Special Operations
Command have codified TCCC compliance as policy
and reduced prehospital case-fatality rates. Also noted
across multiple medical leadership levels were partial re-
jection or nonconcurrence and nonsupport of the TCCC
guidelines. The evaluating team’s interactions with these
leaders indicated the presence of a culture driven by hos-
pital-based experiences and decision-making affected
the capability of combat health care delivery at the or-
ganizational and unit level. Without understanding the
unique nature of prehospital combat realities, this cul-
ture is unsuitable for ensuring a highly reliable delivery
of field and combat medical care to our wounded. The
team believed that this culture directly led the both the
intentional and unintentional degradation of trauma care
delivery in the theater among conventional forces:

1. The lack of standardized TCCC capability may rep-
resent a causal factor for the increased number of
service members killed in action and of preventable
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deaths, and the increased case-fatality rate seen in
conventional forces when compared with Special
Operations Forces.

. Absent a validated joint requirement which is cap-

tured doctrinally, the prevailing resource-con-
strained environment will challenge military ser-
vices to fully organize, train, and equip to TCCC
standards.

. There is no evidence that the DoD or CJOA-A has

policies or procedures in place to validate or enforce
prehospital care within an organization. Service-
specific doctrine requiring unit surgeons to each
establish a standard of care allows for variant, non-
standard delivery of battlefield trauma care across
the force. Furthermore, even within a single com-
mand, rotation of unit surgeons introduces and mag-
nifies discontinuity of unit trauma-care standards.

. The requirements to perform and support prehos-

pital TCCC could be standardized across the mili-
tary services (universally or at the combatant com-
mand level) with the specific means to achieve these
train-and-equip standards left up to the respective
services.

. As with elements of prehospital care, organization

structures are highly variant, with a number of at-
risk forces not having adequately manned/trained/
equipped medical support.

. Units with a tactical evacuation mission require-

ment should be task organized to be able to provide
advanced en route resuscitative care from the point
of injury.

. Robust training platforms exist for prehospital trau-

ma care, though not all course syllabi keep pace
with current best practices. Sufficient information
technologies exist to rapidly and widely disperse
new TCCC guidelines as they become immediately
available.

8. Unit equipment sets and supporting medical lo-
gistics systems have not kept pace with evolving
prehospital care TCCC guidelines. Outdated items
remain within the supply chain and newly required
items have not yet been incorporated into standard
configurations.

9. In the absence of a widely mandated policy that es-
tablishes TCCC guidelines as the standard for pre-
hospital battlefield care and accountability for devia-
tions from this standard, the degree of penetrance
and acceptance of TCCC guidelines will remain epi-
sodic and dependent upon individual (surgeon and
commander) commitment.

10. Neither line nor operational medical leaders are op-
timally prepared to recognize the importance of a
robust prehospital care system or equipped with the
requisite knowledge, skills, or experience to build or
sustain such a system within their unit.

We must continue to embrace and explore emerging ca-
pabilities to deliver far-forward resuscitative care. His-
tory teaches that the lessons we have learned regarding
combat casualty care may be lost if we fail to attend
to them in the coming years. Even in a resource-con-
strained future, the Military Health System has the nec-
essary personnel, organization, and experience to retain
and refine our current best practices. With continued
efforts aimed at (1) formalizing TCCC Guideline com-
pliance across the force, (2) embracing evidence-based
methods to continually improve upon these guidelines,
and (3) selecting, developing, and retaining operational
medical personnel dedicated to prehospital trauma care,
the Military Health System will ensure an organizational
culture that fully embraces prehospital combat casualty
care as a core competency. We have a moral obligation
to ensure that the advertised and expected capability is
present at the point of injury for our service members.

COL Sauer is Director, Trauma Care Delivery, Joint Trauma System, DoD Center of Excellence for Trauma. He is stationed
at the US Naval Air Station, Pensacola, Florida.
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Traumatic Brain Injury Clinical
Recommendations: Impact on
Care and Lessons Learned

ABSTRACT

COL Sidney R. Hinds II, MC, USA
Scott C. Livingston, PhD, PT, ATC, SCS

Over 330,000 service members have been diagnosed with traumatic brain injury (TBI) since 2000. The Defense
and Veterans Brain Injury Center (DVBIC) is uniquely positioned to identify knowledge gaps and disseminate
information related to TBI to assist service members, clinical providers, and military families. The DVBIC uti-
lizes a standardized process based on Institutes of Medicine and World Health Organization recommendations for
the development of evidenced-based clinical guidelines. This presentation provided an overview of the need and
process for developing TBI-specific clinical recommendations (CRs) related to diagnosis and treatment issues, and
the lessons learned throughout their development. The development of CRs provides evidence-based, standardized
guidance for symptom management and treatment recommendations following TBI. Included within the DVBIC
process are site-specific adjustments that address the needs and requirements of our military stakeholders, including
the operational challenges of the deployed setting. The identification of the need for TBI diagnosis and treatment
guidelines within the Military Health System and the consideration of military service-specific and Department of
Defense policy are integrated within an evidenced-based, systematic CR development process.

More than 330,000 service members serving on active
duty during Operations Iraqi Freedom (OIF), Enduring
Freedom (OEF), and Noble Endeavor (OND) have ex-
perienced a traumatic brain injury (TBI) since 2000.!
When the conflicts in Iraq and Afghanistan began, the
military medical community did not fully recognize
the effect that improved body armor and combat ve-
hicle modifications would have on traumatic brain in-
jury—these advances in military armor decreased the
incidence of moderate and severe TBI in comparison to
previous military conflicts. The majority of TBIs in the
US military are classified as mild (82.4%) and the re-
maining 17.6% categorized as moderate (8.5%), severe
(1.0%), penetrating (1.5%), or other (6.6%).! The early
recognition of TBI ensures that prompt treatment is ini-
tiated and maximizes the chances for a full recovery.?
Military and Veterans Affairs medical practitioners rely
on published guidance by the civilian medical commu-
nity to aid them in the diagnosis, treatment, and return
to activity decisions following TBI. It is imperative to
understand how the military medical community trans-
lates the strongest medical and scientific evidence, ex-
pert opinion, and military experience (including com-
bat) into timely and usable clinical tools to enable pro-
viders to offer the best care for TBI.

The Defense and Veterans Head Injury Program, later
renamed Defense and Veterans Brain Injury Center
(DVBIC), was established by Congress in 1992 to enable
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research, treatment, training, and rehabilitative services
for care of head injury as the Department of Defense
(DoD) TBI Center of Excellence. Congressional man-
dates for care and reporting of concussion required set-
ting a standard of care for the deployed setting that was
evidence-based with special consideration of operation-
al requirements and capabilities. Since 2012, DVBIC has
served as the TBI operational component of the Defense
Centers of Excellence (DCoE) for Psychological Health
and Traumatic Brain Injury. In 2006, the DoD recog-
nized the need for systematic guidelines for screening,
diagnosis, and symptom management following acute
concussion (Concussion Management in Deployed Set-
ting/Concussion Management Algorithm (CMA)).* The
congressional mandate for care and reporting of con-
cussion required setting a standard of care that was
evidence-based for the deployed setting with special
consideration of operational requirements and capabili-
ties. This included the development and implementation
of the Military Acute Concussion Evaluation (MACE)*
and the In-Theater Clinical Practice Guidelines.” Medi-
cal surveillance data from DoD as well as existing medi-
cal literature identified mild TBI/concussion as having
increased incidence with several associated symptoms
requiring improved monitoring and management. Feed-
back from in-theater medical providers indicated that
the previous version of the CMA was too complex, too
difficult to read, and was not being widely implemented.
Additionally, at that time, guidance for management of
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concussion was only available for the subacute phase
(less than 7 days) in the VA/DoD Clinical Practice
Guidelines.® As a result, developing and updating clinical
recommendations (CRs) based on these identified needs
from the field became a priority for DVBIC. The issu-
ance of Directive-Type Memorandum (DTM) 09-0337
in June 2010 by the Deputy Secretary of Defense and
later DoD Instruction 6490.11% (which replaced DTM
09-033) in September 2012 directed mandatory process-
es for identifying those service members involved in po-
tentially concussive events (ie, exposed to blast, vehicle
collision, witnessed loss of consciousness, or other head
trauma) to be screened for TBI. These new requirements
for deploying units marked a significant transition from
symptom-driven reporting to incident-driven reporting
of suspected TBI. Incident-driven screening clarified for
unit leadership and medical personnel all those person-
nel needing formal concussion screening. The desired
result of this DoD guidance is the mitigation of the ef-
fects of potential concussive events on service member
health, readiness, and ongoing operations, directly in
keeping with a fundamental principle of patient care:
early identification leads to early diagnosis, early treat-
ment, and the best possible outcomes.

As the TBI operational component of DCoE and DoD’s
TBI CoE, DVBIC optimizes clinical care by combining
evidence from medical literature, health care research,
and expert opinion to develop and provide clinical
guidelines to help military and VA healthcare providers
deliver evidence-based treatment and address the chal-
lenges associated with TBI. Clinical guidelines for the
management of conditions such as TBI can be classified
as clinical practice guidelines (CPGs) or CRs. The Insti-
tute of Medicine (IOM) defines CPGs as:

Statements that include recommendations intended to
optimize patient care which are informed by a systematic
review of evidence and an assessment of the benefits and
harms of alternative care options.’

CPGs are trustworthy guidelines which are based on a
systematic review of the evidence, are developed by a
panel of multidisciplinary experts, provide a clear ex-
planation of the logical relationships between alterna-
tive care options and health outcomes, and provide rat-
ings of both the quality of evidence and the strength of
the recommendations. In comparison, CRs are defined
as a systematically developed clinical guidance that
provides evidence-based recommendations, including
consensus, to guide the practitioner in the identification
and treatment of specified clinical diagnoses, process,

or procedure.* Clinical recommendations are developed
to fill an identified gap in knowledge or to provide clini-
cal guidance for diagnosis, treatment, and evaluation of
medical conditions. They promote evidence-based prac-
tice and standardized care, and they provide a mecha-
nism for rapid translation of knowledge into clinical
practice in the form of timely and practical clinical rec-
ommendations, a critical need for practitioners and lead-
ers throughout the Military Health System (MHS). Con-
sistency in development of CRs has advanced DVBIC
participation and value within the MHS and its commu-
nity of practitioners.

The development process for CRs includes 4 initial main
steps as defined by the IOM? and the World Health Or-
ganization': (1) identify and define a clinical problem,
(2) develop systematic reviews, (3) assemble a working
group to develop clinical recommendations through
appraisal of evidence and incorporate expert opinion,
patient preferences and characteristics, and (4) use the
guidance to make better informed decisions to improve
health outcomes. Gaps or needs are identified through
various means including the military (stakeholders),
Quad Services Working Group (WG), government re-
ports (such as the [OM or RAND Corporation), and cur-
rent research. Requests may also come from the armed
services, gap analyses, RAND studies, DVBIC/DCoE
as the managers of the TBI Pathway of Care, or estab-
lished committees and task forces. The DVBIC Clinical
Affairs Division, Clinical Practice and Clinical Recom-
mendations Office conducts ongoing reviews of exist-
ing products within the VA Health System, DCoE, and
DVBIC to determine need for a CR, conducts a busi-
ness case analysis once a need is identified, and deter-
mines an appropriate course(s) of action(s). A CR work-
ing group is established and includes representation
from all services (Army, Navy, Air Force, Marines) and
key government agencies (DCoE, Deployment Health
Clinical Center, Center for Telehealth and Technology,
National Intrepid Center of Excellence, Force Health
Protection & Readiness/DHA Health Care Operations,
US Central Command, and the VA) as well as subject
matter experts from the civilian nongovernment sector.
Consultants from civilian academia and research as well
as the military are invited to participate in CR working
groups. These working groups are multidisciplinary and
well balanced with representation from all populations
expected to be affected by the guidelines.

The next step in the CR development process is the
identification of an internal DVBIC project team; this

*Internal DoD documents not readily accessible by the general public:
Standard Operating Procedure. Defense Centers of Excellence for Psychological Health and Traumatic Brain Injury
Standard Operating Procedure. Defense and Veterans Brain Injury Center
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includes an action officer, co-action officer, DVBIC
Clinical Affairs and Education Division representa-
tives, VA liaison, and component center representatives
as appropriate. The WG conducts systematic reviews
and evidence synthesis related to the TBI-specific topic
(eg, sleep management following mild TBI). A litera-
ture review is conducted as part of an ongoing process
throughout the development stage. The DVBIC Research
Division conducts a literature search using set terms ap-
plied to databases of nationally and internationally rec-
ognized organizations to obtain research-based support
documents. Additional military-specific information is
reviewed from surveillance data. Identification of key
clinical questions is used to guide the development of
the CR. The evidence is appraised and incorporated
into expert opinion, patient preferences and character-
istics toward answering the key clinical question(s) re-
lated to the CR topic. A meeting summary is produced
that reflects the discussions and agreements within the
group for clinical questions when there is a gap in the
literature or weak evidence to support a recommenda-
tion. The Core WG develops specific guidelines into a
draft CR narrative document. The outcomes of these
expert discussions and agreements during the meeting
are incorporated into the CR narrative paper. The draft
CR includes 4 elements: (1) the CR narrative (a detailed
description of the clinical need/question, evidence re-
view, and recommendations), (2) a clinical support tool
(typically a laminated card consisting of a management
algorithm for the defined clinical question), (3) provider
training slides, and (4) patient education information in
the form of a patient fact sheet. An expert subject mat-
ter group and all military services review and provide
comments on all 4 components of the CR. The recom-
mended edits are adjudicated and incorporated into final
CR. The draft documents are further vetted internally
through all services prior to completion. The CR is re-
viewed against DoD and military service-specific poli-
cies before final release.

One of the most recently created CRs is titled “Progres-
sive Return to Activity Following Acute Concussion/
Mild TBI: Guidance for the Primary Care Manager in
Deployed and Non-Deployed Settings.” This CR is nov-
el and clinically effective because it represents the first
step-wise approach for clinicians and patients to use to
obtain maximal recovery using a supervised treatment
regimen. This is an excellent example of how expertise
gained by military occupational therapists, occupational
therapy technologists, primary care physicians, and other
specialists at the 11 concussion care centers in Afghani-
stan were integral to the CR-development process to pro-
vide an effective clinical tool. The success of this CR
was recognized during development and a supplemental
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(and related) CR for rehabilitation specialists was added
to the CR portfolio. Additionally, these CRs are under-
going research studies to validate their effectiveness.

To date, DVBIC has released 11 CRs related to TBI as
shown in Table 1. An overview of the CR content is pre-
sented in Table 2. All clinical recommendations can be
downloaded or ordered as printed documents by access-
ing the DVBIC Educational Materials webpage: https://
dvbic.dcoe.mil/resources.

The DVBIC process for the development of CRs is a
dynamic methodology subject to recurring process im-
provement and has many challenges for an international,
large organization as well as typical guideline implemen-
tation barriers. Beginning with the Sleep Management
CR (released in 2014), pilot testing was conducted with
primary care providers. In October 2014, DVBIC initi-
ated a process improvement pilot as part of a larger effort
by DCoE to assess and improve knowledge translation
processes. The pilot was centered on the rapid knowl-
edge translation into clinical practice of a timely and
practical CR on sleep disturbances following mild TBI.
The primary objective of the pilot was to assess the effec-
tiveness of an educational program on the CR in terms of
disseminating information to providers and subsequent
implementation of the knowledge (ie, provider behavior
change). Lessons learned from this initial pilot testing

Table 1. Defense and Veterans Brain Injury Center Clinical
Recommendations for Traumatic Brain Injury.
Clinical Recommendation Title Release
Date
Military Acute Concussion Evaluation (MACE) and June 2006
Clinical Management Algorithms Dec 2006
Cognitive Rehabilitation Apr 2009
Driving Following TBI Jul 2009
Indications and Conditions for In-Theater Post-Injury | May 2011
NCAT Testing
Indications and Conditions for Neuroendocrine Mar 2012
Dysfunction Screening Post mTBI
Assessment and Management of Dizziness Sep 2012
Associated with mTBI
Assessment and Management of Visual Dysfunction |Jan 2013
Associated with mTBI (in collaboration with the
Vision Center of Excellence)
Neuroimaging Following Mild TBI in the Jul 2013
Non-Deployed Setting
Progressive Return to Activity Following Acute Jan 2014
Concussion/mTBI: Guidance for the Primary Care
Manager in Deployed & Non-deployed Settings
Progressive Return to Activity Following Acute Jan 2014
Concussion/mTBI: Guidance for the Rehabilitation
Provider in Deployed & Non-deployed Settings
Management of Sleep Disturbances Following Jun 2014
Concussion/mTBI
TBl indicates traumatic brain injury; NCAT, neurocognitive assessment
tool; mTBI, mild traumatic brain injury.
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Table 2. Summary of the Defense and Veterans Brain Injury Center Clinical Recommendations.

MACE: The Military Acute Concussion Evaluation is a concussion screening tool for the acute assessment of service members involved
in a potentially concussive event. Available as pocket card & wallet card.

Cognitive Rehabilitation: This clinical recommendation addresses cognitive assessment and recommendations for interventions for
persistent postconcussion cognitive symptoms. Outcome measures (program-based and patient-based) and core elements of cogni-
tive rehabilitation program implementation are also addressed.

Driving Following TBI: The purpose of this consensus statement is to provide clinical recommendations to healthcare professionals
within the Military Health System regarding the assessment of the ability to drive following traumatic brain injury, regardless of sever-
ity. It describes the TBI driving evaluation process to include recommendations for key elements for clinical providers to include in the
comprehensive driving assessment following TBI.

Indications and Conditions for In-Theater Post-Injury Neurocognitive Assessment Tool (NCAT) Testing Clinical Recommendation:
This clinical recommendation provides background of predeployment neurocognitive testing and the use of automated neuropsycho-
logical assessment metrics.

Neuroendocrine Dysfunction Screening Post Mild TBI Clinical Recommendation: This clinical suite serves as a reference tool offering
medical guidance following indications from postinjury neuroendocrine screening.

Assessment and Management of Dizziness Associated with Mild TBI Clinical Recommendation: The Assessment and Management
of Dizziness Associated with Mild TBI Clinical Recommendation and Reference Card provide primary care providers with an approach
to evaluate dizziness following mild TBI and offers guidance on referral for further vestibular evaluation and care.

Assessment and Management of Visual Dysfunction Associated with Mild TBI: This clinical suite provides providers an approach
to evaluate visual dysfunction following mild TBI and offers guidance regarding referral for further eye or visual evaluation and care.

Neuroimaging Following Mild TBI in the Non-Deployed Setting Clinical Recommendation: The Neuroimaging Following Mild TBI in
the Non-Deployed Setting clinical recommendation and reference card offers guidance for a standard approach for imaging from the
acute through chronic stages following mild TBI in the nondeployed setting.

Progressive Return to Activity Following Acute Concussion/Mild TBI: Guidance for the Primary Care Manager in Deployed and Non-
Deployed Settings Clinical Recommendation: The Progressive Return to Activity clinical recommendation details the importance of
aiding service members to progressively return to pre-injury activity and promotes the standardization of Military Health System care
following a concussion. The recommendation can be downloaded individually or ordered as a part of the PRA suite for primary care
managers.

Progressive Return to Activity Following Acute Concussion/Mild TBI: Guidance for the Rehabilitation Provider in Deployed and
Non-Deployed Settings Clinical Suite: The Progressive Return to Activity clinical recommendation details the importance of aiding
service members to progressively return to pre-injury activity and promotes the standardization of care following a concussion. The
recommendation can be downloaded individually or ordered as a part of the PRA suite for rehabilitation providers.

Management of Sleep Disturbances Following Concussion/Mild TBI: Guidance for Primary Care Management in Deployed and
Non-Deployed Settings: This clinical suite provides guidance regarding assessing and managing sleep disturbances associated with
mild TBI and includes specific recommendations for helping service members and veterans in deployed and non-deployed settings
manage symptoms of insomnia, circadian rhythm sleep-wake disorder and obstructive sleep apnea.

focused on technology utilization, logistics, participants
involved, content, and delivery of the training. Two of the
most significant lessons learned were that pilot testing
should be conducted on all future CRs developed within
DVBIC, and that additional training delivery methods
(eg, interactive/web-based training) should be explored.
Overall conclusions from the Sleep CR pilot testing to be
applied to additional CR development processes include
evaluation and effectiveness research for the CR and the
development an effective process of dissemination and
implementation of CRs across the MHS.

CONCLUSION

Clinical recommendations, which provide a rapid trans-
lation of knowledge into clinical practice to fill an identi-
fied gap in knowledge or provide practical clinical guid-
ance for diagnosis, treatment, and evaluation of medical
conditions, are a critical need for practitioners and lead-
ers throughout the MHS. Clinical recommendations also
promote evidence-based practice and standardized care

100

though out the uniformed services medical community
and its healthcare providers. The DVBIC has developed
multiple CRs and TBI educational products over the
past decade using a process that incorporates best prac-
tices and military medical requirements. Best practices
for the development of evidence-based CRs and educa-
tion information are well defined within DVBIC. The
process, which includes the implementation and evalua-
tion of CR and education products, is met with complex
challenges when applied across an international clinical
setting such as the MHS. The process, challenges, and
outcomes of creating and disseminating CRs were re-
viewed in this article.

REFERENCES

1. DoD Worldwide Numbers for TBI. Defense and
Veterans Brain Injury Center Website. 2015. Avail-
able at: http://dvbic.dcoe.mil/sites/default/files/
DoD-TBI-Worldwide-Totals 2000-2015Q1-Q2-
Augl8-2015.pdf. Accessed March 2, 2016.

http://www.cs.amedd.army.mil/amedd_journal.aspx



THE ARMY MEDICAL DEPARTMENT JOURNAL

Ponsford J, Willmott C, Rothwell A, Cameron P,
Kelly AM, Nelms R, Curran C. Impact of early
intervention on outcome following mild head in-
jury in adults. J Neurol Neurosurg Psychiatry.
2002;73:330-332.

Combat Medic/Corpsman Algorithm, Ver 4.0. De-
fense and Veterans Brain Injury Center Website.
2012. Available at: http://www.dcoe.mil/Content/
Navigation/Documents/DCoE_Concussion_Man
agement Algorithm Cards.pdf. Accessed March
2,2016.

MACE-Military Acute Concussion Evaluation.
Defense and Veterans Brain Injury Center Web-
site. 2012. Available at: https://dvbic.dcoe.mil/sites/
default/files/DVBIC Military-Acute-Concussion-
Evaluation Pocket-Card_Feb2012.pdf. Accessed
March 2, 2016.

Defense and Veterans Brain Injury Center Work-
ing Group on the Acute Management of Mild Trau-
matic Brain Injury in Military Operational Settings.
Clinical Practice Guideline and Recommendations.
Deployment Health Clinical Center Website. 2006.
Available at: http://www.pdhealth.mil/downloads/
clinical practice guideline recommendations.
pdf. Accessed March 2, 2016.

VA/DoD Clinical Practice Guidelines: Manage-
ment of Concussion/Mild Traumatic Brain Injury.
US Department of Veterans Affairs Website. 20009.
Available at:  http:/www.healthquality.va.gov/
guidelines/Rehab/mtbi/. Accessed March 2, 2016.

7. Deputy Secretary of Defense. Directive-Type
Memorandum (DTM) 09-033, “Policy Guidance
for Management of Concussion/Mild Traumatic
Brain Injury in the Deployed Setting.” Washington,
DC: US Dept of Defense. June 21, 2010. Available
at:  http:/www.govexec.com/pdfs/062510bbl.pdf.
Accessed March 2, 2016.

8. Department of Defense Instruction 6490.11: DoD
Policy Guidance for Management of Mild Traumat-
ic Brain Injury/Concussion in the Deployed Setting.
Washington, DC: US Dept of Defense; 2012. Avail-
able at: http:/www.dtic.mil/whs/directives/corres/
pdf/649011p.pdf. Accessed March 2, 2016.

9. Institute of Medicine. Clinical Practice Guidelines
We Can Trust. Washington, DC: National Acad-
emies Press; 2011. Available at: http:/iom.nation
alacademies.org/Reports/2011/Clinical-Practice-
Guidelines-We-Can-Trust.aspx. Accessed March
2, 2016.

10. World Health Organization Handbook for Guide-
line Development, 2nd ed. Geneva, Switzerland;
World Health Organization; 2014. Available at:
http://www.who.int/entity/kms/handbook 2nd
ed.pdf?ua=1. Accessed March 2, 2016.

AUTHORS

COL Hinds is National Director, Defense and Veterans
Brain Injury Center, Silver Spring, MD.

Dr Livingston is Director, Education Division, Defense

|[E| " I' - i WE LINE AULER ?:,;..,_:l,,.I 1

and Veterans Brain Injury Center, Silver Spring, MD.

4 5 6

il i PR Fo— i S — . |
+ t t t 0 U B 1t

b o~

10106

PROBLEMS AND CONCEPTS IN MILITARY OPERATIONAL MEDICINE
Karl E. Friedl, PhD

Colonel, Medical Service Corps, US Army Research Physical Scientist
Director, Telemedicine and Advanced Technology Research Center Biophysics and Biomedical Modeling Division
US Army Medical Research and Materiel Command US Army Research Institute of Environmental Medicine

William R. Santee, PhD

(o > = 6 Le
||lHl]II'IlillI|Il|‘||II-|IIII|IIII|.'lII|IIII|lII[|IIII[II]I|IIII|IIII|IlI!|IIII|II

9¢ S W €2 ¢

B Ec e e O«
T PP VP PP YT YT T YA (A FOTL (A A T

CONTENTS

QUANTITATIVE PHYSIOLOGY

Protection of the Skin

Injury Control

Biomechanical, and Medical Aspects

Predicting Human Limits—The Special Relationship Between Physiology Research and the Army Mission
Modeling the Physiological and Medical Effects of Exposure to Environmental Extremes

Measuring and Predicting Sleep and Performance During Military Operations

Performance-Maintaining and Performance-Enhancing Drugs and Food Components

In Vivo Diagnostics and Metrics in the Assessment of Laser-Induced Retinal Injury

Blast Injury: Translating Research Into Operational Medicine

Load Carriage in Military Operations: A Review of Historical, Physiological, Nutrition and Military Performance
Water Requirements and Soldier Hydration
Evaluation of the Thermal Environment

BORDEN

INSTITUTE

www.cs.amedd.army.mil/borden

April — September 2016 101



Acute and Chronic Pain on the Battlefield:

Lessons Learned from
the United States

ABSTRACT

Point of Injury to

COL Scott M. Croll, MC, USA
LTC(P) Scott R. Griffith, MC, USA

Historically, war tends to accelerate innovation within military medicine. In this article, the authors argue this
truism has recurred in the case of acute and chronic pain management for combatants in the global war on ter-
rorism (GWOT). Advances in regional anesthesia techniques and multimodal acute pain care are highlighted in
light of the typical weapons, injuries, and comorbid conditions of the modern combat era. Reported success of
providing chronic pain care in the war theater during GWOT is discussed in the context of operational require-
ments for current and future wars. A description is provided of the Pain Management Task Force (PMTF) and
Pain Campaign Plan which was initiated during GWOT. The PMTF effort enhanced pain education and clinical
pain care through leadership and organizational changes, which created broader access to pain treatments for
patients and more standardized treatment capabilities across the enterprise.

Inadequately treated trauma pain in combat unleashes
a cascade of adverse physiological and psychological
insults.! Numerous medical advancements occurred
within the international medical community that were
independent from but concurrent with the global war
on terrorism (GWOT). Many of these exciting develop-
ments in medicine such as ultrasound-guided regional
anesthesia and advanced regional anesthesia were lev-
eraged within combat casualty care early in GWOT to
improve Soldiers’ battlefield pain control and potentially
reduce chronic pain in wounded veterans.

Several pharmacologic, nonpharmacologic, technologic,
and strategic advances which significantly reduced acute
pain on the battlefield emerged and were successfully
fielded during GWOT.?? Immediate and sustained air
superiority enabled continued adherence to previously
learned lessons from Vietnam and Desert Storm such as
rapid evacuation of the combat wounded. Rapid evacua-
tion in concert with early multimodal pain management
has significantly improved combat casualty care from
the point of injury through rehabilitation efforts months
and years following combat injury. One commonly ad-
vanced narrative suggests that Soldiers injured early
in GWOT received Civil War era analgesia (morphine
monotherapy)."*> The alternative view counters with
eyewitness accounts of wartime anesthetics performed
as early as April 2003 when powerful synthetic opi-
oids, sedatives, and regional anesthetics (axillary nerve
blocks) were used near the front lines to provide multi-
modal analgesia in a combat support hospital on the out-
skirts of Baghdad, Iraq. Further buoying these assertions
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are reports from the 1960s when Army Anesthesiologist
CPT Gale Thompson pioneered and published the re-
peated use of axillary regional anesthetics for battlefield
pain control during the Vietnam War.® While acknowl-
edging the limitations of morphine monotherapy and an
overreliance on opioids, the authors recognize that mor-
phine has for centuries proved to be an excellent anal-
gesic for acute trauma victims. Recently, morphine was
lauded by Holbrook and colleagues in their observation-
al study’ which suggested the use of morphine in US
military personnel during combat-related trauma may
reduce the risk of subsequent development of PTSD af-
ter serious injury. Considering approximately 17% of all
returning Soldiers in GWOT experience PTSD and an
even higher prevalence exists among injured Soldiers,
acute pain control with morphine or other multimodal
regimens will clearly have a positive effect on GWOT
Soldiers’ long-term health.®

One of the greatest advances in pain control during
GWOT was the introduction and management of ad-
vanced regional anesthetic techniques, specifically,
continuous peripheral nerve block (CPNB) catheters
and infusions. In light of the enemy’s continual use of
improvised explosive devices and the subsequent tsu-
nami of traumatic extremity amputations that ensued,
CPNBs proved vital for acute and chronic battlefield
pain control throughout the entire medical evacuation
chain. COL Jack Chiles, a forward-thinking Anesthesi-
ology Consultant to The Army Surgeon General, priori-
tized education and training by sending Army anesthe-
siologists MAJ Trip Buckenmaier and MAJ Scott Croll
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to Duke University in 2001 and 2003 respectively to
perfect these novel techniques. Completion of this train-
ing set in motion a cascade of educational and strategic
advances for current and future US Army anesthesiol-
ogy trainees and propelled advanced regional anesthe-
sia to the forefront of the battlefield beginning in Octo-
ber 2003 with the first combat CPNB.? In 2004, Walter
Reed Army Medical Center (WRAMC) established the
sole Department of Defense (DoD) fellowship in Acute
Pain Medicine. Immediately, WRAMC anesthesiology
residents and fellows rocketed into the 99th percentile
nationally in advanced regional anesthetic techniques,
which included CPNBs and the use of multimodal
analgesia.

Significant improvement has been achieved in the com-
bat trauma-related perioperative use of multimodal an-
algesia, yet significant obstacles still exist to achieving
high quality, consistent use of intravenous adjuncts such
as ketamine, propofol, benzodiazepines, clonidine, ke-
torolac and acetaminophen between Roles 2 and 5. Prog-
ress is often flush with unforeseen challenges and bar-
riers to success, and the implementation of multimodal
analgesia is a case in point. Even the infusion pumps
used to administer such medications (patient-controlled
analgesia and CPNBs) along the air evacuation system
required official USAF certificates of airworthiness,
which took considerable effort and time to obtain. A
lack of familiarity with some of these medications or
techniques led to significant resistance to implementa-
tion but was eventually overcome with education, train-
ing and persistence.

The relationship between the battlefield and chronic pain
remains a complex one. It is difficult to predict which
patients will develop chronic pain from an acute injury
in the war zone and even more difficult to predict how
such pain will affect the overall quality of life of such
a casualty. The biopsychosocial (BPS) model empha-
sizes the role mental health and social milieu play in the
overall experience of diseases, including chronic pain.'
Evidence from the wars in Iraq and Afghanistan support
the application of such a model to pain on the modern
battlefield. Some Soldiers injured in battle do not devel-
op chronic pain even when significant injuries intuitive-
ly suggest they would. Many who develop chronic pain
are able to manage it well enough to preserve a high
quality of life. Epstein’s 2010 study of quality of life for
amputees from both Vietnam and GWOT illustrates the
importance of psychosocial factors. He showed that pa-
tients with multiple amputations had a higher quality of
life, while factors such as depression and poor prosthe-
sis satisfaction predicted lower quality of life.!" On the
other hand, nonbattle musculoskeletal injuries, similar
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to those seen in military training and civilian vocational

settings, are a leading cause of evacuations from the war
zone, with such Soldiers rarely returning to the battle-
field."”? Each circumstance emphasizes the importance of
the psychosocial milieu through which a pain event is

experienced.

Some meaningful outcome and risk factor data has
emerged regarding the prevalence of chronic pain, opi-
oid therapy, patient risk factors, and comorbidities. To-
blin showed Soldiers develop more chronic pain than
a similar civilian population when he studied 2,876 of
3,076 Soldiers from a brigade combat team (BCT) re-
turning from the war. Forty-four percent of the BCT
participants reported chronic pain versus 26% from a
civilian population he studied prior. *'* Almost 3 times
as many from the BCT population were treated with opi-
oids. Certain risk factors for chronic pain were noted,
including female sex, aged 30 years or more, a history
of current or prior marriage, lower rank, higher combat
intensity, and combat injury.” Seal found that veterans
are at greater risk for complications of opioid therapy
but are more likely to be treated with opioids than ci-
vilian counterparts.!* These and similar studies suggest
that while opioid concerns in the military have been a
reflection of trends in the civilian population, the efforts
of military leaders to limit opioids where appropriate
and develop integrative pain treatment approaches are
grounded in science and a practical need to preserve a
fighting force that is at higher risk for complications of
opioid therapy.

A full understanding of the patient factors and treat-
ment paradigms that affect the conversion of acute to
chronic pain for a significant subset of Soldiers with ei-
ther battle or nonbattle injuries has not emerged. What
is clear from existing literature is that poorly managed
acute pain contributes to development of chronic pain
such that a systematic approach to acute pain within the
battlefield evacuation system should have a favorable ef-
fect.'!™® The subject rightfully remains a major focus of
future research within the military and beyond. Just as
with the evolution of acute pain management including
advanced regional anesthetics and multimodal medi-
cation therapy, some useful advances have emerged in
the treatment of chronic pain.”"” Clinics to treat chronic
pain in theater have emerged at times when personnel
and time allowed, and the retrospectively published ex-
periences of such clinics show encouraging results in
terms of treatments allowing Soldiers to continue mis-
sions in theater.?® Prospective studies could guide future
doctrine and policy decisions in terms of deciding the
personnel and capabilities that should be available in
theater for chronic pain management in the future.
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As we continue current combat efforts and consider fu-
ture conflicts, improved management of Soldiers with
common, nonbattle injuries such as musculoskeletal
pain may be as important as casualty care in preserv-
ing combat power. An increasingly complex and tech-
nologically advanced battlefield has increased the need
for Soldiers with specialized and, in some cases, unique
training. Reserve forces have remained a key element
of overall force structure supplying such expertise. Sol-
diers are older on average than in previous wars. As the
Army continues to shrink and Soldiers become more
specialized, the need for chronic pain services on the
modern battlefield will take on added importance for
the Army to succeed in keeping key leaders and per-
sonnel in the fight. Several news stories emerged dur-
ing the mid to late 2000s documenting both abuse and
diversion of opioids as well as instances of inadequate
pain control in some wounded warriors. Organizations
internal to the Army such as the Defense and Veterans
Center for Integrative Pain Management likewise began
to document the need to modernize and integrate pain
management from point of injury to definitive care. By
August 2009, then Army Surgeon General LTG Schoo-
maker chartered the Army Pain Management Task
Force (PMTF) to

make recommendations for a MEDCOM [Army medi-
cal command] comprehensive pain management strategy
that was holistic, multidisciplinary, and multimodal in
its approach, utilized state of the art/science modalities
and technologies, and provided optimal quality of life
for Soldiers and other patients with acute and chronic
pain 21(ED

The PMTF had broad representation from the DoD, Vet-
erans Administration (VA), and civilian pain treatment
communities and assessed the state of pain care at the
time. LTG Schoomaker emphasized standardizing pain
treatment capabilities without stifling innovation. In
May 2010 his office published the final report from that
effort.?! The report offered 109 recommendations in 4
areas:

1. Provide tools and infrastructure that support and
encourage practice and research advancements in
pain management.

2. Build a full spectrum of best practices for the
continuum of acute and chronic pain, based on a
foundation of best available evidence.

3. Focus on the warrior and Family-sustaining the
force.

4. Synchronize a culture of pain awareness, educa-
tion, and proactive intervention.
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The PMTF results led to a Pain Campaign Plan that
recognized the importance of primary care providers
(PCPs) and their teams in pain management, noting
the majority of patients receive their pain care from the
physicians, physician assistants, and nurse practitioners
working as primary care providers across the force. A
stepped care model that existed within the VA was ad-
opted and led to organization and leadership changes af-
fecting both pain education and clinical care by adapting
and evolving existing local, regional, and enterprise lev-
el clinical and command capabilities.”! Pain education
was noted to be inadequate at most levels and televideo
capabilities were leveraged to provide better support of
the PCPs. In addition, Primary Care Champions were
designated and given multimodal training including
televideo, in-person training, and development of more
comprehensive skills through courses such as medical
acupuncture with associated certification. Finally, clini-
cal leaders at newly identified regional interdisciplin-
ary pain management centers transitioned to leading
broader clinical teams including physical, occupational,
and behavioral health specialists, integrative medicine
physicians, exercise specialists, and chiropractors and
acupuncturists who would rarely work so closely in tra-
ditional pain practices. Functional restoration programs
have emerged and early outcomes support such efforts
to treat Soldiers with chronic pain more comprehensive-
ly as the effort has led to encouraging return-to-duty
rates.”

Acute and chronic pain care within military medicine
has evolved significantly as a result of the GWOT. Pri-
oritizing pain education coupled with organizational
and leadership emphasis have advanced treatment tech-
niques and paradigms in both arenas. As the operational
tempo of combat decreases and treatment of combat
associated pain becomes less common, it is imperative
that the knowledge and skills acquired be retained. With
reasonable attention, regional anesthesia, multimodal
analgesia, and management of chronic pain for service
members in deployed settings and beyond will be here
to stay. Yet much of the research to define the best pain
treatments for war is yet to be accomplished. Policy
updates to codify what has been learned cannot be ne-
glected during periods of decreased operational tempo.
We can little afford to repeat the current lessons learned
given the research, education, and leadership challenges
we need to further understand and master. For the next
war has always come, and experience suggests it is usu-
ally sooner than expected.
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Leveraging Trauma Lessons from War to
Win in a Complex Global Environment

ABSTRACT

LTC Kyle N. Remick, MC, USA

The US military has made great strides in combat casualty care since 2001. As the Army concludes combat
operations in Iraq and Afghanistan, it faces new operational challenges in trauma care. The military medical
community must stay ahead of the curve through sustaining current investments in combat casualty care re-
search. This article describes lessons learned at war from a Joint Trauma System perspective in order to place
in context how we should proceed in order to provide optimal care for our Warfighters in the future.

This is not the end. It is not even the beginning of the
end. But it is, perhaps, the end of the beginning.

Sir Winston Churchill, Novermber 1942

As the US Army winds down from a decade of conflict
involving 2 major theaters of war, we are naturally in-
clined to emit a sigh of relief. As he did in November of
1942 after the victory at the Second Battle of El Alamein,
the insightful Sir Winston Churchill would remind us
that the enemy is not dead, the threat is still real, and we
have only just begun.

Even as we close over a decade of conflict in Afghan-
istan, we are faced with the threat of ISIS in Iraq. In
Eastern Europe, Russia has flexed its military power
in Ukraine by annexing Crimea. In Asia, North Korea
continues to be an unfriendly nuclear presence. In the
eastern Mediterranean and Middle East, the conflict be-
tween Israel and Palestine continues without a clear end
in sight. A civil war in Syria is ongoing with spillover
into Jordan and Lebanon causing increased unrest. Iran
continues to seek nuclear technology for military use.
Al-Qaeda in the Arabian Peninsula has been strength-
ened by the instability in Yemen. In Africa, Al-Shabab
continues to launch terror attacks from Somalia into
surrounding countries. There is violence and political
instability in Egypt and Libya. The Seleka in the Central
African Republic has created violence and mass atroci-
ties as the insurgency continues. The internal political
struggle in South Sudan has left 10,000 people dead and
more than a million displaced. In the Western Hemi-
sphere, we remain on alert for terrorist attacks such as
that in Paris in November 2015. There is drug-related
violence in Mexico that spills over into the United States.
Following a decade of conflict, the reality is far from
what we would like to imagine as “the end.” This evi-
dence demonstrates that the world is still dangerous and
perhaps increasingly complex.

106

The US Army Operating Concept 2020-2040" charges
the Army to be prepared to operate in these environments
in order to “win in a complex world.” The overarching
strategy for success involves a global reach, while main-
taining a regional relevance. Our military objectives
may not be geographic locations such as a capital city,
but a group of dispersed operations that contribute to the
same overarching objective. To “mass on the objective”
may involve coordinated efforts with other instruments
of national power such as informational, economic, and
diplomatic. Our success as an Army may be measured
as much by our finesse as by our military might.

Despite significant success and advancements in com-
bat casualty care (CCC) over the last 14 years, includ-
ing the achievement of the lowest case fatality rate in
our history? as shown in Figure 1, our future success
as an Army is not guaranteed by our past performance.
Certainly our future success is informed and led by the
momentum that has been gained since 2001, but now is
not the time to rest in regards to CCC. As leaders within
the Army Medical Department, we are compelled to le-
verage CCC knowledge and technology advancements
to win in an increasingly complex global environment.
This article reviews these CCC lessons with an eye to-
wards providing optimal CCC for future complex opera-
tional environments.

CREATION OF THE JOINT TRAUMA SYSTEM

Most of the success in CCC over the past decade can
in some way be linked to the establishment of the Joint
Trauma System. From the earliest published literature
reviews, we discovered that Soldiers were dying from
potentially survivable hemorrhage from the extremities,
junctional areas of the groin and axilla, and noncom-
pressible torso hemorrhage.® At the time, there was no
readily apparent solution to junctional and torso hemor-
rhage aside from rapid evacuation to surgical care. But
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early in the last series of combat deploy-

ments, we realized the value of tourni-

quets in preventing death from extremity 30%

hemorrhage, and we sought to procure,
train, and field this device.

As Iraq became increasingly a hard fought 22
counterinsurgency and stability operation,
many deployed surgeons realized that in-
jury severity was increasing. In a compari-
son of potentially survivable injuries from
2003 and 2004 with those in 2006, the
Injury Severity Score increased from 27
to 37 over that period, most likely second- i
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ary to blast injuries. Furthermore, hem- 2005
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orrhage (extremity 33%, torso 49%, and
junctional 21%) still accounted for 87%
of potentially survivable deaths.* Frustrat-
ingly, Warfighters continued to die from
exsanguinating extremity hemorrhage. It

Figure 1. Case Fatality Rate (CFR) as compared to Injury Severity Score (ISS). The
data demonstrates that as ISS was increasing between 2009 and 2013, the CFR
was decreasing over the same time period. The data lends evidence to support
the statement that military medical care decreased deaths in combat operations
during that period. Source: Joint Trauma System. Reprinted with permission,
CAPT Z. Stockinger, USN, Director.

was apparent that we had not successfully
trained and fielded tourniquets. The recommendation to
the operational commanders for tourniquet use and the
implementation of this recommendation was slowed by
a lack of a feedback mechanism to make this happen.

In 2004, a group of trauma surgeons with clinical fore-
sight and operational experience set out to create a
trauma system for war.> We knew from the accumulated
civilian trauma literature over the prior 20 to 30 years
that trauma systems decrease mortality from trauma by
15% to 20%.%'° Furthermore, they recognized that the
US military needed a formal trauma system to effective-
ly implement changes that would lead to optimal care
for our wounded. Based on the public health model, all
essential components for a trauma system of care were
addressed in the system but adapted to “patient care” in
the unique battlefield environment as illustrated in Fig-
ure 2. Currently, the US Military Health System (MHS)
Joint Trauma System (JTS) seeks to solidify itself as the
standing body for global delivery of the MHS trauma
system through approval of its JTS manual as joint doc-
trine."! The following are key examples by system com-
ponent of successful JTS efforts since its inception.

Information Systems and Research

The JTS, first and foremost, was and still is a data-driven
organization. The purpose of the Information Systems
and Research components are to collect and analyze
data. Thus, research teams were sent to each of the the-
aters to collect data in real-time. Early in this effort, re-
search teams focused primarily on collecting data from
the major trauma hospitals (Role 3 facilities), but as the
JTS matured later in the war, the research teams were
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able to reach out to many of the Role 2 surgical facilities
as well. The Joint Theater Trauma Registry (JTTR, now
renamed the Department of Defense Trauma Registry)
was developed as the repository for this data. Shortly af-
ter data were collected, it was analyzed in order to iden-
tify gaps in care or processes that could be improved
within the trauma system. This data was fed to research
and development programs of the US Army Medical
Research and Materiel Command (MRMC) such as the
Combat Casualty Care Research Program (CCCRP).
This program could then guide intramural and extra-
mural trauma research sites to focus on aspects impor-
tant to combat casualty care. Knowledge and material
solutions to these gaps were then transferred to the user
community through the JTS.

Prevention

The Prevention component used data from the JTTR to
feedback to other programs at MRMC such as the Joint
Trauma Analysis and Prevention of Injury in Combat
program (www.jtapic.amedd.army.mil) for the improve-
ment of body armor to protect the torso, pelvic, and
groin regions, as well as improved eye protection. In co-
ordination with multiple other groups, the development
of mine-resistant and up-armored vehicles was also in
part driven by data collected, analyzed, and presented
through the work of the JTS.

Education

The Education component sought to improve the trauma
care readiness of US military medical personnel de-
ploying to both theaters of operation. The Joint Combat
Trauma Management Course was developed to provide
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Figure 2. The Joint Trauma System. This schematic presents the components of a model trauma system that integrate
and collaborate to make a system of care that is trauma patient-centric. Source: Joint Trauma System. Reprinted with

permission, CAPT Z. Stockinger, USN, Director.

surgeons and others with “just-in-time” trauma refresh-
er training prior to deployment. The services developed
service-specific trauma training centers. For example,
the Army developed the Army Trauma Training Center,
first briefly in Houston and then in Miami, Florida, at
the Ryder Trauma Center where it remains. This train-
ing center provided and still provides predeployment
organization, skills, and knowledge training for Army
Forward Surgical Teams. The Air Force also developed
a program at the University of Maryland Shock Trauma
Center in Baltimore, Maryland, and the Navy developed
their trauma training center at the Los Angeles County—
University of Southern California Medical Center. At
the most fundamental levels, lessons from the JTS were
transferred by individual returning surgeons to military
surgical residents and to medical students of the joint
Uniformed Services University School of Medicine. In
this way, these lessons could not only serve the next
round of deploying surgeons but could form the opera-
tional foundational experiences for potential future sur-
geons and trauma providers for all services.
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From the early days, there were topics of trauma con-
cern that called for effective clinical practice guidelines
(CPQG). Guidelines involving such issues as damage con-
trol resuscitation (DCR), use of fresh whole blood, treat-
ment guidelines for burns, fasciotomy, and many other
topics of clinical importance were created to guide the
deployed surgical workforce. Concurrently, the JTS ini-
tiated weekly telephone conferences with all stakehold-
ers of the JTS. This truly phenomenal weekly morbid-
ity and mortality review spanned the entire continuum
of care from the point of injury (POI), to the various
locations within the 2 theaters, to Landstuhl Regional
Medical Center, our regional Role 4 facility, to military
hospitals in the United States such as Walter Reed Army
Medical Center, Naval Hospital Bethesda, and Brook
Army Medical Center, and finally to the Veteran’s Af-
fairs (VA) rehabilitation centers. This all-inclusive, all-
hands-on teleconference truly brought medical person-
nel working within a global continuum of care together
as one trauma system of care. The resulting feedback
to and from all points in the continuum of the trauma
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system was of immense benefit in improving the care
provided.

Leadership

As mentioned previously, direct access to operational
leadership was a key factor in making the JTS an ef-
fective mechanism to improve outcomes within the US
military. The Leadership component advocated for and
deployed a Joint Theater Trauma Director who was
responsible for the in-country research team in both
theaters, and for compiling, analyzing, and presenting
current data from the JTTR directly to the Commander,
US Central Command on a monthly basis. This was the
access needed to ensure that the JTS voice was heard
and was effective in the implementation of important
changes.

Prehospital Care

Prehospital Care, controlled by the medical evacuation
commanders and physician-consultants known as flight
surgeons, was integrated into the education portion of
the JTS through its involvement in the weekly telephone
conferences and the process of CPG creation. For ex-
ample, when data showed that patients were becoming
hypothermic during transport, operational leadership
facilitated communication to the medical evacuation
units regarding using hypothermia prevention kits and
temperature “dots” on patient foreheads to monitor tem-
perature during transport.

Performance Improvement

Performance Improvement was woven throughout the
JTS components. As data was collected and analyzed,
feedback was immediately provided to all elements of
the JTS, to and from the medic at the POI to the flight
medic on the helicopter, to the surgical teams and com-
bat support hospitals, and onward out of theater. Any
point along the continuum was empowered to provide
constructive feedback to improve the JTS.

APPLYING THE JOINT TRAUMA SYSTEM TO
A THEATER OF WAR

The JTS, with its components, was then overlaid onto
the established Roles of Care within the theaters of Af-
ghanistan and Iraq, as shown in the Table. Along with
the components needed to create an effective trauma
system, there was also a need for a geographically orga-
nized physical system of care. The NATO roles of care
were already in place but were not an established part
of an overarching system of care. As data was gathered,
important and timely feedback was given to the med-
ics and trauma teams working within the JTS at these
roles of care. So although geographically dispersed in
2 theaters, the units working these roles of care were
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still connected by the JTS. Shared lessons learned from
one role of care in one theater often had applicability to
trauma care provided at similar roles in the other theater.
The JTS provided the medical leadership necessary to
stay focused on providing care within each respective
role within the overall trauma system. Furthermore, the
JTS enabled CCCRP clinicians and scientists to assess
data and feedback from the battlefield and translate this
directly into material and knowledge products that im-
proved CCC in near real time. It is important to under-
stand the perspective of the Roles of Care on the battle-
field to fully appreciate these improvements in care.

Role 1

At Role 1 (POI to battalion aid station), the Committee
on Tactical Combat Casualty Care (CoTCCC) has ad-
vised the sequence of care for patients injured on the
battlefield since the late 1990s. Providing hemorrhage
control was the most critical life-saving intervention,
even above the standard civilian teaching of “airway,
breathing, and circulation” (ABC). Thus, initial external
hemorrhage control prior to ABCs was institutionalized
to save lives by stopping life threatening hemorrhage
prior to any other medical concerns. To that end, tourni-
quets were fielded to deploying Warfighters within new-
ly designed individual first aid kits (known as [FAKs)
with the priority of extremity hemorrhage control. The
concept of “hypotensive resuscitation,” providing intra-
venous (IV) fluids only when absolutely necessary in or-
der to allow a clot to form and prevent too high of a blood
pressure from dislodging the clot, was added to medic
training. Based on CoTCCC guidelines, Army medics
learned advanced techniques to open and maintain air-
ways, such as surgical cricothyroidotomy. Another sig-
nificant cause of death on the battlefield, tension pneu-
mothorax from chest wounds, was likewise addressed in
CoTCCC guidelines and medics were taught to relieve
the pneumothorax using a long, large bore IV catheter.
Providing analgesia for pain management and giving
antibiotics at or near the POI were also concepts that
were derived from this committee. The best solution for
junctional or noncompressible hemorrhage was initially
tightly packed dressings and then hemostatic dressings,
until junctional tourniquets were recently made avail-
able to deployed medics.

Medical Evacuation from POI

Flight medics were limited in scope of practice al-
though additional resources could be carried onboard
helicopters. Recommendations by CoTCCC for care
during evacuation involved reevaluation of the patient
with hemorrhage control remaining the highest pri-
ority, followed by an airway intervention only when
absolutely necessary, and decompression of a tension
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NATO Roles of Care.2

Role of Care Personnel Details of Intervention

Role 1 “Buddy aid,” Initial life-saving care rendered at and near point of injury
Medical technician/corpsman Involves Tactical Combat Casualty Care: care under fire, tactical field
Flight medic care, care during evacuation
Aid station physician or PA

Role 2 General or emergency physician Basic resuscitation and stabilization for transport to surgical location
PA or Role 3
Nurse Usually has basic x-ray, laboratory, blood capability, and small holding
Medical support personnel capability

Role 2-Surgical® | Surgeons for general and orthopedic
trauma care
OR, ER, ICU nurses

Medical support personnel

Advanced resuscitation and stabilization and damage control surgery
capability

Trauma/ED, OR, and ICU sections

Usually has blood capability and small holding capability

May have basic x-ray and laboratory capability

Role 3 General and subspecialty surgeons Most robust trauma hospital in theater of operations, usually with
ED, ICU, radiology physicians neurosurgery, ENT, and ophthalmology support
Specialty nurses CT scanner with radiologist
Medical support personnel Full operating rooms and ICU care
Full laboratory support
Full blood bank
Role 4 Full hospital personnel Outside theater of operations; a full trauma hospital that provides

care from admission to rehabilitation.

aDerived from NATO publication AJP-4.10(A)-Allied Joint Medical Support Doctrine.12

bRole 2 - Surgical is a US military term for a Role 2 with surgical capability in distinction from a US military Role 2 without surgical capability.
This differs from NATO doctrine which always defines Role 2 with surgical capability.12(P1-9)

pneumothorax if detected. Intravenous fluids were giv-
en only to maintain patient consciousness in line with
the hypotensive resuscitation training. Towards the end
of the conflicts from 2012 to 2014, medical evacuation
units began to carry blood in “golden hour” cooler box-
es and to use tranexamic acid (TXA) to promote blood
clotting in those likely to require massive transfusions.
Furthermore, review of outcomes revealed that the se-
verely injured benefited from paramedic trained flight
medics, USAF Pararescuemen, and United Kingdom
Military Emergency Response Teams (with critical care
flight nurses, anesthesiologists and emergency physi-
cians) when compared to basic, entry-level US flight
medics.'*"

Role 2-Surgical

At Role 2-Surgical facilities, we learned that damage
control involved resuscitation for physiologic improve-
ment alongside the surgery for anatomic control of
bleeding and contamination. We learned to understand
our role of care within the JTS, including the impor-
tance of personnel and equipment resources, postopera-
tive critical care capacity, and medical evacuation avail-
ability remaining continuously ready for more casualties.
We learned to maintain a situational awareness of the
battlefield effects that might influence military surgical
decision-making for each individual casualty and for
multiple casualties. These included a knowledge of the
ongoing operations in the area, types of weaponry used
by the enemy (for example, blast versus high velocity
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rifle), number of friendly and enemy troops engaged
or at risk, etc. These mission and operational variables
could affect our capacity and capability to function.

Surgeons at the Role 2-Surgical facilities used simple
x-ray and portable ultrasound along with patient physi-
ology to determine the need for immediate surgery and
in which cavity or extremity it was needed. Surgeons
shunted vascular injuries to maintain perfusion. They
used temporary abdominal wound closures to rapidly
get the patient out of the operating room (OR) and to
the intensive care unit (ICU), rapidly clearing the OR
table for the next patient. They gave packed red blood
cells (PRBC) and fresh frozen plasma (FFP) to resus-
citate severely injured patients per the Damage Control
Resuscitation CPG when available. These teams also or-
ganized “walking blood banks” to collect fresh whole
blood when components failed or were not available.

Intratheater Transfers

Flight medics were often required to transport complex,
postoperative patients who had undergone damage con-
trol surgery (DCS). These patients were often intubat-
ed, ventilated, and sedated, with an ongoing need for
resuscitation. This essentially was an interfacility ICU
patient transfer which exceeded the training of the stan-
dard US Army flight medic. In 2009, we began to train
Army Nurses at the Joint Enroute Care Course and then
to deploy critical care flight nurses to perform this high-
er complexity, interfacility transport mission.

http://www.cs.amedd.army.mil/amedd_journal.aspx
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Role 3

At Role 3, DCR was more robust due to increased man-
power, a larger blood supply, and the availability of
platelets. In 2007, Borgman et al'® published their find-
ings from deployment to an Army combat support hos-
pital. They determined from their data that those severe-
ly injured patients receiving a high ratio of FFP:PRBC
had a decreased overall mortality compared to the use
of low ratios or no FFP at all (19% vs 65%, respectively).
Mortality due to hemorrhage in this same high to low
ratio resuscitation population was 37% vs 92%, respec-
tively. This was followed by numerous civilian center
blood product ratio studies, most of which showed de-
creased mortality from severe trauma with early and
rapid transfusion of 1:1:1 ratio of blood, plasma, and
platelets in those patients requiring a massive transfu-
sion (more than 10 Units PRBC in the first 24 hours)."?°
The Military Application of Tranexamic Acid in Trauma
Emergency Resuscitation Study conducted at the United
Kingdom Role 3 surgical hospital in Bastion, Afghani-
stan, showed that the use of TXA for patients requiring
a massive transfusion decreased mortality to 14% from
28% in 896 retrospectively studied patients.?!

In the combat support hospitals, the presence of neuro-
surgeons and a CT scanner allowed for rapid diagnosis
and life-saving surgery for traumatic brain injury. Mul-
tiple other subspecialists were available as well, includ-
ing vascular surgeons, ENT surgeons, plastic surgeons,
and orthopedic surgeons to provide ongoing DCS with
second look procedures, vascular reconstructions, and
complex pelvic stabilizations.

A fully functional ICU staffed with a board certified
intensivist facilitated management of complex mul-
tisystem critical care prior to evacuation from theater.
Finally, development and implementation of the mobile
Burn Resuscitation Decision Support System allowed
for forward optimal burn resuscitation at the Role 3 the-
ater hospitals.

As we saved more severely injured patients, we had to
develop new techniques for limb salvage, flap recon-
struction, restoration, prosthetics, and rehabilitation at
VA rehabilitation centers and military medical centers
in the United States.

Transport from Theater

The Air Force Critical Care Air-Transport Team revolu-
tionized theater medical evacuation, expanding evacua-
tion to a global scale. The most severely injured patients
could now be transported to the United States within
days of injury. Similarly, the Army Burn Transport Team
transported burned, multisystem injured casualties to
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the Burn Unit at San Antonio Military Medical Center.
En route care capability included the care of complex
critically injured patients requiring ventilation, medi-
cations to augment blood pressure, various tubes and
drains, temporary abdominal and wound closure de-
vices, and even extra-corporeal membrane oxygenation.

REQUIREMENTS-DRIVEN COMBAT
CASUALTY CARE RESEARCH

We have made great strides in the past 14 years of pro-
longed conflict in 2 theaters of war. The Joint Trauma
System was forged from necessity during war and its
success is documented by the improvement in CCC as
its initial legacy. However, our past success does not
guarantee future performance. We must not drift back
to the CCC of 2001, and we must not be naive in think-
ing that we can now rest on our recent success. We must
continue the momentum that took us so long to gather in
order to stay ahead of the curve. As in a past generation,
we must take heed of Winston Churchill’s wisdom and
press on with the knowledge that there are more chal-
lenges to be faced and overcome. Our goal should be to
begin the next conflict better prepared than we are today.

The Combat Casualty Care Research Program is pos-
tured to set a heading for success. To succeed, we must
answer the question, “How does the Military Health
System, and specifically the US Army, win in a complex
world?” The answer is to create simplified DCR inter-
ventions (DCR1) that can be applied to future operations.

Near Term (2-5 Years)

In the near term, this means we capitalize on our current
science and technology investments by seeing products
from current research through to completion and into
the hands of the Warfighters. We seek technology to
bring whole blood and freeze-dried plasma to the POI.
We look to bring expandable foam technology for junc-
tional and abdominal hemorrhage to the battlefield. We
will implement novel advanced physiologic monitoring
solutions for use in triage and resuscitation.

We will focus on new operational challenges to trauma
care such as prolonged DCR scenarios, including pro-
longed field care, delayed evacuation, prolonged evacua-
tion, remote operations, or challenging megacities. Pro-
longed DCR solutions must include new technology for
blood resuscitation, advanced physiologic monitoring,
and control of junctional and torso hemorrhage. In the
near future, we hope to deliver critical medical supplies
to remote locations with unmanned aircraft.

AtRole 2 DCS teams, we aim to become lighter and more
versatile by leveraging totally intravenous anesthesia,
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next generation vascular shunts, and integrated, closed ~REFERENCES

loop patient physiology monitors that translate data
throughout the continuum of care. We envision air-
based surgical teams and simplified surgical interven-
tions that can be brought forward to the patient. At the
Role 3, we will see the use of endovascular balloon hem-
orrhage control devices and portable extracorporeal life
support for lung, renal, and potentially cardiac support.

Mid- to Long-Term (5-10 Years and Beyond)

At the same time, we must seek the next generation of
“leap-forward” type science and technology that will al-
low us to create knowledge and material products for
Future Forces 2025 and beyond. We will invest in the
S&T that will allow us to simplify DCRi capabilities,
allowing them to be brought forward to the POI. We will
seek simplification and forward deployment of endovas-
cular torso hemorrhage control, improved blood resusci-
tation solutions, and organ support devices with inflam-
matory modulation technology. We will leverage rapidly
emerging and developing unmanned vehicle technology
for capability delivery and eventually self-sustained ca-
sualty care and evacuation platforms.

SUMMARY

In summary, sustained investment in CCC research will
keep the US military’s combat casualty care ahead of
the curve for future operational challenges. The JTS
encompasses the full continuum of trauma care from
TCCC at the POI and during medical evacuation to dam-
age control resuscitation and surgery at Role 2 and 3 to
long range global evacuation of the critically injured to
Role 4 care and to definitive care facilities in the United
States. It should, therefore, be solidified into joint doc-
trine as a standing organization. The JTS manages all
aspects of a global military trauma system to optimize
casualty care in theaters of war and in increasingly com-
plex operational environments around the world.

The Combat Casualty Care Research Program man-
ages the combat casualty care research equity for the
Department of Defense. Similarly, the United States
would benefit from a more robust national investment
in trauma care guided by a national research action plan.
Military-civilian partnerships within national trauma
organizations, surgical societies, and civilian academia
would foster a model of collaborative training and re-
search with common goals that would benefit both the
US military and the civilian population.
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Infection Prevention in the

Deployed Environment

ABSTRACT

Lt Col Heather C. Yun, USAF, MC
COL Clinton K. Murray, MC, USA

Up to 50% of combat injured patients from recent conflicts have suffered infectious complications, predomi-
nantly with multidrug-resistant (MDR) bacteria acquired nosocomially in the chain of tactical combat casualty
care. These bacteria have ranged from MDR Acinetobacter baumannii-calcoaceticus associated with Opera-
tion Iraqi Freedom (OIF), to extended spectrum beta-lactamase producing Enterobacteriaceae from operations
in Afghanistan. Experience from interventions at Level Il facilities demonstrate that basic infection control
(IC) procedures, such as improvements in hand hygiene, use of ventilator associated pneumonia bundles, and
antimicrobial stewardship, can improve outcomes even in austere environments. While some systematic inter-
ventions have been implemented to mitigate this risk, including development of the Deployed Infection Control
Course, the Multidrug-Resistance Surveillance Network, and the Trauma Infectious Disease Outcomes Study,
ongoing vulnerabilities remain. Deployed microbiology capabilities should be strengthened, theater-level 1C
standard operating procedures should be implemented, and a joint, theater-level expert IC consultant should be
appointed to be responsible for directing IC activities from Levels I to IV.

Throughout history, infectious complications have reli-
ably followed combat injuries. Increased survival rates
from recent conflicts have resulted in increasing num-
bers of seriously injured patients who are at high risk for
postinjury infections. Recent data demonstrated a 27%
rate of infectious complications in combat-injured US
troops evacuated to a Level V facility; this number in-
creases to 50% among intensive care unit (ICU) patients.'
These have predominantly involved multidrug-resistant
(MDR) pathogens, including Acinetobacter baumannii-
calcoaceticus (ABC), extended-spectrum beta-lacta-
mase (ESBL) producing Escherichia coli and Klebsiella
pneumoniae, and MDR Pseudomonas aeruginosa and
Enterobacter spp. By definition, these are healthcare
associated infections (HAI), since they present during
the course of medical care and were not present or in-
cubating on admission. These remain one of the leading
causes of preventable death in this population, and lead
to prolonged hospitalizations, repeat operative takebacks,
and amputations. Observations from recent conflicts pro-
vide 5 categories of generalizable knowledge which can
be applied to current and future operations.

LESSON #5. Ir IT INVOLVES MDR GRAM-NEGATIVE
BACTERIA, IT IS PROBABLY HEALTHCARE ASSOCIATED

Soon after combat operations began in Iraq in Af-
ghanistan, clinicians caring for casualties in Level IV
and V facilities observed the unusual occurrence of
MDR gram-negative rods (GNR) causing wound in-
fections, osteomyelitis, pneumonia, and bloodstream
infections. The first publication described 102 patients
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from 2002-2004 with bloodstream infections caused by
ABC.? These were identified at military hospitals treat-
ing combat casualties from Iraq and Afghanistan, and
83% were associated with OIF and Operation Enduring
Freedom (OEF). Three major hypotheses were formulat-
ed as to the source of these bacteria: pre-injury coloni-
zation with resistant organisms (presumably as a result
of climate differences, austere environments; changes
in personal hygiene during deployment); direct inocula-
tion by contaminated soil/debris at the time of injury; or
via nosocomial transmission.

Numerous studies evaluated the potential role of pre-in-
jury colonization with MDR ABC and/or environmental
contamination as the source. These included an assess-
ment of colonization of Army medic trainees who had
never deployed or come into patient contact, in patients
evacuated from theater for disease nonbattle injury, and
in uninjured troops during deployment.** None demon-
strated pre-injury colonization with MDR ABC. Evalu-
ations of fresh wounds were also performed at the time
of injury; these demonstrated predominantly skin flora
with no evidence of MDR GNR.¢ Soil specimens were
collected at various sites across Iraq and Afghanistan;
no MDR pathogens were demonstrated, and the GNR
which were isolated from wet soil samples in Afghani-
stan were genotypically unrelated to those characterized
from infected combat casualties.’

However, genotypic analysis of ABC demonstrated
some consistent strains identified from Levels III to V;

http://www.cs.amedd.army.mil/amedd_journal.aspx
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these have also been recovered from British and Cana-
dian combat casualties.>® While clinical cultures from
US troops in a Level III grew predominantly gram-pos-
itives, those recovered from local nationals admitted in
the same facility were disproportionately represented
by ABC, K. pneumoniae, and P. aeruginosa.’ Level
III hospital census and the local national length of stay
correlated with the ABC colonization rate.”” It was also
demonstrated that in both Iraq and Afghanistan, local
patients are frequently colonized with MDR GNR dur-
ing the course of hospitalization, including high rates on
admission.!"'? Taken together, these data demonstrate
that the predominant source of MDR GNR colonization
and healthcare associated infection in US combat casu-
alties is nosocomial. This means that a fatalistic attitude
about infectious complications cannot be assumed, and
places responsibility on the chain of tactical combat ca-
sualty care to minimize this risk through careful atten-
tion to IC precautions.

LESSON #4. DIFFERENT THEATERS, DIFFERENT KINETICS,
DIFFERENT ORGANISMS

When one pathogen eclipses others in order of impor-
tance, there is a tendency to drive research and interven-
tions at that specific pathogen; in IC literature this is
termed a “vertical” approach. ABC was the predomi-
nant organism through OIF, garnered much media and
political attention as “Iraqgibacter”, and most of the first
5 years of research focused on this pathogen specifically.
Returning combat casualties were screened for coloniza-
tion with ABC on arrival at Levels IV and V, and overall
colonization rates began to downtrend after 2006, ini-
tially appearing to indicate success. However, when in
2008 active surveillance was expanded to include other
MDR pathogens, it became clear that colonization rates
remained fairly stable in the range of 15% (Level V).
With the shift in major combat operations from Iraq
to Afghanistan, the predominant pathogen changed to
ESBL producing E coli and other Enterobacteriaceae.
Additionally, with changes in tactics and increased fre-
quency of dismounted patrols in the provinces of south-
ern Afghanistan, the mechanisms of injury changed to
include higher traumatic above the knee amputations
and major complex blast injuries, setting the stage for
emergence of invasive fungal infections in the 2009-
2010 timeframe." The implication of these changes in
microbiology with changes in theater and kinetics is that
broad assumptions about empiric therapy and vertical
IC measures (such as screening and decolonization for
one organism or another) are likely to be dated and met
with limited success. It also means that microbiology
expertise in the deployed environment must be avail-
able and supported, so that changes in microbiology can
be met with real-time interventions such as changes in
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prophylaxis and empiric therapy. A flexible approach to
prevention is necessary, both by incorporating lessons
learned and maintaining relevant research such that in-
terventions can be focused.

LESSON #3. EXPERTISE MUST BE DEVELOPED AND
DEPLOYED

The IC community in the Department of Defense (DoD)
is a small one, largely consisting of a handful of nearly
exclusively civilian IC officers assigned to Level IV and
US-based MTFs, and a few active duty infectious disease
physicians who have experience as medical directors of
IC at their hospitals. Level 111 facilities currently task one
nurse with directing IC activities as an additional duty,
but this individual rarely has prior experience. In 2008,
in order to provide directed training to those deploying
in this role, the Infection Control in the Deployed Envi-
ronment Course was developed and initiated through the
Army Medical Department Center & School at Brooke
Army Medical Center (BAMC).” In 2010, an Army Ex-
ecution Order was published directing that one person be
identified to perform this duty at Level I1Is and to ensure
predeployment training. Uptake of predeployment train-
ing was irregular by Air Force personnel deploying in
this role until 2012. Current records dating from 2011 in-
dicate that 89 Army (77 active, 12 reserve), 18 Air Force
(16 active, 2 reserve), 1 Navy, 2 Canadian military and
6 civilian personnel have attended the course, with de-
ployments to Afghanistan (40), Kuwait (11), and several
to Africa, Central and South America (R. SantaMaria,
unpublished data). We recommend that this course (or
equivalent) be mandated for those deploying to Level 111
facilities in the role of IC officer. Serious consideration
should also be given to the general structure of the IC
community in the DoD with regard to the authorized
numbers of active duty, certified infection preventionists.
Ideally, those deploying in the role would have experi-
ence in the field. Additionally, while telehealth support
exists for IC through Army Knowledge Online email
consults, this currently exists as a question-answering
service. It would be strengthened by expanding its role
to include a proactive fact-finding and active mentoring
component, ideally helmed by a joint, theater-level con-
sultant with accountability and authority to develop and
direct infection prevention activities theater-wide.

LESSON #2. SYSTEMS FOR RESEARCH AND SURVEILLANCE
MusT BE IN PLACE AND ONGOING

The “Iraqibacter” crisis during OIF demonstrated the
absence of a systematic, structured approach to captur-
ing combat-related infection events or organisms for
characterization. Although this need was quickly recog-
nized, multiple barriers toward meeting research gaps
existed, including logistical and legal constraints related
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to performing operational research. For years, research
was limited to retrospective data analyses performed
after a proactive clinician’s deployment, or collected
outside the combat zone altogether and performed in a
fragmented fashion by different investigators in differ-
ent organizations, limiting generalizability. The Army
ultimately arranged some deployments specifically for
research, including infectious disease research, and the
DoD Trauma Registry (DoDTR) was modified to bet-
ter capture infectious disease events. In 2008, the first
set of clinical practice guidelines relating to prevention
of infection in combat casualties was published, and a
significant update was published in 2011 and endorsed
by the Surgical Infection Society and the Infectious Dis-
ease Society of America.”® In 2009, the Trauma Infec-
tious Disease Outcomes Study (TIDOS), a project of the
Infectious Disease Clinical Research Program, was ini-
tiated and began prospectively enrolling evacuated com-
bat casualties. At the same time, the Multidrug-resistant
Organism Repository and Surveillance Network began
collecting isolates to evaluate relatedness and resistance,
and conduct global molecular epidemiology. The first
generalizable knowledge extracted from either of these,
however, was 2011, approximately 9 years into combat
operations. Systems such as these require ongoing fund-
ing and support even in the interconflict period to pre-
vent similar delays in the next conflict.

LESSON #1. THE STATUS QUO IS UNACCEPTABLE; BUT
IC MEASURES ARE EFFECTIVE IN THE OPERATIONAL
ENVIRONMENT

As previously stated, 27% to 50% of US casualties
evacuated from the combat zone develop HAI (National
Healthcare Safety Network-defined), an astonishingly
high rate for largely preventable complications, with
serious effect on these patients.! Direct comparison to
HAI in US-based civilian trauma is challenging based
on different mechanisms of injury and population as
well as methodologies of TIDOS versus other prospec-
tive trauma infectious disease studies. However, trauma
registry studies were conducted out of BAMC, a Level
I trauma center, and the DoDTR, with nearly identi-
cal methodologies. The BAMC study, which excluded
combat casualties, demonstrated an 8% infection rate
vs the DoDTR study, which demonstrated infection in
one-third of subjects.'™® Notably, the DoDTR’s median
injury severity score was higher, but the population at
BAMC was older and had a higher proportion of medi-
cal comorbidities. Infections in combat casualties occur
amedian of 7 days after injury, well after evacuation out
of theater. Therefore, the practitioners in Level I and 111
facilities may remain largely unaware of the complica-
tions their patients are developing, and attitudes toward
IC in theater may be similarly uninformed.'

116

Fortunately, basic IC interventions are effective in the
operational environment, just as they are in garrison. A
study evaluating the effects of basic interventions in-
cluding hand hygiene attention and surveillance, imple-
mentation of ventilator-associated pneumonia (VAP)
bundles, and antimicrobial stewardship, was performed
by Landrum et al'’ at Balad Air Force Theater Hospital,
Iraq. At the time, this facility was a series of intercon-
nected tents. This demonstrated a rapid reduction in the
VAP rate from 60 to 11 per 1000 ventilator days and im-
provement in the facility’s antibiogram, with improve-
ments in ABC susceptibility to both amikacin and me-
ropenem. In 2011, similar interventions were conducted
at Craig Joint Theater Hospital, Bagram, Afghanistan,
during OEF’s peak in combat casualties, with approxi-
mately 600 ICU patients treated from June to December.
With basic interventions such as ensuring widespread
availability of alcohol-based hand rub and conducting
hand hygiene surveillance, we observed an increase in
adherence from 28% to 80% in the ICU in one month
which was sustained over those 6 months. The VAP rate
was reduced from 40 to 13 per 1000 ventilator days over
the course of 6 months; both these were sustained at
6-month follow up in 2012. Adherence to CPG recom-
mendations for antimicrobial prophylaxis was evaluated,
with feedback given locally in areas of concern, and the
admission overprint revised to guide more appropriate
prescribing. Theater-wide errors in microbiology re-
porting of ESBL producing pathogens were also detect-
ed and corrected, and antibiograms revised accordingly
(H. C. Y., unpublished data).

However, there is considerable room for progress in
the formulation and implementation of IC policies and
procedures in the operational environment. Success-
ful interventions have been fragmented, limited to one
hospital or another at various times, and often “targets
of opportunity” driven by clinicians deployed for other
purposes. Dedicated deployments of experts in 2008,
2009, and 2012 to assess IC demonstrated ongoing in-
consistencies in a number of areas. These included pre-
deployment training of IC officers; development and
application of theater-wide IC and bloodborne pathogen
exposure policies; deployed microbiology capabilities;
and contracts, supplies, and equipment relating to IC
and hospital cleaning. It is also clear from experience
that if little attention is paid to IC during stability op-
erations, even less may be present during entry. These
represent ongoing threats and vulnerabilities.

RECOMMENDATIONS

Recommendations about further investment in IC have
been previously published and are summarized in the Ta-
ble. These relate to command support and administrative
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Specific Infection Prevention

Areas for Prioritization in Deployed Military Treatment Facilities.*

Focus area

Recommendation

Command Support/

e Establish joint, theater-level expert consultant responsible for directing IC activities from Levels I-1V,

Administrative Controls
Establish theater-level IC SOPs.

including annual risk assessments and plans.

Commit to deployed expert microbiology support and integrated surveillance for HAls and MDROs.
Commit to ongoing education for deploying and deployed infection preventionists and clinicians.
Commit to resourcing clinically relevant IC/HAI research in theater.

Commit to resourcing updated clinical practice guidelines.

Essential IC Tactical
Priorities

of sterile supplies.

Follow national and international guidelines for prevention and treatment of HAI.

Implement robust hand hygiene programs and monitor adherence.

Implement VAP bundles and monitor adherence.

Implement evidence-based SSI prevention measures.

Emplace BBP occupational exposure protocols and ensure available prophylaxis.

Ensure cohorting of short-term vs long-term patients.

Standardize environmental disinfection, including both low- and high-level disinfection, and processing

e Implement antimicrobial stewardship programs and monitor adherence with published guidelines.

*Data source: Hospenthal et al.2°

IC indicates infection control; SOP, standard operating procedure; HAI, healthcare-associated infection; MDRO, multidrug-resistant organism;
VAP, ventilator-associated pneumonia; SSI, surgical site infection; BBP, bloodborne pathogen.
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OPERATIONAL SYSTEM CHALLENGES

Medical Logistics Lessons Observed
During Operations Enduring Freedom

and Iraqi Freedom

ABSTRACT

COL Mark J. Dole, MS, USA
COL (Ret) Jonathan M. Kissane, USA

Medical Logistics (MEDLOG) is a function of the Army’s integrated System for Health that provides the medical prod-
ucts and specialized logistics services required to deliver health protection and care under all operational conditions. In
unified land operations, MEDLOG is an inherent function of Health Service Support (HSS), which also includes casualty
care and medical evacuation. This paper focuses on a few key lessons observed during Operations Enduring Freedom and
Iraqi Freedom with direct implications for the support of HSS in future operations as envisioned in the Army Operating
Concept and the Joint Concept for Health Services. It also examines a few key enablers that helped mitigate these chal-
lenges that are not yet fully acknowledged in Army Medical Department doctrine, policy, and planning.

Healthcare delivery relies intensively on medical prod-
ucts and specialized logistics services provided by med-
ical logistics (MEDLOG). Under the best of conditions,
MEDLOG is a complex and challenging discipline. In
unified land operations, the demands of Health Service
Support (HSS) and the nature of its materiel require-
ments have resulted in common observations as far back
as the American Civil War!:

» Preferred medications were not on table of supplies.

» Military doctors lacked knowledge of military
procedures.

» Transportation of medical materiel had low priority.

» Medical supplies were left behind in order not to
affect movement.

» Equipment and supplies were required to care for in-
digent volunteers, displaced persons, and refugees.

After a decade of HSS support during Operations En-
during and Iraqi Freedom (OEF/OIF), there are numer-
ous examples of Army MEDLOG challenges as well as
accomplishments. In particular, experiences during the
early days of these conflicts—before mature forward
operating bases could sustain communications and dis-
tribution channels—may be especially relevant to the
future operating environment envisioned in the Army
Operating Concept (AOC)? and the Joint Concept for
Health Services (JCHS).?

MEDICAL LOGISTICS CHALLENGES

The following observations from OEF/OIF demonstrate
the complexity of medical logistics, its need for agility

April — September 2016

to respond to the dynamic demands of HSS operations,
the perishability of MEDLOG skills, and its often low
priority in planning and/or in expeditionary operations.

Modularity

The Army medical capabilities deployed into Kuwait,
Afghanistan, Iraq, and the Horn of Africa included so-
phisticated medical technologies distributed across the
battle space in small, modular elements. Combat sup-
port hospitals and forward surgical teams, regardless
of formal organization, were split-based into 2 or more
operating locations with varying support relationships.
This means of employment is consistent with the future
operating environment described in the AOC and JCHS,
where joint forces will be expected to deploy long dis-
tances to and from dispersed locations and operate in
often austere and contested environments. The need for
redundancy in equipment to support such modularity,
both clinical and logistical (eg, power, shelter, mobil-
ity), will be considered in Army Medical Department
(AMEDD) force design updates; however, the impli-
cations for synchronizing and delivering medical sup-
plies and maintenance support are equally profound. In
OEF/OIF, small and dispersed medical elements gener-
ated significant, specialized supply and maintenance de-
mands but had limited self-sufficiency and minimal (if
any) organic personnel to manage logistics. Future med-
ical capabilities, especially at the prehospital levels, will
likely incorporate even more advanced trauma manage-
ment capability with associated specialized logistics
requirements. This has major implications for the the-
ater HSS system’s ability to gain visibility of MEDLOG
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requirements, make timely and informed decisions for
prioritization, and allocate necessary resources through
available distribution channels.

Variation

The majority of OEF/OIF medical materiel demands
did not match items in unit medical assemblages or the
Class VIII (medical) supplies prepositioned in the the-
ater to sustain those assemblages. Allowance standards
for Army medical assemblages are designed to provide
specific capabilities for 72 hours of combat operations.
During 2003, only 32% of Class VIII demands gener-
ated by joint medical forces matched the Medical Con-
tingency File, a database maintained by the Defense
Logistics Agency (DLA) listing supply items in the mil-
itary services’ medical allowance standards.* As a con-
sequence, medical units commenced line item ordering
of additional, unanticipated items almost immediately
upon arrival in theater. Based on the authors’ observa-
tions, medical units’ demands for materiel above allow-
ance standards began during joint reception, staging,
and onward integration (JRSOI) when demands were
predominantly driven by primary care to US person-
nel, and continued with the advent of casualty care. Unit
allowance standards were particularly inadequate for
the breadth of patient populations treated; eg, enemy
prisoners of war, displaced persons, and other civilians,
especially children. Similarly, unit assemblages did not
accommodate the preference/experience of initial and
rotating clinicians, particularly for specialized capabili-
ties such as neurosurgery. Furthermore, the processes
for service-specific joint urgent operational needs in-
troduced additional medical technologies with minimal
consideration for theater standardization, repair parts,
or maintenance training. Given the operational and fi-
nancial constraints in medical set design, it is unlikely
unit assemblages can ever meet the breadth of medical
materiel requirements associated with the range of pos-
sible HSS missions; yet there will continue to be little
tolerance for failure in meeting these requirements. This
has significant implications for the AMEDD’s ability to
anticipate, identify, and respond to medical supply and
maintenance requirements beyond the initial capabili-
ties offered by unit allowance standards.

Perishable Skills

Medical logistics is a skilled discipline that requires ex-
perience to maintain competence in systems, procedures,
and problem solving. Given the modular and dispersed
nature of current MEDLOG capabilities, there are lim-
ited opportunities for technical mentorship of deployed
logisticians as well as for nonlogisticians who must en-
gage the logistics system for support. In the early months
of OEF/OIF, it was clear that home station training and
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experience did not adequately prepare Soldiers and
units to meet the MEDLOG challenges of actual HSS
operations. Garrison tasks for medical units are general-
ly limited to set maintenance, with little exposure to the
dynamics of sustaining healthcare operations. Few, if
any, Army medical logistics companies have opportuni-
ties to perform supply support activity functions while
at their home station. As a consequence, the authors ob-
served that many MEDLOG Soldiers (and leaders) ar-
rived unprepared to connect and use automated systems
and instead relied on manual (such as paper, phone, or
email) processes. The US HSS assessment conducted in
2011 in the Afghanistan combined joint operations area
also noted the need for rigorous professional develop-
ment for medical logisticians through active garrison
mission or more specialized training.’ The nature of the
future operating environment and rapid employment of
modular, highly sophisticated medical capabilities have
significant implications for maintaining ready skills of
medical logisticians to quickly establish and synchro-
nize medical supply and maintenance support.

Priority

Medical materiel frequently did not have sufficient pri-
ority to compete for available transportation. Although
OEF/OIF distribution channels ultimately became suf-
ficiently robust that MEDLOG priority was seldom an
issue, this was not the case in 2003 when MEDLOG
capabilities as well as materiel often experienced lower
priority for movement in both strategic and intratheater
channels. The MEDLOG battalion with the mission to
establish Class VIII distribution for JRSOI arrived in
Kuwait with capabilities needed to receive cold chain
and controlled substances barely 10 days before the in-
vasion commenced on March 19. This created backlogs
in the United States and Europe for planned shipments
of pharmaceuticals, vaccines, and laboratory reagents,
and further burdened strategic air channels with addi-
tional medical materiel needed to support healthcare to
gathering forces. A lower priority for medical materiel
could be attributed to the fact that combat and com-
bat support capabilities, as well as commodities such
as ammunition, repair parts, food, and water routinely
have transportation precedence as mission commanders
build and sustain combat power. However, the lack of
medical priority often resulted because mission com-
manders did not have sufficient awareness of the actual
state of medical readiness. A contributing reason was
a lack of Class VIII visibility in logistics systems used
for Army sustainment, however, status reporting by
medical units frequently did not reflect medical supply
or maintenance as constraints for mission readiness. In
future operations, US forces may not have uncontested
access into an area of operations or ready availability of
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commercial carriers; therefore, competition for distribu-
tion resources will likely remain the norm throughout
all phases of operations. This has significant implica-
tions for the AMEDD’s ability to identify and manage
its requirements in order to optimize use of available
distribution resources, and to provide accurate and time-
ly situational awareness of medical materiel constraints
to mission commanders who set movement priorities.

MEDICAL LOGISTICS ACCOMPLISHMENTS

Prior to 2002, there was no MEDLOG infrastructure
in the US Central Command (CENTCOM) for sustain-
ing HSS in land operations. The 3rd Medical Com-
mand (Deployment Support (DS)), as the senior Army
medical mission command for the 3rd US Army, was
tasked to plan and execute single integrated medical lo-
gistics management responsibilities for the support of
joint medical forces. The Medical Materiel Readiness
Assessment conducted in 2007 for the DLA provides a
succinct overview of how the 3rd Medical Command
(MEDCOM) (DS) established and adapted MEDLOG
support from theater opening through the beginning of
the “surge” in 2007.°

Despite the significant challenges, the AMEDD was re-
markably successful in its MEDLOG support of Army
and joint medical forces during OEF/OIF. The dedica-
tion and skill of medical logisticians across the force
were indispensable in establishing a responsive and ag-
ile support framework; however, of equal importance
were a few key decisions and enablers not yet fully ac-
knowledged in AMEDD doctrine, policy, and planning.

6th Medical Logistics Management Center

The 3rd MEDCOM effectively used the 6th Medical Lo-
gistics Management Center (MLMC) to establish a re-
sponsive, adaptable, and enduring framework for theater
MEDLOG support. The MLMC provided senior, skilled
leadership to organize and establish a provisional medi-
cal materiel center (MMC), the US Army Medical Mate-
riel Center, Southwest Asia (USAMMC-SWA) to serve
as a theater-level platform for the intratheater medical
supply chain and maintenance support. The 3rd MED-
COM facilitated this by assigning the MLMC com-
mander (grade O6) operational control of 2 MEDLOG
battalions (388th and 428th) to allow optimal allocation
of personnel and skills between a primary theater distri-
bution center in Qatar and a forward distribution point
for JRSOI in Kuwait. While USAMMC-SWA manning
has changed consistent with the Army’s theater pos-
ture, it continues to serve as a provisional organization,
commanded by a medical logistician (grade OS5). The
USAMMC-SWA still provides CENTCOM a stable and
capable platform for managing intratheater distribution

April — September 2016

of critical Class VIII supplies, including cold chain and
controlled substances, and for staging specialized medi-
cal maintenance capabilities provided by the US Army
MEDCOM. Experiences in OEF/OIF demonstrated
the importance of an AMEDD capability to establish a
theater MMC, led by senior medical logisticians, to ef-
fectively open and sustain HSS in distant land theaters.
With the removal of medical logistics battalions from
the AMEDD force structure, the 6th MLMC’s modu-
lar, theater-aligned organization and centralized MED-
LOG management mission are critically important for
projecting this capability. This important role may be
implied, but is not specifically reflected in Army MED-
LOG doctrine.

Medical Supply Automation

Key medical logistics systems at user (DCAM?) and
enterprise (TEWLSP) levels enabled an end-to-end sup-
ply chain between customers and theater/strategic Class
VIII sources. In OEF/OIF, nearly all deployed medical
units below theater hospital used DCAM to perform
user-level Class VIII supply functions. In view of chal-
lenges previously discussed (modularity, variance, per-
ishable skills), DCAM was valued for its simplicity (es-
pecially for use by nonlogistics personnel), access to
supplier catalogs, and “store and forward” utility with
intermittent communications. It should be noted that
its most significant challenge, firewall barriers that im-
pede access to communications networks, will soon be
addressed using enterprise capabilities of the Defense
Information Systems Agency. In 2009, the AMEDD
replaced its legacy materiel management system at
USAMMC-SWA with TEWLS, an enterprise resource
planning solution integrating Class VIII management
across all Army MMCs. The TEWLS enabled central-
ization of key medical materiel management functions
and improved synchronization of data among customers,
MMCs, and commercial suppliers. It also facilitated the
balancing of stocks and workload driven by changes in
theater operations between USAMMC-SWA and the US
Army Medical Materiel Center-Europe (USAMMCE).
These observations are not intended to endorse specific
systems; rather, they highlight the enterprise capabili-
ties critically needed by the AMEDD to effectively and
efficiently manage MEDLOG in future HSS operations.
The dispersion of small, highly sophisticated medical
capabilities (including MEDLOG) will require logistics
and nonlogistics personnel alike to have reliable access
to MEDLOG information, and for theater logistics man-
agers to have near real-time visibility of MEDLOG re-
quirements and resources to optimize use of constrained

4Defense Medical Logistics Standard Support Customer Assistance
Module
bTheater Enterprise Wide Logistics System
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Key DOTMLPF@ Implications for MEDLOG Lessons Observed.
Doctrine e Recognize in AMEDD doctrine (eg, ATP 4-02.1°) and policy (eg, AR 40-61°) the role of key MEDCOM organizations
and Policy (MMCs, USAMMA, Installation Medical Supply Activities) in direct support of operating forces.

e Recognize in AMEDD doctrine the requirement to establish, when necessary, a provisional MMC to provide theater-
level MEDLOG, and the role of the MLMC in enabling that capability. Recognize in AMEDD doctrine the technical align-
ment of supply support functions provided by Army MEDLOG Companies with medical materiel management that is
centralized at theater-level MMC or MLMC.

Training e Ensure rigorous professional development for medical logisticians through active garrison missions for MEDLOG
units and medical proficiency training in the Army’s Health Readiness Platforms.

Leader e Ensure leader development of medical mission commanders and staff promotes their ability to plan, manage, and

Development appropriately advocate for MEDLOG support in HSS operations.

Materiel e Leverage existing and emerging enterprise information technologies to connect deployed medical elements with MED-
LOG sustainment capabilities and enable effective management of theater MEDLOG requirements and resources.

2Doctrine, organization, training, materiel, leadership & education, personnel, facilities

bArmy Techniques Publication 4-02.1: Army Medical Logistics’

CArmy Regulation 40-61: Medical Logistics Policies®

distribution channels. It will also require the ability to
apply skilled management and technical oversight of
MEDLOG capabilities distributed in companies and
teams across the battlespace.

Theater Support by MEDCOM Organizations

Institutional (TDA®) organizations of the US Army
MEDCOM have provided CENTCOM critical MED-
LOG capabilities in direct support of theater operations
from the onset of OEF/OIF. The USAMMCE served as
the strategic MEDLOG platform for opening the theater
and assisted the 6th MLMC in establishing USAMMC-
SWA. It remains in direct support of USAMMC-SWA,
performing most materiel management functions in-
cluding master data, customer order processing, and
commercial supplier relations, as well as providing tech-
nical training for personnel rotating into USAMMCE-
SWA and other key theater positions. The US Army
Medical Materiel Agency (USAMMA) has provided
specialized medical maintenance capabilities through
Forward Repair & Maintenance-Medical teams as an
extension of its national maintenance program. Also,
during early phases of OEF/OIF, Army medical cen-
ters in the United States provided “reach” supply sup-
port for selected products required by clinical special-
ists, especially for neurosurgery and burn care. These
observations are significant because they demonstrate
essential MEDLOG capabilities that are not resident
in operating forces; that is, Army and joint medical
forces deployed in land operations will require MED-
LOG capabilities provided only by Army MEDCOM’s
institutional organizations. This direct support of oper-
ating forces by MEDCOM organizations leverages and
extends business processes, systems, and supplier rela-
tionships honed for efficient peacetime operations in the

Department of Defense direct care system, and “blurs
the line” between the AMEDD’s institutional and oper-
ating units and functions.

SUMMARY

These lessons from the opening phase of OEF/OIF high-
light challenges applicable to HSS in future operations
characterized by tailored, modular, medical forces oper-
ating far from sustaining capabilities in austere environ-
ments. They also demonstrate the importance of MED-
LOG capabilities resident in institutional MEDCOM or-
ganizations to provide the operational reach and agility
necessary to establish and sustain HSS in unified land
operations. The key DOTMLPFY implications of MED-
LOG lessons observed from OIF/OEF are presented in
the Table.
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During the Vietnam War (1965-1973),

the US Army suffered a severe breakdown
in soldier morale and discipline in Vietnam
—matters that not only are at the heart of
military leadership but also ones that can
overlap with the mission of Army psychiatry.
The psychosocial strain on deployed solders
and their leaders in Vietnam, especially during
the second half of the war, produced a wide
array of individual and group symptoms
that thoroughly tested Army psychiatrists
and their mental health colleagues there.

In the aftermath of the Vietnam War,

the Army Medical Department apparently
intended to sponsor a history of Army
psychiatry along with other medical
specialties, but that project was never begun.
This book seeks to consolidate a history of
the military psychiatric experience in
Vietnam through assembling and
synthesizing extant information from a wide
variety of sources, documenting the successes
and failures of Army psychiatry in responding
to the psychiatric and behavioral problems
that changed and expanded as the war became
protracted and bitterly controversial.
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Planning Staff and Space Capacity
Requirements during Wartime

Elisa B. Kepner, MSSE
Rachel Spencer, MSN

ABSTRACT

Determining staff and space requirements for military medical centers can be challenging. Changing patient
populations change the caseload requirements. Deployment and assignment rotations change the experience
and education of clinicians and support staff, thereby changing the caseload capacity of a facility. During
wartime, planning becomes increasingly more complex. What will the patient mix and caseload volume be by
location? What type of clinicians will be available and when? How many beds are needed at each facility to
meet caseload demand and match clinician supply? As soon as these factors are known, operations are likely to
change and planning factors quickly become inaccurate. Soon, more beds or staff are needed in certain loca-
tions to meet caseload demand while other locations retain underutilized staff, waiting for additional caseload
fluctuations. This type of complexity challenges the best commanders. As in so many other industries, supply
and demand principles apply to military health, but very little is stable about military health capacity planning.
Planning analysts build complex statistical forecasting models to predict caseload based on historical patterns.
These capacity planning techniques work best in stable repeatable processes where caseload and staffing re-
sources remain constant over a long period of time. Variability must be simplified to predict complex opera-
tions. This is counterintuitive to the majority of capacity planners who believe more data drives better answers.
When the best predictor of future needs is not historical patterns, traditional capacity planning does not work.
Rather, simplified estimation techniques coupled with frequent calibration adjustments to account for environ-
mental changes will create the most accurate and most useful capacity planning and management system. The
method presented in this article outlines the capacity planning approach used to actively manage hospital staff

and space during Operations Iraqi Freedom and Enduring Freedom.

SITUATION

As a planner, you are required to determine how many
people, how much space, and how much money you
need to meet the projected caseload demand. In the best
case, you build out your caseload demand (most likely
and worst case), estimate full time equivalents based
on established ratios, and secure space, equipment, and
funding. Then you execute the plan and hope your esti-
mates are correct. In the worst case, you take any staff,
space, and funding you can get and make it work hoping
your team never runs out of medical capacity when it is
needed most.

As a planner you know many of your planning factors
change frequently. Number and type of cases, number
of clinical spaces, and availability of types of clinicians
and support staff fluctuate in the military medical envi-
ronment. Maybe you are conservative and usually esti-
mate that you need more staff and more funding to meet
the worst-case planning scenario. Perhaps you tend to
believe your team can handle large fluctuations in case-
load and underestimate the staff, space, and funding
needed to meet caseload demand.
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Then things change: conflicts arise, war breaks out, nat-
ural disasters occur, or other humanitarian support is
required. Now you have to plan for a new set of require-
ments. How do you forecast your needs? How do you
know what your actual capacity is with the current staff,
space, and funding available to your team given the type
of cases you are likely to see?

How do you plan, then manage, your operational capac-
ity efficiently, effectively, and quickly?

PLANNING METHODS FOR COMPLEX OPERATIONS
Current Planning Methods

Planning has come a long way from the days of simpli-
fied estimation techniques. Over the last 40 years the op-
erations research and systems analysis (ORSA) commu-
nity has developed a variety of complex modeling tech-
niques making it possible to accurately predict many
planning factors. Planning outcomes account for cumu-
lative variability across the process. Complex computer
simulation models must be used to approximate overall
system capacity given the variability of the steps with-
in the processes. Input parameters such as processing
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THE ARMY MEDICAL DEPARTMENT JOURNAL

times and other planning factors are calculated by devel-
oping statistical distributions through highly complex
statistical analysis of historical data. These input factors
are then used in the simulation to determine a single
outcome or set of planning parameters.

This approach can be time consuming, costly, and in-
flexible to changing environmental factors. Cumulative
variability becomes cumulative error when input param-
eters are changing or unknown. Flexibility, accuracy,
and speed are key to wartime capacity planning. When
current ORSA planning methods do not meet these re-
quirements, what other methods exist?

Updated Planning Methods for Complex Systems

It appears the planners from many years ago may have
had it right: estimation techniques work. Many years
before computers, planners used high level measures to
estimate staff and space requirements. Today, planning
capacity using simplified estimation techniques has
proven to be more accurate, more flexible, and less time
consuming than newer planning methods. Combining
estimation techniques with new insight around behav-
ior of complex systems allows planners to predict and
manage operational parameters accurately and quickly.
These planning methods work in many different envi-
ronments and are better suited for wartime planning
activities.

This approach to planning focuses on finding key opera-
tional driver(s) most closely correlated to the capacity
metrics. As drivers change, so do the capacity require-
ments. This method removes the need to collect exten-
sive data on all processes, staff, and patient caseload.
Instead, planners can now focus on monitoring and
controlling only a few key factors that will accurately
predict capacity. Given that complex systems frequently
change, drivers will likely change as well. Continued
model calibration and validation is critical when using
this simplified planning approach.

Simplified Capacity Planning

The following section outlines the 5 key steps to imple-
menting a simplified capacity planning approach. Ex-
amples from Operations Iraqi Freedom and Enduring
Freedom are documented below.

1. Understanding the planning request and related
metrics.

What are you trying to predict?

How much capacity will be available?

How many staff members are needed?

How much money is needed?

How many operating room hours are needed?
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2. Determine drivers that predict metrics.

What factors effect what you want to predict?

What factor or type of case(s) use the greatest
quantities of staff and/or space because of
volume, time, and intensity?

What type of case(s) have a wide range of volume,
time, and intensity requirements?

3. Create predictive algorithm.
f(driver)=predicted metric
f(driver)=driverx(a+b)

SIMPLE EXAMPLE (1)

Description

The facility needs to manage intensive care unit (ICU)
utilization for all wounded, injured, or ill (WII) and has
a simple way to measure incoming WII rates.

There are 36 ICU beds and the facility targets an 80%
or less utilization to ensure emergency surge capacity in
the ICU.

Predicted metric: needed number of ICU beds
occupied by WII or ICU

Driver: Mean of WII arriving weekly: u=12, 6=6
Where: WII weekly mean=p=12

WII likely worst case: p+1c=12+(1x6)=18/week
WII today=10

Note: The factor of p+lc is a good approximation of the

“most likely worst case” value, meaning that this capac-
ity requirement will likely occur a few times during a
planning season, such as the summer.

Using lo is key. Any higher ¢ factors will plan too many
staff, space, and budget requirements for the majority
of the operations. Instead, use 1o to ensure staff is ef-
ficiently used and develop a management control dash-
board to quickly identify upcoming surges in caseload
where operational adjustments may be necessary.

a=mean length of stay in weeks: p=1.8 weeks
b=0

f(12)=(12x1.8)+0=22
f(12+6)=(16x1.8)+0=32
f(10)=(10x1.8)+0=18

Outcome: The ICU has capacity for the current rate and
the mean rate of WII and will likely begin to run out of
capacity under predicted higher demands as displayed
in Table 1.
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OPERATIONAL SYSTEM CHALLENGES

Table 1. Example 1 Output. Table 2. Example 2 Output. f(9):(9>< 1~6)+7=21
wil Icu wil Tgtal IcU f(9+4)=(13x1.6)+7=28
ensus
Amputees | Daily R _ _
per Census Amout (I\)NI_Irn:n WiD S(N=(1x1.6)+7=18
mputees ally census .
Week | (mean) er mean Outcome: The ICU has capacity for
6 11 p (mean) pacity
Week the current rate and the average rate of
8 L 2 10 WII and will likely almost run out of
Today 10 1 3 12 capacity multiple times during a plan-
Mean 12 22 5 15 ning season as displayed in Table 2.
14 25 Today 7 18 ) ) )
16 29 Mean 9 21 The recommendation is to divert or
Likely worst case 18 32 1 25 postpone non-WII patient care when
20 36 Likely worst case 13 28 the average number of amputees be-
gins to increase in preparation of the

MORE COMPLEX EXAMPLE (2)
Description

The facility needs to manage ICU utilization for all WII
but does not have a way to measure incoming WII rates
easily. Amputees are more than 50% of the caseload of
WII patients because of volume and bed days. Addition-
ally the facility needs to use some of beds for non-WII
patients.

There are 36 ICU beds and the facility targets an 80%
or less utilization to ensure emergency surge capacity
in the ICU.

Predicted metric: needed number of ICU beds
occupied by WII or ICU

Driver: Mean of amputees (Amp) arriving weekly:
u=9,0=4

Where: WII weekly mean=p=9
WII likely worst case=13 per week
WII today=7

a=scaling factor: n=1.6

Scaling factor considers the length of stay (LOS) for am-
putees in weeks, LOS for nonamputees, and ratio of WII
to amputees.

Note: The scaling factor is most easily developed by
taking periodic samples of the key factors including
the predicted metric and likely drivers. After collecting
multiple samples, develop an equation to determine the
scaling factor. If the driver has been accurately identi-
fied, this step is easy. If the driver is a combined set of
drivers, analytic support will likely be required to per-
form correlation analysis and develop the scaling factor.

b=mean number of beds used by non-WII: p=7 beds
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“likely worst case” levels.
NATIONAL CAPITAL REGION EXAMPLE

Table 3 is an example of the model used by JTF National
Capital Region Medical during 2010 through 2013 to
manage capacity in that region. The red 12 represents
the number of amputees arriving on a weekly basis with
a moving average of 4 weeks. The model accurately pre-
dicted the number of WII in the ICU, medical surgical,
and operating rooms on a weekly basis. The model was
calibrated for low season and high season fighting twice
a year and remained accurate throughout the years.

Table 3. National Capital Region
Example.
Wil ICU Med OR
Surg Hours
Amputees | Daily | Daily WII Wil
per Census | Census | Hours
Week (mean) | (mean) per
Week
2 1 10 48
4 2 19 96
6 3 29 143
8 4 39 191
10 5 49 239
12 5 58 287
14 6 68 335
16 7 78 383
18 8 87 430
20 9 97 478
22 10 107 526
24 11 117 574
26 12 126 622
28 13 136 670
30 14 146 717
32 15 155 765
34 16 165 813
36 16 175 861
38 17 185 909
40 18 194 957
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4. Establish reporting and forecasting tools to manage
operations.

The examples from step 3 represent one of the many
types of management tools that can be developed us-
ing this methodology. Thresholds for drivers should be
determined and tracked in weekly operational reports.
As thresholds are exceeded, action should be taken to
adjust available capacity through adding resources and/
or adjusting caseload requirements.

5. Track accuracy of algorithm and calibrate as
necessary.

It is important to check the accuracy of the algorithm. In
the beginning, the accuracy should be validated weekly
until the model moves towards steady state. Afterwards,
algorithm validation should occur monthly or quarterly
to ensure the driver and scaling factor are still correct.
Adjustments such as types of cases, number of cases,
types of available clinicians, and changes in available
space can all change the driver or scaling factor.
Validating the algorithm follows the same steps outlined
in this article.

APPLICATIONS

The basic approach can be applied to predict many dif-
ferent capacity factors. Some areas studied during 2010
to 2013 include:

e [Locations: Walter Reed Army Medical Center, Na-
tional Naval Medical Center, Fort Belvoir Commu-
nity Hospital, San Antonio Military Medical Center,
San Diego Naval Medical Center, National Intrepid
Center of Excellence for Traumatic Brain Injury,
and Kimbrough Ambulatory Care Center.

e Areas of Study: WII inpatient and outpatient care,
mental health inpatient and outpatient care, reha-
bilitation staff and space requirements, orthope-
dic staffing requirements, housing requirements,
Wounded Warrior roadmap, and regulation of WII
patients to medical facilities.

CONCLUSION

Complex operations can be managed through simple
estimation models. It is often no longer necessary to
spend excessive amounts of time and money estimat-
ing operational capacity if the dynamics of the system
do not require it. Several elements of the DOTMLPF*
could use this approach: organization, materiel, leader-
ship, personnel, facilities.
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Military Sleep Management:
An Operational Imperative

ABSTRACT

COL Vincent Mysliwiec, MC, USA
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LTC Jacob Collen, MC, USA
Nancy Wesensten, PhD

Sleep is critical for military operational readiness but is commonly disregarded during operational planning.
The start of combat operations with Operation Iraqi Freedom saw a dramatic rise in diagnosis rates of clini-
cally significant sleep disorders among officers and enlisted. This coincided with a parallel rise in behavioral
health disorders. In this article, the etiology of sleep problems and sleep disorders in our military population
is reviewed, and guidance is provided for improving sleep health in our military population. It is our view that
appropriate sleep planning and management affords military units and commanders a near-term tactical ad-
vantage in terms of maintaining alertness, a midterm tactical advantage of decreasing susceptibility to sleep
and behavioral health disorders, and a long-term strategic advantage with increased readiness and resiliency

of their Soldiers.

Decades of research have demonstrated conclusively
that sleep sustains cognitive abilities ranging from
simple speed of responding to problem solving, flexible
thinking, and the ability to integrate new information
into a common mental model.!?> These mental processes
underlie successful military operations. Thus, sleep is
a vital military resource. However, military operations
are usually prolonged, stressful, and take place in aus-
tere environments, predisposing Soldiers to insufficient
sleep.

Sleep planning and management are force multipliers. In
contrast, when sleep is not prioritized and appropriately
managed, consequences are not limited to decreased
military readiness but also include degraded mental and
physical health. Lack of sleep planning and manage-
ment appears to drive a negative feedback loop in which
overall sleep health is degraded by maladaptive sleep
habits and practices. The consequences of inadequate
sleep planning and management were highlighted in
the recent RAND report, Sleep in the Military,> where
nearly 50% of military personnel screened positive for
disturbed sleep.

Operation Iraqi Freedom, Operation Enduring Freedom,
and Operation New Dawn (OIF/OEF/OND) posed un-
precedented challenges for sleep management prior to,
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during, and after deployment. All branches of the mili-
tary saw a significant increase in the diagnosis of sleep
disorders in the active duty and veteran populations over
the course of these operations.* The etiology of these
sleep disorders is multifactorial: substandard sleep envi-
ronments; continuous operations; preexisting poor sleep
practices; and perhaps most importantly, the lack of rec-
ognition at the individual and organizational level of the
importance of maintaining healthy sleep practices.

In this article, we review factors that affect sleep in the
deployed setting and their relationship to sleep disorders
diagnosed in Soldiers who deployed in support of OIF/
OEF/OND. We also describe associations between sleep
and behavioral health disorders as well as other comor-
bidities. We discuss appropriate treatment of sleep dis-
orders in the military population. Our objective is to
provide recommendations to improve sleep in future op-
erational environments not only as critical operational
enablers but also as preventive measures to reduce the
likelihood of Soldiers developing sleep disorders as a
consequence of their deployment.

SLEEP PROBLEMS IN THE DEPLOYED ENVIRONMENT

Despite years of anecdotal evidence that deployed mili-
tary personnel experience sleep problems, it is only re-
cently (within the past 10 years) that deployed Soldiers

http://www.cs.amedd.army.mil/amedd_journal.aspx
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Table 1. Mental Health Advisory Team (MHAT) in-theatre surveys of deployed personnel cited in the text. “J” indicates “joint,” mean-
ing the MHAT survey was administered to more than one branch of military service.

Report Year(s) Year Operations Personnel Documents Available At
Number | Conducted | Published Surveyed
. http://armymedicine.mil/Pages/Mental-Health-Advisory-
\ 2007 2008 OIF, OEF Soldiers Team-V-Information-.aspx
_ . http://armymedicine.mil/Pages/Mental-Health-Advisory-
Vi 2008-2009 2009 OIF Soldiers Team-VI-Information.aspx
. http://armymedicine.mil/Pages/Mental-Health-Advisory-
vi 2009 2009 OEF Soldiers Team-Vl-Information.aspx
Vil 2010 2011 OEF Soldiers, Marines | http://armymedicine.mil/Documents/J_MHAT_7.pdf
Vil 2012 2013 OEF Soldiers, Marines | http://armymedicine.mil/Documents/J_MHAT_8_OEF_Report.pdf
IX 2013 2013 OEF Soldiers http://armymedicine.mil/Documents/MHAT_9_OEF_Report.pdf

were asked about sleep habits and problems as part of
the periodic in-theater behavioral health surveys (Men-
tal Health Advisory Team (MHAT)). Sleep may have
been ignored because the theoretical model of Soldier
well-being that served as the basis for these surveys did
not include sleep as a critical factor.” For MHATs 5-9
conducted between 2007 and 2013 , military personnel
were asked how many hours of sleep they obtained per
day, and in a separate item, how many hours of sleep
per day they needed in order to feel well-rested.®” The
response data are presented in Table 1. For MHAT-5,
Solders reported obtaining an average of 5.6 hours of
sleep per day and needing 6.4 hours sleep to feel well
rested; substantially below the 7-8 hours amounts estab-
lished as necessary for maintaining alertness and mental
performance.'” The operational consequences of insuf-
ficient sleep are not fully known; however, in MHAT-9,8
it was reported that almost 50% of personnel reported
they had fallen asleep on a convoy (a monotonous con-
dition under which sleepiness would be unmasked) and
18.4% on guard duty where vigilance is required and
could pose risks to the unit as well as the potential for
punishment in accordance with Article 113 of the Uni-
form Code of Military Justice.*

The occurrence of an unintended sleep episode requires
a different construct than what is currently viewed as
weakness or laziness. Sleep is a biologic requirement.
Without adequate sleep, the brain does not function op-
timally, predisposing Soldiers to becoming a sleep casu-
alty. The consequences of acute insufficient sleep range
from minimal (ie, sleeping in a convoy while a passen-
ger) to catastrophic (ie, unavoidably falling asleep while
driving a convoy vehicle and causing an accident with
loss of life and property). The long-term consequenc-
es of insufficient sleep, or chronic casualties, include
*The Uniform Code of Military Justice (UCMJ), a federal law (64
Stat. 109, 10 USC, chap 47), is the judicial code which pertains
to members of the United States military. Under the UCMJ, mili-
tary personnel can be charged, tried, and convicted of a range

of crimes, including both common-law crimes (eg, arson) and
military-specific crimes (eg, desertion).
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cardiovascular disease, hypertension, and obesity."' The
overall effect of insufficient sleep, in both the short and
long term, is decreased readiness of the force.

Factors contributing to insufficient sleep in deployed en-
vironments were assessed in MHAT surveys conducted
in 2010, 2012, and 2013. Consistently, as shown in Fig-
ure 1, the 2 factors most frequently reported as inter-
fering with sleep were nighttime duties and poor sleep
environment. Specific components of a poor sleep envi-
ronment that were identified include a lack of adequate
noise and light control, suboptimal physical sleep envi-
ronment (lack of adequate bedding materials and uncon-
trollable temperature variations) and the use of the sleep
quarters for nonsleep activities. For example, nighttime
construction projects (to avoid extreme daytime heat) in
the vicinity of sleeping quarters were frequently cited
as a contributor to a poor sleep environment.'” Addition-
ally, standard military practice is to assign sleep quar-
ters by rank rather than by shift worked. This results in
disrupted sleep, especially for night-shift workers due to
lack of noise and light controls. Other behaviors, based
on anecdotal reports, which likely contributed to insuf-
ficient sleep included communications with family (due
to time zone differences, most service members used
software applications during their nocturnal sleep pe-
riod) and computer games; thereby, service members
would sacrifice sleep for family obligations and leisure
time. Lastly, the deployed setting, which is inherently
dangerous, likely plays a role in disrupting sleep as it
can cause a hyperaroused state.'* Hyperarousal may per-
sist upon redeployment and contribute to the develop-
ment of insomnia.

In order to compensate for insufficient sleep, Soldiers
might use caffeine. In MHAT-7 for example, over 40%
of personnel indicated that they used energy drinks,
noting that in many units energy drinks were part of
the regular unit supply. However, most reported using
2 or fewer per day (the survey did not contain additional
questions about consumption of other forms of caffeine
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B Nighttime Duties
M High Optempo
[ Other M Stress related to combat
W Off-duty leisure activities ll lliness

[ Poor sleep environment

[0 Stress related to personal life and problems

personnel. In contrast, difficulties sleeping
(both acute and chronic) in Soldiers proved
challenging to manage in theater and fol-
lowing redeployment. A common feature

40

of most sleep disorders is that they reduce
total recuperative sleep time, thus degrad-
ing waking function, operational readiness,
and quality of life. Similar to OSA, suc-
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cessfully managing other sleep disorders
would increase the readiness of the force.

Insomnia

% Reporting
N
o

10 1

0

J-MHAT-7 (2010) J-MHAT-8 (2012)

MHAT-8 (2013)

Insomnia is characterized by difficulties
falling asleep and/or staying asleep that
persist for at least 3 months.”” During OIF/
OEF/OND, diagnosis rates of insomnia in-
creased dramatically in all military service
branches.' In the Army, rates increased
from less than 3.6 per 10,000 person-years
in 1998 to almost 432 per 10,000 person-
years in 2012. Insomnia is currently the

branch of service.

Figure 1. Percentage of respondents reporting sources of sleep disturbance in
the deployed environment listed on Mental Health Advisory Team (MHAT) sur-
veys. Results are shown for MHATs conducted in 2010, 2012, and 2013. “J” in-
dicates “joint,” meaning the MHAT survey was administered to more than one

most common sleep-related complaint
among military personnel.” Results from
several studies demonstrated that insom-
nia which develops during active service is

such as coffee, sodas). Stress related to combat, personal
life, and illness were associated with consuming 3 or
more energy drinks per day." It is likely that insufficient
sleep resulted in higher caffeine use as well as the re-
ports of stress.

In sum, evidence from MHAT surveys indicates that the
main sleep problem in-theatre is insufficient sleep driv-
en by night operations and the poor sleep environment.
It is probable that what initially constitutes acute sleep
problems evolves into a chronic sleep disorder over time.
Behavioral factors that developed during deployment
such as the inability to maintain consistent sleep rou-
tines, hyper-arousal, and caffeine consumption likely
contribute to the development of chronic insomnia in
some Soldiers.

SLEEP DISORDERS IN MILITARY PERSONNEL

For a variety of reasons including increased awareness
of sleep disorders and enhanced sleep medicine ser-
vices, the number of sleep study procedures and per-
sonnel tested for sleep disorders increased from 2003
through 2013. Concurrently and for the first time in
modern warfare, Soldiers with diagnosed obstructive
sleep apnea (OSA) were allowed to deploy and their
continuous positive airway pressure (CPAP) treatment
was safely and successfully managed in-theater. The
latter substantially increased the number of deployable
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often resistant to pharmacotherapy and co-
morbid with other conditions, notably behavioral health
disorders and traumatic brain injury.®"” Sedative hyp-
notics were the most commonly prescribed treatment
for sleep disturbances in theater, with up to 11.4% of
military personnel reporting they had taken medication
for a sleep problem.?

While sedative hypnotics are often prescribed for the
treatment of insomnia, cognitive behavioral therapy
for insomnia (CBTi) consisting of sleep restriction and
stimulus control administered by behavioral sleep medi-
cine specialists is recognized as the standard of care.?
These techniques train the individual on sleep-promot-
ing practices and avoid the side effects of sedative hyp-
notics. Results from clinical trials have shown that CBTi
is superior to prescription sleep medications and can be
completed successfully in 4-12 weeks.?! Evidence is ac-
cumulating that CBTi is effective for improving sleep in
veterans.”? Further research is required to determine if
CBTi is equally efficacious in active duty personnel in
garrison and operational environments when adminis-
tered remotely.

Obstructive Sleep Apnea

Obstructive sleep apnea is characterized by repetitive
collapse of the upper airway during sleep, resulting in
disrupted breathing that lowers oxygen levels and causes
brief awakenings that contribute to daytime sleepiness.

http://www.cs.amedd.army.mil/amedd_journal.aspx
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Table 2. Symptoms/comorbidities, preferred modes of treatment, and operational considerations regarding the most common
sleep disorders in active duty personnel.

Disorder

Symptoms/Comorbidities

Treatment

Operational Considerations

Chronic severe
insufficient
sleep (not due
to underlying
sleep or other

Sleepiness during waking
period.

Attention lapses/degraded
mental performance.

Irritability, negative mood.

Increase sleep to 7-8 hours per
24 hours via increased nightly
time in bed, naps, etc.

If due to poor sleep environment,
institute light/sound/tempera-

Until sufficient sleep is restored, Soldier waking per-
formance will remain impaired although subjective
alertness may improve.

Systemic problems related to poor sleep environ-
ment must be addressed at the appropriate

Loud snoring (not always
present).

vices for treating mild OSA.
Prescription stimulants to treat

residual sleepiness are not

recommended.

disorder) ture controls. echelon of command.

Insomnia Difficulty falling asleep. Cognitive behavioral therapy CBTi may take up to 6 weeks to show efficacy; during
Difficulty staying asleep. (CBTI) administered by trained that time, Soldier waking performance may be
Hyperarousal/rumination/ plr_ofhes(ilonal S[celm l_aetatlzco;]n— |mpa|red. . . . .

racing thoughts. plished remotely via telephone). | soldier should relinquish weapon while using
Sleepiness during waking Short-term (<_4 wegeks) use of_ hypnotics. o .
period. nonbenzodiazepine hypnotic If symptoms which impair duty performance do not
under healthcare provider improve after 4 weeks, Soldier should be evacu-
supervision. ated to definitive care.
Obstructive Extreme sleepiness during | Continuous positive airway pres- | Mild asymptomatic OSA (with or without CPAP) does
sleep apnea waking period. sure is standard therapy. not require a waiver to deploy.
(0SA) Gasping during sleep. Mandibular advancement de- Any degree of symptomatic OSA requires evaluation

and waiver for deployment.

Moderate and Severe OSA require evaluation to
document CPAP effectiveness, resolution of symp-
toms, adherence/compliance prior to issuance of
waiver for deployment.

Other forms of sleep apnea (eg, complex sleep ap-
nea and central sleep apnea) are nondeployable.

Mandibular advancement devices as adjunct or
potential replacement for CPAP in moderate and
severe in deployment requires study.

Parasomnias

Walking during sleep.
Nightmares.

Trauma Associated Sleep
Disorder.

Ensure 7-8 hours sleep per 24 to
rule out insufficient sleep as
cause.

Safe sleeping environment with-
out access to weapons, locked
door.

Assess for other comorbid disor-
ders to include post-traumatic
stress disorder.

Parasomnias pose a safety concern anywhere weap-
ons are in close proximity to sleeping quarters.

Service members with documented parasomnias
should be removed from deployed setting and
referred for appropriate specialty evaluation.

Because adequate sleep cannot be ensured
during deployment, documentation of such an
episode should be a discriminator for operational
assignments.

Untreated OSA not only negatively affects the patient,
but the patient’s loud snoring can disrupt sleep in those
sleeping nearby. Notably, moderate and severe OSA
which are not adequately treated can limit a service
member’s ability to deploy.? It is common in the general
population, but prevalence is higher among males, obese
patients (body mass index greater than 30), and those
with posttraumatic stress disorder and/or traumatic brain
injury (TBI).** The standard therapy for OSA is CPAP,
although mandibular advancement devices are effective
in mild cases. Military personnel who adhere to CPAP
show improved alertness and sleep quality.?

Parasomnias

Parasomnias are unwanted complex behaviors occur-
ring during sleep. In Soldiers, these nocturnal behaviors
typically arise from slow-wave sleep (which increases
with insufficient sleep). Sleepwalking is common in
children but usually abates in adolescence. Sleep walk-
ing that persists beyond adolescence is considered
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pathologic, and it places the afflicted Soldier at risk of
unintended self-injury. During OIF/OED/OND, there
were increased clinical reports of this disorder, which
is likely linked to insufficient sleep.?® Other factors that
can exacerbate sleepwalking include sedative medica-
tions and undiagnosed OSA. The primary treatments
are ensuring adequate sleep duration and a safe sleeping
environment (Table 2).

SLEEP DISORDERS AND SLEEP INSUFFICIENCY

The most common sleep disorders in the military (sum-
marized above) are characterized by insufficient recu-
perative sleep and decreased readiness. Chronic insuf-
ficient sleep is consistently reported by deployed per-
sonnel. This can precipitate parasomnias, contribute
to conditioned arousal associated with insomnia, and
potentially exacerbate sleep disordered breathing. Fur-
ther, sleep disorders are comorbid with numerous other
behavioral health problems, and evidence suggests that
failure to treat the sleep disorder reduces the efficacy of
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treatment aimed at the behavioral health issue (Figure
2). Appropriate sleep planning and treatment of sleep
disorders in the deployed and nondeployed setting are
required to maximize military medical readiness.

ANALYSIS AND RECOMMENDATIONS

Insufficient sleep poses a direct threat to military readi-
ness and Soldier health. In order to implement the chang-
es for military appropriate sleep practices and sleep
health, the Department of Defense (DoD) and Depart-
ment of the Army must have guidance on this topic. In
the US Central Command personnel policy for deploy-
ment fitness standards, sleep deprivation and sleep dis-
turbance are listed as environmental extremes and that
“...if maintaining an individual’s health requires avoid-
ance of these extremes or conditions, she/he should not
deploy....”* Although some sleep deprivation and dis-
turbance are at times unavoidable, results from MHAT
reports and other studies suggest insufficient sleep is in
part preventable, notably that which is caused by lack of
sleep planning and the poor sleep environment.

Solution 1: DoD Policy Guidance on Military
Appropriate Sleep Practices are Required

Throughout the DoD there currently are appropriate
policies, awareness, and management of TBI. This oc-
curred as a direct result of DoD Instruction 6490.11.*
Similar expert guidance issued by the DoD would en-
sure that that all military branches develop organiza-
tional changes to manage sleep.

Solution 2: Recategorize Sleep Management within the
Army Universal Task List

Sleep management is viewed as a commander’s respon-
sibility. Within the Army Universal Task List*® unit
sleep plans are listed in Chapter 5 (Conduct Mission

Command), Section II, ART 5.2.3 Execute Sleep Plans.
It should be noted that Field Manual 6-22.5 cited in ART
5.2.3 is now obsolete, superseded by Army Techniques
Publication 6-22.5*° (ATP 6-22.5) in which Chapter 2,
Section 1 provides guidance in sleep management, sleep
environment, and sleep loss. There appears to be no
specific requirement for a sleep management plan in the
Mission Essential Task List (METL), and whether sleep
plans are routinely included in METLs is unknown. We
suggest that sleep planning be recategorized within the
Army Universal Task List as a logistical function (Chap-
ter 4, Section I (Provide Logistical Support)?*®*? identi-
cal to planning for sufficient food, water, etc.

Solution 3: Unit Level Sleep Trainers

To ensure the guidance contained in ATP 6-22.5, is
understood and considered in training and operational
planning, the Army needs Soldiers specifically trained
in sleep education, planning, and management who
are tasked with providing guidance to commands and
developing the unit sleep plan. These Soldiers would
serve as resources to the commander for implementing
changes required for a military appropriate sleep practice.
The other aspect is training Soldiers on appropriate sleep
practices, such as sleep discipline. The inherent stress of
working in the military with shift changes, 24-hour duty,
and frequent moves makes developing a sleep practice
difficult. Similar to the master fitness trainer who teaches
Soldiers how to perform physical training, a sleep trainer
is required to provide the same level of education to
help Soldiers develop their military appropriate sleep
practice. In addition, focused education regarding sleep
planning and management should be incorporated into
military professional development courses, including
the Officer Basic Course, Captain’s Career Course, and
the Advanced Noncommissioned Officer Course.

POOR SLEEPING IMPAIRED
ENVIRONMENT ] READINESS
(Light/Noise/Temp/Timing) Iy
A
Vt \/
NIGHT OPERATIONS INSOMNIA
(Circadian Desynchrony)
y DEGRADED SLEEP | OBSTRUCTIVE
‘t (Decreased Sleep Duration and Quality) SLEEP APNEA
HIGH OP TEMPO L |  PARASOMNIAS
(Anxiety/Stress) TRAUMA-ASSOCIATED
1 SLEEP DISORDER v
Y
BEHAVIORAL HEALTH

Figure 2. Model demonstrating how lack of sleep planning and management decreases readiness and deployability of Soldiers.
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CONCLUSION

While periods of insufficient sleep are unavoidable dur-
ing sustained operations, proper planning ensures ad-
equate recovery sleep and minimize sleep casualties.
Embedding sleep education and management in the
military will (1) help Soldiers develop appropriate sleep
practices in garrison, (2) improve sleep during deploy-
ment and thus directly improve operational readiness,
and (3) reduce the likelihood of Soldiers developing
sleep and behavioral health disorders while deployed,
thus improving the health of the force and reducing
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Evolution of Military Combat Eye Protection

LTC James R. Auvil, MS, USA

ABSTRACT

Appreciation for combat eye protection steadily increased following World War II. Products derived from ex-
periences in World War I, World War 11, Korea, Vietnam, and the Iran/Iraq war drove technical improvements
throughout the 1980s and 1990s. Dismal wear compliance prior to 2004 indicates Soldiers and their leaders
did not appreciate these improvements and found little value in the bulky, ugly, and uncomfortable products.
In 2003, the 10th Mountain Division requested enhanced eye protection. Program Executive Office Soldier,
the optometry consultant to the Army Surgeon General, members of the Tri-Service Vision Conservation and
Readiness Program, and other subject matter experts selected and tested commercial off-the-shelf eye protec-
tion against military ballistic impact standards. Optical devices that met ballistic standards formed the first
Authorized Protective Eyewear List and were fielded beginning in 2004. Wear compliance rose dramatically
for the stylish protective eyewear, reaching 85% to 95% and eye injuries decreased across the Department of
Defense even as the incidence of attacks in Iraq increased. Researchers continue to evaluate new materials and

designs to increase the capabilities, features and level of protection of future ballistic eyewear.

HISTORY

Routine Army-issued eye protection began during World
War II for certain specialties and steadily progressed
over the past 60 years into the current Military Combat
Eye Protection (MCEP) program. The most significant
progress and positive impact occurred beginning in 2003
despite the lack of applied technological breakthroughs
in protective eyewear materials. The dramatic improve-
ment was largely due to style and comfort which drove
wear compliance rates up across the military services.
This article provides only a brief historical review of
the MCEP program. A thorough history of combat eye
protection can be found elsewhere."? Products derived
from experiences in World War I, World War 11, Korea,
Vietnam and the Iran/Iraq war drove many technical eye
protection improvements. Beginning in 1962, the Army
began researching materials, ballistics, and human per-
formance factors which led to the concept of a ballistic
spectacle.' In 1983, the Army replaced the acetate shield
in the M-1944 Sun, Wind and Dust goggle with polycar-
bonate and added laser protection in 1990. The Army
also developed the Ballistic Laser Protective System
(BLPS) and began limited procurement in 1989. The
BLPS optical devices supported a prescription insert.
The requirements for the Special Protective Eyewear
Cylindrical System (SPECS) were not formalized until
1984, 22 years after the initial concept, and the product
did not become standard issue until 1995. SPECS op-
tical devices did not support a prescription insert. Sol-
diers rejected BLPS and SPECS, and the force protec-
tion improvements were largely lost on the force prior to
2004 due to poor wear compliance.’ These devices were
ugly, bulky, and uncomfortable, but they worked.

April — September 2016

In 2003, the 10th Mountain Division submitted an urgent
request for enhanced eye protection. Prior to 2004, Sol-
diers largely deployed with limited ballistic eyewear and
typically wore commercial sunglasses, goggles or tinted
prescription spectacles issued by the Army. Decision
makers were keenly aware of the 11 year SPECS effort
to deliver an unpopular and rarely worn Army-designed
ballistic spectacle manufactured under contract. Repre-
sentatives in Program Executive Office (PEO) Soldier,
the optometry consultant to the Army Surgeon Gen-
eral, members of the Tri-Service Vision Conservation
and Readiness Program (TSVCRP) and various other
subject matter experts were not interested in repeating
the SPECS experience. Instead, these leaders evaluated
commercially available eye protection against military
ballistic standards. Optical devices that met the stan-
dards were authorized for wear beginning July 8, 2003.
These products included clear and tinted lenses, clean-
ing cloths, and carrying cases.* These devices formed
the first Authorized Protective Eyewear List (APEL)
in 2004 and were issued to Soldiers through the Rapid
Fielding Initiative mechanism. By the end of 2004, every
deployed or deploying Soldier had an APEL-approved
MCEP device, and soon thereafter Soldiers began to re-
ceive MCEP devices upon accession.

EFFICACY

MCEP devices clearly protect the wearer and prevent
eye injuries, but they are not designed to stop a bullet or
protect the wearer just 3 meters from a massive blast.’
MCEP devices protect the wearer from fragments and
minor blunt force and have been extremely effective in
this capacity for decades. A 1982 study on eye injuries
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during the Lebanon War found not a
single eye injury occurred to Soldiers
who had ballistic eye protection prop-
erly placed over the eyes at the time
of injury.®

M Infrastructure and

19500 | poDEye

Injuries

18500

17500
A 2005 study on injuries suffered by

Marines performing a convoy secu-
rity mission found that the Marines
suffered 188 injuries in 32 attacks
over 6 months. Upper extremities
suffered 22% of the injuries and 53%
were head injuries. Despite these
large numbers, the Marine unit suf-
fered only one eye injury (0.5%). This
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The authors attribute this remarkably
low eye injury rate to the “nearly 100% conformity to...
ballistic eye protection” use.” The authors also noted a
number of patients presented with shrapnel and debris
damage to their protective eyewear which implies the
devices prevented ocular injuries.

A British study from 2011 reviewed hospital records of
medically evacuated British service members as well
as postmortem reports of all British service members
killed in action or who died of wounds during active
service. The authors mapped all the facial wounds and
concluded that combat eye protection “...could have pre-
vented 7 deaths and visors 19 deaths” had the service
members worn them.®

In 2013, another British study reviewed all the injuries
treated at Camp Bastion (Afghanistan) due to impro-
vised explosive devices (IEDs). The authors compared
the incidence of eye injuries between International
Security Assistance Force (ISAF) Soldiers who were
equipped with eye protection and Afghan National Se-
curity Force (ANSF) Soldiers who were not. There were
41 injured ISAF patients with three total eye injuries
compared to 53 injured ANSF patients with 24 total eye
injuries.’ Clearly eye protection reduces the incidence of
eye injuries.

The modern MCEP program began fielding APEL prod-
ucts in 2004. The Department of Defense realized a
near-immediate reduction in eye injuries. Injuries be-
gan to increase again between 2005 and 2006 and then
steadily declined. The remarkable effect of MCEP in the
reduction of eye injuries despite the 2006-2007 increase
in frequency of attacks is demonstrated in the Figure.
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COMPLIANCE

Style remains the most significant modern MCEP wear
compliance driver. MCEP style achieved user buy-in
faster and better than education or mandates from lead-
ers. Service members wanted to wear APEL devices be-
cause they looked good. Education efforts attempted to
convince troops to wear MCEP based on the force pro-
tection benefit, but most of the convincing was already
done through style. Prior to the APEL, service members
and units could order and use BLPS and SPECS, which
met the same ballistic protection standards of current
APEL products. Users rejected BLPS/SPECS because
they were ugly, uncomfortable, and bulky. Mechanized
and motorized units still used the M1944 Sun, Wind
and Dust goggle, but training habits resulted in their use
only when on the move in unprotected conditions such
as traveling in an open hatch. Nonmechanized units de-
ployed with sunglasses and ski goggles that carried vir-
tually no capacity to protect the wearer from explosive
fragments. Infantry forces and those performing Infan-
try tasks were the most vulnerable to eye injuries from
IEDs and enemy attacks.

MCEP wear compliance rates are difficult to measure,
so assessment largely depends on documented wear at
the time of injury, survey results, and other forms of
analysis. Compliance also appears to vary based on unit
policy, leader direction or example, duty location, and
perceived threat. Eye protection use at the time of in-
jury is poorly documented. Frequently patients cannot
remember if they were wearing eye protection at the
time of injury and “...recording of eye protection is not
the first responder’s...priority.”"" Reports include wear
compliance rates of just over 9%, 14%, 28.9%, and 41%
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at the time of injury.*'*!>3 Weichel found 24% of OIF/
OEF related eye trauma cases evacuated to Walter Reed
Army Medical Center between October 2001 and Sep-
tember 2006 were documented to have been wearing
MCERP at the time of injury." Thirty-four percent were
documented without MCEP use at the time of injury,
and 41% lacked MCEP wear documentation. Gondusky
reported “near 100% wear compliance” in the Marine
unit he studied.’

COL (Ret) David Hilber conducted 3 Army-wide MCEP
surveys in 2008, 2010, and 2011 while assigned to the
Tri-Service Vision Conservation and Readiness Pro-
gram, Army Public Health Command.* The 2008 survey
received 4900 responses and indicated 78% of Soldiers
reported MCEP was mandatory during deployment and
65% reported MCEP use was mandatory on home sta-
tion weapons ranges. Eighty-six percent of respondents
deployed to OIF/OEF wore MCEP on convoys and mis-
sions outside forward operating bases and 54% wore
MCEP anytime they were outdoors while deployed. Six-
ty-seven percent reported using MCEP during training,
35% reported using MCEP while performing mainte-
nance, and 20% reporting using MCEP at home. In 2008,
the Army issued an All Army Activities message® to
boost wear compliance and remind Soldiers to wear only
APEL-approved devices. The results of Dr Hilber’s sur-
veys in 2010 and 2011 indicated Soldier wear compliance
while deployed rose to 84% in 2010 and to 95% in 2011.

LTC Jose Capo-Aponte and researchers at the Army
Aeromedical Research Laboratory analyzed photos of
deployed Soldiers outside forward operating bases from
2002 through 2010 and determined the percentage of
random, observable MCEP wear increased from ap-
proximately 20% to 95% over that time period (unpub-
lished data).

THREAT/PROTECTION MISMATCH

Following Operation Desert Storm, the Army reviewed
and updated ballistic impact standards. In 1996, the
Army published updated performance specifications for
the SPECS devices. The fragmentation standard remains
today and applies to APEL products.!>!¢ The current bal-
listic standard requires eye protection to withstand the
impact from a .15 caliber, 5.7 grain, T37 shaped (non-
spherical) projectile traveling between 640 and 660 feet
per second. This standard is based on experiences and
assumptions from previous conflicts as well as protec-
tive material and cost limitations. Ballistic test methods
for armor published on December 18, 1997, updated the
previous 10-year old standard."”

*Internal military documents not readily accessible by the general
public.
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The threat from IEDs influenced force protection de-
sign and materials across many systems over the past
decade, but has not yet prompted increased eye protec-
tion standards. There are too many variables involved
for a precise threat/protection comparison, but a gen-
eral comparison is quite easy. The fragments from an
IED built with a 155 mm artillery shell have an initial
velocity between 1,200 and 1,800 meters per second.!®
The fragments are highly variable in size, but assuming
there are fragments roughly similar to the standard T37
shaped, 5.7 grain, .15 caliber projectile, the initial veloc-
ity of IED fragments carry anywhere from 6 to 9 times
greater energy than the current eye protection ballistic
standard.

There is a physical limit for spectacle and goggle based
eye protection above which additional protection is
pointless. The current MCEP standard is well below
that physical limit and should be increased to provide
improved protection. The current standard relies heav-
ily on material properties of polycarbonate, a soft but
strong material capable of absorbing tremendous impact
without fracturing. Newer materials such as polyamides
(Trivex, Trogamid) outperform polycarbonate in bal-
listic tests.”” These materials are generally lighter and
stronger than polycarbonate, but manufacturing chal-
lenges, cost, and the existing standard prevent the mar-
ket from offering improved eye protection with these
materials. Other options include aluminum oxynitride
(ALON), a ceramic frequently described as “transparent
aluminum.”?

A revolutionary material may provide much more than
just increased protection. Graphene is a recently dis-
covered material with incredible physical properties.”!
Graphene is 200 times stronger than steel by weight, it
conducts electricity, is transparent, flexible, and self-
healing. Protective goggles with a thin graphene film
could theoretically charge a battery and provide a heads
up display or quickly switch between clear and electri-
cally tinted while providing dramatically increased bal-
listic protection.

BRANDING

Proper branding attracts users and improper branding
repels them. When the APEL first came out, the propo-
nent wanted to put the Army Strong star logo on each
product. Subject matter experts and TSVCRP members
challenged this effort and successfully overturned it.
The final products carry a nonparochial “APEL” mark-
ing to avoid repelling non-Army personnel. Navy, Air
Force, and Marine personnel would not want to wear
equipment with an Army logo on it and no one wanted to
see a service member injured because he or she refused
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to wear eye protection due to the logo. All services use
some variation of the products on the APEL. This is an
important lesson when developing joint products.

LOGISTICAL EFFICIENCY

For the first decade, each APEL-approved MCEP de-
vice that supported a prescription lens carrier required
a unique insert specific to the product’s manufacturer.
This created a logistical burden for Soldiers, leaders, cli-
nicians, and the ophthalmic labs that generated prescrip-
tion spectacle inserts. In 2015, the Universal Prescription
Lens Carrier (UPLC) became the standard insert with
the release of the March 2015 APEL. The UPLC replaced
8 unique APEL inserts, greatly simplifying the logistical
support. More importantly, the UPLC empowers the end
user to change APEL products without adding a burden
to the optometry team, clinic, or ophthalmic production
system by ordering a unique spectacle insert for the new
APEL item. The UPLC only works with APEL prod-
ucts and does not extend to various chemical protective
masks currently in use. Protective mask manufacturers
may design and field an adaptor for future use.

EXCESSIVE CHOICE

The March 2015 APEL consists of 31 options. There
are 16 spectacle choices and 15 goggle choices. Seven
spectacles and 10 goggles support a prescription lens
carrier. The current large APEL selection is the result
of contracting rules, not an Army desire for extensive
choice. The Army predominantly uses 3 spectacle va-
rieties and 4 goggles. An APEL of seven to twelve op-
tions is required to meet the fit and function require-
ments of a very diverse force. One size does not fit all
and the Services should resist the temptation to simplify
and standardize protective eyewear down to just one or
two choices. The importance of proper fit for every user
outweighs the convenience and aesthetic appeal of an
artificially limited product line.

DOTMLPF* APPLICATION

The MCEP program is primarily a materiel function
and secondarily a training function. The materiel func-
tion should be addressed by updating the protective
standards through collaboration among the Army Pub-
lic Health Center (Provisional), Army Medical Com-
mand, PEO-Soldier, Natick Research Development
and Engineering Center, Research Development and
Engineering (RDE) Command and industry. Advances
in applied materials and technology should be coordi-
nated with PEO-Soldier, RDE Command, and the De-
fense Advanced Research Projects Agency. The training
function should be addressed by uniform requirements

*Doctrine, organization, training, materiel, leadership & education,
personnel, facilities.
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to wear eye protection during training. Survey results
from 2008, 2010, and 2011 revealed inconsistent force
protection policy and/or enforcement which may result
in preventable injuries.

CONCLUSION

The effectiveness of Military Combat Eye Protection
has increased over the past decade due to vastly im-
proved wear compliance. Military leaders recognized
the eye injury threat and strongly supported this force
protection element. Through that process, the subject
matter experts appreciated the power of style and com-
fort on user acceptance and deliberately sought those
features in products that met military ballistic impact
standards. Policy, branding, and universal components
matured over the past 10 years to improve awareness,
choice, and efficiency. The decades-old technology of
polycarbonate lenses still provides effective protection
from fragments and small projectiles, but newer materi-
als may provide improved protection with less weight.
The existing ballistic protection standards should be re-
viewed and likely increased to better address the threat
of eye injuries from improved explosive devices. Future
advances with recently discovered materials may dra-
matically expand the functionality of protective eye-
wear with integrated digital overlays and electronically
controlled tints, while increasing or maintaining the re-
quired level of protection.
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The US Army Medical Department
Email Teleconsultation Program

ABSTRACT

Charles M. Lappan, MPA, MBA

The US Army Surgeon General authorized the formation of an email based teleconsultation program in 2004
to support deployed healthcare providers in Iraq and Afghanistan. The program, which began its 12th year of
operation in April 2015, was originally viewed as a temporary solution until a robust system was fielded. Al-
though future of the program as a going concern has not been determined, there is the possibility it could be
incorprated into the critical care consultation program managed at an Army Medical Center.

BACKGROUND

In 2003, a study of dermatological evacuations from
the Middle East showed that some conditions could
have been managed at the forward operating base if the
provider had access to a formal reach-back program.' A
team of clinicians along with information management,
quality assurance, and operations management person-
nel developed an email teleconsultation program. A pilot
program began in April 2004. Deployed providers sent
an email with or without photographs to an email util-
ity account using the Army Knowledge Online (AKO)
domain. Emails were forwarded to a contact group us-
ing the amedd.army.mil domain populated with the con-
sultants’ military email addresses. The standard was to
answer a consultation within 24 hours of receipt.

The program was an immediate success. Ophthalmol-
ogy was added in July 2004 with burn-trauma and in-
fectious diseases joining in January 2005. To prepare for
the end-of-life-cycle of the AKO utility accounts, the
program transitioned to utility accounts using the De-
fense Information Systems (DISA) domain.

The program is available to deployed healthcare provid-
ers of all branches of the US military. In October 2008,
the US Army Medical Command and the Supreme
Headquarters Allied Powers Europe signed a memoran-
dum of understanding to permit North Atlantic Treaty
Organization healthcare providers deployed to Afghani-
stan to use the program.* Deployed providers include
physicians, physician assistants, nurses, independent
duty medical technicians, and Special Forces medics.

There are 20 specialties with utility accounts and contact
groups. The dental specialty is divided into 7 subgroups.
If the provider does not know which specialty to use,

the consultation is submitted to a generic email account.
Table 1 lists specialties using DISA contact groups. Spe-
cialties which do not have a DISA contact group are
shown in Table 2. These specialties are reached using
the generic email account.

Figure 1 illustrates the teleconsultation program using
the DISA utility account configuration.

Table 1. Specialties With E-mail Utility Accounts and Month
and Year of Inclusion in the Program.

Burn-Trauma Jan 05
Cardiology Sep 05
Dental Nov 08

Dental - Endodontic / Root Canal Issues

Dental - General Dentistry

Dental - Implants, crowns, partial or full dentures

Dental - Pathology in / around oral cavity

Dental - Periodontal involving gums & transplants

Dental - Removal of teeth, infections, implants, or fractures
Dental involving children

*Internal military document not readily accessible by the general
public.
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Dermatology Apr 04
Infection Control Sep 08
Infectious Diseases Jan 05
Internal Medicine Nov 06
Microbiology Sep 08
Nephrology Apr 05
Neurology Oct 06
Ophthalmology Jul 04
Orthopedics Jul 07
Pain Management Sep 11
Pediatrics May 05
Preventive Medicine Jul 06
Rehabilitation Apr 06
Rheumatology May 06
TBI Mar 08
Toxicology Jan 06
Urology Jul 07
Generic/All Purpose/Program Help Sep 07

http://www.cs.amedd.army.mil/amedd_journal.aspx
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To ensure compliance with the Health Insurance Porta-
bility and Accountability Act of 1996, personally iden-
tifiable information (PII) is not transmitted. Deployed
providers update the patients’ healthcare record with
the consultants’ recommendation(s). Consultants do
not receive workload credit because PII is not in the
consultation.

PROGRAM BENEFITS

The major benefit to the deployed provider is its ease of
operations and rapid response. The average reply time
for consultations between April 2004 and June 2015 was
5 hours 15 minutes. Figure 2 shows the average reply
times.

Feedback from providers has been positive. The follow-
ing is a sample of comments from deployed providers:

» [ have found teledermatology to be a great idea. I was
able to send my patient back to performing his duties
in an environment where commanders cannot afford
to lose Soldiers for long periods of time. By getting
brigade surgeons to email the program prior to send-
ing them to the CSH will keep Soldiers doing their
duty.

» [ did not plan to do the biopsy in the field. The infec-
tion rates out here are very high, therefore we do not
do anything that is elective. I will recommend to the
patient that he get it removed when he gets back if
it bothers him. The program has been very well re-
ceived out here and has helped tremendously in the
management of patients. P.S., when this Soldier came
in, he had his bags with him assuming he would have
to go to Germany for a biopsy; He would have if 1
could not have reassured him.

» This service is areal life saver! It’s like having my own
personal team of specialists...this is outstanding. I do
not know how I did it before this service was created.

» [ was truly amazed [at the response of the consultants].
The consultants jumped on the consult and the first
response by Dr S got to me in the blink of an eye be-
fore I could even make my way to our TOC to run the
case by the XX eye specialists. Not only did I avoid
waking up the XX eye specialists last night, but more
importantly avoided an unnecessary MEDEVAC.

» Wow! I only sent the consult out 10 minutes ago!
Thank you!

» I am redeploying shortly, but I want to tell you how
valuable this system has been. My first deployment
was to XX in 2000 and if this system had been avail-
able then, medical care would have vastly improved.

The program benefits facilities that answer consultations.
Internal medicine residents at the Walter Reed National
Military Medical Center conduct the initial review of
internal medicine consultations. Dermatologists at the
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Table 2. Specialties Supported by the Generic
E-mail Utility Account

Administrative Oncology

Allergy Pathology
Behavioral/Mental Health | Pharmacy

Diving Physical Therapy
Endocrinology Plastic Surgery
Flight Medicine Pulmonary Diseases
Gastroenterology Radiology
Hematology Speech Pathology
Judge Advocate General Surgery
Neurosurgery Vascular Surgery
Nutrition Veterinary Medicine
0OB-GYN

Uniformed Services University of the Health Sciences
and the San Antonio Military Medical Center use case
studies to expose their staff to diseases they may not see
at their clinics.

Several professional papers and posters have been pub-
lished by military and Department of Defense civilian
consultants. Many of the primary authors are the senior
consultants for their specialty. Thirty-one papers, post-
ers and presentations have been published since 2003.
Some of the more prominent papers are included in this
article’s reference list.>!?

CHALLENGES TO MANAGEMENT OF THE EMAIL TELE-
CONSULTATION PROGRAM: WHAT WE COULD HAVE
DONE DIFFERENTLY

Managing the program had its set of problems. The ma-
jority are back-end issues. The task of the program man-
ager is to ensure these issues do not affect the service
given to the deployed provider.

Life-cycle management was not considered when the
program began. At the onset, we assumed a robust pro-
gram would be developed, negating the need to include
life-cycle management features. In 2005, a team stud-
ied several options. Many users requested the follow-on
program include an email option. A decision was made
to retain the email program in its original configuration.
We did not consider what event(s) would terminate the
program or how to end it in a logical manner. The pro-
gram had to be renewed every 2 years through Army
Medical Command memorandums.

Data is manually collected, entered, and analyzed using
a combination of software in lieu of a dedicated scalable/
searchable system. When the program began, only a
few data elements were tracked. Information from each
consultation is placed in an MS Excel file with up to
30 data points. Excel was chosen because the program
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Figure 1. Process chart: Teleconsultation Program Business Practice for Deployed Providers.
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Figure 2. Reply times summary, Year Average Median Time %
April 2004 thru June 2015 Reply Time | Reply Time 0.0 min to 1 hour 0 min| 25.02%
2004 |5hr 9 min |3 hr55 min 1 hour 1 min to 2 hours| 14.09%
F - 2 hours 1 min to 3 hours| 10.43%
. 1 - . 2005 |5 hr 16 min |3 hr 32 min -
manager was familiar with it. Data is extract- . : 3 hours 1 min to 4 hours| 7.85%
: : 2006 | 5 hr 12 min | 3 hr 30 min 4 hours 1 min to 5 hours| 6.91%
ed for monthly and ad hoc reports using pivot . : ! :
tables fi 21 Excel kbooks. It takes f 2007 |5hr 8min |3 hr 4 min 5 hours 1 min to 6 hours| 5.95%
apblies from XCel WOTKDOOKS. akes Irom 2008 |4 hr 58 min |3 hr 11 min 6 hours 1 min to 7 hours| 5.19%
6 to 8 hours to complete a monthly report. Ad 2009 |5 hr 11 min |3 hr 10 min 7 hours 1 min to 8 hours| 4.15%
hoc reports used to prepare the papers such 5010 [5h . . 8 hours 1 min to 9 hours| 3.95%
. r 13 min | 3 hr 23 min ) L minto 10 h 2.74%
as those listed as references 2-12 can take 12 . . ours 1 min to 10 hours| 2.74%
hours or more to compile. A database program 2011 |5 hr 12 min 43 hr 22 min | |10 hours 1 min to 11 hours| 2.08%
¢ to comple. prog 2012 |5 hr 36 min | 2 hr 57 min | | 11 hours 1 min to 12 hours| 1.77%
would have simplified this process. 2013 |5 hr 58 min | 2 hr 54 min | | 12 hours 1 min to 13 hours| 1.67%
i 0,

' ) . 2014 |4 hr 1min |1 hr38 min 13 hours 1 min to 14 hours 1.120/0
Program management is a time-consuming , - 14 hours 1 min to 15 hours| 0.89%
process. Emails for each consultation are 2015_ 4 hr sl min |1Ar 5 MiN | 15 hours 1 min to 16 hours| 0.68%
laced : MS dd The d Program | 5 hr 15 min |3 hr 4 min | | 16 hours 1 min to 17 hours| 0.53%
placed 1n ap Wor ocument. ¢ docu- 17 hours 1 min to 18 hours| 0.44%
ment contains the consult text and all attach- 18 hours 1 min to 19 hours| 0.41%
ments such as photographs, electrocardiograms, x-rays, and ultrasounds. The | |19 hours 1 min to 20 hours| 0.37%
majority of the documents are only 2 or 3 pages long. However, a number have 5 | |20 hours 1 min to 21 hours| 0.24%
to 10 £ il daf tain 30 The busiest iod 21 hours 1 min to 22 hours| 0.22%
to 10 pages of emails, and a few contain 30 or more pages. The busiest period was | 5555 1minto 23 hours| 0.33%
in Flscal. Year 2011 w1'th 1,819 consultatlops as shown in Table 3: The program | 23 hours 1 min to 24 hours| 0.38%
has received consultations from 69 countries and 79 US Navy ships at sea as il-| |24 hours 1 min to 25 hours| 0.24%
lustrated by Figure 3. 25 hours 1 min to 26 hours| 0.32%
26 hours 1 min to 27 hours| 0.18%
. . 27 hours 1 min to 28 hours| 0.15%
The program is not centrally fgrjded. To minimize costs, the program manager | | g hours 1 min to 29 hours| 0.12%
performed his work as an additional duty. The US Army Telemedicine and Ad-| |29 hours 1 min to 30 hours| 0.15%
vance Technology Research Center (TATRC) transferred funds to the Southern | |30 hours 1 min to 39 hours| 0.79%
. . . 0,
Regional Medical Command, (now Regional Health Command, Central (Pro- More than 40 hours| 0.64%

visional) (RHC-C (P)), where the program manager is assigned, to offset his

management of the program. Funding ceased with the drawdown from Iraq and
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Table 3. Total Consults By Fiscal Year.
[»)
2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | Program /"Pfggfa”rgs

Burn-Trauma 23 24 19 32 31 13 17 10 12 7 2 190 1.5%
Cardiology 2 67 41 61 67 84 51 32| 30 36 23 494 3.9%
Dental 14 15 21 5 11 3 5 74 0.6%
Dermatology 321 | 543 | 528 | 468 | 562 | 526 | 560 | 543 | 281| 231 | 291 | 154 5,008 39.1%
Infection Control 11 11 16 4 14 21 7 84 0.7%
Infectious Diseases 82 | 110 106 | 100 | 110| 110 | 100 69| 66 60 32 945 7.4%
Internal Medicine 34 50 57 64 70 53] 29 24 15 396 3.1%
Microbiology 8 7 3 1 3 1 1 24 0.2%
Nephrology 13 18 33 30 29 20 19 19 6 10 206 1.6%
Neurology 78 | 123| 145| 123 | 129 69| 40 28 21 756 5.9%
Ophthalmology 10 51 38 54 70 65 56 81 49| 56 33 27 587 4.6%
Orthopedics 11| 105 | 169 142 | 227 | 137 | 117 | 105 93 1,106 8.6%
Pain Management 3 6 9 0.07%
Pediatrics 8 21 27 24 20 15 7 6 2 2 1 133 1.0%
Preventive Medicine 3 13 13 25 26 25 23 14 12 1 155 1.6%
Rehabilitation Group Discontinued 1 0.01%
Rheumatology 13 26 20 21 32 35 19 16 17 9 208 1.6%
Sleep Medicine 12 5 16 4 3 3 3 46 0.4%
Toxicology 2 19 15 14 8 14 15 11 5 4 2 109 0.9%
Traumatic Brain Injury 8 42 63 74 34 8 16 5 250 2.0%
Urology 6 69| 108 | 114 | 125 64| 45 39 27 597 4.7%
Other Specialties 7 62 124 | 178 | 185| 180 | 245| 136 | 110 | 113 96 1,435 11.2%
Totals 331 | 731 | 903 |1,055|1,459 (1,653 |1,654|1,819 |1,026 | 818 | 827 | 537 | 12,813

Average Per Month 55 61 75 88| 122 | 138 | 138| 152 86| 68 69 60 95

Afghanistan. The RHC-C (P) continues to support the
program without reimbursement from the Army Medi-
cal Command. The hospitals of the consultants are not
reimbursed for their work, nor is there any way for the
consultants to account for their time.

The program manager does not have a formal backup.
During long absences, a staff member at the RHC-C
(P) monitors but does not actively manage the program.
This leaves a backlog of work for the program manager.
It creates a single point-of-failure if the program man-
ager is not able to fulfill his duties. A formal backup
would permit the program manager to disengage from
his duties and reduce the likelihood of burnout.

Lack of awareness of the program by deployed providers.
Creating awareness of the program to deployed provid-
ers is an ongoing issue. Several organizations said they
were not interested in the program. The Army Medical
Department Center and School (AMEDDC&S), Joint
Forces Trauma Conference (JFTC) is the program’s
biggest supporter. The program manager has spoken
at almost every JFTC conference for the last 5 years.
Briefings are conducted at the AMEDDC&S Medical
Corps and Physician Assistant courses. Many providers
learn about the program from their colleagues after they
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arrive at their deployed location. Most providers send
only a few consultations. A few “super-users” have sent
over 50 consultations.

The program cannot accept classified consultations. The
potential to mix classified with unclassified consulta-
tions is an unacceptable risk.

The program is not linked to the patient’s healthcare re-
cord. Deployed providers are responsible to update the
patients’ healthcare records. There is no formal way to
determine if the consultant’s advice is followed and if
the patient is evacuated or managed in theater.

Bandwidth issues. Early in the program, some provid-
ers had difficulty submitting consultations of more than
2 MB in size. Several facilities in the United States
blocked emails that were greater than 10 MB. When
large consultations were received, the program manager
compressed and retransmitted them to the consultants.

Spam and phishing. Well-meaning users posted the
email addresses of the utility accounts in public fac-
ing websites. There were several instances in which
spammers sent emails to every group. Over 600 con-
sultants participated at the height of the program. If the

http://www.cs.amedd.army.mil/amedd_journal.aspx
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consultant placed an out-of-office reply in their email
box, the spammer/phisher knew the utility account was
valid.

Diversion of consultations into Outlook Junk email files.
Sometimes a teleconsultation was diverted to the con-
sultant’s junk email. If the consultant does not moni-
tor the junk email box, he/she is not aware they have a
consultation to answer. Modifying the Outlook rules of
what is/is not junk has had mixed results.

Consultants may not respond to the specialty group
when answering a consultation. A consultation is con-
sidered as ‘“not answered” until the program manager
receives a reply from a consultant. If the consultation is
not answered within 12 to 20 hours, the program man-
ager retransmits the consultation. Consultants who re-
spond directly to the deployed providers are instructed
to forward their reply to the group.

Deployed providers may not respond to the entire group
when a consultant asks for additional information. If a
consultant requests additional information from the de-
ployed provider and the provider does not respond to the
entire group, the consultant forwards the reply to the
entire group.

There is no consistency among specialties on the man-
agement of their groups. Some groups have a gatekeep-
er who forwards consultations to specific consultants.
Some groups have consultants who answer all consulta-
tions for a specific period. Other groups place specific
hospitals on call for a specific month(s). The majority
of the specialties do not place specific consultants on
call. The first consultant to answer a consultation retains
control of it.

Poorly-focused patient photographs. Most deployed
providers use their personal camera or camera phone
to take photographs. They may not be skilled in funda-
mental digital photography techniques. When a poorly
focused photograph is received, the program manager
determines the camera make and model and its set-
tings from the Exchangeable Image File Format (EXIF)
embedded in the photograph. He instructs the provider
how to take diagnostically acceptable photographs. In
several instances, this has resulted in a change to the
consultant’s diagnosis. There is no way to know whether
legal authorizations to take and transmit photographs of
patients have been observed. There is no way to prevent
personally identifying information from being included
in photos.
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DOTMLPF* ASSESSMENT/LESSONS LEARNED

Doctrine: The program began in 2004 with minimal
fanfare. The first comprehensive Office of The Sur-
geon General/US Army Medical Command (OTSG/
MEDCOM) Policy Memorandum was published in May
2004." Two subsequent OTSG/MEDCOM Policy Mem-
orandums renewed the program through June 2011.''
The program was addressed in OTSG/MEDCOM poli-
cy Memorandum 13-009 (2013) and OTSG/MEDCOM
Policy Memo 15-020,'%17 (2015) and incorporated into
the current OTSG/MEDCOM telehealth policy in 2013.18

Organization: The program relies on volunteers partici-
pating as an additional duty. Because the program was
envisioned as an interim solution, long-term sustainabil-
ity was not considered.

Training: Only a few mobilization stations briefed de-
ploying providers on the program. On several occasions,
the program manager was informed that the premobili-
zation training schedule did not have any time available/
allocated to brief healthcare providers concerning the
teleconsultation program. A 50-minute briefing is pre-
sented to deploying providers at the Joint Forces Trauma
Course at Fort Sam Houston, Texas.

Materiel: TATRC purchased laminated credit card size
cards to distribute to deploying and deployed providers.
Funding for the cards ceased when TATRC was no lon-
ger able offset the program managers’ expenses.

Leadership and Education: The AMEDDC&S schedules
telehealth presentations to the Medical Corps and Physi-
cian Assistants officer basic and career courses.

Personnel: Not applicable.

Facilities: Not applicable.
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During Operation Enduring Freedom, the US military began deploying a dedicated theater cardiology consul-
tant to Afghanistan in an effort to increase rates of return to duty in service members with cardiovascular com-
plaints. This study was designed to categorize these complaints and determine the effect on both aeromedical
evacuation and return to duty rates during a 2.5 year observation period. A total of 1,495 service members were
evaluated, with 43% presenting due to chest pain followed by arrhythmias/palpitations (24.5%) and syncope
(13.5%). Eighty-five percent of individuals returned to duty, most commonly with complaints of noncardiac
chest pain, palpitations, or abnormal electrocardiograms. Fifteen percent were evacuated out of theater, most
often with acute coronary syndrome, pulmonary embolus, or ventricular tachycardia. The forward-deployed
theater cardiology consultant is vital in the disposition of military members by effectively parsing out life
threatening cardiovascular conditions versus low risk diagnoses that can safely return to duty.

The US military is not immune to the global scourge
of cardiovascular disease. Cardiovascular disease has
affected service members throughout history and con-
tinues into the current war on terror. Autopsies of US
service members killed in the Korean and Vietnam wars
demonstrated an 8.5% prevalence of coronary athero-
sclerosis.! Unfortunately, coronary artery disease is not
uncommon in military members and only increases
with age and traditional cardiovascular risk factors.

Operation Enduring Freedom (OEF) Afghanistan is
a United States-led coalition military action focused
within Afghanistan that took place from October 2001
to 31 December 2014. The involvement of the US mili-
tary in Afghanistan remains ongoing under Operation
Freedom’s Sentinel. This operation functions alongside
the International Security Assistance Force which is
supported by the North Atlantic Treaty Organization.
There have been over 1 million deployments of US ser-
vice members in support of OEF, and 3,495 fatalities of
US and coalition forces.” Based on limited data from
Operation Iraqi Freedom (OIF), evacuation from the op-
erational theater for known or suspected disease of the
cardiovascular system is not uncommon.’

Rates of clinically evident cardiovascular disease in OIF
have been evaluated. A pilot study was performed to
evaluate the value of a forward-deployed cardiologist in
the operational theater. The cardiologist was equipped
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with exercise testing equipment, an ambulatory elec-
trocardiographic monitoring system, and transthoracic
echocardiography capabilities. Results from this study
demonstrated a marked increase in return to duty rates
ranging from 85% to 89% when a cardiologist deter-
mined disposition of the servicemember.** To further
validate these findings and mitigate the morbidity and
mortality risks associated with acute cardiovascular dis-
ease, the US military began deploying a theater cardiol-
ogy consultant to Afghanistan in 2010. The theater car-
diology consultant was stationed at Bagram Air Field,
a strategically placed casualty collection point near the
primary site for air evacuations out of Afghanistan. The
theater cardiology consultant is able to perform elec-
trocardiograms, ambulatory electrocardiographic event
recording, graded exercise stress testing, transthoracic
and transesophageal echocardiograms, and stress echo-
cardiography. We prospectively categorized patients re-
ferred for theater cardiology evaluations based on their
primary cardiovascular complaint and assessed the dis-
position of those service members involved with OEF
from 2010 to 2013.

METHODS

Study Population and Setting

Data were collected prospectively from all patient en-
counters seen by the theater cardiology consultant from
November 2010 to September 2013 at the Role Il medical
facility at Bagram. The data set included demographics,

http://www.cs.amedd.army.mil/amedd_journal.aspx
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primary cardiac diagnoses, and dis-
position (evacuation or return to duty).
Enrollment criteria included all for-
eign and American military members
who presented to this facility with a
cardinal manifestation of possible
cardiovascular disease. Afghani na-
tionals and children were excluded
from analysis. The theater institution-
al review board approved the protocol.

Cardiac diagnoses were selected by
the theater cardiology consultant
using a list of standard cardiovas-
cular diagnostic terms. Diagnoses
were grouped into diagnostic related
groups if the overall incidence of
disease was low. Clinically relevant
arrhythmias were analyzed using
the most specific diagnosis reported
by the theater cardiologist. Ischemic

Table 1. Patient Demographics.

Enlisted soldiers and noncommis-
sioned officers accounted for 1,034

Branch of Service Frf?;‘t‘;ﬂ“ 7N patient encounters. The mean age of
N=1,495) the population was 36+ 10 years.
Coalition Soldier 81 5.4
US Forces Primary Findings
Army 1,106 740 | Table 2 delineates the frequency of
Air Force 103 69 | each specific diagnosis. The most
usmc 30 2.0 common reason for evaluation by
Navy 48 32| the theater cardiologist was to deter-
Unknown branch 127 8.5

Mean Age: 36 years (range 18-64)

mine the presence of ischemic heart
disease. A total of 646 chest pain

Rank Frequency | %N evaluations were performed in the-
N(leoE}agI;_) ater, comprising 43% of the total car-

None indicated 2 sg | diovascular evaluations. Of the chest
E1toE-4 379 254 | painevaluations, 34 were determined
E-5 10 E-9 656 39 to have acute coronary syndrome
W1 to W5 74 49 (2.2%) including ST or non-ST eleva-
0110 0-4 206 13.8 tion myocardial infarction. The next
0-51t0 0-9 94 6.2 most common diagnoses were relat-
Unknown 2 0.1 ed to primary rhythm issues such as

evaluations were categorized as those

aborted sudden cardiac death, palpi-

with nonischemic chest pain, acute coronary syndrome,
or ischemic heart disease and analyzed regardless of
presenting symptoms. Acute coronary syndrome was
diagnosed clinically using standardized published cri-
teria.> Specific arrhythmias included atrial fibrillation,
atrial flutter, supraventricular tachycardia, ventricular
tachycardia, sinus bradycardia, ectopic beats, and sud-
den cardiac death. Abnormal electrocardiogram includ-
ed diagnoses such as bundle branch block, ventricular
hypertrophy, and atrial enlargement.

The disposition of each patient was clinically deter-
mined at the time of the final encounter by the theater
cardiology consultant. Patients were either allowed to
return to their units and resume their mission (return
to duty), or were evacuated out of theater, often with a
medical attendant (aeromedical evacuation).

Statistical Analysis

Statistical analysis was performed using SPSS Statistics
for Windows (version 22.0; IBM Corp, Armonk, New
York). Categorical variables (frequencies) were com-
pared using y? statistics. A P-value less than .05 was
considered significant.

RESULTS
Participants

Patient demographic data are summarized in Table 1. A
total of 1,495 service members were evaluated over a
34-month observation period. The US Army constituted
the largest segment of the population with 1,106 patient
encounters accounting for 74% of the total population.
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tations, ectopic beats, atrial fibrillation, ventricular pre-
excitation or ventricular tachycardia (24.5%). This was
followed by syncope (13.5%), abnormal resting electro-
cardiogram (7.1%), risk factor assessment (4.3%), struc-
tural heart disease (2.7%), and perimyocarditis (2.5%).

Overall, 225 (15%) of all individuals evaluated by the
theater cardiologist were evacuated out of theater and
did not return to duty. The return to duty rate after be-
ing evaluated by the theater cardiology consultant was
85%. Once categorized with a specific diagnosis, the
incidence of evacuation for patients with a cardiovas-
cular diagnosis significantly exceeded the overall 15%
evacuation rate for perimyocarditis (46%), pulmonary
embolism (87%), acute coronary syndrome (100%),
supraventricular tachycardia (43%), ventricular tachy-
cardia (67%), and atrial fibrillation/flutter (37%). Con-
versely, the incidence of evacuation for patients who
were diagnosed with abnormal resting ECG (4%)), risk
factor assessment (3%), noncardiac chest pain (8%), and
palpitations (6%) were significantly less than the overall
15% evacuation rate (P<.05).

COMMENT

This study is the first to describe the spectrum of car-
diovascular disorders evaluated by a dedicated forward-
deployed cardiologist during wartime operations. The
most frequent encountered complaint involved concerns
for myocardial ischemia (43%). Complaints of this na-
ture are evaluated with a thorough history and physi-
cal, electrocardiogram, and often a gated exercise stress
test with or without echocardiographic imaging. While
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many primary care physicians are able
to perform exercise stress testing, the
cardiologist’s experience in evaluating
chest pain syndromes aids in the deci-
sion to return these service members
to full duty. Noncardiac chest pain was
the most frequently used diagnostic cat-
egory (40.7%), but included among those
were service members with true obstruc-
tive cardiovascular disease and acute
coronary syndrome (2.3%). The risk to
the service member that returns to duty
with coronary obstruction or acute coro-
nary syndrome is high, despite its rare
occurrence. This is where the cardiovas-
cular specialist is adept at detailed risk
stratification and evaluation.

The next most common diagnostic cate-
gory includes those with cardiac rhythm
complaints or syncopal symptoms. In
addition to the history and physical,
evaluation may include an electrocardio-
gram, echocardiogram and ambulatory
electrocardiographic monitoring. The
theater cardiologist is able to perform
and interpret the appropriate tests and
make a rapid disposition with up to an
85% return to duty rate, including some
who presented with higher risk arrhyth-
mias such as atrial fibrillation.

A forward-deployed cardiologist serv-
ing as the theater cardiology consultant
plays a vital role in maintaining a battle-
ready military force, while minimizing
out of theater medical evacuations. Over
a 3-year period, 85% of all deployed in-
dividuals referred with a cardiovascular
complaint were returned to duty. The
availability of forward-deployed, first-
line cardiovascular diagnostic tools,
such as echocardiography, stress testing,
ambulatory electrocardiography, and a
board-certified cardiovascular disease

OPERATIONAL PATIENT HEALTHCARE
Table 2. Frequency of diagnostic categories and effect on evacuation frequency.
active duty patients displayed by diagnostic category, relative percentage of total
active duty patients, number of patients receiving aeromedical evacuation (AE),
and aeromedical evacuation rates by diagnostic category. P-value represents
significant difference of evacuation rate from expected rate by X2 analysis. Odds
ratio reflects odds of aeromedical evacuation by diagnostic category.
Diagnostic Category Patients (n) | %N AE AE P Odds
(Total: Frequency | Value | Ratio
N=1,495) (%n)
Ischemia
Noncardiac Chest Pain 609 40.7% | 48 8% <.05 0.34
Acute Coronary 34 2.3% | 34 100% <.05 458
Syndrome
Ischemic Heart Disease 3 0.2% 2 67% <.05 114
Total 646 43.2% | 84 13% .05 0.75
Rhythm
Aborted Sudden 3 0.2% 3 100% <.05 40
Cardiac Death
Bradyarrythmia 11 0.7% 3 27% .25 2.13
Palpitations 197 13.2% | 11 6% <.05 0.27
Ventricular Tachycardia 3 0.2% 2 67% <.05 114
Atrial Fibrillation/Flutter 71 47% | 26 37% <.05 3.3
Supraventricular 23 1.5% | 10 43% <.05 4.5
Tachycardia
Ectopic Beats 48 3.2% 4 8% .19 0.50
Pre-Excitation 12 0.8% 2 17% .87 1.13
Total 368 24.5% | 61 17% .35 1.2
Syncope
Presyncope/Syncope 202 | 135% 29 14% | 77 | 094
Electrocardiogram
Abnormal ECG 106 7.1% 4 4% <.05 0.21
Risk Factor Assessment 65 4.3% 2 3% <.05 0.17
Structural
Cardiomyopathy/Hf/ 17 1.1% 5 29% .10 24
Suspected
Valvular Heart Disease 23 1.5% 0 0% <.05 0.12
Congenital 1 0.1% 0 0% .67 1.8
Total 41 2.7% 5 12% .60 0.78
Pericarditis/Myocarditis
Myocarditis 9 0.6% 9 100% <.05 111
Pericardial Disease 28 1.9% 8 29% .04 2.3
Total 37 2.5% | 17 46% <.05 5.1
Other
Vascular Disease 6 0.4% 2 33% 21 2.8
Pulmonary Embolism 15 1.0% | 13 87% <.05 38.8
Chest Trauma 9 0.6% 8 89% <.05 46.8
Total 30 2.0% | 23 77% <.05 20.5

specialist appeared to be an effective tool in discrimi-
nating life-threatening diagnoses from benign condi-
tions that may have resulted in inappropriate evacua-
tion. This data suggests that the presence of an equipped
cardiovascular subspecialist in the theater of operations
provides military commanders a vital tool to maintain
readiness; however, continued analysis is necessary to
determine the optimal risk assessment tools needed in
theater. In addition, the volume of patients encountered

150

by a forward deployed cardiologist suggests that in large-
scale conflicts, cardiovascular complaints are common-
place and a cardiovascular specialist strategically placed
near an evacuation hub will be highly utilized. Further-
more, given the broad spectrum of cardiovascular condi-
tions that the theater cardiology consultant can expect to
encounter during a deployment, there is a requirement
to ensure that military cardiologists are facile at a broad
range of invasive and noninvasive tasks.
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Although the theater cardiology consultant position can
significantly augment a comprehensive cardiovascular
prevention and treatment program for the deployed ac-
tive duty service member, it is insufficient in addressing
the complete need to mitigate cardiovascular risk. Pre-
mobilization assessment of cardiovascular risk is also
a critical component. Cardiovascular screening is not
routinely assessed in all military members preparing for
deployment, despite the presence of traditional clinical
risk factors. Military members are required to undergo
periodic health screening to assess fitness standards on a
biannual to annual basis. Service members over the age
of 40 also undergo a tiered cardiovascular risk screening
program. Those individuals not meeting set medical fit-
ness standards are advised not to deploy. The cardiovas-
cular risk screening program consists of an initial risk
assessment using the Framingham risk score and rest-
ing electrocardiogram. Service members with elevated
risk or a coronary disease risk equivalent are referred for
functional assessment with exercise or pharmacologic
stress testing. Despite these screening efforts, chest pain
remained a predominant complaint in theater. With the
advent of more comprehensive risk assessment tools and
multimodal imaging, efforts are underway to modern-
ize cardiovascular screening and prevention programs.

The forward-deployed cardiovascular specialist has
been shown to have a significant effect on the rates of
return to duty. Our results demonstrating an 85% return
to duty rate during OEF are consistent with prior stud-
ies that utilized a theater cardiologist during Operation
Iraqi Freedom.?

An increased return to duty rate results in minimal time
lost by the military member and almost immediate con-
tinuation of the military mission. Individuals who are
evacuated out of theater are unlikely to return, which
results in compromise of the mission until that military
member can be replaced. The success of the theater
cardiologist requires that they are collocated with fixed

wing aeromedical evacuation services, have the proper
diagnostic tools to assess the most common cardiovas-
cular complaints (treadmill, electrocardiogram, echo-
cardiographic machine, ambulatory ECG monitor), have
immediate access to emergency medical services and
have direct control over the disposition of the patients
whom they evaluate. We feel that future staffing models
and doctrine should consider adding a supplementary
position for a theater cardiologist in select, strategically
located Role 111 facilities involved in large-scale theater
combat operations.

LIMITATIONS

The data presented in this study underrepresents the
total encounters seen and evaluated by the theater car-
diologist. Additional duties of the theater cardiologist
included providing humanitarian care for the Afghani
population; these patients were excluded from data col-
lection. These encounters would likely have affected the
overall rates of diagnosis due to the prevalence of third
world cardiovascular conditions in this population. In
addition, baseline demographics, results of noninvasive
and laboratory testing were not available for this analy-
sis. Finally, a comparator arm of patients assessing evac-
uation rates of deployed subjects prior to the initiation
of the theater cardiology program was not performed.
Such data would have allowed for a more robust assess-
ment of the effect of a theater cardiology program.

CONCLUSION

Cardiovascular complaints are common in the deployed
setting. Many service members who have a cardiovas-
cular concern are able to return to duty after evaluation
due to the lack of a clinically significant disorder. There
are a few, however, with significant life threatening
cardiac disease who must be teased out from the large
numbers of low risk patients. When given the proper
tools to evaluate cardiovascular complaint, the forward-
deployed theater cardiologist effectively performs this
role and is vital in the disposition of military members.
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Pediatric Wartime Injuries in Afghanistan
and Iraqg: What Have We Learned?

ABSTRACT

Capt Xiaoming Shi, USAF, MC
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The majority of the documented experience in pediatric trauma care during the past decade of conflict is from
the inpatient Role 3 mission. Pediatric patients (defined as 14 years of age or less) accounted for 5% to 10%
of combat admissions. Care for these patients was resource intensive and mortality rates significantly higher
than those seen in pediatric hospitals in the United States. The largest documented experience to date with
explosive injuries and massive transfusions in children were reported from this conflict. Improvements in
logistic and personnel support was seen throughout the decade of conflict, however long-term outcomes and
clinical practice guidelines to direct future care for these children are lacking.

Wherever there is armed conflict, the potential for injury
to children exists. In Iraq and Afghanistan, the urban
battlefield environment and use of improvised explosive
devices have resulted in a significant amount of pedi-
atric penetrating and blast injuries. While the primary
mission of deployed combat hospitals is to care for com-
batants, the humanitarian care of noncombatants is in-
evitable. This is particularly the case in countries with
a very limited medical infrastructure to handle not only
both civilian combat injuries, but disease and nonbattle
injury as well. Military providers deployed during the
past decade cared for a significant number of children at
Role 3 facilities with a broad spectrum of injuries and
diseases. This experience has been documented in the
Patient Administrative Systems and Biostatistics Activ-
ity (PASBA) database and the Department of Defense
Trauma Registry, formerly the Joint Theater Trauma
Registry (JTTR).

SCOPE OF THE PEDIATRIC MISSION

A total of 6,273 patients aged 14 years and under were
hospitalized from 2002-2012 at US military hospitals in
Iraq and Afghanistan.! The majority of those patients in
Iraq over this period were due to combat injuries. The
majority of patients in Afghanistan were due to non-
combat related trauma and medical/congenital condi-
tions. The primary mechanism weapon of combat injury
to children in Iraq was the gunshot wound, followed
closely by the improvised explosive device (IED) and
other explosives. In Afghanistan, most combat injuries
were due to the [ED/blast injuries. Frequent indications
for admission for noncombat trauma were not unlike
those seen in the United States: motor vehicle colli-
sions, falls, and burns. Admission for combat injury was
significantly more likely in children over the age of 4
years. Toddlers and preschoolers were more likely to be
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admitted for noncombat trauma, and infants most likely
to be admitted with congenital and acquired disease.

Admissions for these patients were resource intense.
Combat trauma carried a particularly high transfusion
rate (greater than 25%) and need for invasive surgical
procedures (more than one per patient on average). Due
to data capture limitations in available data bases and
limited civilian access to follow up at the military treat-
ment facilities, outcome analysis is exceedingly lim-
ited. In-hospital mortality was 11% for combat injured
children in Iraq and 8% for noncombat injured children
in Afghanistan.! Average hospital stays were 3-5 days
depending on reason for admission, combat injury be-
ing longer than noncombat injury. Nontrauma mortal-
ity was 5% in both countries.! Surgical procedures for
noncombat injuries carried a collective mortality of less
than 1%; congenital conditions requiring operation were
most commonly hernia and splenectomy for congenital
hemoglobinopathy.? An additional analysis of data in-
clusive of all patients aged less than 19 years captured
through JTTR and PASBA reported 7,505 encounters
between 2002 and 2011, representing 5.8% of all Role
3 admissions during that time.> Once again, the major
etiology of these pediatric injuries was blast (37%). The
length of admission was inversely proportional to age,
with the longest stays belonging to pediatric patients.
Wound debridement and skin grafting were noted to be
the most common procedures performed on these pa-
tients. Approximately 10% of patients required trans-
fusions and 16% and 17% required ventilator support
in Operation Enduring Freedom (OEF) and Operation
Iraqi Freedom (OIF) respectively.?

In the above mentioned report which included older
teenagers (up to age 19), notable differences were found
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when children younger than 8 years were compared
with those 8 years and older. Patients younger than 8
years were admitted more for medical/burn/blunt inju-
ries, while the penetrating/blast injuries occurred more
often in the older group, which likely included some
combatants. Female patients were the significant major-
ity in the younger group, while male patients were the
majority in the older group. Both groups’ injury sever-
ity scores (ISS) did not differ significantly, and ISS was
noted to be higher in Iraq than Afghanistan. In keep-
ing with a prior report,* patients younger than 8 years
of age had a higher mortality of 9.9% (trauma mortality
was 10.3%), than children aged 9 years and older (5.3%
overall and 7.3% trauma). The overall mortality of both
groups was 8.5%.

Pediatric admission rates clearly followed the severity
of the conflicts, with the majority of both combat and
noncombat related admissions seen during troop surges
(2008 in Iraq and 2010 in Afghanistan).! This implies
that the need for pediatric care was not only due to the
rate of children injured from the conflict, but an inability
of the local community to care for children with disease
and noncombat injury during these periods of time. The
vast majority of children were also lost to follow up after
discharge. What is also clear from the 2 studies is that
while traumatic injuries carried high mortality rates for
children, nontrauma admission mortality rates are also
high, suggesting deficiencies in the baseline health of
this population and local healthcare infrastructure. This
data is significantly limited by selection bias, as admis-
sions were largely at the discretion of the medical treat-
ment facility, and also subject to theater medical rules of
engagement. Data is further limited by absence of avail-
able age for a significant number of patients entered into
the database."”

BLAST INJURIES

A study of blastinjuries for all civilians treated in military
treatment facilities in Iraq and Afghanistan from 2002
and 2010 found a large portion of patients were children
under age 15 (24.5%). Detonation of IEDs and injury
secondary to unexploded ordinance detonation were the
most common cause of blast injury. Seventy percent of
these blast injuries were noted to affect multiple body re-
gions.* Burns and external injuries were noted to be the
most frequently body region injured (70%). Death most
strongly associated with severe burn injury, followed by
injuries to head and cervical spine. This study showed a
mortality for children 15 years and younger to be 7.8%.
Analysis of the surgical interventions performed for
these blast injuries was also performed, documenting
the care for 1,213 patients who were 14 years or young-
er.® Once again; wound debridement and wound closure
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were the most common procedures and were followed
by vascular access, exploratory laparotomy, and thora-
costomy. Most of the procedures performed on pediatric
patients were for patients aged 4 to 14 years. Children
aged 9 to 14 years had the highest number of interven-
tions and the highest ISS. Children younger than 3 years
of age did not receive operative treatment comparable
to older groups even though their injury severity and
mortality were higher.’

Fragments from blast injuries resulted in a significant
experience with pediatric vascular injury. In a report
of 155 pediatric vascular injuries from the wars, 58%
were attributed to blast mechanism.” Lower extremity
wounds were the most prevalent, followed by upper ex-
tremity and torso. Torso vascular injuries were double
the rate seen in adult studies, and were 4 times more
lethal than other injury patterns, accounting for 70% of
the mortalities due to these injuries. Pediatric mortality
in this study was 9%, similarly to previously reported
figures.'” The rate of limb salvage was 95% and consis-
tent with prior pediatric literature; however, long-term
outcome data for the revascularization procedures is
unavailable.

Blast injuries in OEF an OIF were common and ac-
counted for a major portion of injuries suffered by chil-
dren. These injuries have unique combination of pen-
etrating, burn, and blunt mechanisms in addition to the
tissue damage sustained from atmospheric overpressure.
Children are particularly susceptible to these injuries.
Unfortunately, this mechanism is likely to be seen out-
side of the battlefield in future terrorist attacks.

RESUSCITATION AND TREATMENT OF HEMORRHAGIC
SHOCK IN CHILDREN

Data from OEF/OIF captured 1,113 pediatric admissions
who received blood transfusion in the first day of their
hospital stay.® Multivariate analysis evaluated mortality
against the amount of blood products transfused. This
revealed that approximately 40 ml/kg of blood prod-
ucts transfused provided a clear cut point for increase
in mortality. The group receiving less than 40 ml/kg
was compared against the group receiving more. The
high volume transfusion group was significantly more
likely to suffer from explosion injuries, higher ISSs,
lower GCS, and shock. This is confirmed by previous
studies reporting 9.6% transfusion rate in all pediatric
injuries and 14% to 17% transfusion rate for blast inju-
ries.* Mortality during the first 24 hours and totals in
hospital mortality were significantly higher in the group
transfused more than 40 ml/kg.® This data provides a
possible starting point to define massive transfusion
in pediatric trauma patients that is independent of the
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injuries they sustained and may serve to be an indicator
for increased mortality. This data is limited by poor cap-
ture of weights in 40% of these patients, as well lack of
data from point of injury, failure to include severe head
injuries, and retrospective design.

Further analysis of patients aged under 15 years who re-
ceived transfusion at military treatment facilities looked
at the effect of balanced component blood product re-
suscitation and crystalloid avoidance as a resuscitation
strategy. Two hundred twenty-four patients received
more than 40 ml/kg of packed red blood cells (PRBCs)
or whole blood, and 77 received more than 70 ml/kg.
Balanced component resuscitation with a 1:1 ratio of
PRBCs to fresh frozen plasma did not improve mortal-
ity in either of these groups, and, when all transfused
patients were considered, was independently associ-
ated with increased mortality. Use of crystalloid in ex-
cess of maintenance requirements was associated with
increased hospital and ICU stays in both the 40 ml/kg
and 70 ml/kg groups. This data is also subject to the
limitations listed in the prior study, but underscores the
need of clinical practice guidelines specific to pediatric
patients for the initiation of damage control resuscita-
tion strategies.’

Finally, tranexamic acid (TXA) has been shown reduce
mortality in adult patients with hemorrhagic shock."” Al-
though pediatric literature exists for use of TXA in elec-
tive and nontrauma related settings, less is known about
the utility and safety of its use in pediatric trauma.'"
Data obtained during 2008-2012 from Camp Bastion, a
Role 3 hospital in Afghanistan, found that 9% of 766
pediatric trauma admissions received TXA. Character-
istics of the group that received TXA revealed a signifi-
cantly higher portion of penetrating injuries, a higher
ISS, and lower GCS." This retrospective study reported
a reduced mortality for the TXA cohort that was inde-
pendent of mechanism of injury and injury severity. The
authors did not report any thromboembolic complica-
tions resulting from TXA administration. The optimal
dose of TXA for pediatric administration still needs to
be identified, but this early evidence seems to indicate
that pediatric TXA administration may improve out-
comes for pediatric patients with traumatic injuries due
to hemorrhage.

CONCLUSION

Over the past decade, combat hospitals were forced to
respond to an unanticipated amount of pediatric admis-
sions during the conflicts in Iraq and Afghanistan. The
use of [EDs and the urban environment has led to a high
proportion of pediatric blast and penetrating injuries
to multiple body regions that has not been previously
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reported in military literature. The data from this large
sample of pediatric patients has increased our knowl-
edge of pediatric blast injury and resuscitation from
hemorrhagic shock. As the medical capabilities in the
2 theatres of war matured, logistical support and avail-
ability of personnel trained in pediatric care improved.
However, given limited data from point of injury and
short- and long-term outcomes, the development of ev-
idence-based clinical practice guidelines for pediatrics
has significantly lagged behind the profound advances
in care for coalition forces. One lesson learned from this
conflict is that pediatric care will be a significant por-
tion of the military medical mission of the future. More
robust data collection and outcome analysis, as well as
training and logistical support, will be essential to care
for the smallest and most innocent victims of war.
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ABSTRACT

The use of military working dogs (MWDs) in support of military operations has increased dramatically over
recent years, as they have proven to be our most reliable deterrent to improvised explosive devices. Health-
care delivery for MWDs in combat presents unique challenges and requires extensive collaboration between
veterinarians and human health care providers (HCPs). A successful example is the incorporation of MWD
emergency care for nonveterinary HCPs into the Joint Trauma System Clinical Practice Guidelines, which has
proven to be a helpful product. Additional challenges that need further solutions include MWDs as patients in
human medical treatment facilities (MTFs) and the procurement of appropriate canine blood components in an
operational environment. It is often necessary for MWDs to be treated as patients in human MTFs, however,
there is no Department of Defense guidance to support this activity. Access to MWD blood products is lim-
ited to collection of fresh whole blood in the operational setting. Similar to humans, specific blood component
therapy, such as fresh frozen plasma, is often indicated for sick or injured MW Ds. Currently there is no formal
system in place to deliver any blood products for MW Ds or to facilitate collection in theater.

The capability that military working dogs bring to the
fight cannot be replicated by man or machine. By all
measures of performance, their yield outperforms any
asset we have in our inventory. Our Army would be re-
miss if we failed to invest more in this incredibly valu-
able resource.’

ROLE OF THE MILITARY WORKING DOG

Military working dogs (MWDs) are used in unprece-
dented numbers in current military operations, and play
avital role in both protecting human lives and supporting
military objectives.* Military working dogs are trained

to perform a variety of roles such as explosive, mine,
and narcotic detection, patrol/attack work, special op-
erations support, and animal assisted therapy for physi-
cal and emotional injuries, to name just a few.! Similar
to the human service members they serve, MWDs are
susceptible to both combat and noncombat related in-
juries in the operational environment. Contract work-
ing dogs (CWDs), which are owned by a private entity
and perform a Department of Defense (DoD) mission,
are also used extensively, typically performing a non-
combat security mission. The need for effective MWD
teams has increased significantly with the prevalence of
improvised explosive devices (IED) in recent years. In
2008, GEN David Petraeus aptly noted:
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At a time when IEDs represent one of the most signifi-
cant threats to our service members, MWDs remain our
greatest countermeasure to that threat. It is important to
remember that the purpose of the MWD is to save hu-
man lives, and maintaining their health and proficiency
is critical to military operations. Anytime an MWD
team detects an explosive device before it detonates, the
result is that humans are not killed, maimed, or injured.

OVERVIEW OF MILITARY WORKING DOG CARE IN AN
OPERATIONAL ENVIRONMENT

Veterinary care in a developed operational environ-
ment is provided by the Medical Detachment Veteri-
nary Service Support (MDVSS). This organization has
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5 Veterinary Service Support Teams with one general
practitioner veterinarian (AOC* 64A) and one animal
care specialist (MOS* 68T) each, to provide Role 1 and
Role 2 veterinary care. There is one Veterinary Medi-
cine and Surgery Team with a veterinary clinical medi-
cal officer (AOC 64F) and 3 animal care specialists pro-
viding Role 1-Role 3 veterinary care. As delineated in
Field Manual 4-02,* Role 1 care is nonsurgical treatment
by an animal care specialist or veterinarian for minor
wounds, injuries, or illnesses, preventive medicine, an-
algesia, emergency intervention for airway, hemorrhage,
and fracture immobilization. Role 2 veterinary care
includes veterinarian-directed resuscitation and stabili-
zation and may include advanced trauma management,
emergency medical procedures, and emergency resus-
citative surgery. Role 3 veterinary care includes consul-
tation and referral for advanced veterinary diagnostic,
therapeutic, and surgical procedures. This level of care
requires a veterinary clinical medical officer with train-
ing in surgery, internal medicine, or critical care. In the
combat theater, this facility is typically collocated with
a Role 3 human hospital for equipment and technical
support. There is frequently only one or a partial MD-
VSS in a combat theater. At the height of Operation En-
during Freedom, there were 2 MDVSS units deployed
to Afghanistan. Consequently, there are typically very
limited numbers of veterinary providers in theater, and
MWDs are often geographically separated from im-
mediate veterinary support. The doctrinal basis of al-
location is one MDVSS per 60,000 troops or 50 MWDs,
which is rarely met based on the MWD numbers. Ad-
ditionally, the ratio of MWDs to troops has increased
dramatically in recent years due to the widespread use
of IEDs.

Both MWDs and CWDs are eligible for veterinary
care and medical evacuation within the combat theater
(CWDs based on the provisions of the government con-
tract). Military working dogs are also eligible or aero-
medical evacuation (AE) out of the theater, however, for
CWDs it is the responsibility of the owning entity to
evacuate them from theater. Similar surgical principles
for combat injuries are followed for MWDs and human
service members, in that definitive care for significant
trauma and for high-energy and contaminated wounds
is often delayed until the patient is out of the combat
theater. This is not the case for CWDs as they often re-
ceive definitive care and recover in theater. Procedures
are occasionally performed on CWDs in theater as an
alternative to euthanasia due to the expense and delay
that accompanies private transport out of theater. While
there is not a provision for AE of CWDs out of theater,

*A0C indicates area of concentration (an Army designation); MOS
indicates military occupational specialty.
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there is a mechanism for AE of human contractors when
medically indicated.

HISTORY OF THE MILITARY WORKING DOG CLINICAL
PRACTICE GUIDELINES

Early in the operations in Afghanistan and Iraq, it be-
came apparent that human medicine health care provid-
ers (HCPs) frequently encounter sick or injured MWDs
before veterinary providers. Consequently, each vet-
erinary detachment developed an MWD care SOP to
provide guidelines for HCPs treating working dogs in
the absence of veterinary personnel. With this system,
the veterinary guidance and authorized HCP scope of
practice for MWDs varied with each rotation. The first
MWD clinical practice guideline (CPG) was published
in 2011, entitled “Canine Resuscitation,” and posted on
the Joint Trauma System CPGs.’ This document served
as a provisional MWD CPG until a comprehensive prod-
uct could be developed. In March of 2012, the “Clinical
Management of Military Working Dogs” was published
replacing the initial CPG.® This document is a compre-
hensive CPG consisting of 106 pages and 16 appendices,
which contains the full range of MWD medical topics
within one CPG. The DoD Military Working Dog Vet-
erinary Service (DoDMWDVS) served as the MWD
CPG proponent and the initial tasks were authored by
the instructors from the Animal Health Branch, De-
partment of Veterinary Science, US Army Medical De-
partment Center and School (AMEDDC&S). The CPG
received extensive peer review from a broad range of
veterinary corps officers (VCOs), animal care special-
ists, and HCPs. The DoDMWDVS continues to serve
as the proponent for the MWD CPGs. The next revision
will be published in 2016.

The MWD CPG begins by outlining the conditions
in which an HCP should provide emergent care to an
MWD, namely, in the absence of veterinary personnel
when MWD life, limb, or eyesight are at risk, and to
prepare the dog for emergency evacuation to definitive
veterinary care.® Healthcare providers are not authorized
to perform routine medical, surgical, or dental care to
MWDs without prior veterinary coordination and ap-
proval. Healthcare providers are cautioned that many
MWDs are trained to attack and any animal that is ill or
injured may respond to treatment with aggression. Mili-
tary working dogs should always be accompanied by a
handler. However, handlers may be killed or injured in
combat and MWDs, injured or not, are a significant risk
when separated from a handler. If the assigned handler
is not present, it is important to identify an alternate han-
dler as soon as possible. The MWD CPG provides infor-
mation on normal clinical parameters and includes man-
agement of a number of emergency conditions, such as
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airway, CPR, shock, gastric dilation volvulus, anesthesia,
analgesia, and even humane euthanasia, to name a few.®
Healthcare providers are cautioned to only perform pro-
cedures on MWDs that fall within their clinical skill set.

ARE THE MILITARY WORKING DOG CLINICAL PRACTICE
GUIDELINES USEFUL?

Anecdotally, the MWD CPGs are very helpful in provid-
ing appropriate guidance to HCPs on managing MWD
emergencies. However, it is unknown how many times
HCPs have provided emergent care to MWDs. Appen-
dix Q of the CPG mandates that providers complete an
after-action review (AAR) within 48 hours and provide
it to the supporting veterinary unit. This self-reporting
either does not occur or, if it does, is not reported to the
DoDMWDVS. As part of the MWD CPG revisions go-
ing forward, AARs should go to the Defense Trauma
Registry, formerly Joint Theater Trauma Registry, and
DoDMWDVS.

MILITARY WORKING DOG CLINICAL PRACTICE TRAINING
VENUES

The VCOs in theater are active in providing training
to HCPs in MWD care. It is also common for HCPs to
spend time in the veterinary hospital to gain experi-
ence. The AMEDDC&S Joint Forces Combat Trauma
Management Course includes an introduction to the
MWD CPGs. In recent years, VCOs have been invited
to military medicine trauma symposia for MWD train-
ing. Training is always available to units, both in gar-
rison and deployed, upon request from local or support-
ing veterinary units. A new development in 2015 was
the addition of 15 MWD emergency critical tasks to the
Critical Care Flight Paramedic (CCFP) critical task list.
This is the first time HCPs have been formally assigned
MWD emergency tasks and it is incorporated into the
CCFP Course.

MILITARY WORKING DOGS IN MILITARY TREATMENT
FACILITIES

Military working dogs in deployed settings are frequent-
ly treated in human medical treatment facilities (MTFs).
This is often a necessity due to lack of veterinary fa-
cilities or existing veterinary facilities may lack needed
equipment. The MWDs may require MTF support for
imaging, laboratory, surgery, medical procedures, or in-
strument sterilization. Currently there is no DoD policy
outlining MWD access to care in MTFs. While most
hospitals are extremely supportive, there is often confu-
sion and MWD access may be dependent upon case by
case negotiation with MTF leadership or departmental
staff. Military working dogs in garrison typically only
require MTF access for advanced imaging modalities,
such CT and MRI, which are beyond the scope of the
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military veterinary facilities. There are Centers for Dis-
ease Control and Prevention recommendations for ani-
mals as patients in healthcare facilities which may serve
as a basis for a DoD policy.” Military working dogs are
a crucial life-saving asset to humans serving in harm’s
way and it is important to ensure they have MTF facility
and equipment support when the need arises.

MILITARY WORKING DOG BLOOD MANAGEMENT IN AN
OPERATIONAL ENVIRONMENT

Management of MWD blood products differs greatly
from the human counterpart in there is no feasible means
to ship MWD blood components into the operational
theater. The military logistical chain exists for cold-
chain shipping of human blood components, but animal
blood products are not permitted to accompany those
shipments. Private transport of canine blood compo-
nents is too cost prohibitive to be a solution. The organic
capability of the MDVSS only supports the collection
and administration of fresh whole blood (FWB). Fresh
whole blood is suitable for many clinical conditions in
the MWD, however, there are times when fresh frozen
plasma (FFP) or platelets are a critical need. There are
currently no shelf stable canine blood components avail-
able that serve as a suitable substitute.

The FWB need has been reasonably met by the MDVSS
instituting a walking blood bank and prescreening do-
nors to be available when the need for transfusion arises.
This obviously takes more time than would be required
if packed RBCs were available. Previously, MWDs were
screened for infectious disease according to the Ameri-
can College of Veterinary Internal Medicine guidelines
for blood donors, which involved sending out serology
to Germany.® The cost to support the laboratory analysis
for MWDs in OIF/OEF was initially absorbed by Dog
Center Europe, the Role 3 veterinary referral center lo-
cated at Pulaski Barracks in Kaiserslautern, Germany.
Due to fiscal constraints of the Public Health Command,
that was no longer funded as of 2013. The MDVSS in Af-
ghanistan could not secure funding by any other means
for donor screening. Consequently, after 2013, MWDs
selected for blood donors only received a limited dis-
ease screening based on point of care tests available to
the MDVSS, putting the blood supply at greater risk for
infectious disease. It is not known if any diseases have
been transmitted to MW Ds through this process.

The need for FFP was temporarily abated in OEF by
use of plasma apheresis. In 2011, initial efforts began
to develop an FFP collection and distribution program
out of Kandahar Airfield (KAF). In 2012, the MD-
VSS obtained their own apheresis unit and it was des-
ignated for animal use only. The KAF apheresis team
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was instrumental in helping to establish this capabil-
ity in training veterinary personnel to operate the unit.
This enabled the collection and storage of FFP at KAF
and subsequent distribution to other veterinary sites
throughout Afghanistan. Additionally, this apheresis
unit was used to collect platelets when the clinical need
occurred. This capability has been a tremendous asset
for treating sick and injured MWDs in Afghanistan,
however, it is an ad hoc capability that only exists in
Afghanistan. It is not organic to the MDVSS for other
operational environments.

At a recent Veterinary Equipment Set (VES) review
conducted by the Capability Development Integration
Development (formerly the Directorate for Combat Doc-
trine and Development) in 2015, no additional equip-
ment or capability to support FFP collection was added
to the set due to limitations in cost and weight of the
VES. A plausible suggestion by the review panel was to
establish an apheresis equipment push-package at Fort
Sam Houston, TX, that could be shipped to a deployed
MDVSS upon request.

CONCLUSION

In this article, several aspects of Doctrine, Organiza-
tion, Training, Material, Leadership, Personnel, Facili-
ties are relevant. The MWD CPGs pertain to doctrine
and training. The advent of the MWD CPGs are a very
useful tool to HCPs and this practice should continue.
Additionally, we should maximize hands-on training
opportunities for HCPs that are likely to encounter or
treat MWDs. The issue of MWDs as patients in MTFs
pertains to doctrine. Currently, there is no DoD policy
regarding access for MWDs to MTFs. A baseline pol-
icy will ensure MWDs have appropriate access when
needed, and that MTFs can implement proper infec-
tion control measures. Establishing the capability for
the MDVSS to generate blood components for MW Ds,
most importantly FFP, relates to materiel. While it is not
currently feasible to outfit every MDVSS with apheresis
capability, establishing a centralized push-package is a
reasonable solution until alternate shelf-stable products
become available.
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History has taught us that the threat of communicable diseases to operational readiness should not be underes-
timated. The unique operational challenges of a decade at war in Southwest Asia have left us with many new
lessons about prevention and mitigation of disease. The successes of military immunization programs demon-
strated the successful application of military science to modern combat. Historic maladies such as tuberculosis
and malaria continue to challenge our Army health leadership while new challenges with diseases like Q fever
and rabies led to questions about our preparedness. These conflicts also brought awareness of issues about the
broader deployed community, and the often unique risks that arise when US service members interact more
frequently with foreign militaries, local nationals, and third country nationals. Application of these lessons to
predeployment training and integration into leadership decision-making will improve our ability to maintain
force readiness in future conflicts and adapt Army policy to current evidence and intelligence.

In the deployed environment, the prevention, identifica-
tion, and response to communicable disease threats play
a critical role in maintaining combat power. The recent
wartime experiences in Iraq and Afghanistan provide
no shortage of lessons learned in all of these areas of
operational public health. Here we will focus on the pre-
vention of and response to select infectious diseases of
public health importance in the deployed environment.
The lessons learned from these events fall into key ar-
eas of disease prevention and control, disease reporting,
medical threat assessment, and risk communication.
The topics chosen for discussion address lessons learned
from multiple focus areas.

IMMUNIZATION

Military science is a powerful force multiplier on the
battlefield. Immunization, for example, has been a
staple of deployment readiness since General George
Washington ordered variolation against smallpox for
the Continental Army in 1777.! A shining example of
the application of military vaccine science to the battle-
field is the Hepatitis A vaccine. Hepatitis A has a long
history of negatively impacting deployed forces. A suc-
cessful partnership between the Walter Reed Army
Institute of Research and SmithKline brought the first
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hepatitis A vaccine to Federal Drug Administration ap-
proval in 1995.%2 In the absence of this immunization,
military operations in Southwest Asia would have been
at high risk for hepatitis A infection. According to the
National Center for Medical Intelligence, hepatitis A
virus poses a year round, high operational risk to non-
immunized forces.* Despite this endemic disease threat,
there were no evacuations of US service members for
hepatitis A infection in Operations Iraqi Freedom (OIF)
or Enduring Freedom (OEF). This was not the case for
other coalition partners who reported hepatitis A infec-
tion leading to lost duty time.? The lesson learned is that
military science is important for disease prevention on
the battlefield. Hepatitis A vaccine would not have come
to market without the efforts of military scientists. Re-
search and development of vaccines, medications, and
military specific health programs are critical for force
health protection.

Smallpox vaccine in the recent conflicts provides les-
sons in threat assessment and vaccine adverse event
reporting. During the recent conflicts, approximately
175,000 service members were immunized annually
with the current smallpox vaccine.* The occurrence of

*Internal military document not accessible by the general public.
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myocardial signs and symptoms secondary to the vac-
cine were well described in the literature with a reported
incidence of 1% to 3%.5 As increasing numbers of ser-
vice members received vaccination, case reports of myo-
carditis and pericarditis increased, leading to a prospec-
tive study of the use of smallpox vaccine in the deploy-
ing population.® This work demonstrated an incidence of
myocardial effects at a rate much higher than previously
reported (10%). Of note, there was no mortality report-
ed due to myocardial or pericardial effects of smallpox
vaccine use, but the overall effect on medical readiness
due to unrecognized vaccine side effects could be sig-
nificant, given the number of doses administered. As the
largest user of smallpox vaccine, the DoD has the re-
sponsibility to monitor vaccine safety and make recom-
mendations on future use. The identification of higher
rates of cardiac effects will lead to improved screening
of cardiopulmonary risk factors for those receiving the
vaccine. The question as to whether smallpox was ever
a credible threat on the battlefield is debatable. However,
the time, expense, and high rate of adverse events from
smallpox immunization demonstrates a lesson that care-
ful and deliberate risk assessment must be used for force
health protection vaccination.

SELECT INFECTIONS OF PUBLIC HEALTH IMPORTANCE
Rabies

In 2011, a Soldier died after contracting rabies from
a presumed dog bite in Afghanistan, the first rabies
death in a service member since 1974.7% Rabies preva-
lence among feral dogs and cats was known to be high
throughout much of Afghanistan.* Despite instruc-
tions contained in US Central Command (CENTCOM),
General Order 01.C, prohibiting the harboring of pets
or mascots while in theater, it was not uncommon for
service members to keep dogs or cats as companion
animals. In addition, risk was assumed in some situa-
tions when local dogs were used as sentries in remote
outposts and forward operating bases, or when service
members were collocated with Afghan police or mili-
tary units that used canines for such purposes. Anec-
dotal reports from Soldiers in theater also suggested that
some combat stress control officers implied that having
pets or mascots was a beneficial form of stress relief and
that commanders may have tolerated animal presence
for morale and protection purposes. Regardless of the
reasons behind such frequent interaction with feral ani-
mals, the death of a service member due to rabies made
it clear that the risk from this highly lethal infection was
largely underappreciated among service members and
their supporting medical providers, perhaps due to the
rarity of animal-to-human rabies transmission in the

*Internal military document not accessible by the general public.
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United States or a lack of knowledge about the endemic
risk in Afghanistan. Nevertheless, emphasis on preven-
tion of exposure must continue to be a priority. Theater
directives prohibiting the harboring of pets and mascots
remain essential and commanders must ensure compli-
ance though good order and discipline. When operation-
al requirements place personnel at higher risk, service
members must be aware of appropriate management of
potential exposures, including immediate wound irriga-
tion and medical evaluation. Medical providers must be
fully trained on conducting a rabies exposure assess-
ment. This is necessary both in operational setting and
the postdeployment setting, as the inclusion of questions
specific to rabies risk in the Postdeployment Health As-
sessment has increased the ability to detect possible ex-
posures following deployment.

Malaria

Malaria is another infection with a historic effect on
military operations. The literature is replete with case
reports and epidemiologic studies defining the negative
impact of malaria on combat operations. It was there-
fore appropriate that the military health leadership took
a conservative approach to malaria prevention in Iraq.
Initial prevention policy included 100% chemoprophy-
laxis at all times in both theaters of operations in the
early stages of the Iraq and Afghanistan conflicts. Dox-
yeycline was chosen primarily as it was also being car-
ried as a chemoprophylactic for anthrax. Early negative
experiences with this medication due to altitude and sun
exposure in Afghanistan led to a curtailment of its use.
The medical threat from malaria in Iraq was known to
be limited. Saddam Hussain’s draining of the swampy
areas in Iraq had nearly eliminated the threat. Malaria
in Afghanistan was focal and limited to well-defined
areas. To complicate the picture, there was no standard-
ized regimen for chemoprophylaxis across the services
in the early years of the conflicts, which led to confu-
sion, misunderstanding, or mistrust among unit provid-
ers, service members, and commanders. Chemoprophy-
laxis itself was suboptimal, as the medications available
at the outset of combat operations, doxycycline hyclate
and mefloquine, both have significant adverse effect
profiles. Issues of noncompliance and adverse effects
are well documented in the medical literature.”' In Iraq,
this led to an under-appreciation of malaria chemo-
prophylaxis as a Marine unit went from Iraq (very low
risk) to Liberia (very high risk) and, in the absence of
compliance with chemoprophylaxis, incurred 80 cases
of falciparum malaria, leading to multiple hospital ICU
admissions and an estimated cost of $1.2 million to the
Military Health System (MHS)."

http://www.cs.amedd.army.mil/amedd_journal.aspx
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By 2006, malaria chemoprophylaxis was removed
from the OIF force protection plan, but cases of Plas-
modium vivax malaria began to accumulate from OEF.
Although vivax malaria poses a readiness threat to de-
ployed forces, the low mortality and absence of drug
resistance cloud the direct threat of malaria as a mortal
risk to Soldiers deployed to Afghanistan, particularly
considering the 30% prevalence of adverse effects from
chemoprophylaxis.'?

Mefloquine was removed as a primary chemoprophylac-
tic medication primarily due to concern for the ability
to adequately screen all service members for behavioral
health contraindications.”'> Fortunately, combination
atovaquone/proguanil (Malarone) became readily avail-
able for use as primary chemoprophylaxis during that
same time period. The low adverse effect profile of
atovaquone/proguanil would improve compliance with
chemoprophylaxis across the MHS.'®

Multiple lessons were learned with malaria during OIF/
OEF. Unfortunately, many of these lessons were in fact
relearned from previous engagements, such as the no-
tion that compliance with chemoprophylaxis depends
largely on command emphasis. A new lesson learned
is that being overly risk averse may negatively effect
readiness. Better and faster translation of medical in-
telligence data into deployment policy and the ability
to apply malaria prophylaxis policies below the theater
level may have reduced both malaria infection and the
adverse effects of chemoprophylactic medications on
the battlefield. Other malaria lessons including the use
of rapid diagnostic tests, empiric therapy, permethrin-
treated uniforms, and public health surveillance are all
equally important, and will be captured in later articles.

Tuberculosis/Latent Tuberculosis Infection

Rates of active tuberculosis (TB) transmission are high
among civilian populations in both Iraq and Afghani-
stan. Based on this, initial force health protection mea-
sures included pre- and postdeployment placement of TB
skin tests (TST) in order to identify deployment-related
latent TB infection. However, the realized infection risk
among US service members during OIF/OEF was quite
low. The use of TSTs in low risk populations inevitably
results in a large number of false positive cases. In addi-
tion, improper placement and interpretation of TSTs and
variability in the biologic products used can contribute to
false readings. These factors led to a number of pseudo-
outbreaks of TB in which significant proportions of rede-
ploying units were misidentified as being infected with
Mpycobacterium tuberculosis."” In reality, despite tens of
millions of contact hours with local civilians in these
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countries, very few cases of active TB attributable to ex-
posure in theater were identified. As the wars progressed,
the use of risk stratification to conduct targeted testing
on only those at high risk was recognized as a more ap-
propriate approach.’® While this reduced the amount of
postdeployment TB testing, returning service members
were still frequently misclassified as high risk, resulting
in continued testing within a recognized low risk popu-
lation. MEDCOM policy eventually removed TB risk as-
sessment from the Postdeployment Health Assessment,
which proved critical in reducing the over-diagnosis and
treatment of those deployed to CENTCOM areas of op-
eration. This evolving policy highlights a misconception
and a key lesson learned about tuberculosis in the op-
erational setting. While this highly prevalent and con-
tagious disease must always be a consideration, deploy-
ment to a country with high rates of TB on its own does
not necessarily place service members at significant risk
of infection. Overestimation of TB risk has notable con-
sequences, resulting in unnecessary testing and treat-
ment. While the adage of “a decision to test is a decision
to treat” still holds true, the decision of whom to test
clearly remains the more critical and difficult decision.

Human Immunodeficiency Virus

Human immunodeficiency virus (HIV) has been of lim-
ited risk to Soldiers in theater because of the system-
atic screening process in garrison and predeployment
screening requirements. However, in 2006 and 2007
Army public health officers became aware of an increas-
ing number of cases of HIV diagnosed on the postde-
ployment HIV screening test. An investigation conduct-
ed by the Military HIV Research Program and the Army
Public Health Command revealed most of the infections
were acquired in the predeployment window between
the required predeployment screening test and the actual
deployment. Other cases were acquired during mid-tour
leave or immediately postdeployment. Most importantly,
no infections were due to exposure within CENTCOM,
including through the use of blood products in theater,
particularly the battlefield blood supply (walking blood
bank)."” The investigation of the HIV cluster revealed a
gap in the screening process that led to deployment of
HIV-infected service members. Shortening the prede-
ployment screening window did not eliminate but did
significantly decrease the risk of deploying HI V-infected
service members. There are a few lessons learned from
the HIV cluster. First, predeployment screening pro-
grams should consider the biology of the disease process.
Given that at the time HIV testing was dependent on a
positive ELISA test, and tests could have been conducted
one year before deployment, exposures up to 14 months
prior to deployment could have led to deployment with
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HIV. In addition, this study suggests an increase in STD
risk activity in the predeployment period. This may be
a target for risk reduction counseling. Finally, although
the assumption is made that no service members with
HIV deploy into the operational environment, we know
this to not be true. There are, and will continue to be,
pathways by which HIV-infected Soldiers end up on the
battlefield. Healthcare providers at all levels should keep
this in mind in the care they provide in theater.

Q Fever

Coxiella burnetti infection, also known as Q fever, was
another communicable disease that should have received
greater predeployment consideration. Both Iraq and Af-
ghanistan are countries with documented endemic Q
fever risk. Exposure to this zoonotic pathogen typically
occurs through the ingestion or inhalation of soil or dust
contaminated by the body fluids of infected livestock.
With many service members operating in agricultural
regions, often in conditions that predispose to dust inha-
lation such as helicopter rotor wash, exposure for some
was conceivable. Q fever first came to the attention of
public health officials during an outbreak investigation of
severe pneumonia in service members deployed to Iraq
in 2003-2004.%° Diagnosis of Q fever is challenging in
the operational setting, as symptoms of acute infection
are often nonspecific and diagnostic tests are typically
not considered or are not readily available. While acute
infection usually resolves spontaneously, there is a risk
of chronic infection, which threatens those who remain
undiagnosed. Recognition of Q fever in deployed service
members led to the development of new military practice
guidelines, which subsequently informed new national
guidelines published by the US Centers for Disease Con-
trol and Prevention.?"*? The work of clinicians and public
health officers led to the identification of over 150 cases of
Q fever exposure in service members. Fortunately, there
have been no cases of severe outcomes from chronic Q
fever in US service members to date. The lesson learned
with Q fever is that laboratory-based surveillance can
play an important role in identifying endemic disease in
deployed service members. However, it can only be use-
ful if medical providers are aware of the endemic disease
risks and have the appropriate tests available to make a
diagnosis. Current and accurate infectious disease risk
assessments are essential for guiding public health ef-
forts, but they are equally important for training medical
providers predeployment and identifying key diagnostic
capabilities to be made available in theater.

Leishmaniasis

The early OIF experiences with leishmaniasis were well
documented in the medical literature as well as in the
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lay press. Environmental exposure to the sandfly vector
in Iraq led to over 800 cases of cutaneous leishmaniasis.
The Army Medical Department (AMEDD) struggled
with how to manage these cases, including questions
about evacuation, treatment, and long-term care. De-
spite cutaneous disease having few long-term adverse
health outcomes, the large number of initial cases in ser-
vice members, treatment difficulties, and media atten-
tion strained the MHS. Delayed diagnosis, delayed treat-
ment, lack of approved diagnostics and treatments in
theater led to hundreds of evacuations and lengthy treat-
ments with a toxic investigational new drug (IND).>*
The notable rise and fall of leishmaniasis cases among
US service members early in OIF contributed to a new
understanding about how environmental changes in the
operational setting can significantly alter the ecology
of this disease. As US Forces entered the country, new
construction and human traffic likely contributed to a
disruption of sand fly habitats, exposing a large popula-
tion of immunologically naive service members. How-
ever, the trend soon reversed as the maturing theater of
operations resulted in more hardened structures and air
conditioned lodging for those deployed to the region,
reducing their level of exposure. The experience with
leishmaniasis in OIF also changed the clinical manage-
ment of cases in the deployed setting. While early cases
were often medically evacuated for treatment, it became
clear that conservative management of mild cases, often
with a “watch and wait” approach, was a reasonable al-
ternative that allowed many service members to remain
in theater with minimal effect on long-term morbidity.

Surveillance

Given the direct relationship between health and opera-
tional readiness, accurate and timely information about
disease and injury (D&I) data is critical to medical plan-
ners as well as commanders. Significant challenges were
met as attempts were made to automate the collection of
surveillance data. Assumptions about the use of elec-
tronic health records, training of medical providers, lack
of appropriate denominator data, and bandwidth limi-
tations posed an insurmountable barrier to systematic
accurate D&I data collection in theater. Data such as
hospital admissions or medical and casualty evacuation
data became commonplace in reporting of D&I rates by
leadership. Although easy to calculate, these metrics had
limited scope and are neither useful nor actionable at the
operational level. As each theater matured and medical
care moved into brick and mortar structures at all lev-
els of care, electronic health systems allowed for better
capture of medical event data. However, these were still
plagued by the lack of population data that would al-
low for the determination of rates of disease and injury.

http://www.cs.amedd.army.mil/amedd_journal.aspx
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Lack of training at the Role I level on basic collection
of health surveillance data in the absence of electronic
systems left a gap in our knowledge of the disease and
injury picture from the earlier years of both conflicts. In
the same way that Soldiers learn basic land navigation in
the era of the GPS, operational medical providers should
learn the importance of data collection and reporting in
the absence of automated systems to monitor the health
of the deployed force.

THE DEPLOYMENT COMMUNITY

The individuals and organizations that interact with
the Warfighter in theater make up the deployment com-
munity. While much effort is placed on the reduction
of communicable disease among service members and
other US government personnel, as the theater of op-
erations matures, greater numbers of local nationals,
contractors, and third country nationals become an in-
tegral part of the deployment occupational environment.
In the same way that disease surveillance, prevention,
and response are important for force health protection,
the same issues within the non-DoD members of the
deployment community are important given the close
interactions with deployed forces and other US gov-
ernment personnel. As contracts were put in place to
hire local nationals to work on US forward operating
bases, issues of occupational health screening became
apparent. Third country nationals and other contractors
may have had organic medical care available, but the
extent of that care, the sharing of public health data, or
the capacity to respond to communicable disease was
unclear to Army public health officers in theater. Army
preventive medicine physicians assisted with outbreaks
or evaluations for disease clusters among contractors for
suspected tuberculosis, varicella, meningitis, and acute
diarrheal disease. The different interacting populations
with disconnected medical oversight created challenges
in the surveillance of diseases. The lesson learned is
consideration must be made for the deployment com-
munity as a whole. Occupational health controls and
disease surveillance must be ensured for all personnel
working with or in proximity to US forces as a matter of
force health protection.

INTEGRATION OF LESSONS LEARNED

Most of the lessons cited here are related to DOTMLPF*
areas of leadership and training. Decisions about invest-
ing or maintaining military science, adherence to or
command support for prevention policy, and appropri-
ate use of risk assessments are all themes repeated in
the above lessons learned. There is no doubt that Army
leaders understand the connection between readiness

*Doctrine, organization, training, material, leadership, personnel,
and facilities.
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and disease prevention, but leaders must enforce pre-
vention policy and the associated health behaviors in
the deployed force. Additionally, leaders at all levels
must use the appropriate resources, including preven-
tive medicine assets at all levels, to make informed de-
cisions about health risk and engage Army technical
experts where such expertise exists. Army deployment
policy should be based on solid medical evidence and
intelligence. Finally, leaders must have the flexibility to
adapt to the changing operational environment.

Training opportunities include training for all levels
of medical providers in endemic disease risk as high-
lighted by the above discussion of rabies, malaria, and
Q fever. Training medics and medical commanders on
basic disease surveillance procedures while in garrison
would greatly reduce the surveillance gap that we face
during initial phases of deployment.

The Army doctrine related to many of these public health
issues is valid, but the application on the battlefield is
often difficult. As the Army moves forward towards
AMEDD 2025 to support a force that is leaner, more
efficient, and more integrated, commanders cannot pre-
sume that technology and medical advances will render
basic military preventive medicine obsolete. The basic
tenants of preventive medicine, including field sanitation,
disease surveillance, and reporting, risk communication,
and health risk assessment will continue to be critical to
mission success. The Army must continue to field a com-
bat force that can identify and prevent or mitigate the
effect of disease and injury on deployed forces. When
applied correctly, Army doctrine can achieve just that.
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Deployment Exposures and Long-term
Health Risks: The Shadow of War

ABSTRACT

Coleen Baird, MD, MPH

The victory in Operations Desert Shield/Desert Storm has been “shadowed” by long-term health concerns
among returning troops. During Operations Iraqi Freedom, New Dawn, and Enduring Freedom, the Depart-
ment of the Army and Department of Defense implemented recommendations of the Institute of Medicine
relating to environmental exposure assessment, hazard response, documentation of exposures, and risk assess-
ment using environmental sampling data to evaluate potential health risks among deployed troops. Recommen-
dations regarding risk communication proved more difficult to implement, however. Exposure to particulate
matter and airborne hazards including burn pit emissions and chemical warfare agents have received attention
from service members, the media, and in some cases, Congress. A combination of lack of clear and consistent
messages, imperfect and sometimes seemingly contradictory science, and strong perceptions suggest that ques-
tions related to these exposures and their potential long-term health effects will persist.

THE SHADOW OF WAR

A legacy of 1990-1991 Operation Desert Shield/Desert
Storm (DS/DS) was the realization that the public health
toll of a military conflict is not known at the time of
redeployment. Beyond combat-related deaths or injuries
and disease nonbattle injury (DNBI) that occur during
the conflict, concerns regarding delayed health effects
resulting from environmental exposures may extend the
medical mission for years after the conflict has ended.
The operation was considered a victory with the surpris-
ingly low total of 145 service members dying in combat
and 225 lives claimed by nonhostile actions.! Nonethe-
less, over 60,000 individuals eventually sought an evalu-
ation as part of registry programs open to DS/DS veter-
ans and their families.?® Widespread somatic symptoms
such as pain, fatigue, rashes, and cognitive deficits were
raised with concerns about their relationship to envi-
ronmental exposures. Multiple expert boards and com-
mittees reviewed health consequences of service in the
Gulf; none were able to define the medical nature and
cause or causes of a “Persian Gulf War Syndrome,” nor
identify any cause and effect relationships between pu-
tative exposures and undefined illness."** The Institute
of Medicine (IOM) and the Presidential Advisory Com-
mittee noted that registries established by Department
of Defense (DoD) and the Veterans Administration
(VA) to provide free medical evaluation to concerned
Persian Gulf War veterans were not designed to answer
epidemiological questions. Furthermore, available sci-
entific evidence did not support a causal link between
the symptoms/illnesses reported and exposures while
in the Gulf to oil well fires, smoke, petroleum products,
pesticides, chemical warfare agents, biological warfare
agents, immunizations, pyridostigmine bromide, in-
fectious diseases, or depleted uranium. However, the
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investigation of possible exposures of troops was con-
sidered “superficial and inadequate.”! It was noted that
very little personalized exposure information was avail-
able, thus it would be extremely difficult to define rel-
evant control groups and obtain data for them. The lack
of exposure data limited even the most expert and well-
funded investigation to identify health outcomes linked
to specific exposures or risk factors.* The General Ac-
counting Office stated that:

Without accurate exposure information, the investment
of millions of dollars in further epidemiological research
on the risk factors or potential causes for veterans’ ill-
nesses may result in little return.’

The IOM noted that the victory in the Gulf was over-
shadowed by questions regarding long-term health and
exposures that were known or possible for the deployed.?
This understanding is the primary public health legacy
of DS/DS, and resulted in the 2000 Institute of Medi-
cine report, Protecting Those Who Serve: Strategies to
Protect the Health of Deployed U.S. Forces® with rec-
ommended improvements.

DEPLOYMENT EXPOSURE ASSESSMENT

Presidential Review Directive 5 published in 1998 by the
Clinton administration called protection of the health of
our service members while deployed a “national obliga-
tion.”” It directed DoD to:

...identify and minimize or eliminate the short and long-
term health effects of military service, especially during
deployments (including war) on the physical and mental
health of veterans.

The IOM responded and recommended strategies to pro-
tect those who serve, including environmental exposure
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assessments in deployment locations.® They noted that
the spectrum of health concerns was broadening from
acute illness and injury due to pathogens and accidents
to possible influences of low-level chemical exposures
which can manifest in chronic illnesses years later.
The IOM also noted that a useful management scheme
must address all the threats that deployed forces face,
so integration is particularly needed. In addition, “risk
information must be presented in a way that permits
rapid decisions to be made by field commanders with
little pertinent expertise.”® Necessary to this process are
clear guidelines appropriate for deployed forces; a way
to assess risk that takes into account competing risks
and mission requirements. In addition, risk communica-
tion must occur on the ground. Sampling is conducted
to answer questions, and those who are affected typi-
cally want to know the answers or they may draw their
own conclusions. While the desire to disseminate all
relevant exposure information to the affected group is
strong, it is important to deliver it in an understandable
way that causes neither unwarranted concern nor undue
complacency.

Assessing acute risk is fairly straightforward, and
the military developed both acute exposure guidelines
and those considered protective for a one-year exposure
for lower but continuous exposures.® “Dose” relates to
the magnitude, duration, and frequency of exposure.
During deployment, exposure concentrations may be
variable over time. Some may be for a short period but
at levels high enough to immediately affect health or
even degrade the mission. Regarding lower concentra-
tions and long-term health effects: concentrations above
the long-term guidelines do not necessarily pose long-
term risk if the levels are intermittent. However, there is
rarely sufficient monitoring information to assess levels
over time in dynamic locations since sampling episodes
are brief. Therefore, health risk associated with these
intermittent exposures is almost always uncertain and
rarely actionable, unless the action is to conduct more
sampling. This can be frustrating for preventive medi-
cine personnel and for commanders who have to choose
among courses of action. The risk matrix for operational
risk management classifies risk in a table as green, am-
ber, red, and black as the risk increases.® Gray (unclear
results) is not in the matrix. While the IOM recom-
mended risk communication down to the level of those
exposed, the lack of clear risk and clear messages at this
level interfered with this goal. In many cases, sampling
was done at a unit level, but sent out of country for anal-
ysis. In most cases, a clear interpretation of the results
was not available at the unit level, leaving the opportuni-
ty for inconsistent messages. According to the [OM, the
acknowledgement of uncertainty does not erode trust
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and confidence in leaders; instead, it fosters confidence
in the reliability of the information deemed to be more
certain and valid.®

EXPOSURE TO AIRBORNE HAZARDS

Early into Operations Iraqi Freedom and New Dawn
(OIF/OND), it was recognized that particulate mat-
ter (PM) was likely to be a ubiquitous hazard.” Shamal
winds cause dust storms, and daily windblown dust, die-
sel exhaust, local pollution, and open burning were po-
tential additional sources. It had been demonstrated that
PM: s levels (representing the respirable fraction of PM)
in the region had been measured at twice the US Na-
tional Ambient Air Quality Standards. Exposure to PM
affects the health of children, the elderly, and those with
cardiopulmonary disease. The risk of various adverse
health outcomes increases with exposure concentration,
and there is little evidence of a threshold below which
no adverse health effects are expected.” The nature and
probability of health effects are also dependent upon
the size fraction, chemical composition, and the dura-
tion of exposure. In short, health effects were plausible,
but there was a paucity of information as to the health
effects of Southwest Asia (SWA) PM on a relatively
young and healthy population. On the basis of concerns
about the potential health effects, US Central Command
(CENTCOM) approval was obtained to design and im-
plement sampling to characterize and quantify the PM
in the ambient environment at 15 deployment sites.!°

While the sampling effort was remarkably successful
given that the every sixth-day schedule was conducted
at 15 sites and generated much information, it was diffi-
cult to tie the results to health effects. One epidemiologi-
cal effort was a case-crossover study to evaluate the as-
sociation between daily average PM, s and PM,, concen-
trations at the 15 sites and acute cardiovascular and re-
spiratory medical visits."" Results were limited because
the study lacked statistical power due to the paucity of
health-outcome events, and since those that occurred
were not always associated with a sampling day. An-
other used a retrospective cohort design to examine the
association between time-weighted average PM, , and
PM, concentration and postdeployment cardiovascular
or respiratory diagnoses in cohorts defined by deploy-
ment location.”? No increased diagnoses rates with high-
er PM was found after adjustment for many confounding
variables. The data were limited by potential exposure
and outcome misclassification and by a relatively short
follow-up period after deployment. In addition, it was
recognized that base camps differ in other sources of
potential airborne hazards such as industrial pollution,
vehicles and fuel exposures, trash burning, and other
individual contributions to respiratory or other effects.

http://www.cs.amedd.army.mil/amedd_journal.aspx
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The Committee on Toxicology of the National Research
Council reviewed the available sampling information
and studies and concluded that it is indeed plausible that
exposure to ambient PM in SWA is associated with ad-
verse acute and chronic health effects.”” However, the
question of whether this was occurring remained. Later
publications have looked at trends in respiratory con-
ditions in the Army."*!* Others have demonstrated in-
creases in symptoms and small increases in respiratory
conditions postdeployment, particularly asthma. Those
studies included comparisons such as those exposed to
a sulfur mine fire (Mishraq), locations with high back-
ground pollution (Kabul), and locations with and with-
out open trash burning.””!'” Postdeployment respiratory
effects of airborne hazards continue to be studied and
are the subject of a recently published book.'8

BURN PIT EMISSIONS

Once the perception of a health hazard exists, it is dif-
ficult to reassure individuals that the risk is low. Char-
acterization of the deployed environment and health
concerns of those deploying should be used to develop
force protection measures and risk communication tools.
Joint Base Balad (JBB) was one of the largest air bases
in Iraq and was home at one point to 25,000 military,
civilian and coalition personnel. Since 2003, burn pits
or areas designated for burning trash were used to fa-
cilitate solid waste disposal at Balad."” In the absence
of a waste disposal infrastructure, the options for expe-
dient disposal of trash in operational environments are
burial, incineration, or a combination of the two. Tacti-
cal security considerations often limited the options to
incineration as it did at JBB.?* Wind roses constructed
by the Air Force 14th Weather Squadron demonstrated
that prevailing winds carried smoke away from loca-
tions where personnel were located. However, black
smoke was often visible rising from the burn site. Under
some weather conditions, such as low winds and inver-
sions, the smoke from the burn pit lingered over areas
of the base, generating complaints and health concerns
amongst service members from 2003 until open burn-
ing ceased in 2009. Air sampling conducted from sum-
mer 2004 to summer 2006 demonstrated the occasional
presence of volatile organic compounds and polycyclic
aromatic hydrocarbons and dioxins, all of which may
be associated with the open burning of trash.” The po-
tential health risk was estimated to be low, based on the
limited detections in the small number of samples, but a
more formal sampling plan was jointly developed. Four
rounds of air sampling were completed; Spring and Fall
2007, Spring 2009, and Spring 2010. These air sampling
efforts coincided with the introduction of initiatives to
reduce exposure to burn pit smoke. Primary measures
included the installation and operation of 4 solid waste
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incinerators and the start of a program to segregate
waste, with emphasis on the elimination of plastic water
bottles from the waste stream. Two incinerators became
operational in May 2007, a third in April 2008, and the
last during the summer of 2009. The JBB burn pit of-
ficially closed on October 1, 20009.

Risk assessments conducted using the results of the 4
aforementioned air sampling efforts estimated cancer
risk in the range considered to be “acceptable” per the
US Environmental Protection Agency standards, but
some volatile organic compounds were measured at lev-
els that might be associated with acute irritation."” These
effects were consistent with health conditions reported
by some personnel. It took some time for the reports to
be published, and it is uncertain how well the findings
were disseminated or understood by those with con-
cerns. The VA requested assistance from the Institute
of Medicine to assess air sampling data and risk assess-
ment information from JBB. The IOM concluded that
none of the individual chemicals were likely to be asso-
ciated with adverse health outcomes, but that monitoring
data suggests particulate matter from local and regional
sources other than burn pits appeared to be of greatest
concern.” Risk assessments do not address mixtures of
chemicals and their potential for adverse effects.?’>* The
IOM was unable to conclude whether long-term health
effects are expected from exposure to burn pit emissions.
While this may be the state of the science, it does not re-
assure those who develop subsequent illness and might
reasonably wonder if it is associated with the exposure.
Congress addressed the issue in the fiscal year 2013 Na-
tional Defense Authorization Act by requiring the VA to
establish a registry for veterans with potential exposure
to burn pits.”* The DoD elected to expand this to ser-
vice members. Participation is voluntary, and eligibil-
ity is based on deployment to OIF, Operation Enduring
Freedom (OEF), and OND. Confirmation of potential
exposure or deployment to specific camps or locations is
not required as DoD was unable to specifically list dates
and locations where trash was burned. While the actual
health risk associated with burning trash may still be
under study, service members, the media, and Congress
viewed the billowing, thick smoke as demonstrating a
lack of consideration for service members’ health, which
heightened the concern. Over 50,000 service members
and veterans have signed up for this registry to date, and
the IOM is currently assessing the data.

CHEMICAL WARFARE AGENT EXPOSURE

Exposure to chemical warfare agents (CWA), particular-
ly nerve agents, was a major concern after the first Gulf
War due to reports of alarms, the use of the pyrdostig-
mine bromide tablets as a nerve agent pretreatment, and
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lingering health concerns after the war. Due to this, a
massive research effort to address effects of low-level
chemical warfare agents®* was undertaken. Once again,
over a decade later, CWA exposure is also an issue of
lingering concern. On October 14, 2014, the New York
Times published an in-depth investigation, “The Secret
Casualties of Iraq’s Abandoned Chemical Weapons,”?
that initiated a landslide reaction and innovative re-
sponse. The report alleged that from 2004-2011, Ameri-
can troops who deployed in support of OIF/OND:

...repeatedly encountered, and on at least 6 occasions
were wounded by, chemical weapons remaining from
years earlier in Saddam Hussein’s rule.

The article noted that none of the exposed veterans
were receiving long-term health monitoring. While this
was not necessarily correct, there was no centralized
tracking of these exposures and most of the exposure
incidents were classified. The US Army Public Health
Command (USAPHC) responded and by October 20,
2014, the USAPHC began contacting service member
and veterans identified in the article; 17 Soldiers, 6 Ma-
rines, and 3 Sailors reported to have had symptomatic
exposure to CWA, either sulfur mustard or nerve agent.
The immediate task was to contact and interview these
individuals and identify their exposure and their symp-
toms at the time, and to discuss current health concerns.
Exposures for the 26 individuals occurred between 2003
and 2011, most typically from handling old leaking mu-
nitions. These munitions were either being transported
for destruction, or handled during excavation, with a few
exposures occurring during destruction. Mustard expo-
sures may injure the skin (blisters), the eyes, and/or the
respiratory tract depending on the dose and the route of
exposure. Nerve agent exposure may cause miosis from
vapor exposure to the eye, sweating, nausea, vomiting,
muscle twitching, involuntary urination and defecation,
or seizures and death as dose increases.

Beyond the original 26 individuals in the New York
Times article, the USAPHC reviewed the medical re-
cords of individuals who were known to have been in
the same unit of a previously identified exposed service
member. In addition, in coordination with the Armed
Forces Health Surveillance Center, a review of those
who had identified exposure to a CWA on their Post-
Deployment Health Assessment or Reassessment was
initiated. By October 30, 2014, the DoD had established
a toll-free hotline (1-800-497-6261) for service mem-
bers and veterans to report potential chemical weapons
exposure and seek a medical review. On November 7,
2014, the Under Secretary of Defense (Personnel and
Readiness) designated the Army as lead agent for this
response and directed the Army to develop and publish
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implementation guidance for the identification and eval-
uation of current and former service members who had
CWA exposures during their deployment to Iraq in sup-
port of OIF/OND, to be executed by all branches. On
March 20, 2015, the Under Secretary of the Army issued
guidelines under which service members and veterans
identified as possibly exposed to a chemical weapon
were to be contacted by their military service, evaluated
in a structured interview, and invited for a full medi-
cal examination if they had symptomatic CWA expo-
sure.?® The participants were also to be provided with
documentation of their exposure and have their medical
records updated. This information was to be shared with
the VA to help veterans receive follow-up care or submit
claims for potentially related medical conditions. The
medical examinations are being conducted at Walter
Reed National Military Medical Center and Secretarial
Designee status is requested for those not on active duty
so that invitational travel orders may be used to pay for
travel and expenses. Progress through the process and
dispositions are tracked for each individual in a special
module of the Defense Occupational and Environmental
Health Readiness System, access to which is available
to the VA. In addition, dispositions, medical history, and
physical examination are documented in the individu-
al’s electronic health record.

As of October 2015, there were approximately 7,000 ser-
vice members or veterans in all phases of the process
of evaluation for potential CWA exposure. At the time
of this writing, roughly 150 individuals were identified
with symptomatic CWA exposure, all of whom have
been offered a medical examination. In the vast ma-
jority of cases, no evidence of symptomatic exposure
is found, although an additional 62 current and former
service members were authorized a medical examina-
tion upon plainly requesting one. To date over 100 in-
dividuals have completed the medical examination pro-
cess and among the completed medical examinations,
no significant correlation between acute CWA exposure
and chronic health effects has been identified. Nearly all
exposure effects were mild (C. P. B. unpublished data).
A clear lesson developed from this effort: in some ex-
posure scenarios, testing and or monitoring resulted in
mixed results. Confirmatory testing was conducted in
laboratories in the United States, but service members
rarely learned of the results, and the results were clas-
sified. In many cases, service members were not sure
about to what they had been exposed, and thus were not
sure of the potential risk that might be associated with
the exposure. This resulted in both anger and frustration.
The most beneficial part of the effort was that many ser-
vice members had the opportunity to ask questions and
come away with a better idea of their future health risk.

http://www.cs.amedd.army.mil/amedd_journal.aspx
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CONCLUSION

As in previous conflicts, many personnel returning from
deployment to Iraq and Afghanistan have concerns about
environmental exposures and their potential health. Ex-
posure assessments have helped to gauge the risk, but
typically are insufficient to negate risk. Transparency
regarding the use and limitations of the data collected,
and communication of the risks to those it affects is
recommended.® To support on-the-ground risk commu-
nication, the actions triggered by specific sampling re-
sults and the uncertainty surrounding these assessments
should be identified prior to data collection. To the de-
gree that results are inconclusive, it should be acknowl-
edged that an “unclear risk” is not the same as “clear
lack of risk.” It is recognized that service connection
and other issues complicate these matters. Operations
Iraqi Freedom, Enduring Freedom, and New Dawn were
the first military operations for which specific exposure
scenarios have resulted in relatively early recognition of
and response to concerns in the form of a registry or
other process. Registries have been developed to allow
individuals to come forth and report both exposure and
health concerns. These initiatives will gather informa-
tion that is potentially useful to service members and
their healthcare providers, as well as public health pro-
fessionals who are endeavoring to protect the health of
deployed troops. Though there are structural limitations
to the data (for example, self-reported exposures and
outcomes, and limited generalizability to unenrolled
personnel), registries can be used to generate hypoth-
eses for further evaluation. That said, it is unlikely that
any amount of environmental sampling will be suffi-
cient to completely characterize environmental health
risks and alleviate all future health concerns. Awareness,
assessment, documentation, and early risk communica-
tion may help reassure those deploying, whom we are
obligated to protect. In order to provide meaningful risk
communication, we must know how the collected infor-
mation will be used to assess risk, and how to clearly
communicate it to those who have the right to know.
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Deployment-related Respiratory Issues
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Military deployment to Southwest Asia since 2003 in support of Operations Enduring Freedom/Iraqi Freedom/
New Dawn has presented unique challenges from a pulmonary perspective. Various airborne hazards in the de-
ployed environment include suspended geologic dusts, burn pit smoke, vehicle exhaust emissions, industrial air
pollution, and isolated exposure incidents. These exposures may give rise to both acute respiratory symptoms
and in some instances development of chronic lung disease. While increased respiratory symptoms during
deployment are well documented, there is limited data on whether inhalation of airborne particulate matter is
causally related to an increase in either common or unique pulmonary diseases. While disease processes such
as acute eosinophilic pneumonia and exacerbation of preexisting asthma have been adequately documented,
there is significant controversy surrounding the potential effects of deployment exposures and development
of rare pulmonary disorders such as constrictive bronchiolitis. The role of smoking and related disorders has
yet to be defined. This article presents the current evidence for deployment-related respiratory symptoms and
ongoing Department of Defense studies. Further, it also provides general recommendations for evaluating pul-

monary health in the deployed military population.

Among numerous reported health issues related to de-
ployment, respiratory effects may occur due to the aus-
tere nature of theaters in Southwest Asia (SWA), pri-
marily Iraq and Afghanistan.! Foremost of these are the
potential airborne hazards due to higher levels of am-
bient particulate matter (PM) from suspended geologic
dusts, frequent sand storms, industrial air pollution, and
burn pit smoke from the incineration of military waste
materials.? Numerous sources have implied a direct re-
lationship between PM exposure during deployments
with the development of serious and debilitating chronic
pulmonary disease. Likewise, anecdotal cases of mili-
tary personnel with respiratory symptoms are detailed
in media articles suggesting there is a systemic prob-
lem with undiagnosed pulmonary disease in returning
service members. The initial 2011 Institute of Medicine
report, Long-Term Health Consequences of Exposure to
Burn Pits in Iraq and Afghanistan® concluded there was
no established link between burn pit exposure and lung
disease based on the available limited evidence.

The US Army Medical Department, Veterans Adminis-
tration, and other research agencies within the Depart-
ment of Defense (DoD) began actively pursuing scientif-
ic investigations into respiratory symptoms associated
with deployment to better define the types, prevalence,
and severity of both acute and chronic respiratory dis-
ease.! Several important questions have been raised
about airborne hazards, in particular burn pit smoke,
and other environmental exposures during deployment:
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> What is the current scientific evidence linking
chronic lung disease related to military deployment?

> What are the current investigations into deploy-
ment-related respiratory disease?

> How should the clinical evaluation of the postde-
ployment service member with respiratory symp-
toms proceed?

> What is the role of increased smoking?

> Are there any specific approaches to help potential
mitigate development of chronic lung disease by
identifying susceptible individuals or use of per-
sonal protective equipment?

RESPIRATORY SYMPTOMS

There are reported increases in respiratory symptoms
such as cough and dyspnea during deployment dating
back to Operations Desert Shield/Storm. From initial
reports on the health effects of the Kuwait oil fires of
1991 among US troops, surveys by Army investigators
found increases in reported symptoms of upper respira-
tory tract irritation, dyspnea, and cough associated with
proximity to these fires. Further survey research in a
cohort of 1,560 veterans based on oil-fire proximity 5
years after the First Gulf War could not find a correla-
tion in self-reported symptoms of asthma and bronchitis
and modeled proximity exposures.® Long-term respira-
tory outcomes 10 years postdeployment demonstrated
no differences in pulmonary function testing (PFT) in
a deployed First Gulf War cohort.® More recently, initial
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surveys from Operations Iraqi Freedom/Enduring Free-
dom (OIF/OEF) of 15,000 redeploying military person-
nel estimated that 69.1% reported experiencing respira-
tory illnesses, of which 17% required medical care.” The
Millennium Cohort Study is an ongoing Naval Health
Research Center survey designed to evaluate the long-
term health effects of military service members. Initial
data from the baseline and follow-up surveys of 46,077
military personnel (10,753 deployed) found higher rates
of newly reported respiratory symptoms in deployed
compared to nondeployed personnel (14% vs 10%), al-
though similar rates of chronic bronchitis/emphysema
(1% vs 1%) and asthma (1% vs 1%) were observed.®

Despite the increase in respiratory symptoms, short
term respiratory health effects due to specific exposures
have not been identified. Epidemiologic research con-
ducted by the Army Public Health Command of the en-
hanced PM surveillance sites found no association with
increased PM exposures and acute cardiorespiratory
events requiring medical encounters.” Further analysis
was conducted by the Public Health Command to evalu-
ate trends in rates of chronic lung diseases in the mili-
tary population from 2001 through 2013. Investigators
observed decreases in the rates of asthma and chronic
bronchitis over the 13-year study period, while the re-
ported rates of nonspecific bronchitis tended to drive the
overall trends in chronic respiratory disease."

LUNG DISEASE ASSOCIATED WITH DEPLOYMENT
Acute Eosinophilic Pneumonia

There is published evidence for a cluster of acute eosin-
ophilic pneumonia (AEP) cases related to deployment
in military personnel. Eighteen cases were initially re-
ported from 2003 to 2004 among 183,000 military per-
sonnel deployed in or near Iraq." Acute eosinophilic
pneumonia is an unusual disease of unknown etiology
characterized by acute illness, respiratory failure, bilat-
eral pulmonary infiltrates, hypoxia, and predominant
eosinophilia (25%) on bronchoalveolar lavage (BAL).
New-onset smoking was a definite risk factor as all
were active smokers with 78% reporting recent onset of
smoking.!! Continued collection of data from Landstuhl
Regional Medical Center now shows there have been
44 diagnosed cases with an average BAL eosinophilia
of 36.8%+20.9%. Ninety-three percent of the patients
were smokers and 65% required mechanical ventila-
tion."”” Bronchoscopy to demonstrate pulmonary eosino-
philia has become a primary intervention in evaluating
hypoxia in evacuated patients due to the increased inci-
dence of AEP in this population.
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Asthma

Asthma remains a common finding in military person-
nel that may mirror the incidence in the general popu-
lation. The extreme climate conditions in SWA along
with high PM exposures due to dusts or burn pit smoke
could contribute to poor asthma control with increased
exacerbations. A survey of deploying Army person-
nel identified 5% of troops deployed to SWA reported
a previous diagnosis of asthma.”” While the asthmatics
had poor baseline control of symptoms, there were no
differences compared to nonasthmatics as both groups
reported increased respiratory symptoms. A review of
6,000 Veterans Administration medical records (based
on ICD-9 diagnostic codes with limited PFT data) noted
higher rates of “new-onset” asthma in deployed military
between 2004 and 2007 compared to non-deployed per-
sonnel (6.6% versus 4.3%).* A review by DoD investi-
gators on 400 asthmatics undergoing a formal medical
fitness for duty evaluation could not establish a defini-
tive relationship between the diagnosis of asthma and
deployment. In reviewing patient records, the diagno-
sis was objectively confirmed by testing in only 78% of
the patients. Fifty percent of the cohort never deployed,
25% were diagnosed predeployment, and 25% of the
asthmatics were diagnosed postdeployment. There was
inadequate data to determine if this was undiagnosed
preexisting disease in the postdeployment group. No
differences in PFTs or asthma severity were noted based
on time of diagnosis or deployment history.”” Similar
findings were identified in a cohort of patients with a
diagnosis of chronic obstructive pulmonary disease.'®

Constrictive Bronchiolitis

Constrictive bronchiolitis (CB) is a lung disease charac-
terized by fixed airways obstruction and fibrosis of the
distal airways or bronchioles, with extrinsic narrowing
or obliteration of the bronchiolar lumen. It is associated
with environmental and occupational inhalation expo-
sures such as diacetyl and may follow exposure to ni-
trogen and sulfur dioxides. Spirometry typically shows
airflow obstruction without postbronchodilator increase
and high resolution computed tomography (HRCT) of
the chest often shows heterogeneous air trapping most
prominent on expiratory imaging, sometimes with areas
of patchy ground glass opacities and scattered cylindri-
cal bronchiectasis.”” In 2011, King et al'® reported on a
case series of 80 previously deployed military person-
nel, 49 of whom underwent surgical lung biopsy which
resulted in 73% of those so examined receiving a patho-
logic diagnosis of CB. The patients comprising the case
series had varied deployment exposures; less than half
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of the entire cohort had exposure to the 2003 sulfur fire
in Mishraq, Iraq. No standardized evaluation was em-
ployed and most patients did not undergo a comprehen-
sive evaluation to rule out common etiologies such as
asthma prior to lung biopsy. Few patients met the estab-
lished definition of CB as the majority had exertional
dyspnea, normal PFTs without fixed obstruction, and
normal high resolution CT imaging. The pathological
findings of this study have not been validated. Further-
more, an epidemiologic comparison demonstrated no
increase in postdeployment medical encounters among
military personnel exposed to the 2003 sulfur fire com-
pared to unexposed personnel.'” An ongoing review of
lung biopsy reports (unpublished to date) by the Joint
Pathology Center demonstrated few active duty military
with small airways disease and no increase in deployed
individuals compared to nondeployers (5.1% vs 5.6%).

THE STAMPEDE STUDIES
STAMPEDE |

After the development of the DoD Pulmonary Working
Group in 2010, several research studies were initiated
to better define types of respiratory disease identified
immediately post deployment, utility of pre-and postde-
ployment spirometry, and types of respiratory disease
associated with chronic respiratory symptoms. The
initial “Study of Active Duty Military for Pulmonary
Disease related to Environmental Deployment Expo-
sure” (STAMPEDE) began recruiting in 2010 and en-
rolled 50 patients with new onset respiratory symptoms
within 6 months after returning from deployment.?
This prospective standardized evaluation included full
PFTs, chest HRCT, methacholine challenge testing
(MCT), and fiberoptic bronchoscopy with BAL. A large
percentage (42%) remained undiagnosed including 12%
with normal testing and an isolated increase in lavage
neutrophils or lymphocytes. Twenty (40%) patients
demonstrated some evidence of airway hyperreactiv-
ity (AHR) to include eight who met asthma criteria and
two with findings secondary to gastroesophageal reflux.
No patients were identified with diffuse parenchymal
disease on the basis of HRCT imaging. Interestingly, a
significant number (66%) of this cohort had documented
underlying mental health and sleep disorders.*

STAMPEDE II

STAMPEDE 1I is a recently completed prospective
study using pre- and postdeployment spirometry and
impulse oscillometry (IOS) to determine if there is an
objective decrease in pulmonary function following de-
ployment. The deploying population consisted of nearly
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Table 1. STAMPEDE Il Predeployment Spirometry

Values.

All Not Prior
Deployed Deployed

N 1,693 809 884
FEV; (% pred) 93.2+12.4 | 92.7+£12.3 | 95.6%+12.7
FVC (% pred) 944+11.7 | 93.6+11.3 | 98.4+12.8
FEV;/FVC 81.1+6.6 | 80.9+6.5 | 82.2+6.9
FEF,s5.75 (% pred) 94.0£25.5| 94.1+£25.3 | 93.5+26.9
Reduced FEV;/FVC | 143 (13%) | 122 (13.2%) | 21 (11.7%)

FEV; indicates forced expiratory volume at one second.
FVC indicates forced expiratory capacity.
FEF35.75 indicates mid-expiratory flow.

1,700 active duty Army, National Guard, and Reserve
personnel deploying to SWA from Fort Hood, Texas.
All participants completed a brief respiratory survey
and completed both spirometry and 10S pre- and post-
deployment. Analysis of predeployment findings noted
amean age of 32 years with a body mass index of 27 kg/
m?. Nearly 40% reported a smoking history and 6% re-
ported a history of asthma or bronchodilator use. Mean
spirometry values, presented in Table 1, reflect signifi-
cant percentages of Soldiers with obstructive spirometry
predeployment. These abnormalities did not correlate
with asthma history, prior deployments, or reported
symptoms.?' Initial analysis of postdeployment spirom-
etry demonstrated increases in all spirometry values
(both FEV, and FVC) irrespective of smoking history,
reported symptoms, or PM exposures.?

STAMPEDE I

STAMPEDE III is an ongoing comprehensive study of
deployed military personnel with chronic pulmonary
symptoms. All participants undergo a standardized
evaluation to include full PFTs, allergy testing, chest
imaging with HRCT, I0S, exhaled nitric oxide, MCT,
exercise laryngoscopy, echocardiography, cardiopulmo-
nary exercise testing (CPET), and bronchoscopy with
BAL. Preliminary data analysis of the first 200 patients
enrolled has identified an older population with a mean
age of 37 years and a variety of comorbidities including
obstructive sleep apnea. Diagnoses, the distribution of
which is presented in the Figure, show a similar trend to
the 2002 exertional dyspnea study with asthma, nonspe-
cific AHR, and vocal cord dysfunction (VCD) as com-
mon findings.” Diffuse lung disease is very uncommon,
but several individuals have been diagnosed with cardi-
ac abnormalities and excessive dynamic airway collapse.
The utility of CPET, HRCT, and BAL analysis has not
yet been determined in this group of patients.
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EVALUATION OF DEPLOYED MILITARY PERSONNEL

The evaluation of deployed military personnel can be
challenging. Environmental exposures are ubiquitous
and varied, and susceptible individuals may either de-
velop new pulmonary symptoms or exacerbate preexist-
ing disease. A comprehensive evaluation of exertional
dyspnea in military personnel in 2002 by Morris et al**
demonstrated the unique nature of their pulmonary dis-
ease. As expected, nearly half of the study population
had either asthma or exercise-induced bronchospasm,
while 10% had evidence of VCD. A more interesting
finding was the 25% of evaluated patients with chron-
ic dyspnea who had no abnormalities despite testing.*
Most important in the initial pulmonary evaluation
should be documentation of deployment exposures, re-
lationship of deployment to symptoms, and any specific
respiratory symptoms related to an acute exposure. At
the primary care or initial evaluation, the minimum re-
quired tests should include at least baseline spirometry,
bronchodilator response, and a chest radiograph. Re-
ferral for comprehensive testing at designated centers
should be considered for unexplained symptoms (Table
2).» Further evaluation is primarily based on PFT and
imaging findings.”

After numerous meetings and review of the published
literature since 2010, the Defense Health Board issued
its statement on Deployment Pulmonary Health in
February 2015 and made a series of recommendations
based partially on the results of the STAMPEDE stud-
ies.! Several of the applicable clinical recommendations
are summarized here:

1. Increase the number of pulmonary questions on pre-
and postdeployment surveys and conduct routine
analysis of responses.

2. Conduct predeployment spirometry in selected in-
dividuals if there is significant risk of airborne haz-
ards due to location or required duties.

3. Develop a consistent and tiered approach to patients
with unexplained postdeployment dyspnea.

4. Implement an enterprise-wide clinical registry of
service members with postdeployment chronic pul-
monary symptoms.

5. Conduct prospective cohort study of unexplained
chronic dyspnea (including the cohort of service
members who have undergone surgical lung biopsy)
to determine longitudinal outcomes.

6. The DoD should continue research to develop respi-
ratory personal protective equipment appropriate for
field or combat use.

CONCLUSION

Presently, available data does not establish a specific
link between the development of pulmonary disease and
SWA deployment. However, specific causative factors
(dust, burn pit smoke, etc) may have an effect on chronic
respiratory symptoms of certain individuals. How best
can the Army Medical Department prepare to mitigate
potential effects of airborne hazard exposures? From a
doctrinal standpoint, several changes should occur. First,
the Army Public Health Center (Provisional) should be
prepared to conduct routine testing of theater locations

and in particular, known

30%

locations with a higher pro-
pensity for developing respi-

25% -

ratory disease (such as the
2003 Al-Mishraq sulfur fire
or burn pit sites). This would

20%

include specific pulmonary
evaluation of exposed indi-
viduals soon after the time

15%

of exposure. Second, the
deploying force as a whole
should be better screened for

10%

potential respiratory illness
via predeployment ques-

5% -

0%
Asthma AHR

Nondiagnostic

GERD VCD Cough SAR

Diffuse Lung

tions on the predeployment
health assessment. Those
with  chronic  symptoms,
known respiratory illness
such as asthma, or inhaler

Cardiac EDAC COPD

airway collapse; COPD, chronic obstructive pulmonary disease.

STAMPEDE Il diagnoses. AHR indicates airway hyperreactivity; GERD, gastroesophageal reflux
disease; VCD, vocal cord dysfunction; SAR, seasonal allergic rhinitis; EDAC, excessive dynamic

use should undergo a basic
pulmonary evaluation such
as examination, spirometry,
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Table 2. Indications for Referral for Specialty Evaluation.

1. Abnormal chest radiograph (interstitial changes, lung mass,
hilar adenopathy, lung infiltrate, pleural effusion).

2. Restrictive indices on spirometry (both FEV; and FVC<70%).

3. Resting pulse oximetry below 95% or decrease of 4% with
ambulation during a 6 minute walk test.

4. Need for bronchoprovocation testing to confirm asthma or
exercise-induced bronchospasm.

5. Symptoms greater than 3 months with no response to
treatment.

6. Prior treatment with oral steroids, hospitalization, or endotra-
cheal intubation.

7. Unexplained dyspnea, cough and/or sputum production.

8. Symptomatic individuals with normal basic evaluation (spi-
rometry and chest radiograph).

and chest radiograph. Third, those individuals with
postdeployment respiratory symptoms (including those
evacuated for respiratory illnesses) should be evaluated
at designated DoD centers of excellence and be included
on a clinical registry to determine long-term outcomes.
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Effective multilateral military operations such as those conducted by the North Atlantic Treaty Organization (NATO)
require close cooperation and standardization between member nations to ensure interoperability. Failure to standard-
ize policies, procedures, and doctrine prior to the commencement of military operations will result in critical interop-
erability gaps, which jeopardize the health of NATO forces and mission success. To prevent these gaps from occurring,
US forces must be actively involved with NATO standardization efforts such as the Committee of the Chiefs of Medi-
cal Services to ensure US interests are properly represented when NATO standards are developed and US doctrine and

procedures will meet the established NATO requirements.

Although few individuals questioned the importance of
North Atlantic Treaty Organization (NATO) during the
height of the Soviet Union’s power and the Cold War,
some wondered about the relevance of NATO after the
collapse of the Soviet Union and its power over its East-
ern European satellite countries. The Warsaw Pact’s
dissolution in 1991, however, has not reduced the need
for military cooperation among NATO nations. Instead,
NATO has grown to include over a half-dozen new
members since 1991, and in 1994, NATO launched its
Partnership for Peace program to foster trust and coop-
eration among European states.! This cooperation has
supported numerous multilateral military operations
including the Bosnian air campaign, the peacekeeping
force in Serbia and Kosovo, the Afghanistan security
mission, earthquake relief in Pakistan, and the coun-
terpiracy mission in the Indian Ocean.> These recent
examples highlight the transition in the past 2 decades
from unilateral operations to multinational efforts, and
underscore the increasing importance of effective and
efficient multinational operations within NATO (28 na-
tions) and its cooperative security initiatives such as
Partnership for Peace (22 nations), Mediterranean Dia-
logue (7 nations), and Istanbul Cooperation Initiative (4
nations).> Indeed, military reductions in many NATO
countries and in the United States may make unilateral
action virtually impossible, especially if the operation
endures for an extended period of time.

Unlike Cold War plans, which often divided the area
of operations into sectors where an individual nation
operated independently, current operations often re-
quire partner nations to combine functions from many

April — September 2016

countries to provide one required capability. For exam-
ple, one nation provides hospital holding beds, another
provides laboratory support, and a third provides surgi-
cal care, resulting in a defined medical capability. This
type of “plug and play” combined operations requires
well-defined roles of support and procedures (ie, in-
teroperability) to ensure no capability gaps exist. Failure
to develop interoperability standardization parameters
prior to deployments leads to the initial identification of
these gaps during combat operations (rather than dur-
mg predeployment), which jeopardizes the health of ser-
vice members and successful completion of operational
missions. One example, described below, of this lack of
early synchronization between NATO partners during
Operation Enduring Freedom and Operation Freedom’s
Sentinel greatly elevated the food protection risk to co-
alition forces in Afghanistan.

COALITION FOOD SERVICE ESTABLISHMENTS IN
AFGHANISTAN IN 2014

In December 2014, the United States assumed NATO
food protection responsibilities in the Transitional Advi-
sory and Assist Command-Central (Kabul). Simultane-
ously, Turkey replaced France as the Base Operations
Support Integrator authority for the Hamid Karzai Inter-
national Airport (HKIA) multinational force. Separate
dining facilities (DFACs) operated by Turkey, NATO,
and the United States were open on HKIA, serving co-
alition forces from all nations. Another DFAC, operated
by NATO, served all coalition forces at Resolute Sup-
port Headquarters (RS HQ), the other major forward
operating base in Kabul.
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Initial inspections of food service establishments by US
Veterinary Service and Preventive Medicine personnel
revealed critical deficiencies, the most serious of which
was the use of unapproved sources for potentially haz-
ardous food items. The US policy, which is consistent
with the NATO Food Protection Standardization Agree-
ment (STANAG), requires Veterinary Service person-
nel to audit food processors to help ensure subsistence
is safe and free of accidental and intentional contami-
nants.* The Turkish DFAC at HKIA received most of
their food from unapproved sources (ie, not audited in
accordance with US or NATO standards) in Turkey, but
they also procured some dairy products from local Af-
ghan sources. Likewise, the NATO contracted DFAC at
the RS HQ compound did not use NATO recognized
approved sources, and inspections were not coordinated
using a common standard. Similarly, many of the retail
food vendors on both HKIA and RS HQ did not use
approved sources (eg, dairy products, raw meat, eggs,
bottled water, and ice were procured from local Afghan
markets or other local sources). The interim solution to
address the immediate risk was to temporarily restrict
the Turkish DFAC to only Turkish personnel until they
came into compliance with applicable NATO STANA-
Gs, and to ensure that HKIA and RS HQ food conces-
sionaires stopped using local Afghan sources. Personnel
of the US Army Veterinary Service addressed the RS
HQ DFAC contractual issues as described below.

The first effort to bridge this gap in 2003 was the devel-
opment and ratification of a STANAG* by the Food and
Water Safety and Veterinary Support panel (FWSVS).
This STANAG identified the requirements for approving
food establishments wishing to sell to NATO. Later, the
FWSVS learned that the original DFAC that was con-
tracted by the NATO Maintenance and Supply Agency
(now NATO Support Agency (NSPA)) did not require
approved food sources. A review of the process revealed
that NSPA had invited the United States to participate
in the contract proposal meeting, but the logistician did
not attend and did not consult the US Army Veterinary
Services for food protection advice. Consequently, an-
other country that attended the meeting provided their
national food safety regulation as a template. Unfor-
tunately, no provisions existed in the original contract
for approved food sources or for DFAC inspections by
any of the coalition nations. Although there was a sepa-
rate NATO contract to address quality assurance at the
DFAC, there was no procedure to harmonize inspection
criteria by participating nations. Consequently, inspec-
tors from various nations were inspecting the DFAC
using their own national standards, which varied from
country to country.

When these gaps were discovered, the US Army Vet-
erinary Service delegate to the FWSVS worked closely
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with other NATO countries to address the issues. Del-
egates from Norway, Belgium, and the US (at that time,
former, current and future chairs of the FWSVS, respec-
tively) visited NSPA leadership in 2010 to discuss food
protection concerns. The NSPA was happy to discuss
these issues and to work toward solutions that would be
agreeable to the wider NATO community. The subse-
quent NSPA dining facility contract referenced appli-
cable NATO STANAGs (approved food sources, food
safety and defense, DFAC inspections, and bottled water
requirements) which largely mirrored US regulations.*¢

Unfortunately, in 2014 Allied Joint Force Command
(JFC) Brunssum, Netherlands, did not contract with the
NSPA, which had food safety experts aware of NATO
food protection STANAGS, to draft or coordinate the
food service contract for the DFAC at RS HQ in Kabul.
Many of the initial gaps (eg, unapproved food sources,
no unified national DFAC inspection criteria, failure to
reference applicable STANAGS) and some new gaps ap-
peared in the new contract for RS HQ, which was imple-
mented at the end of 2014.

Because of the previous work of FWSVS to harmonize
NATO procedures, the Chair of the FWSVS (US) was
able to work more effectively with Allied JFC to modify
their initial contract using existing STANAGsS (ie, food
protection, potable water). During this process, NATO
JFC explained that although their contracting regulations
allow best value considerations, this DFAC contract was
awarded to the cheapest bidder (ie, lowest price/techni-
cally acceptable). Without best value considerations, the
process is to develop and offer the contract requirements.
Any contractor that can fulfill the requirements may be
awarded the contract, based solely on price. In contrast,
“best value” criteria allow the contracting officer to con-
sider other variables, including, but not limited to, price.
This distinct difference between best value and lowest
price contracting principles underscores the importance
of food protection expertise involvement in NATO con-
tract development. The involvement of food protection
expertise in contract development is also critical to en-
sure applicable NATO STANAGs are implemented by
the multitude of involved agencies in the coalition de-
fense contracting network.

The risks associated with multinational operations are
greatest at the beginning and at the end of operations.
During the peak sustainment of operations, when troop
numbers are high and logistics processes are well es-
tablished, many nations tend to provide their own sup-
port functions (medical, logistics, etc.). However, dur-
ing initial entry and retrograde, nations tend to rely on
whoever is there. For instance, most of the US-operated
DFACs in Afghanistan have closed. The only establish-
ment feeding US troops at RS HQ is the NATO JFC

http://www.cs.amedd.army.mil/amedd_journal.aspx



THE ARMY MEDICAL DEPARTMENT JOURNAL

contracted DFAC; at HKIA, most of the remaining
DFAC:s are nationally operated.

Because of existing and appropriate NATO STANAGS,
US Army Veterinary Service personnel were able to
work with the RS HQ surgeon’s cell to redraft the theater
food protection policies to incorporate NATO standards,
including provisions for approved sources and DFAC
food protection standards that were more consistent with
the broader community of participating nations.

WAY AHEAD FOR THE UNITED STATES: POTENTIAL
ASPECTS OF DOTMLPF* TO BE ADDRESSED

For the United States to be effective during NATO op-
erations, it must be fully engaged in NATO policy, plan-
ning, and procedure development. Medical standardiza-
tion within NATO falls under the auspices of the Com-
mittee of the Chiefs of Medical Services (COMEDS).
The US Joint Staff Surgeon typically represents the
specific service Surgeons General at COMEDs meet-
ings, which sets the strategic vision and objectives and
directs and monitors the work of the subordinate (work-
ing groups and panels) activities. The working groups
and panels are the committees where most of the poli-
cies and procedures are written and where the fierce
work of standardization occurs. In order to ensure US
and NATO procedures are integrated, the United States
must be deeply engaged with these committees. Unfor-
tunately, this is where the United States has failed to
participate effectively on many occasions in the past.
Ensuring the proper assignment of personnel is critical
for US success. While there have been instances where
the United States has failed to send a representative to
the committee meetings, the more common practice has
been inclusion of personnel based simply on assignment
to the European theater. This leads to the frequent rota-
tion of US representatives due to reassignment, leaving
the new representative little time to gain an understand-
ing of NATO procedures or the ongoing work of the
committee. This legacy has limited the US potential to
make meaningful contributions to the groups and has
not served US or NATO interests.

Instead of rotating representatives every 2-3 years
based on their geographic assignment, the United States
should select representatives who can serve longer
terms (ie, 5 years or more). This will ensure representa-
tives are knowledgeable on current NATO standardiza-
tion efforts so US and NATO policies, procedures, and
doctrine can be harmonized to the greatest extent pos-
sible. Importantly, travel funding for the representatives
should be programmed by the organization primarily re-
sponsible for that function to ensure personnel are prop-
erly resourced. Failure to centralize funding jeopardizes

*Doctrine, organization, training, material, leadership, personnel,
facilities
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US interests; individual commands may not appreciate
the importance of the mission and therefore not support
the travel, or may not be aware of the risk associated
with using rotating, local personnel.

Training on NATO organization and policies will also
help improve US-NATO interoperability by increasing
awareness among our leaders. Training should not be
limited to entry level courses (ie, Basic Officer Leader
Course) but rather a continual process. At a minimum,
leaders should receive predeployment refresher training
on NATO policies and procedures that could affect their
mission. Only by increasing exposure and knowledge of
coalition processes will the United States develop lead-
ers that are prepared and agile enough to excel in multi-
cultural operations.
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Water for Warfighters in Irag and Afghanistan:
A Summary of Lessons Learned
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ABSTRACT

The Army is the Department of Defense executive agent for land-based field water supplies. The Army Corps of
Engineers, Army Quartermaster Corps, and Army Medical Department coordinate to provide the necessary support
to obtain, treat, disinfect, certify, distribute, and monitor drinking water during deployments. This collaboration is
necessary to ensure that an adequate quantity of acceptable quality drinking water is available for deployed person-
nel at all base camps and in all operations. Important lessons were learned from the beginning of operations in Iraq
in 2003 continuing throughout 2 wars. These included lessons about the employment and management of bottled
water during deployments, the quality and potential usefulness of “wastewater” from the reverse osmosis water pu-
rifiers, the usefulness and acceptability of military packaged water, and our lack of preparedness to readily address
the drinking water needs of small squad and platoon-sized operations lasting more than a few days. The lessons we
learned have and will continue to enhance our ability to readily meet Warfighters’ requirements for that most critical

of supplies—sustaining a supply of safe, aesthetically pleasing drinking water.

Safe drinking water is a critical component of Warfighter
deployment health. Those who are inadequately hydrat-
ed or who incur gastrointestinal illness from drinking
contaminated water are unable to perform their duties
effectively, particularly in battle. Historically, when de-
ployed Soldiers were responsible for obtaining their own
drinking water, dehydration and waterborne diseases
were common among the forces, and took their toll. In
the modern Army, an abundant quantity of safe drink-
ing water is provided to all personnel during deploy-
ments, courtesy of modern equipment and the combined
efforts of Corps of Engineers, Quartermaster (QM),
and Preventive Medicine (PM) personnel. The Corps of
Engineers identifies and develops water sources, while
the QM treats, disinfects, and, after PM personnel test
and approve it, distributes the treated water. The QM’s
Water Planning Guide' specifies the water volumes
required for various activities during deployment, and
Technical Bulletin Medical 577 contains field drinking
water quality standards.

Following are 5 scenarios in which lessons in field water
management that were learned over the past 12 years led
to or will lead to improvements in the US military’s abili-
ties to meet the water needs of deployed personnel.

ASSESSMENT OF CENTRAL COMMAND REVERSE OSMOSIS
UNITS' PREFILTER, PRODUCT, AND REJECT WATER

Current Army reverse osmosis water purification units
(ROWPU) are pictured in Figure 1, and a simplified flow
diagram is shown in Figure 2. After the source water
is strained, it is variously prefiltered by cartridge and
multimedia filters (600 gallons per hour (GPH) and
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3000 GPH ROWPUs), membrane microfilters, or mem-
brane ultrafilters. Prefiltration removes particulate and
microbiological contaminants and prepares the water to
be pumped at high pressure through the reverse osmo-
sis (RO) vessels, which remove viruses, dissolved salts,
and other contaminants from the water. Finally, calcium
hypochlorite disinfectant is added to the product water,
and it is ready for PM testing, distribution, and drinking.
Only 40% to 70% of the influent water passes through
the RO membranes and becomes product water, while
dissolved and other contaminants removed by the mem-
branes flow out of the system in the 30% to 60% of the
water that is rejected as brine. In 2003, Army doctrine
directed that reject water, or brine, should be disposed
of as wastewater.

Water was scarce in the desert, and some Army and con-
tract operators recognized brine as a valuable resource,
disinfected it, and provided it to Warfighters to use for
personal hygiene and sanitation in lieu of disposing of
it. Due to some Warfighter complaints and at least one
contractor who reported the actions, the Department of
Defense Inspector General (IG) initiated an audit of po-
table and nonpotable water in Iraq in September 2006,
with the technical support of the US Army Center for
Health Promotion and Preventive Medicine (CHPPM).*

Raw, pretreated, and reject water qualities from 6 differ-
ent Army and contractor-operated water treatment oper-
ations were evaluated by CHPPM over a 6-month period
in Iraq. Depending on the quality of the source water,

*CHPPM has been disestablished and its mission assumed by
the Army Public Health Center (Provisional).

http://www.cs.amedd.army.mil/amedd_journal.aspx
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A. 600 GPH ROWPU B. 3000 GPH ROWPU

Figure 1. US Army reverse osmosis water purification equipment:
C. Tactical water purification system

D. Lightweight water purifier

Lesson learned: depending on the
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- source water quality, all water streams
produced by military RO purification
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fection, if the use is supported by veri-
fication testing and comprehensive
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monitoring.

water treatment unit.

Figure 2. General schematic of water flow through a typical Army reverse osmosis

USE OF BOTTLED WATER DURING

the pretreated water in many cases met field drinking
water standards and could have been disinfected and
consumed (avoiding the 30% to 60% loss in volume
resulting from RO filtration). Even the RO reject water
was in some cases superior in quality to the source wa-
ter, and could have been chlorinated and used in ablu-
tion systems with negligible health risk.

The IG report found that some units were not perform-
ing all required quality control tests, and that water sup-
pliers exposed US forces to unmonitored and potentially
unsafe water. The report also found that there was no
way to determine whether water provided by the con-
tractor and military water purification units caused dis-
ease, and that contractors and military units responsible
for water operations must always ensure that water pro-
vided to the forces meets all established standards.’
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DEPLOYMENTS

Prior to 2003, bottled water was to be provided only dur-
ing the early stages of deployments until military wa-
ter supplies could be established and bulk water could
be distributed using unit water trailers. However, in
2003, some National Guard units deployed to Kuwait
expecting to receive a continuous and unlimited sup-
ply of bottled water, and left their unit water trailers in
Kuwait as they moved forward. Subsequently, the unit
commanders complained that the QM had unneces-
sarily rationed their bottled water supplies. Bulk water
points had been established, but those units had no way
to pick up bulk water, since they no longer had their wa-
ter trailers. Although QM leadership reacted quickly to
procure additional bottled water, the bottles that they
had with them had to be rationed for a short period of
time until sufficient quantities could be obtained. This
change in bottled water policy—drinking it throughout
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Figure 3. Examples of large and small, indoor and outdoor bottled water storage.

deployments—increased the cost of drinking water and
strained transportation assets, requiring as much as 50%
to 60% of available vehicles to haul bottled water versus
ammunition, equipment, repair parts, and other supplies.

Lesson learned: if leaders continue to support its use,
we must plan and prepare to provide bottled water for
drinking throughout deployments, and to use bulk field
water for other purposes.

EVOLUTION IN PM BOTTLED WATER SURVEILLANCE

To meet the increased demand for bottled water, it was
procured from sources in the United States as well as
from nations surrounding the area of operations (AO).
To sell water to the military, bottled water producers’ fa-
cilities, operations, and water quality had to be audited
and approved by US Army Veterinary Service (VS) per-
sonnel, and added to the list of approved food sources.*
While these requirements ensured that the bottled water
was safe at the production sources, PM leaders, con-
cerned for possible contamination during transit and in
storage locations, established robust bottled water qual-
ity monitoring requirements. An “All Army Activities”
notification* was issued that required PM to inspect and
test 10 bottles from every production lot when it entered
the AO, and at 30-day intervals at every storage location
in the AO. This requirement became a nearly impossible
task for PM units. It was not clear what constituted a
“lot,” and bottles were stored in huge quantities in ware-
houses and storage yards, and in small quantities at in-
numerable locations on facilities throughout the AO as
shown in Figure 3, all of which required periodic in-
spections. Inspections and testing were time consuming,
and they added no apparent value over the duration of
the deployments.

Lesson learned: the safety of bottled water was ad-
equately protected by source and periodic inspections
performed by VS personnel and storage management by
QM personnel. The new policy is that PM personnel are
only required to respond to requests for bottled water
testing when a need is identified.

*Internal military document not readily accessible by the general
public.
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"THE GRAND EXPERIMENT"” OF MILITARY PACKAGED WATER

Drinking primarily commercial bottled water through-
out the deployment posed several problems. As much
as 60% of transportation assets were used to deliver it.
Truck driving was considered one of the most dangerous
military occupational specialties, and there was concern
that intentional contamination opportunities existed
during transportation and storage. At one point, the ful-
ly burdened cost of bottled water, including fuel, convoy
security, management, and storage costs, was estimated
at more than $25 per gallon.

The Marine Corps generated an operational needs state-
ment for a mobile water packaging system that could be
set up wherever an RO system was located. Anticipated
benefits included that the water would be:

¢ produced by the Army, reducing procurement costs;

¢ packaged near its point of consumption, reducing
transportation costs and risks;

¢ under the control of the Army at all times, reducing
intentional contamination opportunities;

¢ and consumed shortly after production, reducing
storage requirements.

Additionally, the mobile packaging system would allow
the elimination of normally required chlorine residual
levels, significantly improving the taste of the water—
an important improvement.

Research Development and Engineering Command’s
Product Manager for Petroleum and Water Systems
(PM-PAWS) purchased a Kércher (Alfred Kércher,
GmbH and Co, Winnenden, Germany) mobile water
bottling system (Figure 4) that could package 700 one-
liter plastic bottles of water per hour. The PM-PAWS,
Army Test and Evaluation Command, VS, and CHPPM
jointly tested and evaluated the system at Aberdeen
Proving Ground, MD, in Germany, and at Forward Op-
erating Base Delta in Iraq, and determined its use was
feasible. Detailed standing operating procedures were
developed to ensure the packaged water would consis-
tently meet the military field water standards in Tech-
nical Bulletin Medical 577" Seven systems were set
up and operated at various locations in Afghanistan,

http://www.cs.amedd.army.mil/amedd_journal.aspx
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Capacity of 700 bottles per hour.

Semiautomatic system,
reliable in field conditions

Blow molder, filler, capper, labeler in one transportable container.

DISTRIBUTED WATER OPERATIONS

Figure 5 illustrates the spectrum of field wa-
ter requirements and the equipment avail-
able to meet those requirements. At one end
of the spectrum, bulk water purification sys-
tems provide drinking water for large units.
All of these systems require skilled opera-
tors and logistics support for maintenance
and to move the treated water to the point of
consumption, as well as PM personnel and
equipment to test the quality of the water.
At the other end of the spectrum, individual
water purifiers (IWP) can supply microbio-
logically-safe water during emergencies and
short-term missions. Preventive medicine
personnel assist units with IWP device se-
lection, based on the mission.

A capabilities gap exists for units perform-
ing small-unit operations lasting longer than
a week. Operations at small forward operat-
ing bases and command outposts, and vil-
lage stability operations complicate water
supply issues as shown in Figure 6. Fielded
water treatment systems that address the
needs of these low-density locations do
not currently exist. Bulk and bottled water
transports to these locations are often tar-
geted by enemy forces, and limited travel
capabilities and high force protection issues
often prevent PM from visiting to provide
oversight of water quality.

The Army is working to develop systems

Figure 4. Karcher WB 700 water bottling system.

and procedures that will better suit the

all fed by contractor-operated RO water treatment sys-
tems. The RO-treated and disinfected water was passed
through carbon filters to remove the chlorine residuals,
and immediately packaged in one-liter bottles. The pri-
mary differences between the packaged water and com-
mercial bottled water were the shape of the bottles and
the brand names on the labels. Soldier acceptability was
exceptional. Between August 15, 2010, and December
30, 2012, a period when all 7 systems were operational,
more than 20 million bottles of water were produced for
deployed personnel. The estimated cost was $4 per gal-
lon. With appreciable PM and VS oversight, the grand
experiment was deemed a success.

Lesson learned: military packaged water is much less
expensive, and is as safe and desirable as commercially
bottled water during deployment operations.
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needs of Soldiers in these operations, and
the use of commercial off-the-shelf (COTS) systems
such as those shown in Figure 7 are one consideration.
However, problems with their use include the lack of
trained operators, the lack of logistical support for repair
parts, and the lack of adequate water quality monitoring
equipment and personnel trained to use it. Their use in
small unit operations clearly increases health risk, and
all members of the military field water community are
engaged in dealing with these issues to enhance water
capabilities for these operations.

Lesson learned: preventive medicine resources should
be aggressively involved in all aspects of small unit
COTS water purifier applications and work with combat
developers to minimize the Warfighter health risk inher-
ent in their use.
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Figure 5. The spectrum of Army combatant command field water requirements and equipment available to meet them.

CONCLUSION

The availability of adequate quantities of acceptable
quality drinking water is essential for deployed per-
sonnel to be effective across the spectrum of military
operations. Preventive medicine, Corps of Engineers,
and QM personnel overcame many challenges in Iraq
and Afghanistan to ensure that availability at all levels
of operations. Lessons were learned and changes were
implemented to enhance all aspects of water treatment,
delivery, testing, and monitoring. Continued Army
modernization will necessitate concurrent evolution of
field water supply practices and procedures to meet the
changing needs of all deployed personnel and opera-
tions. Medical community participation in the applica-
tion of the Doctrine, Organization, Training, Material,
Leadership, Personnel, and Facilities problem-solving
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construct to meet those needs and preserve the health of
deployed personnel is imperative. In the final analysis,
the Army’s ultimate weapon does indeed run on water.
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Surgical and Resuscitation Capabilities for
the “Next War” Based on Lessons Learned

From “This War”

ABSTRACT

LTC David Freel, SP, USA
MAJ Bradley J Warr, SP, USA

The Army gleaned many lessons regarding the provision of medical care to casualties during the past 14 years of
combat. Using these lessons learned in the Joint Capabilities and Integration Development process and through
the analysis of an integrated process action team, the Army recently approved 3 changes to medical organiza-
tions that are intended to provide trauma management farther forward on the battlefield. These changes include
the substitution of an emergency medicine trained physician and emergency medicine physician assistant (PA)
in lieu of a general medical officer and primary care PA within the brigade combat team; reorganization of the
forward surgical team into a forward surgical and resuscitative team; and the modularization of the traditional
248 bed combat support hospital. The Army anticipates that these changes related to personnel, organizations,
doctrine, and materiel will enable Army medicine to provide enhanced trauma management closer to the point
of a combatant’s injury. These modifications are projected to begin in fiscal year 2016.

Over the past 14 years at war, knowledge pertaining to
casualty care has expanded exponentially. The lessons
learned and strategic guidance such as “Army 2020 and
Beyond™! call for a “modular, scalable, networked and
flexible health service support force structure.” Addi-
tionally, the importance of expedited medical care on
the battlefield was prioritized in 2009 by the Secretary
of Defense mandate that injured service members re-
ceive treatment at a military medical facility within 60
minutes of a call, ie, “the golden hour.”? This require-
ment and strategic guidance caused a reevaluation of
existing medical unit structure that led to 3 recent orga-
nizational changes in Army medicine. These approved
changes were suggested after detailed analysis and rec-
ommendations that resulted from the work of several
integrated process action teams (IPATs), each chartered
specifically to study the organization.

The IPATs followed the process outlined by the Joint
Capabilities Integration Development System. In order
to address medical capability gaps identified during the
ongoing war, IPATs were composed of subject matter
experts including, but not limited to clinicians; senior
officers and noncommissioned officers; experts in doc-
trine, organizational, personnel and equipment manage-
ment; and representatives from the Center of Army Les-
sons Learned. The IPAT conducted a thorough analysis
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in an effort to determine the requirements to meet mis-
sion demands, current capabilities, the gaps in the abil-
ity to meet these demands, and a myriad of potential
solutions to fill those gaps.

All 3 changes discussed in this article are aimed at pro-
viding the casualty an enhanced level of trauma man-
agement as close to the point of injury as possible. The
first change is a personnel substitution that assigns
a trained emergency medicine clinician in place of a
general medical officer in the brigade support medical
company (BSMC) treatment squad. The second modi-
fication is a force design update (FDU) of the forward
surgical team (FST) resulting in a forward surgical and
resuscitative team (FRST), which allows for 2 identical
teams with the same capabilities to operate in different
locations. The third change to be discussed is the FDU of
the combat support hospital (CSH) that results in a more
scalable and modular deployment of CSH assets to meet
mission demands. These 3 changes will lead to more ef-
ficient deployment of medical assets to the point of need,
bringing a higher level of care closer to the patient as op-
posed to bringing the patient to care. The Army projects
that these modifications will begin taking place in fiscal
year (FY) 2016 and will be complete by FY 2022, based
on mission demands and available resourcing.

http://www.cs.amedd.army.mil/amedd_journal.aspx
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ADVANCED TRAUMA MANAGEMENT/DAMAGE CONTROL
RESUSCITATION TEAM IN THE BRIGADE COMBAT TEAM

At divisional level and below, the Army has lacked the
ability to provide specialized advanced trauma manage-
ment (ATM)/far-forward damage control resuscitation
(DCR) at or near the point of injury to prevent deterio-
ration and death in the urgent presurgical patient and
reduce the number of deaths with potentially surviv-
able wounds.? There is a lack of specialized clinicians at
Roles 1 and 2 who possess trauma management training
and skill. Further confounding this problem is the in-
ability of the assigned clinicians to receive and sustain
the appropriate training relevant to current standards for
trauma management.

It is recognized that advances in battlefield trauma care
and the institution of the Tactical Combat Casualty Care
guidelines have resulted in the saving of many lives
from the point of injury through the continuum of care.
Tourniquets, hemostatic dressings, nonprotein colloids,
intraosseous access devices, and hypothermia preven-
tion systems have contributed significantly to decreased
morbidity and mortality; however, battlefield resuscita-
tion of major hemorrhage remains a high priority. From
a retrospective analysis, the majority of “potentially
survivable” injuries resulting in death on the battlefield
and after reaching a surgical facility are caused by hem-
orrhage. In a hemorrhage situation, “resuscitation” re-
fers to the restoration of circulation after blood loss. Re-
suscitation is vital because restoration of blood volume
and blood pressure are the main methods for prevent-
ing hemorrhagic shock. Hemorrhagic shock is a severe
life-threatening condition which, if left untreated, will
promote the dysfunction or complete failure of the vi-
tal organs, causing the patient to die. According to Joint
Theater Trauma Registry data, over 21% of military ca-
sualties are in shock upon admission to the CSH or FST,
and over 25% require a blood transfusion. In combat,
hemorrhage is the cause in 85% of all such potential-
ly survivable deaths. Other significant causes of death
among potentially survivable casualties are central ner-
vous system injury (ie, head, neck, spinal cord), airway
compromise due to obstruction or injury, and multisys-
tem organ failure related to shock and the lethal triad of
hypothermia, coagulopathy, and acidosis. By projecting
a higher capability of medical care such as ATM/DCR
forward to the casualty, the subsequent enhancement of
treatment of these injuries will improve the likelihood
of stabilizing the casualty and potentially extend patient
survival time before surgical intervention.

In 2015, Kotwal et al* published data that supports the
2009 Secretary of Defense’s institution of the “golden
hour” for patient care. There was a significantly lower
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percentage killed in action among those casualties who
received a blood transfusion (6.8% vs 51%; P<.001) and
those who were transported to definitive care within the
60 minute requirement (25.7% vs 30.2%; P<.01). A rec-
ommendation was submitted in 2015 by the Advanced
Trauma Management IPAT, endorsed by the Command-
ing General, AMEDD Center and School and Health
Readiness Center of Excellence, through the US Army
Training and Doctrine Command, and approved by the
Department of the Army that provides standardized re-
suscitative teams capable of supporting forward DCR,
comprised of specific key tasks performed by expert
emergency medicine clinicians who are assigned or-
ganically for employment by commanders and medical
planners within a brigade combat team.’

The approved solution to enhance the ATM/DCR capa-
bility calls for the substitution of the previously assigned
area of concentration (AOC) 62B (field surgeon/general
medical officer) and AOC 65D (primary care physician
assistant) with AOC 62A (emergency medicine physi-
cian) and AOC 65DM2 (emergency medicine physician
assistant) in one treatment squad within the BSMC.
This change provides the brigade surgeon guidance
and direction regarding the trauma system, and moves
enhanced ATM/DCR capable teams closer to the point
of injury to provide advanced trauma care. Enhanced
ATM/DCR will be focused within the medical company
that is organic to the brigade combat team.

FORWARD RESUSCITATIVE AND SURGICAL TEAM

The second change is based on an identified requirement
to provide a standardized, rapidly deployable, modular,
and scalable resuscitative and surgical team capable of
supporting short (less than 72 hours) or extended (more
than 72 hours) operations. The FST, originally envi-
sioned and designed in the 1990s, was based on the then
current operating concepts and standards of care. The
doctrinal employment of these units required they re-
main intact in their 20-person configuration. When FST
split-based operations were attempted during the current
war, erosion in both capability and capacity occurred.®*

The new FRST design is based on current lessons
learned, enforcement of current policy, and input and
mission support requirements from US Army Special
Operations Command (SOCOM) and Forces Command
commanders and medical planners/providers.>®’* The
opinions and experiences of clinical subject matter ex-
perts as well as former and current FST Chiefs were
also weighed. These recommendations were made with

*R. Espinosa, 274th FST after action report, memorandum for the
record; 2006. Internal military document not readily accessible by
the general public.
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consideration of future operating concepts and environ-
ments. Modifications to this team focused on the abil-
ity of the team to simultaneously operate in 2 locations
with the team’s organic personnel and equipment. Mov-
ing to a more modular force created a need for more
flexible support elements. A more flexible design and
revised surgical skill competencies are intended to meet
the combatant commanders’ need for independent op-
erations while expanding damage control capabilities
across the battlefield, especially closer to the point of
injury.

An approved force design update of the forward surgical
team resulted in the new FRST. The design update re-
vised and streamlined the surgical procedure list into 8
specific damage control surgeries (DCS) the team could
perform, while reorganizing the personnel in an effort
to accommodate a balance of surgical skill sets dur-
ing split-based operations. The emergence of DCR as
an important adjunct to the forward surgical capability
was recognized in the new design. This resulted in
the addition of emergency physicians and emergency
nursing personnel who will be able to focus on DCR
interventions in the pre- and postoperative areas while
the surgical teams perform DCS in the operating suites.
Modelling and experimentation suggest a capability that
combines DCS and DCR will increase both capability
and throughput of the FRST vice a resuscitative and
surgical capability employed by surgeons alone. The
postresuscitative holding section of the FRST has been
enhanced to include a more robust postresuscitation
capability and skill set (Figure 1). At the request of
SOCOM, a 6-man element was designed to provide
short-term, mission-specific DCR/DCS in support
of unconventional operations. Additionally, materiel

HOSPITAL CENTER FIELD HOSPITAL
Headquarters & (32 bed)

Headquarters
Detachment

Surgical Medical Intermediate

Augmentation Augmentation Care Ward
Detachment Detachment Augmentation
(24 bed) (32 bed) Detachment
(60 bed)
Figure 2. Modularized Combat Support Hospital.

additions including additional generators, information
technology systems, and radios enable the FRST to
conduct split-based operations without dependency
upon or collocation with a Role 2 medical company.

COMBAT SUPPORT HOSPITAL

As previously indicated, a more modular combatant
force creates a need for more flexible support elements.
This includes a requirement for the CSH to be scaled and
tailored to support unified land operations. After action
reviews documented the inability of the traditional CSH
to conduct split-based operations due to personnel and
equipment limitations.* Through analysis and review of
past operations, a CSH required augmentation in order
to function in multiple locations simultaneously. In an
effort to mitigate this capability gap, a FDU was sub-
mitted and approved. The redesigned unit is capable of

*Internal military documents not readily accessible by the general
public:
Memorandum for the record: After Action Review for 86th
Combat Support Hospital Operation Desert Eagle in Support
of Operation New Dawn (Sep 2010-Sep 2011); 2011.
AMEDD Lessons Learned Observation Summary #933;
July 28, 2010 [restricted access].

Administration/Supply Section

1 Healthcare Administrative Assistant
(officer, AOC 70B)
1 Healthcare Specialist
(enlisted, MOS 68W)

Surgical Section
1 General Surgeon
(officer, AOC 61J)

1 Orthopedic Surgeon
(officer, AOC 61M)

1 Critical Care Nurse
(officer, AOC 66S)

Surgical Section
1 General Surgeon
(officer, AOC 61))

1 Orthopedic Surgeon
(officer, AOC 61M)

1 Critical Care Nurse
(officer, AOC 66S)

Resuscitative Section Resuscitative Section

1 Emergency Medicine Physician
(officer, AOC 62A)
1 Emergency Nurse
(officer, AOC 66T)
1 Healthcare Specialist
(enlisted, MOS 68W)

1 Emergency Medicine Physician
(officer, AOC 62A)
1 Emergency Nurse
(officer, AOC 66T)
1 Healthcare Specialist
(enlisted, MOS 68W)

1 Nurse Anesthetist
(officer, AOC 66F)
1 Practical Nursing Specialist
(enlisted, MOS 68C)
1 Operating Room Specialist
(enlisted, MOS 68D)

1 Nurse Anesthetist
(officer, AOC 66F)
1 Practical Nursing Specialist
(enlisted, MOS 68C)
1 Operating Room Specialist
(enlisted, MOS 68D)

Figure 1. Organizational structure of the Forward Resuscitative and Surgical Team. Total manning: 13 officers, 7 enlisted.
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modular deployment enabling it to conduct split-based
operations and enhanced early entry healthcare. These
capabilities were added by redesigning the single 248
bed CSH into 5 separate units that maintain the ability
to be deployed independently as needed (Figure 2). The
new design offers combatant commanders the ability to
call for early entry trauma capabilities, but allows for
the expansion of hospital based capabilities for endur-
ing operations. Additionally, the redesign was intended
to increase selective surgical and emergency medicine
capabilities; increase intensive care capability; and inte-
grate organic computer tomography (CT) scanners and
microbiology lab capabilities into the unit.

CONCLUSION

The 3 changes discussed here demonstrate how lessons
learned from the ongoing war have led to solutions in
doctrine, personnel, organization, and materiel. Both
the substitution of specialized providers at in the bri-
gade support medical company and the reorganization
of FST into the FSRT are intended to provide a higher
level of ATM/DCR or DCR/DCS farther forward dur-
ing operations. Additionally, the new FSRT and modu-
larized CSH are enabled to conduct split-based opera-
tions and deploy assets as needed to support the mission.
The materiel additions that include an organic CT scan-
ner will further expand the capabilities of the CSH. As
these solutions are implemented, there will be continu-
ous review and analysis of their effectiveness.
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Predeployment Medical Training for Providers

ABSTRACT

MAJ Michael D. Holloway, SP, USA

Following the attacks of September 11, 2001, the United States became simultaneously engaged in military
conflicts in 2 theaters of operation. At that time there was no organized program to train medical providers as-
signed to deployable Role 1 or Role 2 aid stations. To fill this gap, the Tactical Combat Medical Care (TCMC)
course was developed and instituted at Fort Sam Houston, Texas, in 2004 to provide the training platform for
providers in preparation for assignment to and deployment with combat units. The TCMC course has become
the standard for prehospital wartime care training. All military healthcare providers (physicians, physician
assistants, nurses, combat medics) requiring training to supplement their basic medical education and facility-

based experiences are eligible to attend this course.

Military healthcare provider training programs primar-
ily train their doctors, physician assistants, and nurse
practitioners using civilian institutional training mecha-
nisms. This consists of classroom lectures, skills train-
ing as well as hospital and clinic based practice. Provid-
ers in these environments have access to a support team
of skilled nurses, technicians, laboratory, radiology, and
pharmacy professionals. They work in controlled envi-
ronments with a ready availability of a wide variety of
surgical equipment sets and medical supplies. Most will
continue to practice in these environments after gradu-
ation until they are called upon to deploy. While this is
both appropriate for peacetime medicine and provides a
strong foundation, for the deploying provider within the
military system of healthcare, it does not go far enough.
The medical equipment sets, conditions, and expecta-
tions of Tactical Combat Casualty Care (TC3) present
a potentially steep learning curve. It is important that
providers’ first encounter with TC3 not be during de-
ployment with a combat unit caring for actual casualties.

In the years leading up to the Global War on Terror-
ism, there was no structured course to prepare medical
providers for assignment to Role 1 and Role 2 environ-
ments. With increased focus on the importance of tacti-
cal combat casualty care (TCMC) to reduce morbidity
and mortality, the TCMC course was instituted.

COURSE HISTORY

In 2003, a number of physician assistants assigned to
Fort Sam Houston, Texas, joined units scheduled for
deployment to Iraq. They identified significant knowl-
edge gaps related to deployment and prehospital care
among providers, as well as lessons learned on the rap-
idly changing battlefields. To strengthen the preparation
of recently commissioned and often newly graduated
physician assistants likely to deploy shortly after arrival
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at their units, the TCMC course was created as part of
the corps-specific track of the Basic Officer Leader-
ship Course. The goal was to familiarize them with the
equipment used by their future unit and prepare them
to provide medical care in an austere environment. The
course was initially presented approximately 3 times per
year. As the pace of deployments increased, it expanded
up to 26 classes per year and opened its doors to deploy-
ing physicians, nurse practitioners, nurses, and senior
noncommissioned officers in addition to the physician
assistants for whom it was originally targeted.

The Tactical Combat Medical Care course served as
the basis for creation, refinement, and improvement of
other predeployment preparation courses for address-
ing additional echelons of care and experience levels
of providers. These include the Brigade Combat Team
Trauma Training course supporting combat medics, li-
censed practical nurses, and flight medics, the Military
Transition Team course for Soldiers assigned to Military
Transition Teams, and the Joint Forces Combat Trauma
Management course for those assigned to combat sup-
port hospitals.

As of this writing, over 4,000 providers have received
training in the TCMC course. During the peak train-
ing period, which operated until September 30, 2014,
2 classes were presented per month, 30 seats per class,
with a total of 26 classes per year. However, although
predeployment medical training has been a requirement
since 2009 and class availability was greatly expand-
ed, medical providers were still deployed without the
mandated courses. Factors cited in the failure to attend
training include appropriate window for course timing,
short-notice deployment, availability of providers to
leave other duties, command support, and the provider’s
perception of his or her own knowledge and competence.

http://www.cs.amedd.army.mil/amedd_journal.aspx
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CURRENT COURSE CONTENT

Currently, the TCMC course is a 5-day predeployment
course conducted at Fort Sam Houston, Texas. There are
12 classes per year with funding for 10 students per class.
The goal is to train providers at least 90 days prior to
deployment, with priority given to those deploying to an
austere or combat environment. The timing window is
to help ensure that providers deploy with the most cur-
rent knowledge and that it remains fresh in their minds.
Nurses, senior medics, and flight paramedics are allowed
to attend on a space available basis. The course is a pre-
deployment requirement for all Role 1 and 2 providers
per Headquarters, Department of the Army Execution
Order 096-09HQDA* and US Forces-Afghanistan Frag-
mentary Order 14-067*.

In addition to preparation for battlefield medicine, the
TCMC course also contributes to certification require-
ments by providing over 40 hours of Category 1 Con-
tinuous Medical Education (CME) credits. The course is
comprised of didactic and hands-on training. There are
15% hours of didactic covering TC3 based off the Com-
mittee on Tactical Combat Casualty Care guidelines and
updates, Army Medical Department (AMEDD) lessons
learned, feedback from the field, the Joint Theater Trau-
ma Services weekly conference, and interaction with
the Army Institute of Surgical Research.

The course also provides 27 hours of hands-on training
to reinforce skills and muscle memory. Subjects dem-
onstrated with hands-on training including rapid trauma
assessment; fresh whole blood transfusion (the process
of giving blood drawn recently (under 24 hours) and
not separated into its components); pediatric trauma; in-
traosseous infusion devices currently in use such as the
FAST 1 and EZ-1O; airway management including intu-
bation and surgical cricothyroidotomy; thoracic trauma;
junctional tourniquets; and emergency surgical skills
performed in an environment simulating a deployed
setting.

Providers will often be faced with providing healthcare
outside the aid station as well as training and refining
the skills of his or her medics. The TCMC course takes
a crawl, walk, run method to training the providers on
care under fire and tactical field care. This helps to en-
sure that they perform the right intervention at the right
time in the continuum of care. The TCMC course places
providers in situations similar to deployment to provide
the most realistic training possible within the confines
of available resources, and help them test their newly
trained skills and assess their proficiency.

*Internal military documents not readily accessible by the general
public.
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As the battalion aid station is the primary treatment lo-
cation for our deploying providers, TCMC also works
to teach the team concept, each team member’s role,
and train them to be the team leader. This is done in a
coached environment during the week, further helping to
refine this skill. As the culminating event, the providers
put their new or refined skills to action in a simulated de-
ployed aid station, building confidence and competence.

One important area of training is trauma medication.
In the hospital setting, providers prescribe medications
and give instructions for their administration. The order
itself is generally carried out by a licensed nurse; either
a licensed practical nurse or registered nurse who has
knowledge of drug preparation, dosing, administration,
and side effects. In the deployed environment, the pro-
vider does not have that same trained staff. He or she is
now taking on the responsibility not only for the order,
but for the whole administration process. This can be a
challenge. To ameliorate this, the TCMC course has a
hands-on skills station for training and practicing com-
mon trauma medication preparation and administration.
It also gives the provider a chance to ask any questions
he or she may have in a safe environment with minimal
risk.

Although providers are exposed to TC3 in the point of
injury and Role 1 and Role 2 environment training, be-
cause of their varied experience and baseline knowledge
they will not all leave the training completely proficient.
To gain proficiency, the skills provided will require
continued refinement once they arrive at or return to
their unit. Postdeployment feedback from providers re-
turning from deployment have lauded the training that
TCMC provided, and commented about how much bet-
ter prepared they felt to treat combat casualties in aus-
tere environment.

THE FUTURE

The Global War on Terrorism, the umbrella under which
military operations following the attacks of September
11, 2001, were conducted, including Operation Iraqi
Freedom and Operation Enduring Freedom as well as
several other regional actions, had the lowest case fatal-
ity rate of all wars in which the United States was in-
volved.'” The TCMC course contributed to that statistic
as the first conventional forces course to train TC3. Pro-
vider reports from the field demonstrate the importance
of their new skills in combat casualty care, including the
use of the walking blood bank during the battle of Com-
bat Outpost Keating (Afghanistan, October 3, 2009).

The war on terrorism demonstrated early on that many
providers are not familiar with Tactical Combat Casualty
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Care, austere medicine, and military medical equipment
sets. Future loss of the hard-fought gains in institutional
knowledge learned from this conflict would be devas-
tating, considering that approximately 90% of combat-
related deaths occur prior to the casualty reaching a
medical treatment facility.** As such, the TCMC course
should transition from a predeployment medical course
to a provider sustainment course. It is necessary for it to
become not only a requirement for all providers assigned
to Role 1 and Role 2 locations prior to arriving at their
unit and then every 2 years thereafter, but a priority. Part
of this sustainment should include an evaluated training
event 90 days prior to deployment to an austere environ-
ment to ensure proficiency in specific medical tasks.

The TCMC course also has an important role for physi-
cians and physician assistants that are first entering the
AMEDD as providers. True to the program’s roots, the
physician assistant and medical corps tracks in the Basic
Officer Leadership Course are invaluable opportunities
to provide this training so they report to their first as-
signed unit prepared. Accomplishing this will require
funding and staff above the current levels.

Standardization of point of injury, Role 1 and Role 2
care across the brigade combat team and military is par-
amount; this can be done by providing TC3 training to
all providers being assigned to a brigade combat team
in the Brigade Healthcare Provider Course. Following
this, physicians and physician assistants can attend a
more in-depth hands-on track providing training and
reinforcement as it relates to battalion aid station opera-
tions and skills.

Knowing that the military is moving from the current
large pool of providers with deployment experience into
a time of fewer numbers of them, extending and expand-
ing this course is paramount. It will allow not only ex-
posure to the field sets, skills and knowledge, but will
allow for training and evaluation to move from expo-
sure to proficiency and confidence. The extended course
will also allow the addition of important content such as
prolonged field care and tactical training.

The creation of a TCMC/TC3 web page will allow pro-
viders access to the most current TC3 guidelines and
updates to help keep everyone up-to-date to provide
consistent, evidence-based care. It will also serve as a
platform for articles and learning activities that will pro-
vide CME credits related to tactical medicine. Course
read ahead material coupled with a pretest on training
day 1 would reduce some of the didactics and give way
for more hands-on time and expansion into new topics.
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Looking toward the expansion and refinement of tactical
medicine, specific tracks will become necessary. Cur-
rently, the training is the same across the board for all
attendees. The TCMC program can specialize course
content to help providers at different stages across the
continuum to further their knowledge.

CHALLENGES AND OPPORTUNITIES

Our military operates under constantly changing condi-
tions in funding, resources, and battlefield environments.
The TCMC program will continue to refine its instruc-
tion, continuing to provide the most realistic training
and simulation coupled with the latest standards of care
related to battlefield medicine. The transition of this
course to a readiness and sustainment program ensures
providers will continue to have the skills and knowledge
necessary to deploy with a forward unit to a combat en-
vironment. A failure to adapt and transition the program
now will result in closing of the doors at the end of the
current conflict, ready for resurrection at the beginning
of the next conflict, requiring resources, time, and the
risk of unprepared providers. The program’s transi-
tion will help ensure that the nation’s most precious re-
source—its sons and daughters—return home.
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Lessons Learned: Employment and
Tactical Use of The Combat Medic
During Stability Support Operations

ABSTRACT

MSG Michael S. Eldred, USA

It is the intent of this article to define the strategy by which Combat Medics have been employed in contem-
porary stability operations and counterinsurgency conflicts. This article describes the advances in training
based on Tactical Combat Casualty Care and how training evolved into an evidence-based model. Training
platforms evolved with shifts in mission requirements, new technology, improved medical techniques, and
changing protocols. The last portion of this article details recommendations in doctrine, materiel, and training
that could enable optimal sustainment standards while retaining operational capability across a wide variety of
combat and peace operations. Lessons learned and changes adapted for Medics that are addressed: (1) advances
in training and employment of the Combat Medic necessitated by tactics and strategy of current conflicts, (2)
Combat Medic regulatory requirements and centralized, just-in-time training, and (3) changes in sustainment
training driven by certification requirements and use of medical simulation training centers.

TRAINING AND EMPLOYMENT

From Baron Larrey to COL Letterman to the present
day, the Combat Medic has continually evolved in many
ways. From hospital stewards to litter bearers and Corps-
men, they have become ever more deeply ingrained into
the very skin of the fighting element.! A Medic has been
involved in every action from the start of WWI to every
contemporary battle and hit and run action by the enemy,
establishing a deeply developed level of trust from the
Soldiers for whom they are responsible. It is the Combat
Medic who first builds the bonds that enable the Flight
Medic to deliver the Wounded to the surgeon. It is the
Medic whom the Wounded Warriors remember most, or
first, or last. It is the Medic that fights the sickle welding
hooded beast and holds back the inevitable to send his
comrade away; so the troops have hope—the platoon,
the squad, the leaders do not yield to despair. The Com-
bat Medic provides that foundation of confidence until
the difficult job is done.

The last decade has seen a transformation of Combat
Medics in both positive and a negative ways. Positive
because of the advances in using evidence-based deci-
sional processes which have resulted in an organized
tactical care platform that is trusted throughout the
world. Negative because training has been relegated to
a centralized system of predeployment training using
outside sources. This has eliminated the need for medi-
cal noncommissioned officers (NCOs) to be prepared to
teach, coach, and mentor their Medics, Combat Lifesav-
ers, and Soldiers in medical skills and evacuation pro-
cesses. The system has provided multiple, externally
provided training sources, meaning that NCOs are no
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longer required to resource, prepare, or use the 8-step
training model. In many ways, we have stopped devel-
oping Combat Medics who are capable of mounting a
platform and instructing.

COMBAT MEDIC EMPLOYMENT IN STABILITY OPERATIONS
AND COUNTERINSURGENCY

The last 14 years of armed conflicts have been challeng-
ing for Combat Medics, both tactically and technically.
Their ability to operate in the new conflict paradigm has
seen skill adaptations from Special Forces skill sets in
the areas of affected population care management, use
of organic medical assets by the mission commander to
shape local government cooperation, and host nation
asset evaluation for Civil Affairs and State Department
missions. None of those functions are found in the Criti-
cal Task List of the Combat Medic.

Skill Level 10 tasks that 68W* Combat Medics have
used in the current stability operations and counter-in-
surgency environment:

¢ Civilian primary care including assessment and
treatment for common injuries and illness, identi-
fication and care for complex systemic problems,
inoculations, and preventive care.

¢ Responding to farming and vehicular accidents in
civilian sectors.

¢ Assessing civilian medical assets and recommend-
ing improvements to structures, manpower, train-
ing, and equipment.

*Military occupational specialty (MOS) 68W10 is the Army designa-
tor for Soldiers who are Combat Medics.
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¢ Primary care for other US government and nongov-
ernmental organizations.

¢ OB/GYN care provided by female Medics assigned
to Special Operations Special Response Teams.

The most significant shift in the roles of Combat Med-
ics has been the employment of individual Medics in
austere, distant outposts. These forward operating posts
are not readily accessed by ground evacuation assets
and are therefore highly dependent on air evacuation.
Given the generally good weather and unchallenged air
superiority of our forces during the current conflicts,
evacuation times to reach dispersed forward surgical or
far forward resuscitative assets have been decreased to
less than an hour. A prolonged weather event or the in-
troduction of highly mobile, shoulder-fired antiaircraft
weapons would sharply effect our skill requirements.
The ability to provide prolonged field care and hold criti-
cally injured patients for possibly extended periods due
to this tactical shift is essential to the future needs of
our Warfighters. This capability could include use of ad-
vanced resuscitative medication, invasive surgical and
dental care, and critical care skills in antibiotics drugs
and anesthesiology.

Another important change is that asset development of
the medical plan has not been limited to preventing ill-
ness, injury, and treating trauma in combat forces. It has
expanded to assist in mission accomplishment through
leveraging the ability of the Combat Medic to gain the
trust of civilians and local government officials.

Shaping expectations of what we do to assist in the mis-
sion often falls on very junior leaders. They rarely un-
derstand the complexities of what they are allowed to do
and what is ethically acceptable for exploitation by the
mission command. Beyond that, junior leaders usually
have no concept of what effect they could have on the ci-
vilian services when they circumvent the civilian medi-
cal system.? As explained in Joint Publication 3-07:

The efficiency and effectiveness with which US forces
can deliver humanitarian assistance, particularly medical
and dental care, can have the unintended consequence of
decreasing the population’s confidence in the HN’s [host
nation’s] ability to provide basic care. Possibly even
worse, excessive US humanitarian assistance may delay
and undermine the reconstitution of existing medical
and other basic needs infrastructure in the HN.3®!1-22)

This does not mean we should not prepare our Combat
Medics for this mission, or even that it is unethical to
shape civilian opinion through improving their medical
care. The United States has had a high level of success
in changing the level of medical care wherever our forc-
es have been stationed. From epidemiological disease
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control to extending the average lifespan by providing
preventive care, clean water, and improved agriculture,
the United States has exported healthcare improvements
to every country in which it had occupation forces, or
maintains current bases of convenience or treaty obliga-
tion.* This was recently evidenced in the adaptation of a
new emergency medical system in Iraq while the war in
that theater was at its peak.? As Gresser points out:

Before military leaders probe a situation to discover solu-
tions, they must determine what is morally required.>®”

An excellent example of this kind of mission solution
is the strategic use of medical personnel by then MG
Petracus in Mosul, Iraq, from 2003 to 2004 when he
recognized that moral obligation based on the Geneva
Convention to establish the “security and well-being of
the Iraqi people in his area of responsibility.”®

In future conflicts, we can expect not only the tactics
and strategy to change, but also dramatic shifts in demo-
graphics coupled with emerging technologies to cause
fundamental changes in the types of skills the military
medical system will need to cultivate. Allenby charac-
terizes this shift in perspective as:

...rather than rely on the aggression, emotion, and physi-
cal stamina of youth to rely more on the judgment, wis-
dom, and patience of older age.’

This shift could involve recruiting older enlistees, caus-
ing an even more dramatic shift in medical support of
the force. The results would also guarantee more lessons
learned from and changes made to our medical system.

CHANGES IN SUSTAINMENT TRAINING

Early in the last decade, the Combat Medic qualifica-
tions converted to a Department of Transportation
(DOT) emergency medical technician (EMT) based
certification, EMT-Basic (EMT-B). This was due in part
as a solution to the issue of sustainment training and to
align with the other services that had moved towards the
DOT EMT program for ease of tracking training and
perceived readiness. As the Army entered the current
War on Terror conflicts throughout the world, it became
obvious that EMT-B was never an adequate measure of
Combat Medic readiness.

The issue is the certification level chosen for the Combat
Medic. The EMT-B is the lowest level of certification for
emergency medical service (EMS) personnel. They are
normally limited to driving or preparing the ambulance
for calls and are never assigned solo. They are always
coupled with intermediate or paramedic level certified
EMS members who have the experience and training
to deal with complex urgent situations. This was part
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of the plan in the initial stages of the Army’s program.
When the DOT EMT standard was adopted, the plan
was for progression of medical certification skills as
NCOs were promoted.® In this way, an EMT-B would
be partnered with an EMT-I or P. Testing of Soldiers in
Initial Enlisted Training (IET) indicated that the pass
rate of personnel straight out of school would be disas-
trous. Even though the plan was for the experienced
NCO to assume those roles, a hold was placed on the
ladder process, and then the war started. The immediate
requirements for Medics in combat operations has seen
the complete demise of the ladder process, and NCOs
have almost no advanced medical skills training other
than administrative.

In 1996, working within the Special Operations medical
community, USN CAPT Frank Butler helped develop
the Tactical Combat Casualty Care (TC3) initiative.
The Special Operations Command implemented TC3
throughout its force, and it has quickly become the basis
of all Combat Medic training over and above EMT-B.
In IET, a Combat Medic (MOS 68W10) must pass the
national registry EMT-B and then attend an additional
8 weeks of TC3 training. This provides a very substan-
tial level of combat medical skills through the evidence-
based process of the Committee on Tactical Combat Ca-
sualty Care (CoTCCC) oversight.

Most NCOs have not been trained in higher level medi-
cal skills and many have lost the skills needed to keep
their Soldiers medically qualified. As a result, it has be-
come necessary to create a centralized training program
that ensures 90% of all medical personnel are “trained”
prior to assignment in a current theater of operation. The
Army Medical Department Center and School sends a
mobile training team to train Medics at their home sta-
tion in the United States or brings them to Camp Bullis,
Texas, for training if they are in the National Guard or
stationed outside of the United States. This “just in time’
training program is not providing an adequate level of
TC3 for units as they then do not train further on these
skills as previously stated.

’

Currently, this “just in time” training is causing many
second and third order effects. Most significantly is that
Medics are not training their combat lifesavers, and phy-
sician assistants (PAs) are not training their Medics. The
effects are noticeable when Medics try to use their com-
bat lifesavers in casualty collection points, or when PAs
working on trauma tables have to rely on their Medics
for assistance. Additionally, battalion surgeons are not
familiar with TC3, and are reluctant to allow their Med-
ics to carry approved medications and equipment that is
in the TC3 Guidelines and is taught in TC3 courses.
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MissION COMMAND AND OWNERSHIP OF CASUALTY
CARE AND THE EVACUATION SYSTEM

Control and focus of lethality in the area of operations re-
quires one centralized mechanism of control, one place
through which all orders, reports, and requests must
go. This includes casualty care and evacuation. Com-
manders must thoroughly plan, train, and rehearse, and
completely own the process. No commander should take
a unit into an active combat zone without full compre-
hension of casualty care and evacuation effectiveness. If
commanders do not understand this system, they fail to
uphold the standards of mission command. By failing
to train, prepare, and understand this system, they are
not prepared to take command of it in the battle space,
causing them to lose overall visibility of the full combat
operating situation.

During the last decade of operations, the 75th Ranger
Regiment has effectively demonstrated combat casu-
alty care and evacuation success. It has proven that TC3
must be rehearsed and supervised as part of the entire
combat plan. Their efforts have resulted in less than 3%
died of wounds rate during their operations.” This is a
direct result of the command taking ownership of the
casualty care system and ensuring that everyone knows
the process. The Commanding General, Joint Special
Operations Command, then LTG Stanley McChrystal,
implemented directives that made medical training and
planning part of every Ranger’s operational knowledge.
He directed that every training event would incorporate
TC3 and all live fires would build a TC3 event into the
mission. It was a surprise to the Special Operations per-
sonnel, requiring them to deal with the mission and the
casualty simultaneously. As a result, the 75th Ranger
Regiment trains their combat lifesavers to EMT-B level,
and their Combat Medics who are trained above a para-
medic level are ingrained in every aspect of combat op-
erations. No operations order is complete without a fully
developed and supported casualty evacuation plan, and
each aspect of medical operations is rehearsed through-
out the planning phase.

CONCLUSIONS AND RECOMMENDATIONS:

A clinical ladder should be established which returns
NCOs to technical applications and improves their
prehospital medical capabilities."**!° Throughout the
Army, NCOs are regarded as technical experts in their
respective specialty field. Yet Combat Medic NCOs stop
receiving advanced training after the Advanced Lead-
ership Course (ALC) when promoted from sergeant to
staff sergeant. No training for emergency management
is provided other than that received in Basic EMT in [ET,
and mass casualty operations in ALC. Senior NCOs are
assigned to leadership roles that consume their time and
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do not place them in contact with patients frequently 2. Donaldson RI, Hasson T, Aziz S, Ansari W, Evans

enough to maintain primary care skills. G. The development of civilian emergency medical
care during an insurgency: current status and future

Collaborative development of curriculum must be en- outlook in Iraq. Ann Emer Med. 2010;56:172-177.

hanced and broadened with evidence-based guide- 3. Joint Publication 3-07: Stability Operations. Wash-

lines provided through the Joint Training System and ington, DC: Joint Staff, US Dept of Defense; Sep-
CoTCCC. A fully developed centralized system should tember 29, 2011. Available at: http://www.dtic.mil/
be developed and marketed as the single true source gglcérme/neW_PUbS/JP3_07-pdf- Accessed April 5,

from which all Combat Medics obtain their skill im-
provement, education, doctrine, sustainment, and quali- 4. Hudson W. Army Diplomacy: American Military

fication certificates. This should be in conjunction with Occupation and Foreign Policy after World War
establishment of a direct chain of leadership for pre- II. Lexington, KY: University Press of Kentucky;
hospital medicine. Combat Medics need a support line April 16, 2015.
that provides a consultant, a subject matter expert, and 5. Gresser RC. Macro-ethics and tactical decision
a system for building their healthcare knowledge and making. Mil Rev. September-October 2014:72-
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Even though it is the only evidence-based battlefield view_20141031_art013.pdf. Accessed April 5, 2016.
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mander, by every brigade surgeon, or members of the Petraeus and the City of Mosul, Irag. Cambridge,
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sult, commanders do not train their medical teams as Government Case Program, C15-06-1834.0. Cited
integrated assets in the operation; medics are not trained by: Gresser RC. Macro-ethics and tactical decision

and issued analgesics other than morphine and evacua- making. Mil Rev. September-October 2014:72-80.
tion assets are not devoted to support rapid transport to 7. Allenby BR. Senior soldiers: the thin gray line. Bull

the closest higher level of care. At Sci. 2014;70(5):86-95. Available at: http://thebul-
letin.org/2014/september/senior-soldiers-thin-gray-

The 75th Ranger Regiment has had amazing success line7594. Accessed April 5, 2016.

in decreasing preventable deaths with outcomes bet- 8 De Lorenzo RA. Improving combat casualty care:

ter than 3%. This is directly attributable to the mission focus on the military medic. US Army Med Dep J.

commander making medical care a priority and owning January-February 1998:24-30.

it as a system of battle. The entire team, Ranger rifle- 9 gotwal RS, Montgomery HR, Kotwal BM, et al.

men, gunners, drivers, cooks, and officers are all trained Eliminating preventable death on the battlefield.

in TC3. Every time they train, they consider safety, and Arch Surg. 2011;146(12):1350-1358.

they rehearse TCCC. It has become an exercise as inher- |

ent as breathing, Mabry RL, De Lorenzo RA. Improving role I bat-

tlefield casualty care from point of injury to sur-
gery. US Army Med Dep J. April-June 2011:87-91.
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Army Medical Department at War:
Healthcare in a Complex World

As of February 28, 2014, 1,308,626 US Soldiers had
deployed in support of Operations Enduring and Iraqi
Freedom. Of them, 808,969 were Active, 336,043 were
National Guard, and 163,614 were Army Reserve. Many
of them, 383,492 Active, 107,906 Guard and 52,097 Re-
serve component Soldiers, deployed more than once.
Department of Defense casualties from October 2001
through March 2014 include 5,332 killed in action,
1,453 nonhostile deaths, and 51,932 wounded in action
(Figure 1).! The Army has sustained 3,877 killed in ac-
tion, 1,044 nonhostile deaths, and 36,421 wounded in
action (WIA) (Figure 2).! Approximately 33% of Army
WIA required evacuation out of theater. Of the Soldiers
wounded, 44% remained on active duty or inactive re-
serve and 17% WIA were medically separated. During a
conflict that saw dramatic increases in the severity of in-
juries, equally dramatic improvements in casualty care
from the point of injury through rehabilitation greatly
improved survival (Figure 3). Our nation owes a tre-
mendous debt to the service members who sacrificed so
much during the current conflict, including the medical
personnel who stood shoulder to shoulder with them on
the battlefield and the families who supported them back
home. While we continue to care for those who current-
ly serve in Iraq and Afghanistan, we must also begin
preparations to care for the casualties of future conflicts.

The US Army Operating Concept, Win in a Complex
World* describes the future environment as unknown,
unknowable, and constantly changing. The technologi-
cal advantage the US military has enjoyed over its ad-
versaries since 1945 is diminishing. War remains a fun-
damentally human endeavor and the Army is preparing
Soldiers to succeed by maintaining its edge in the hu-
man dimension of combat power. The US Army Human
Dimension Strategy focuses on the cognitive, physical,
and social components of professionals and teams.? Its
lines of effort—agile, adaptive leaders; realistic train-
ing; and institutional agility—are incorporated into
Army Medicine’s ready medical force model (Figures
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4 and 5). Army Medicine is applying the human dimen-
sion strategy to prepare Army Medical Department
(AMEDD) personnel for the increasing complexity and
uncertainty ahead. Army Medicine must be prepared
for the full spectrum of military operations from major
combat through humanitarian missions. It will play a
major role in shaping the security environment and de-
veloping the capabilities of partners and allies. Combat
medics in the future may control truncal hemorrhage
while under fire, and laboratory technicians may pro-
vide rapid confirmation testing for Ebola in West Africa.

Like armed conflict, healthcare is a complex, risk-filled
human endeavor. Military healthcare is even riskier,
more emotionally charged, and filled with uncertainty.
Army Medicine requires leaders who can thrive and
grow in this environment. These leaders build the teams
who provide care on the battlefield, in the operating
rooms, intensive care units, wards, and clinics. They
provide the purpose, direction, and motivation neces-
sary for safe and effective care. The Squad Overmatch
Study applies the human dimension concept while train-
ing the infantry squad as a team. It builds on existing
warrior skills training and incorporates team building,
situational awareness, resilience and performance en-
hancement, and tactical combat casualty care. It also
provides a framework for squads to conduct after ac-
tion reviews and take ownership for improving their
team performance (Figures 6 and 7). This model applies
equally well to building the AMEDD teams who care
for warfighters and their families.

We do not know when or where we will fight in the fu-
ture. We may be called upon to deploy in days, or a few
hours. Our adversaries will continually adapt and pres-
ent us with new and more difficult challenges. We may
operate in remote locations, under austere conditions,
with long lines of communication. We may find our-
selves in ungoverned megacities or face technologically
advanced near-peer competitors. Communications may
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Figure 2. Casualty types for Department of Defense overall and US Army specifically.
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Figure 3. Cumulative rolling monthly averages of killed in action, died of wounds, and case fatality rate during operations in
Afghanistan, November 2003-March 2013.

AMEDD Progressive Readiness Model T4

Critical wartime capabilities are built through training, education, and
Health Education experience in the institutional, operational, and self-development domains.

Undergradusie and Gridusie

Figure 4. A ready medical force model to provide the capability to assist the Army in preventing conflict, shaping the
security environment, and winning wars.

April — September 2016 201




CONCLUSION
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Figure 5. The capability requirements for Army Medicine are dependent upon an individual’s AOC/MOS in combination with the mis-
sion requirements that align under regionally determined parameters. Individual, team, and units will acquire key education, training,
and experience to provide the appropriate knowledge, skills, and behaviors to provide the appropriate trauma and disease nonbattle

injury care.

be degraded, casualty evacuation delayed, and medical
personnel may provide prolonged field care. We face
many of these challenges around the world today. In Af-
rica, evacuation distances are measured in thousands of
miles. In Afghanistan, the Golden-Hour Offset Surgical
Treatment-Mission provides casualties with lifesaving
damage control resuscitation/surgery near the point of
injury. The concept of prolonged field care may begin
on the front lines, but it has implications for every sub-
sequent level of evacuation and treatment. It applies not
only to trauma but also to disease and nonbattle injuries.
Prolonged care of a patient with a pulmonary embolism
or cerebral malaria in the field will require skills not tra-
ditionally taught in our schools or military treatment fa-
cilities. New approaches to education and training, new
organizational structures, equipment, and greater reach
back capability will required for successful manage-
ment of complex patients who are awaiting evacuation.

Within the lectures and papers presented in this edition of
the AMEDD Journal are key lessons learned for each of
the components of the DOTMLPF-P* domain. The dis-
cussion at the end of the symposium raised further issues
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to consider as we look to the future of Army Medicine.
The questions presented below range from the tactical to
the strategic level and apply across all AMEDD Corps:

1. How do we effectively capture the lessons of a con-
flict, apply them in real time to provide advances in
care, and document them for those who follow us?

2. How do we identify and apply the enduring lessons
of the current conflict while preparing for the new
challenges of the next?

3. What is the best format to distribute lessons learned
more broadly, rapidly, and effectively? What is
the appropriate use of handbooks, clinical practice
guidelines, doctrine, and policy changes?

4. How do we ensure the National Guard and Reserves
are incorporated into readiness and lessons learned
programs?

5. How do we best transition from a counterinsurgency
campaign and prepare for the full range of military
operations where ground and air evacuation may
be more difficult, communications degraded, and

http://www.cs.amedd.army.mil/amedd_journal.aspx
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Figure 6. Overview of the Squad Overmatch Study assessing Tactical Combat Casualty Care and the areas
that influence the squad’s capability.

SOVM-TC3 is Balanced Across Multiple
Life Saving Domains

HUMAN
DIMENSION

Squad Overmatch Study-TC3 and is an expansion of the SOvM 2014 study with improvements in
curriculum design and new technology integration leveraging existing Program of Instruction (POI) &
Program of Record (POR) demonstrating the Integrated Training Approach.
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Figure 7. The 5 primary life-saving domains required for successful squad performance.
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The Strategic Landscape that Influences the Future of Army Medicine Including Concept of Operations and Readiness.

Joint Medical Concept Army Warfighting Challenges ATP 4-02-55 Army Health Medical Warfighting
Required Capabilities System Support Planning Functions
Medical Functions
Joint medical planning Develop situational understanding. Medical mission command Medical mission command
Joint theater directed coordination, | Shape the security environment. Medical treatment Prehospital care

synchronization, and medical situ-
ational awareness

Monitor patient outcomes, Provide security force assistance. Medical evacuation Primary care
assess clinical effects, and
adapt operations.

Joint force development framework | Adapt the institutional Army. Hospitalization Evacuation and enroute
for health services care
Medical mitigation of the Counter weapons of mass destruction.| Dental services Hospital care
environment
Joint credentialing and privileging Conduct homeland operations. Preventive medicine services | Rehabilitation and
definitive care
Medical treatment facilities Conduct space and cyber Combat and operational Force health protection
electromagnetic operations and stress control
maintain communication.
Patient evacuation Enhance training. Veterinary services Medical sustainment
Patient management Improve solider, leader and team Medical logistics Medical engagement
performance.
Joint medical leader development Develop agile and adaptive leaders. Medical laboratory services Medical information
Medical intelligence Conduct airground reconnaissance. Research and innovation
Joint and service medical education | Conduct entry operations.
and training
Joint medical research and Conduct wide area security.
development
Medical logistics Ensure interoperability and operate

in a joint, interorganizational, and
multinational environment.

Health services contracts and Conduct combined arms maneuver
resource programming
Global health services network Set the theater, sustain operations

and maintain freedom of movement.

Integrate fires.

Deliver fires.

Exercise mission command.
Develop capable formations.

operations may be conducted in megacities or a an artificial distinction between care in theater and
CBRN* environment? care at home?

6. How do we develop the critical thinking skills re- 11. How do we transition from an AMEDD focused on
quired for healthcare in a complex world? AOCs/MOSs* to one focused on required capabili-
ties? How do we capture the transition in our moni-

7. How do we retain the expertise gained across all . .
toring and reporting systems?

AOC/MOS and Roles of Care in the current conflict?
12. How do we ensure modularity and scalability across

8. How do we provide the education, training, and the full spectrum of operations?

experience necessary for casualty care within our
schools, MTFs, and in the civilian community? 13. Given the lack of SIPR* access for most in Army
9. How can we best use our senior NCOs to provide 1(\}/[edlcme, espemall.y in the Army .Re'serve .agd
ducation, training, and experience in garrison? uard, how do we improve communication within
© ’ & P g NIPR* and/or SIPR channels?
10. How do we best develop and implement the concept 14
of multidisciplinary teams providing casualty care
from the front lines through rehabilitation, without

. Does the current PROFIS* model adequately address
requirements of the sustainable readiness model?
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Figure 8. The full support that Army Medicine provides the Warfighter from point of injury to rehabilitative care.

15. How can the Army Medical Command collaborate
more closely with operational and special operation-
al forces?

16. How do we modify our business processing and
monitoring systems to measure the education, train-

ing, and experience components of readiness?

17. How do we use Role 1, 2, and 3 outcome data to
validate the effectiveness of predeployment training
programs including Tactical Combat Management
Course, Army Trauma Training Course, and Joint

Forces Trauma Management Course?

18. How should we select, train, and evaluate person-
nel for operational assignments? How do we best
develop their knowledge, skills, and behaviors prior

to their assignment?

19. How should we optimize the electronic health re-
cord to facilitate treatment and support quality im-

provement programs?

April — September 2016

20. How do we use CCQAS,* credentialing, and privi-
leging to document and manage training, education,
and experience readiness requirements across both
the Army Medical Command and operational units?

CONCLUSIONS

As we emerge from the mountains and deserts of Af-
ghanistan and Iraq, we must prepare for a future that
is unknown, unknowable, and constantly changing. We
can study the lessons of the hybrid war being conducted
in eastern Ukraine, the conflicts in Syria and Africa, and
terrorism in Europe. At the same time, we must main-
tain situational understanding of the entire world since
any region be our next battlefield. Army Medicine will
face these challenges and, as in the past, it will adapt
and overcome them. It will face them as a team that in-
cludes all Components and Army Civilians. It will draw
guidance from the Army Operating Concept and Joint
Concept for Health Support. As shown in the Table, the
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Army Warfighting Challenges, Joint Essential Medical 5. Force 2025 and Beyond. Unified Land Opera-
Capabilities and Medical Warfighting Functions will tions. Win in a Complex World. Fort Monroe,
serve as the framework for analysis of new concepts.**¢ VA: US Army Training and Doctrine Command;
It will address the entire continuum of casualty care October 2014. Available at: http:/www.arcic.

. o . - army.mil/app Documents/tradoc_ausa
from thﬁ %911.1,:tt(.)f 1n]urdy tl}r;)ugh t.evac;a'ltlon, gl efinitive force2025andbeyond-unifiedlandoperations-
care, rehabilitation, and reintegration (Figure 8). wininacomplexworld 07oct2014.pdf. Accessed

December 15, 2015.

6. Army Techniques Publication 4-02.55: Army Health
System Support Planning. Washington, DC: US
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LATEST RELEASE IN THE BORDEN INSTITUTE’S
HISTORY SERIES

A regimental surgeon promoted to
hospital director in the War of 1812,
Joseph Lovell, MD, became the first

Army staff -level surgeon general.

This book is an in-depth analysis
of how Louvell’s report on Army
medicine just after the war gave rise
to innovations, from focus on the
soldier’s welfare and preventive medicine *
to accurate epidemiology and
experimental research, that formed
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