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A Descriptive Analysis of Notional
Casualties Sustained at the Joint Readiness
Training Center: Implications for Health
Service Support during Large-Scale
Combat Operations

MAJ Michael D. April, MD, DPhil, MSc
SFC Peter J. Stednick, BS
CPT Nicholas B. Christian

ABSTRACT

Introduction: The Joint Readiness Training Center (JRTC) offers a laboratory for study of combat casualty care
delivery during brigade-sized collective training exercises. We describe the casualty outcomes during large-
scale combat operations as part of a JRTC rotation.

Methods: During JRTC rotation 20-02, 2/4 Infantry Brigade Combat Team (IBCT) participated in force on
force operations as part of a joint and multinational task force. Medical assets available included a Role II
associated with the Brigade Support Medical Company and Role I facilities associated with six subordinate
battalion elements. Observers, coaches, and trainers (OCTs) categorized all casualties as killed in action (KIA)
or wounded in action (WIA). OCTs categorized WIA casualties as died of wounds (DOW) based upon time
elapsed from time of injury to transportation to successive roles of care within time standards, dependent upon
the severity of injuries. We portrayed our DOW rates using descriptive statistics.

Results: Force on force operations spanned 14 days. The task organization comprised 3,820 persons. Casual-
ties included 642 KIA and 1061 WIA. Of the WIA, 502 (47.3%) dies from their wounds. The primary reason
for DOW was evacuation delay from point of injury (POI) to military treatment facility (MTF) (443 casualties,
88.2%). An additional 40 casualties DOW at the Role 1 (8.0%) and 10 died at Role II (2.0%). Nine casualties
(1.8%) DOW due to improper care rendered.

Discussion: Casualty DOW during simulated large-scale combat operations are overwhelmingly due to evacu-
ation delays from POI. Medical readiness for near-peer force on force operations depends upon shared under-
standing across medical and non-medical personnel of casualty movement through echelons of care on the
battlefield.

INTRODUCTION

The Joint Readiness Training Center (JRTC) at Fort
Polk, LA, is an installation facilitating brigade-sized
collective training exercises.! This training capability
is increasingly important as the US Army transitions
from counterinsurgency and expeditionary operations?
and resumes focus on training for large-scale combat
operations. Together with the National Training Cen-
ter (NTC), JRTC offers a laboratory for conducting
force on force operations against a near-peer threat
with multi-domain capabilities. The training audience
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for NTC focuses on mobile mechanized units such as
Stryker and Armor brigades, and the training audience
for JRTC is primarily light infantry and Special Forces
units. These training exercises enable brigade combat
teams to build readiness in preparation for future de-
ployments against near-peer adversaries.

The medical literature relevant to NTC*® and JRTC!
has historically focused on real world injuries and
illnesses incurred during training events. However,
equally important are the insights that analysis of no-
tional casualties sustained during simulated operations
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can provide. Indeed, all contemporary military medical
data principally arises from the Department of Defense
and Prehospital Trauma Registries with data collection
starting during the recent wars in Iraq and Afghani-
stan.”” Such data may have limited applicability to the
unique medical challenges associated with large-scale
combat operations. In the absence of a major conflict,
JRTC and NTC offer the best lens into the population
injury patterns likely to be experienced in these sorts
of operations.

During 20 November—3 December 2019, the 2nd Infan-
try Brigade Combat Team (IBCT) assigned to 4th In-
fantry Division, Fort Carson, CO, participated in JRTC
rotation 20-02. This rotation entailed a decisive action
training environment designed to provide lessons relat-
ed to large-scale combat operations. Our objective was
to provide a descriptive analysis of the casualties sus-
tained during this training exercise. Our intent was to
derive insights for medical care delivery for US Army
Forces Command units during force on force opera-
tions with a near-peer adversary.

METHODS

Study Setting and Design: During JRTC rotation 20-02,
2/4 IBCT participated in force on force operations as
part of a joint and multinational task force (TF). The
study setting comprised the entirety of the JRTC train-
ing area of operations during these operations span-
ning 14 days. This was a strictly descriptive analysis
of internal unit performance of notional casualties for
the purposes of refining unit procedures. Hence, we
completed this analysis as a performance improvement
project not requiring oversight by an institutional re-
view board.

Population: Task organization comprised organic units
including two infantry battalions (TF Infantry 1 and
2), one cavalry squadron (TF Cavalry), a field artil-
lery battalion (TF FA), a brigade engineer battalion
(TF BEB), and a brigade support battalion (TF BSB).
Additional units under operational control of 2/4 IBCT
included a Stryker battalion (TF Stryker), and a Brit-
ish infantry regiment (attached to TF Infantry 1). Other
support elements included a general support aviation
battalion (GSAB), and a combat service support bat-
talion (CSSB).

Medical Capabilities: Medical assets available in-
cluded Role I facilities associated with each of the six
subordinate maneuver battalion elements. A physician
(specialty immaterial) and physician assistant staffed
these facilities to provide basic initial tactical combat
casualty care with negligible patient hold capacity. The
BSB provided Role II capability. This facility offered

additional staffing, beds (including 20 beds for patient
hold up to 72 hours), and ancillary services including
radiology, laboratory services, and behavioral health. A
notional Role III facility existed for exercise purposes
in the vicinity of the reception, staging, onward move-
ment, and integration (RSOI) area.

Field litter ambulances (FLAs) provided the mainstay
for medical evacuation (MEDEVAC) platform for most
units. The infantry battalions had eight FLAs each, the
cavalry squadron and field artillery battalion had three
FLAs each, and the BEB had two FLAs. The Stryker
battalion provided four Stryker medical evacuation
vehicles (MEVs). Finally, the brigade support medical
company (BSMC) assigned to the BSB had ten FLAs.
The GSAB offered three additional HH-60 airborne
MEDEVAC platforms.

Medical Evacuation: The scheme of maneuver for
evacuation of casualties broadly followed US Army
doctrine (Figure 1).!° From point of injury (POI) fol-
lowing receipt of initial stabilizing medical care, casu-
alties underwent ground transportation to company and
battalion casualty collection points (CCPs). From there,
casualties moved to battalion aid stations (BAS) for ini-
tial Role I care. Casualties requiring further treatment
then moved to the Role II in vicinity of the brigade sup-
port area, with or without transit through an ambulance
exchange point (AXP). Finally, casualties would then
proceed to the Role I1I facility, if needed.

Ground transportation was the primary means of mov-
ing casualties. Units used a combination of CASEVAC
for casualties with less severe notional injuries (use of
non-standardized and non-dedicated vehicles that may
not include the requisite equipment and personnel for
en route care) versus MEDEVAC for casualties with
more severe injuries (utilization of a standardized and
dedicated platform with the provision of en route care)."
Mission approval authority rested with the brigade sur-
geon section. Launch approval authority was the BSB
commander for ground missions and the GSAB com-
mander for air missions.'

Measurements: All participants in the exercise used
multiple integrated laser engagement system (MILES)
gear to determine whether soldiers sustained injuries.
Cards issued to each participant prior to exercise start
provided details regarding injury patterns for each ca-
sualty. When a participant’s MILES gear indicated oc-
currence of an injury, observers, coaches, and trainers
(OCTs) used these cards to define the specific injury
sustained by the soldier. OCTs did have the ability to
adjust the injuries as indicated on the cards based on the
nature of the conflict (e.g., change injury from gunshot
wound to explosive injury when a participant’s MILES

4 https://medcoe.army.mil/the-medical-journal



gear triggers following an en-
counter with an improvised
explosive device. Ultimately,
OCTs categorized all casual-
ties as killed in action (KIA)
or wounded in action (WIA).
OCTs categorized WIA ca-
sualties as died of wounds
(DOW) Dbased upon time
elapsed from time to injury to
movement to successive roles
of care within time standards,
dependent upon the severity of
injuries (Table 1).

All casualties ultimately re-
turned to the force for contin-
ued participation in the exer-
cise. WIA casualties returned

THE MEDICAL JOURNAL

Figure 1. Casualty evacuation flow during Joint Readiness Training Center rotation 20-02.
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Ground evacuation flow represented by orange arrows. Air evacuation flow represented by blue arrows. Abbrevia-
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BDE - brigade; BN — battalion; BSB — brigade support battalion; CCP — casualty collection point; CJTF — combined

to duty at the discretion of the
OCTs following notional treat-

task force.

Jjoint task force; CO — company, CSH — combat support hospital; DIV — division; POI — point of injury; RL — role; TF —

ment of injuries and a recovery

period per the soldiers' injuries. KIA and DOW casu-
alties underwent transportation to a mortuary affairs
collection point and personnel and equipment holding
area. At these locations, these individuals underwent
regeneration to return to the force.

Data Analysis: We used descriptive statistics to portray
the casualties sustained during this exercise. We re-
ported numbers of WIA and KIA casualties for each
subordinate battalion. Among WIA casualties, we
reported DOW numbers and percentages. Finally, we
reported the proximate cause for each DOW casualty:
improper care versus evacuation delay. For evacuation
delays, we stratified according to the evacuation step
during which there was a delay.

RESULTS

Force on force operations spanned 14 days. The task
organization comprised 3,871 persons. Casualties in-
cluded 642 KIA and 1,061 WIA (Table 2). Of the WIA,
502 (47.3%) died from wounds. The primary reason
for DOW was evacuation delay from POI to medical

treatment facility (443 casualties, 88.2%). An addi-
tional 40 casualties DOW at the Role 1 (8.0%) and 10
died at Role II (2.0%). Nine casualties (1.8%) died from
wounds due to improper care rendered.

TF Infantry 1 served as the main effort during most
phases of the operation and sustained the highest ab-
solute numbers of casualties. They also sustained the
highest DOW percentage (57.2%), driven primarily by
delays in POI to Role I evacuation (Table 3). TF FA
experienced the next highest DOW percentage (47.1%),
also driven by evacuation delays. Those numbers
largely stemmed from a single day of operations during
which the unit’s Role I augmented the medical capabili-
ties of the brigade support area and casualties sustained
from indirect fire did not receive expedient Role I care.

DiscussION

This descriptive analysis portrays the notional ca-
sualties sustained during JRTC rotation 20-02 by an
IBCT. The overall DOW percentage for the task force
in its entirety was 44.8%. This DOW percentage over-
whelmingly arose from evacuation delays. In particu-

Table 1. Joint Readiness Training Center casualty evacuation timelines.

lar, evacuation delays from POI to Role I were
responsible for the vast majority of patients who

DOW.
This rotation highlighted many important fac-

Injury to
Category Medic/CLS POIto Role1 Role 1to Role 2 Role 2 to Role 3
Routine 24 (NLT T+24) 24 (NLT T+48) 24 (NLT T+72)
Priority 2 (NLT T+2) 3 (NLT T+5) 3 (NLT T+8) 6 (NLT T+14)
Urgent 1 (NLT T+1) 2 (NLT T+3) 2 (NLT T+5) 4 (NLT T+9)

ets of large-scale combat operations. First, the
numbers of casualties are extraordinarily high
in comparison to counter-insurgency operations.

Indeed, most days entailed a mass casualty

Jury; T-time of injury.

Abbreviations: CLS-combat lifesaver trained Soldier; NLT-no later than; POI-point of in-

event for one or more of the medical assets ar-
rayed on the battlefield. Hence, it is imperative
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that medical planners and providers alike anticipate,
plan for, and rehearse their mass casualty plans, to

Table 2. Casualty summary.

include prehospital interventions and triage proto- | Task Force KIA WIA DOW DOW %
cols, with regularity both before and during force | TF Infantry 1 409 77 410 57.2%
: 13 TF Infantry 2 42 34 0 0.0%

on force operations. TF Stryker 40 165 25 15.2%
. . 0,

Second, the threat posed by enemy fires, in particu- ;E gzva'ry gg ‘;g 383 Efoﬁ
lar indirect fires, means that mobility is paramount. | Tr BeB 81 34 11 32.4%
This complicated MEDEVAC insofar as the recur- | TFBSB 6 36 6 16.7%
Total 671 1100 493 44.8%

rent need to move the Role I and Role II facilities

led to significant periods when medical coverage
was incomplete. Many units attempted to minimize

Abbreviations: BEB-brigade engineer battalion; BSB-brigade support battalion; DOW-
died of wounds; FA-field artillery;, KIA-killed in action; TF-task force; WIA-wounded in
action.

these periods of time through splitting their assets
into forward and main aid stations. However, in this
experience, the benefit of such maneuvers was limited
by the fact that these split elements had such limited
treatment capacity that they readily became overrun
with casualties. Generally speaking, the best mitiga-
tion measures are to include training Role I and Role II
movement and relocation, careful planning at brigade
level to manage such movements to minimize the im-
pact on the entire formation, and training and emphasis
on prehospital treatment measures to optimize casualty
outcomes prior to arrival to a military treatment facil-
ity.**!15 The importance of prehospital healthcare deliv-
ery highlights the need for all soldiers, not just medics,
to be facile with basic tactical combat casualty care
principles such as hemorrhage control, including tour-
niquet placement and patient movement.'¢-¥

Third, careful planning and rehearsals for casualty
evacuation is critical. Emphasis upon rapid evacua-
tion of casualties has long been the focus for the mili-
tary healthcare system. In 2009, recognizing the im-
portance of timely evacuation for casualty outcomes,
former Secretary of Defense Robert Gates mandated
availability of helicopter evacuation for casualties
within 60 minutes.'”?* However, large-scale combat op-
erations pose significantly greater challenges for expe-
dient evacuation for multiple reasons. First, the scope
of the problem is much greater as these operations
result in significantly greater numbers of casualties

Table 3. Died of wounds summary.

Evacuation Delay
Role 1to Role 2 to

Improper POI to

Task Force  Care Role1 Role 2 Role 3
TF Infantry 1 0 408 2 0
TF Infantry 2 0 0 0 0
TF Stryker 1 12 13 0
TF Cavalry 3 1 3 4
TF FA 0 11 22 0
TF BEB 0 11 0 0
TF BSB 5 0 0 6
Total 9 443 40 10

Abbreviations: BEB-brigade engineer battalion; BSB-brigade
support battalion;, DOW-died of wounds; FA-field artillery; KIA-
killed in action; TF-task force; WIA-wounded in action.

than experienced during counterinsurgency operations
as occurred in Iraq and Afghanistan. Second, force
on force operations with near peer adversaries gener-
ally imply greater challenges with evacuation due to
contested airspace and compromised ground lines of
communication.

Given this, it is unsurprising that while specific casu-
alty numbers vary across rotations, our DOW experi-
ence is generally representative of that of other combat
training center (CTC) rotations. A preponderance of
DOW consistently occurs due to evacuation delays.”!
As the Army continues to shift focus from counterin-
surgency operations to large-scale combat operations,
this observation has prompted discussion within the
military medical community about how best to address
these challenges to optimize casualty outcomes. Solu-
tions generally fall into actions for medical personnel
and actions for leaders.

Regarding medical personnel, lessons learned from
CTCs highlight the importance of close integration
with all other staff members. Command surgeon sec-
tions must tie in with the sustainment warfighting func-
tion as a whole during every step of the planning and
military decision-making process. This includes ensur-
ing appropriate time and representation during sustain-
ment rehearsals to fully examine the casualty treatment
and evacuation plans for any gaps that will preclude ef-
fective execution. It also requires appropriate manning
and resources to fully integrate with current operations
to monitor and rapidly react to the casualty situation on
the battlefield.

Because most evacuation delays occur at the POI, fo-
cused training and education for lower echelon lead-
ers will have the greatest impact in reducing the num-
bers of casualties of DOW. Casualty response training
for leaders is a program first developed in the Ranger
regiment.”’ The program seeks to train leaders on the
forward line of troops (e.g., platoon sergeants, first
sergeants) how to manage casualty flow to minimize
evacuation delays. This includes education regarding

6 https://medcoe.army.mil/the-medical-journal
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casualty collection point establishment and organiza-
tion, loading casualties on both MEDEVAC and CA-
SEVAC platforms, and management of evacuation
platforms.

It merits acknowledging that the finding of negligible
numbers of DOW casualties due to improper care de-
livered may simply reflect a dearth of subject matter
experts to adjudicate said care. OCTs at CTCs are gen-
erally Medical Service Corps officers who specialize in
operations and planning. These personnel are experts
in assessing evacuation plans but not necessarily clini-
cal care delivery. Manpower shortages among provid-
ers will always pose a challenge for making clinical
OCTs available, but this would likely add significant
training value to those medics and providers going
through CTC training.

This study has important limitations. As a purely de-
scriptive study, we can only demonstrate correlations
and trends and not causality. Furthermore, we can-
not offer any definitive evidence about the efficacy of
strategies discussed to alleviate DOW burden on units
engaged in large-scale combat operations. Also, as a
study of notional casualties sustained during simulated
operations, the extent to which these results reflect true
casualty numbers and injury patterns likely occurring
during large-scale combat operations is unclear.

Indeed, many of these casualty injuries and outcomes

reflect subjective adjudication by OCTs. The time ho-
rizons defined by JRTC to guide evacuation time stan-
dards are largely arbitrary. The reality is within each
evacuation category (routine, urgent, priority), there

exists a broad range of potential injuries that may re-
quire distinct management timelines. These facts limit
the real world applicability and generalizability of our
findings. Nevertheless, in the absence of real world
near-peer conflict, CTC training exercises are likely to
provide the best possible representation available for
the military medical community to project health ser-
vice support requirements. Future CTC rotations and
studies of these rotations might benefit from providing
further fidelity into specific injury patterns experienced
by notional casualties together with the evacuation
timelines and simulated outcomes for those casualties.

Our JRTC experience offers a lens through which fu-
ture command surgeon teams can approach planning
medical concepts of support at CTC rotations. It high-
lights that the overwhelming source of loss of life for
WIA soldiers is evacuation delays. It further demon-
strates that these delays predominantly occur on the
front end of the evacuation chain, at the POI. These
findings suggest units should invest training time
and resources into training leaders at echelon how to

April — June 2021

manage evacuation particularly from POI to Role I to
stem the tide of morbidity on the battlefield.
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ABSTRACT

Introduction: The US Army’s transition from counterinsurgency operations to preparation for large-scale com-
bat operations is likely to bring unique access to care challenges on the battlefield. Ruggedized computer
systems exist that allow forward medical personnel to establish telehealth connections with rear-based special-
ists. We describe our use of one such device during simulated force on force operations at the Joint Readiness
Training Center (JRTC).

Methods: Our infantry brigade combat team brought a telehealth device to JRTC 20-02. The device comprised
a mobile laptop and peripheral medical devices. We used the Warfighter Information Network-Tactical Incre-
ment 2 Tactical Communications Node (TCN) to establish communication between the device and external
entities. We sought to establish connectivity in the Fort Polk, LA, cantonment area as part of reception, staging,
onward movement, and integration operations.

Results: We successfully executed video calls from the field utilizing the telehealth device at the JRTC rear aid
station and the local military treatment facility on Fort Polk, LA. We also executed calls to our home station
military treatment facility on Fort Carson, CO. Each of these calls lasted approximately five minutes with sus-
tained high-quality video and audio feeds.

Conclusions: Our experience provides proof of concept that telehealth may enable rear-based medical person-
nel to expand the medical capabilities of medics based forward in the battlespace. Telehealth devices may prove
feasible for use with strictly tactical communications architecture in the kinetic setting of large scale combat

operations.

INTRODUCTION

The US Army’s transition in recent years from coun-
terinsurgency operations to preparation for large-scale
combat operations requires careful assessment of asso-
ciated limitations in current operational healthcare de-
livery capabilities. In a near-peer conflict, the Army is
unlikely to enjoy the uncontested air space experienced
in Iraq and Afghanistan. The implications for battlefield
medicine are lengthening evacuation times. This pos-
sibility has led to increasing discussions in the literature
regarding strategies to optimize casualty outcomes dur-
ing prolonged field care."* Operations in an expanding
global footprint, such as the continent of Africa, offer
similar challenges.* Prolonged field care benefits from

the ability to establish robust audio and visual commu-
nications between forward providers from higher ech-
elons of care. Telehealth offers one potential solution to
this battlefield medicine capability gap.

Telehealth is the provision of healthcare remotely
through the use of technological solutions to provide au-
dio and video feeds. The evidence base and use of this
technology has increased markedly in the past decade.’
Telehealth offers great opportunity to reduce costs and
improve access to care through overcoming the barrier
that geographic distance between patients and provid-
ers poses to healthcare delivery. Studied applications for
telehealth include diabetes care,’ cancer treatment,” pal-
liative care,® and other specialty care delivery.”!! More
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recently, the literature has explored the potential for
telehealth to improve care delivery during the Corona-
virus Infectious Disease 2019 pandemic.!?

Telehealth devices offer a potential, equipment-based
solution to facilitate health care delivery during large-
scale combat operations.”” By employing telecommuni-
cations technology, the tool is the tip of the spear for
the Defense Health Agency and Medical Command’s
virtual health line of effort. These devices comprise
mobile and ruggedized computer systems that facilitate
video and audio feeds between forward locations and
geographically separated, typically rear-based medical
providers. They include subcomponents such as stetho-
scopes and electrocardiogram leads that transmit data
across long distances. They allow tertiary care center
specialists to provide point-of-care recommendations to
the forward medics at the bedsides of sick and injured
soldiers. These consultations have the potential to opti-
mize casualty care, while potentially reducing require-
ments to physically transport personnel to higher levels
of care, accelerating the rate soldiers return to duty.

Several units have used telehealth devices as part of
National Training Center (NTC) rotations at Fort Ir-
win, CA. Specifically, the 3rd Armored Brigade Combat
Team (ABCT), 4th Infantry Division, used them at NTC
in October 2018. The 2nd ABCT, 1st Armored Division
used them at NTC in March 2019. Using this equipment
during these rotations helped solidify the potential util-
ity of the devices during near-peer force-on-force con-
flicts. However, these rotations utilized wireless internet
devices connected to commercial cellular networks to
establish connectivity between these telehealth devices
and rear locations. Such solutions may not always be
available or may experience jamming. Commanders
would benefit from the availability of alternative com-
munications mechanisms for leveraging telehealth tech-
nology, namely through use of their tactical communica-
tions systems.

In November 2019, the 2nd Infantry Brigade Combat
Team (IBCT), 4th Infantry Division executed its rota-
tion at the Joint Readiness Training Center (JRTC) at
Fort Polk, LA." As part of this rotation, 2IBCT sought
to employ telehealth devices strictly using its organic
tactical satellite communications systems. We present
the methods and outcomes of these efforts as a proof of
concept study.

METHODS

The setting for the efforts described in this manuscript
include preparations at our home station at Fort Carson,

10

CO. The execution of the telehealth connections took
place in the Fort Polk cantonment area prior to starting
force-on-force operations as part of the unit’s JRTC ro-
tation. This represented a proof of concept initiative as
part of internal unit performance improvement without
any patient involvement and did not involve an Institu-
tional Review Board.

The brigade brought two distinct telehealth devices to its
JRTC rotation. First was a Transportable Exam Station
(TES). This military-grade tablet platform and impact-
resistant casing can store myriad medical equipment,
including a stethoscope, exam cameras, ultrasound
devices, blood pressure cuffs, and electrocardiogram
leads.”® Second was a lighter and more mobile Telehealth
in a Bag (THIAB). This comprised a mobile laptop and
peripheral medical devices.'® Ultimately, the unit only
made use of the THIAB in establishing connectivity
with higher echelons of care.

We utilized the Warfighter Information Network-Tactical
(WIN-T) Increment 2 Tactical Communications Node
(TCN) to establish communication between the THIAB
and external entities. We first ensured the non-secure
internal protocol router network (NIPRNet) enclave
had a functioning Dynamic Host Configuration Proto-
col (DHCP) server setup in the router. Next, we con-
soled into the NIPRNet Tier 2 router and accessed the
NIPRNet Tier 2 switch module either using a network
virtual terminal protocol or secure shell commands. We
used any spare port not in use and ensured its establish-
ment as an access port for virtual local area networks 58
and 59 modeled after a typical user access port.

Next, we accessed the network and internet settings
on the THIAB tablet, and then selected the option to
Change Adapter. Generally, there are multiple adapters,
including ethernet and wireless. The telehealth device
pulled its own internet protocol (IP) address. In its nor-
mal configuration, the device defaults to utilization of
the wireless adaptor and a mobile wireless network de-
vice. To prevent this, we disabled the wireless adapter
and powered off the wireless network device. We then
plugged an ethernet cable from the configured NIPR Net
port on the TCN into the rear of the telehealth device.
Taking note of which adapter was subsequently connect-
ed, we accessed properties for that adapter and selected
Transmission Control Protocol/IP version 4. In the event
of pre-existing configuration of a DHCP server, users
select the option to pull an IP address automatically. If
no pre-existing DHCP configuration existed, users gave
the device a static IP based on the unit tactical template,
ensuring use of a firewall as the default gateway.
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Via these platforms, we planned several connections
with the THIAB to higher echelons of care. First was to
2IBCT elements stationed at the JRTC Aid Station Rear
(JASR) situated in North Fort Polk, LA. Second was to
the military treatment facility servicing Fort Polk, LA,
Baynes Jones Army Community Hospital (BJACH). Fi-
nally, we planned connection with our home station mil-
itary treatment facility, Evans Army Community Hos-
pital (EACH), Fort Carson, CO. We planned to establish
these connections using a very small aperture terminal
(VSAT) and the Combat Service Support Automated
Information Systems Interface (CAISI) platforms. We
planned a descriptive analysis based on our observa-
tions and recordings of these connections.

RESuULTS

Our unit successfully established connectivity between
the telehealth THIAB device and computer systems
based out of the JASR, BJACH, and EACH (Figure
1). Initial tests occurred during reception, staging, and
onward movement and integration operations. These ef-
forts successfully established wireless connectivity be-
tween the THIAB and the VSAT and CAISI platforms.
These connections required no IP configuration or port
protocols and made possible successful execution of
multiple calls.

Specifically, we successfully executed ten video calls
from the field at the JRTC to the JASR located at North
Fort Polk. We further executed an additional ten video
calls with BJACH on Fort Polk. Finally, we executed
two calls back to our home station military treatment
facility, EACH, Fort Carson, CO. Each of these calls
lasted approximately five minutes with sustained high-
quality video and audio feeds.

troops, threatening timely combat casualty care. Tele-
health devices offer one potential solution to address
this capability gap. Our experience provides proof of
concept that telehealth devices may enable rear based
medical personnel to guide casualty treatment by for-
ward medics.

Our use of telehealth devices at the JRTC represents an
important milestone in the development of battlefield
telehealth technology. Previous units used this device
at the NTC by leveraging commercial wirelesses de-
vices to establish connectivity. Our rotation represents
the first instance in which a BCT used this technology
using their organic tactical communications modali-
ties. Our experience highlights the potential feasibility
of using this device in the kinetic setting of large-scale
combat operations. It is likely to be a highly cost-effec-
tive solution'” for bringing tertiary care expertise for-
ward on the battlefield.

We learned several important lessons during testing.
First, our signal personnel emphasized the importance
of not overthinking the telehealth systems and devices.
Medical personnel may lack experience using the tac-
tical communications systems that are organic to the
BCT. Similarly, signal personnel may hesitate at the
prospect of managing communications using medi-
cal equipment. Nevertheless, in our experience most
telehealth devices are in fact simple end user devices
analogous to any other Non-Classified Internet Proto-
col Router Network (NIPRNet) computer added to the
network. Medical and signal personnel alike will be
able to achieve success replicating our efforts through
following the methodology outlined in this paper.

That said, support from telehealth experts based at mil-
itary treatment facilities is critical for ensuring success.

Otherwise,

DISCUSSION Figure 1. Telehealth concept of operation for 2/4 Brigade Combat Team during Joint Readi-

ness Training Center (JRTC) Rotation 20-02. pers_o_nnel I.IOt
The contested familiar ~ with
environment | S-FtPolk /N. Ft Polk ( T . the technology

BJACH ED 1
of peer-to-peer = - may  struggle
conflict  limits E==i to eﬂ“eptlvely
the ability to operate it. Our
array forces on t —\__/ unit  received
the battlefield. = soe its  telehealth
These mobility - devices via
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Abbreviations: BJACH-Baynes Jones Army Community Hospital (South Fort Polk Military Treatment Facility).
BSB-brigade support battalion. CMED-Charlie Medical company (brigade support medical company). EACH-
Evans Army Community Hospital (Fort Carson Military Treatment Facility). ED — Emergency Department. IN
BN-Infantry Battalion. JASR-JRTC Aid Station Rear (the Military Treatment Facility utilized for real world medi-
cal care during JRTC rotations). RI-Role 1. R2-Role 2. TES-Transportable Exam Station. THIAB- Telehealth
in a bag.
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home station telehealth experts furthermore traveled
on temporary duty to Fort Polk, LA, to assist with our
efforts. Initial equipment receipt occurred throughout
our reception, staging, onward movement and integra-
tion operations. This allowed the BCT signal staff to
become familiar with the operation and troubleshoot-
ing of the device.

The familiarization of medics and providers is equally
important. Again, lack of such familiarization may
preclude effective operation of the device and, equally
problematic, may prevent organizational buy-in for its
use. In the case of the BCT, the medical and communi-
cations personnel used the device during multiple field
exercises leading up to the JRTC 20-02. This prior ex-
perience was instrumental to successfully employing
it at the JRTC. Indeed, our experience was that medics
and providers were initially resistant to using this new
technology. Achieving familiarity and buy-in is critical
for the success of any operational telehealth enterprise.

BCT staffs also must carefully consider both the re-
sources telehealth devices require and the opportuni-
ties it offers in determining how to incorporate use of
these devices into the battle rhythm. Like any video
teleconferencing platform, telehealth devices will
have certain bandwidth requirements. In our experi-
ence, this bandwidth ranged 450 kilobytes per second
to 1.3 megabytes per second. This bandwidth require-
ment may frequently be prohibitive given the impact
on bandwidth requirements for other warfighting func-
tions if used during active operations. There are also
requirements related to maintaining this equipment
that units must consider while employing these de-
vices. The unpredictable and chaotic nature of large-
scale combat operations in particular may further mean
the ideal time windows for use of this device changes
daily. It is imperative to limit use of this device to these
time periods and ensures minimal impact on commu-
nications needed for combat operations while offering
fewer disruptions to patient care activities.

Telehealth devices are unlikely to optimize initial in-
jury treatment decisions given the imperative of rapid
treatment of injury patterns likely to result in com-
bat.®2! Instead, we believe the principal value arises
from preservation of combat power through minimi-
zation of the transfer of soldiers with less severe ill-
nesses and injuries to rear-based higher echelons of
care. Some reports already exist highlighting the use of
telehealth to guide disposition for casualties in [raq and
Syria.”? Specific injury patterns may also be particular-
ly amenable to care augmentation from telehealth use.
For example, traumatic brain injuries potentially rep-
resent one such instance that may not be imminently

life threatening but might benefit from a remote neurol-
ogy consultation to guide whether and when rearward
transportation is necessary.” Finally, the treatment of
complex and unique patient populations with which
military medical personnel may have limited experi-
ence treating, such as children, may benefit from the
use of this technology.?**’

Our investigation has multiple limitations. First, as
a strictly descriptive proof of concept study, we offer
little in the way of objective data regarding either the
technical performance of our telehealth connections
let alone impact on patient care. Future efforts to use
telehealth devices at CTC rotations would benefit from
pre-defining outcomes for study such as exact times
and durations of audio and visual connections, subjec-
tive reports of connection quality, and bandwidth usage
during these connections. Future exercises also would
benefit from formal surveys of signal staffs and medi-
cal teams to ascertain additional thoughts about best
practices related to incorporation into tactical networks,
ideal timing per unit battle thythm, the optimal num-
ber of devices each echelon can effectively use, and the
best use and contributions to patient care activities.

Our hope is that future units may build upon the ex-
perience outlined in this paper to further refine the
methodologies for use of this device in both training
and combat operations. They might also consider al-
ternative telehealth devices, such as those designed for
use with cellular phones.?®?* Ultimately, we believe this
technology shows promise for advancing the capabili-
ties of military and emergency medicine in the setting
of large scale combat operations.
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INTRODUCTION

Airway management is one of the most challenging
problems in prehospital combat casualty care. Airway
assessment and intervention are second only to hem-
orrhage control in priority in the initial treatment of
trauma patients, and airway compromise continues to
account for approximately 1 in 10 preventable battle-
field deaths.! Combat medics often provide care in
no- or low-light conditions, surrounded by the chaos
of combat, and with the limited dexterity that accompa-
nies bulky body armor, gloves, and heavy equipment.?3
Far-forward medical care is also limited by available
resources, which are often only what a combat medic
can fit in the aid bag.*> Therefore, a procedure such
as airway management that currently requires a high
degree of skill becomes substantially more complex.
Improved airway devices are listed among the top five
in a comprehensive list of battlefield research and de-
velopment priorities by the Defense Health Board, yet
the challenge of airway management has received little
investment compared to other causes of preventable
battlefield death such as exsanguinating hemorrhage
and traumatic brain injury.*!!

Current Airway Management Methods: Endotracheal
intubation (ETI) is the preferred non-surgical prehos-
pital airway management technique (Figure 1). In pre-
hospital airway data from the far-forward Registry of
Emergency Airways Arriving at Combat Hospitals
(REACH), ETI comprised 86% of airways, while su-
praglottic airways and cricothyrotomy represented 8%
and 6% of cases, respectively.®* However, failure and
complication rates are high for both ETI and cricothy-
rotomy in the prehospital environment. Success rates
for ETI can decrease by 50% when providers do not
maintain continuous practice and training,'? a need of-
ten in excess of the exposure received in clinical set-
tings. Combat medics already pose a 10-35% failure
rate for ETL,*!* with complication rates remaining high
as well. Considering the alternative surgical approach
of cricothyrotomies in the combat environment, data
does not support favorable outcomes for combat medic
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Stephanie Martinez, BS
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COL(ret) Robert A. De Lorenzo, MD, MSM, MSCI, FACEP

performance on the battlefield with failure rates rang-
ing from 25% to 33%.>413

The Critical Need for Improvement: Recent analyses
demonstrate that airway management life-saving inter-
ventions are overlooked more than 50% of the time on
the battlefield.'® Subsequently, the Committee on Tac-
tical Combat Casualty Care (CoTCCC) has explicitly
listed airway management as a leading priority in the
“Guidelines for Medical Personnel.”'” In the most re-
cent conflict, 5-10% of the total combat casualty popu-
lation required emergency airway management,'® yet
46% of casualties still arrived at a combat support hos-
pital (CSH) without a definitive airway despite needing
one,® and 10% of combat deaths had airway compro-
mise as the primary cause of death."”

From the civilian perspective, prehospital airway man-
agement is presently a challenging and perishable skill,
one that is consistently shown to have unacceptable
failure rates (frequently in the 20-40% range) in a va-
riety of studies over the last decades.?>?* The difficulty,
complications and delay of other care and transport has
led some authors to recommend simply embracing a
“scoop and run” philosophy, forgoing airway manage-
ment in certain pathologies such as out of hospital car-
diac arrest.”*** However, this is not an option for more
austere environments such as rural health systems.

Furthermore, airway identification is heavily depen-
dent upon operator skill and his/her ability to visually
identify the airway; however, visualization is often
severely limited by trauma and the battlefield environ-
ment where there may be danger, low light, and con-
fined spaces. Furthermore, the patient’s condition (i.e.,
maxillofacial trauma, swollen facial features) or innate
anatomical variation (i.e., short neck, prominent front
teeth) may render standard anatomical landmarks un-
recognizable. Even in the civilian clinical setting, the
training required to attain proficiency in ETI poses a
steep learning curve: the number of intubations per-
formed prior to attaining a 90% probability of success
in a study of physician anesthesiology trainees was
as high as 47.° In the prehospital space, paramedic

14 https://medcoe.army.mil/the-medical-journal
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with separate suction device vs simplified process with AirSINC.

Figure 1. Comparison of intubation process using current standard endotracheal tube

and, importantly, the risk of virally-
contaminated air escaping into the

Current Intubation Process

local atmosphere.*® Traditional tubes
are also prone to dislodgement, with
as many as 3% of prehospital intuba-

tions suffering this adverse event,?
and 11%-13% becoming dislodged in
the hospital setting.*

3. The process of intubation re-
quires close patient contact, exposing
healthcare providers (HCPs) to aero-
solized secretions elevating the risk
of virus transmission.*** Exacerbat-
ing this situation are shortages of per-

sonal protective equipment, as well as
overwhelmed emergency medical ser-
vice (EMS) systems, EDs and ICUs

AirSINC Device

Expanding Architected Lattice

that cannot provide for optimal envi-
ronmental controls such as negative
pressure rooms.*** Since HCP risk is
likely dose- and duration-dependent,
a device that maximizes intubation
success and minimizes procedure
time will significantly mitigate virus
transmission.*

Shapeable Spine

4. Intubation is a complex manual
skill requiring considerable hand-eye
coordination.’” Successful intubation
requires the nearly simultaneous ma-
nipulation of as many as four imple-
ments: endotracheal tube, bougie/sty-

intubation success has been directly correlated to the
total number of patients that a paramedic has attempted
to intubate, and is not correlated with time in service.?®
In the UK’s landmark NAP4 airway management study,
a lack of education or training was identified as a factor
in airway complications occurring in the emergency
department (ED) and intensive care unit (ICU) in 40%
and 58% of cases, respectively.”

New Challenges to Consider: The Covid-19 crisis has
exposed several shortcomings in the current standard
of care for severely ill patients, particularly those re-
quiring prolonged ventilation and tracheal intubation.?®

1. Prolonged intubation can lead to tracheal stenosis at
the cuff site, ulceration, dislocation, or scarring and stric-
ture of the arytenoid cartilages. Such injuries are particu-
larly prone to occur if an oversized endotracheal tube or
over-pressurized cuff is used or is left in position for lon-
ger than a week.”

2. Traditional polyvinylchloride tracheal tubes with low
pressure cuffs are prone to device failure by means of
cuff failure, poor seating, and tube cracking, all of which
may cause leaks with attendant loss of ventilation efficacy

let, laryngoscope, and suction catheter,

while also controlling patient head and
neck position. These four implements must be skillfully
and separately guided within the tight confines of the
oropharynx and changed out as the procedure progresses
or evolves. The minimum result is delayed intubation as
multiple hand and eye movements are required as each
implement is used and subsequently exchanged, while the
worst outcome is psychomotor confusion and failed intu-
bation. Integrating the key functions of bougie or stylet,
and endotracheal tube into a single, smoothly operating,
multi-functional unit will likely decrease the time to ven-
tilation and increase first pass success rates, both key out-
come indicators in airway management.

New developments in ETTs have the potential of pro-
ducing a paradigm-shifting impact to the standard of
care in airway management. Currently, a chief obstacle
to airway management is the standard polyvinylchlo-
ride ventilation tube itself: a large, inflexible, fixed-
diameter tube that must navigate a sinuous airway and
traverse a relatively small glottic opening that varies
by patient size, age, and condition. This tube is made
from a relatively inexpensive, easily mass-produced
material that can have substantial material property
variation under the dynamic ambient conditions of the
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battlefield. Further complications arise when maxillo-
facial injuries are present, as locating and navigating
the airway can be difficult or even impossible with
current equipment. The design has seen minimal im-
provements and research attention over decades and
is a major contributor to the deficit in casualty airway
management currently observed in the field.

DISCUSSION

An Innovative Solution: A concept for tackling these
problems is the Airway Securement and Integrated
Clearance System (AirSINC). Some of the advantages
of our proposed device are as follows:

1. Radially expanding endotracheal tube that also func-
tions as a narrow bougie for easier insertion, and contracts
for removal.

2. Intubation tube with distributed securement area to
avoid tube dislodgment, micro-aspiration, and tissue
damage due to cuff pressure.

3. Limiting exposure of HCPs to patient pathogens
through streamlining the intubation process and facili-
tating suction to maintain airway clearance and evacuate
aerosols.

4. Robust and easy-to-use airway management device
that minimally trained operators can use to clear and se-
cure the airway.

5. Eliminating the need of multiple size intubation tubes;
one tube fits all, and integrated bougie and oropharyngeal/
tracheal catheter functions reduces necessary equipment
to carry.

A schematic of our vision for AirSINC is shown in

Figure 2 part (a). Figure 2 parts (b) and (c) show the
system integrated with a respirator and suction device.
A description for AirSINC is as follows (Figure 2 part
(a)): at the proximal end of the figure, there is a universal
adapter that allows any suction device to be attached to
the suction hose. Prior to cannulation and securement
of the trachea, the distal tip of the device can be used
as an oropharyngeal suction catheter. The tip diameter
can be manipulated as needed with the architected lat-
tice if larger solid phase materials are present. The suc-
tion hose has a threaded section at the interface, termed
the Barrel Adjuster (Figure 2 part (b)). This mechanism
can be rotated to extend a small suction catheter from
the distal end of the device for bronchial suction once
the airway is secured. The air supply manifold serves
as the interface for the suction and ventilation sources.
The first inlet attaches to the Barrel Adjuster, and the
second has a standardized 15 mm adapter that attaches
to ventilation. The outlet is attached to an elastic mem-
brane, which creates a sealed environment from the
ventilation source to the patient. Near the distal end of
the AirSINC, there is an expanding architected lattice.
This lattice replaces the high-volume, low-pressure
standard securement cuff in current intubation tubes.
The lattice enables a larger and more even distribution
of the contact forces, which can reduce injuries and tis-
sue damage commonly associated with current endo-
tracheal tubes. The lattice also permits the device to
start at a smaller diameter than most adult tubes and
expand to the largest adult sizes, essentially perform-
ing as a one-size-fits-all device. This feature will enable
standardized placement and expansion procedures and

reduce incidence of incorrectly

sized tubes and associated com-

Figure 2. Airway Securement and Integrated Clearance System (AirSINC). (a) Parts descrip-
tion. (b) AirSINC with architected lattice in expanded configuration and extended suction
hose. (c) AirSINC with Architected lattice in contracted configuration and retracted suction
hose. (b)-(c) also show AirSINC integrated to a suction device and ventilator.
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plications. The open and closed
configurations of the lattice are
shown in Figure 2 part (b) and
Figure 2 part (c) respectively.

Collaborative Effort: San Anto-
nio, Texas is known as “Military
City, USA” and is the home of
military combat medicine. The
effort supporting the AirSinc
concept is built upon strong,
established collaborations be-
tween University of Texas
Health San Antonio (UTHSA),
University of Texas at San Anto-
nio (UTSA), US Army Institute
of Surgical Research (USAISR),
Brooke Army Medical Center
(BAMC), and USAF 59th MDW,
with extended relationships to
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Naval Medical Research Unit San Antonio (NAMRU-
SA), Medical Training and Education Center (METC),
Joint Trauma System (JTS), and US Army Medical
Center of Excellence (MEDCoE). The UT System
schools (UTHSA and UTSA) have and will continue to
lead the effort with significant contributions from US
Army Institute of Surgical Research (USAISR).

The team has collaborated extensively over the past 4
to 5 years and accomplished substantial work in air-
way science and related areas.*®*® A master coopera-
tive research and development agreement (CRADA) is
in place between USAISR and UT Health San Antonio,
as well as between USAISR and UTSA, which will
be leveraged for the project. A similar master agree-
ment between UT Health San Antonio and UTSA has
recently been finalized. Additionally, most members
of the team have cross-appointments with the collab-
orating institutions. The team regularly interacts and
supports a baseline effort on advanced airway technol-
ogy development, and several graduate students have
been and are supported in the effort. Funded projects
to date include a Department of Defense (DoD)-fund-
ed Advanced Medical Technology Initiative grant en-
titled “Combat Airway Intubation Assistance Device
with Haptic and Physiological Feedback,” and a DoD
contract entitled “Support the Task Area for Research
and Development of Medical Equipment to Clear and
Maintain a Combat Airway.” A local technology ad-
vancement grant from the San Antonio Medical Foun-
dation was awarded in 2018 and funds preliminary
work in mechanical securement. Additional intramural
and National Science Foundation (NSF) funding has
been procured for related projects in airway clearance
and suctioning technology.

CONCLUSION

The transformative design presented herein has the po-
tential to improve care for compromised airways simi-
lar to what the automated external defibrillator did for
cardiac arrest. The advantages in being less traumatic
for and better tolerated by the patient will enable its
employment for much longer timeframes than the cur-
rent clinical standard, which is a critical need for both
prehospital prolonged field care and long-term, hospi-
tal-based-ventilation (e.g., COVID-19) situations. The
integrated bougie, environmental independency, and
one-size-fits-all design make the AirSINC ideal for the
prehospital caregiver needing an easy-to-use, reliable
system that requires minimal pack space. Addition-
ally, the proposed technology addresses gaps in care
that are shared on and off the battlefield; while differ-
ences exist between the two sectors, they share many
commonalities, and both will benefit from improved

airway clearance and securement technology. A com-
bined system will enable more rapid and effective care
while also minimizing the weight and volume displace-
ment in kits that must be manually transported by all
first-responders. Beyond emergency care, intubation
and airway management is integral to many fields of
medicine ranging from anesthesia for surgical opera-
tions, critical care, and pulmonology, in addition to the
current challenges of the COVID-19 pandemic. Across
hundreds of thousands of annual intubations*’ in the
US, even an incremental improvement in the technol-
ogy could have a significant compounded effect on suc-
cess, morbidity, and mortality. AirSINC may represent
a marked leap forward.
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ABSTRACT

Damage control resuscitation (DCR) simultaneously tackles hemorrhage control and balanced resuscitation in
complex multisystem trauma patients. This technique can improve patient outcomes. This review outlines the
importance of DCR with hemorrhage control and administration of fresh whole blood or component therapy
if not available and avoiding crystalloid administration. Additionally, administration of tranexamic acid and
calcium prove beneficial in critically ill trauma patients. Avoidance of acidosis, hypothermia, and coagulopathy

remains a key but challenging goal of DCR.

Keywords: trauma, hemorrhage, shock, resuscitation, damage control resuscitation, blood products

INTRODUCTION

Hemorrhage remains the leading cause of preventable
death on the battlefield, necessitating early administra-
tion of fresh whole blood or blood component products
as well as rapid hemorrhage control.! Damage control
resuscitation (DCR) includes the use of early hemor-
rhage control and transfusion of blood products target-
ing perfusion while reducing acidosis, coagulopathy,
and hypothermia (Figure 1).®* DCR possesses a criti-
cal role in resuscitation of critically ill trauma patients.
Key components of DCR include recognition, hemor-
rhage control and hemostatic resuscitation, surgical
control, and stabilization.>® This manuscript will eval-
uate these components of DCR and provide an over-
view of the latest evidence.

DisScuUsSION

Initiation of DCR: Similar to other critical interven-
tions in the initial phases of resuscitation, clinicians
should initiate DCR in a systematic and timely fash-
ion to extract maximum benefit. While this popula-
tion overlaps with those requiring massive transfusion
protocol (MTP), typically defined by greater than 10
units of packed red blood cells (PRBC) or whole blood
(WB) in the first 24 hours, clinicians should make this
determination using similar criteria, though far earlier

in order to properly resuscitate these critically ill pa-
tients.*® As identified in 10 years of battlefield casu-
alties, hemorrhage comprised 90.9% of the potentially
survivable battlefield injuries.! This stresses the im-
portance of identifying the best candidates for DCR,
promptly stopping hemorrhage, and replacing intravas-
cular volume. Based on a cohort of patients with seri-
ous injuries, four factors predictive of MTP, and thus
DCR, include systolic blood pressure (SBP)< 100 mm
Hg, heart rate (HR)> 100 beats per minute, hematocrit
(Hct)< 32%, and pH< 7.25.7 Three of four factors pres-
ent predicted a 70% likelihood of requiring MTP, while
all four predicted an 85% likelihood.” Thus, these are
useful predictive factors for initiating DCR. Elevated
INR>1.5, base deficit >6 mEq/L, lactate >2.5 mmol/L,
and >2 regions with free fluid on Focused Assessment
with Sonography in Trauma (FAST) ultrasound exami-
nation also predict the need for aggressive resuscita-
tion and thus should prompt consideration of DCR.*"
The Revised Assessment of Bleeding and Transfusion
(RABT) score includes four points based on shock in-
dex (SI) > 1.0, pelvic fracture, penetrating trauma, and
positive FAST. A score of two or greater demonstrates
high sensitivity and specificity for predicting the need
for massive transfusion.'>"* One study of 380 trauma
patients demonstrates that the RABT score, when
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compared to the Assess- Figure 1. Trauma Triad.

to limit complications of

ment of Blood Consumption
(ABC) score, has a higher
sensitivity (84% v. 39%) and
specificity (77% vs. 72%) for
predicting need of MTP.? A
second study including 1,018
patients found the RABT had
a sensitivity and specific-

Coagulopathy

ischemia and ischemic-
reperfusion injury.

Perfusion Goals: The tenets
of DCR place obtaining he-
mostasis over obtaining nor-
mal perfusion. Clinicians
should avoid restoration of
normal blood pressure, as

ity of 78% and 91%, respec- <
tively, for predicting MTP, | Hypothermia
compared to 60% and 82%,

it is not associated with im-
proved outcomes and is asso-

Metabolic
Acidosis

respectively, for the ABC
score.”® Finally, injury pattern
plays a key role in identifying those who may benefit
from DCR. These patterns include multi-amputation
trauma, clinically obvious penetrating wounds, pelvic
trauma, above knee amputation, and uncontrolled junc-
tional or truncal bleeding.*"* In conjunction with the
physical pattern, evidence of physiologic derangement
should trigger DCR with evidence of coagulopathy, se-
vere hypothermia, or mangled extremities, which fur-
ther exacerbates the metabolic disturbance present in
trauma.'

Hemorrhage Control: Direct pressure on wounds, tour-
niquet use and/or junctional tourniquet, and hemostatic
dressings can provide bleeding control.'>!¢ If able, di-
rect pressure can effectively stop bleeding. This may
not be possible in situations where the source of bleed-
ing is difficult to determine. If an extremity is the sus-
pected source, the provider should apply a tourniquet
application proximal to the suspected site of bleeding.
Junctional tourniquets can provide control at sites such
as the axilla, neck, and groin. Providers can control
bleeding from superficial wounds with hemostatic
dressings and pressure.

More advanced techniques, such as Resuscitative En-
dovascular Balloon Occlusion of the Aorta (REBOA)
and resuscitative thoracotomy or exploratory laparot-
omy with aortic control, have been shown to improve
survival in very limited scenarios. These procedures
maintain cerebral and coronary perfusion until the
source of bleeding can be surgically controlled.”*
Most trauma surgical societies recommend their use
only for penetrating or blunt thoracoabdominal trauma
with profound shock (SBP < 60mm Hg), signs of life
(pupillary reactivity, spontaneous breathing, palpable
carotid pulse, measurable blood pressure, motor move-
ment, or organized electrical activity), or for patients
with < 10-15 minutes of pre-hospital arrest.”*?* Out-
comes, while overall poor, are better for penetrating
trauma than blunt trauma. Immediate access to sur-
gery is required to address the source of bleeding and

ciated with greater amounts
of fluid administration.?
This in turn may result in
increased bleeding from hemorrhage sites, and admin-
istering crystalloid fluid is associated with dilutional
coagulopathy, anemia, tissue edema, and endothelial
damage. This concept is termed permissive hypoten-
sion.??73% The evidence behind permissive hypoten-
sion primarily comes from studies before the utiliza-
tion of balanced produce resuscitation; no studies with
uncontrolled bleeding demonstrate that high volume
resuscitation to obtain normal pressures is associated
with improved patient outcomes.?>?¢283133 One of the
first studies published in 1994 evaluated this strategy
in 598 patients with hypotension and penetrating torso
injuries. Patients in the immediate resuscitation group
received rapid infusion of isotonic crystalloids, while
those in the delayed resuscitation group underwent ac-
cess placement followed by flushing of the line.”® Pa-
tients receiving immediate resuscitation demonstrated
an 8% higher risk of mortality and lower hemoglobin
compared with those not receiving a fluid bolus.>® A
later meta-analysis of liberal versus restricted fluid
resuscitation for traumatic shock including blunt and
penetrating trauma found no difference in overall mor-
tality.** However, when one study with a large number
of protocol violations was excluded, patients with lib-
eral fluid resuscitation had greater risk of mortality. A
randomized controlled trial published after the meta-
analysis found patients randomized to the 110 mm Hg
group had higher rates of mortality compared to the 70
mm Hg group, though patients were provided crystal-
loid to achieve these targets.*® Ultimately, determining
an optimal number for resuscitation in daily practice
is unlikely and not practical. Rather than targeting a
specific number, clinicians should focus on hemostatic
control and peripheral perfusion with distal pulses and
pulse oximetry waveform, mental status (if possible),
shock index (HR divided by SBP), base deficit, and/or
lactate.

Fresh Whole Blood: Beginning in World War I and
popular in the Vietnam War with utilization of more
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than 1 million units of cold-stored whole blood (WB),
fresh whole blood (FWB) transfusion ensures that
hemorrhagic shock is corrected in the ratio in which
blood is lost.* In comparison to FWB, a 1:1:1 ratio of
Platelets:Plasma:Red Blood Cells (RBC) transfuses
a hematocrit of 29%, platelet count of 90,00/uL, and
coagulation factors diluted to 62%.%" Resuscitation
of US combat casualties in hemorrhagic shock with
warmed FWB was associated with increased survival
as compared to resuscitation with component thera-
py.*® As protocols have emerged throughout the 75th
Ranger Regiment as well as Norwegian and Swedish
Military, FWB has been standardized for rapid collec-
tion and transfusion throughout conventional military
practice.”* With higher oxygen carrying capacity, he-
mostatic function, and coagulopathy mitigation, FWB
represents the ideal fluid for DCR.*4

A limitation for FWB is that it must be used immediate-
ly and cannot be stored; donors should be prescreened
for transmissible diseases like human immunodefi-
ciency virus (HIV), Hepatitis B and C, and malaria;
and it is type-specific, requiring an ABO match. Cold-
stored Whole Blood (CWB), also known as Low-Titer
O-Whole Blood (LTOWB), improves the availability
of whole blood while maintaining an acceptable safe-
ty profile. Low anti-A and anti-B titer group O whole
blood can be used as a universal donor for resuscitation
of exsanguinating hemorrhage and can be stored for
21 days in CPD or 35 days in CPDA-1.*4 This storage
profile also allows donors to be formally screened for
transmissible diseases.* This practice has been adopt-
ed in the civilian sector; the South Texas Regional Ad-
visory Council for Trauma (STRAC) has implemented
prehospital low titer cold stored O RhD-positive blood
with excellent results.*#*

Red Blood Cells: If WB is not a resuscitative fluid op-
tion, clinicians should utilize component therapy in a
1:1:1 fashion in those requiring MTP. Multiple studies
have evaluated this ratio with permutations to optimize
mortality, with 1:1:1 minimizing deaths from exsan-
guination as well as physiologic hemostasis, provid-
ing support for this recommendation transfusion ratios
in critically ill patients undergoing DCR.*-*" Packed
RBCs are the key oxygen carrying capacity to this
transfusion ratio, containing more than 80% of the red
blood cells as compared to the initial unit of blood.*
However, pRBCs have a shelf life of two weeks with
lower concentration of proteins causing non-hemolytic
transfusion reaction. Additionally cryopreserved red
blood cells are superior to liquid red blood cells based
on their biochemical profile.*’ Notably, thawed pRBCs
cannot be transfused without glycerol removal as glyc-
erol is lethal .*

Platelets: Crucial for thrombosis formation to ter-
minate hemorrhage, platelets play a crucial role in a
balanced resuscitation in DCR. In evaluation of both
military and civilian trauma patients undergoing MTP,
medium to high ratio of platelets was associated with
survival at 24 hours and 30 days, highlighting the cru-
cial role early platelet administration plays in DCR.##
While the current evidence supports a 1:1:1 transfu-
sion strategy, this optimal treatment group within the
Pragmatic, Randomized Optimal Platelet and Plasma
Ratios (PROPPR) trial received platelets first, which
may underscore the keystone and underappreciated
role platelets occupy within DCR.*® However, clini-
cians should carefully consider patients on antiplatelet
agents, where thromboelastogram (TEG) (inclusive
of both thromboelastography and rotational thrombo-
elastometry) may assist in guiding resuscitation. In
individuals on antiplatelet agents with non-traumatic
supratentorial intracerebral hemorrhage, clinicians
should avoid empiric administration of platelets, which
is associated with increased odds of death and disabil-
ity at three months.”>? Clinicians should incorporate
joint decision making with neurointerventionalists and
consider use of TEG to drive care.

Other Components: Trauma with major hemorrhage is
associated with fibrinogen depletion, which standard
1:1:1 transfusion therapy does not replenish.’*-¢ Fibrin
is a vital component of hemostasis, and maintaining
fibrinogen levels can assist in managing coagulopa-
thy. The goal fibrinogen level should be greater than 2
g/L during DCR.”” Observational studies demonstrate
reduced mortality in patients receiving higher fibrino-
gen content with transfusion therapy.®®¢' Clinicians
can rapidly administer fibrinogen to bleeding trauma
patients via cryoprecipitate or fibrinogen concentrate,
though the latter is expensive with little evidence sup-
port to date. Clinicians can administer cryoprecipitate
with standard MTP ratios in a 1:1:1:1 ratio. For every
6 units of RBC and FFP, clinicians should administer
one to two 5-unit bags of cryoprecipitate.

Prothrombin Complex Concentrate (PCC) includes
factors 11, VII, IX, and X. While clinicians should not
use PCC routinely for trauma, specific recommenda-
tions include anticoagulated patients or evidence of
delayed initiation of clot formation refractory to other
therapies (i.e., cryoprecipitate, tranexamic acid (TXA),
or fibrinogen).'

Factor VII is a principal trigger for thrombus forma-
tion and assists in clot stabilization. Recombinant Fac-
tor VIla has been evaluated as an agent for managing
intractable hemorrhage, but there is currently a paucity
of evidence demonstrating effectiveness. It is currently
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licensed for use in patients | figure 2. Trauma Tetrad.

Current best practice

and alloantibodies to Factor
VIII or Factor IX.%> However,

A

guidelines recommend ad-
ministration of 1g of TXA

Coagulopathy

= Hypocalcemia

current guidelines suggest
clinicians should avoid rou-
tine use, as it is associated
with risk of venous throm-
boembolism and may wors-
en outcomes.'%%

over 10 minutes followed
by lg over the next 8 hours
for patients in hemorrhagic
shock undergoing DCR.'
The survival benefit of
TXA is time dependent,

|

: Hypothermia
Clinicians should avoid ypothermia

crystalloids (ie, normal sa-

with a survival benefit only
if given within 3 hours and
a 10% decrease in ben-

» Metabolic
Acidosis

line and lactated Ringer’s)
and colloid solutions (ie, al-
bumin) in patients with severe trauma and hemorrhage,
as these solutions dilute clotting factors, contribute to
hyperchloremic metabolic acidosis (for normal saline
specifically), and possess no oxygen carrying capac-
ity.** These agents do not improve mortality and may
be associated with multiorgan injury.*

Tranexamic Acid: TXA has become integral to DCR
since the Clinical Randomisation of an Antifibrino-
lytic in Significant Haemorrhage 2 (CRASH-2) and
Military Application of Tranexamic Acid in Trauma
Emergency Resuscitation ( MATTERS) studies, where
its use in hemorrhagic trauma demonstrated improved
mortality; this benefit is greatest in patients receiving
massive transfusion, where 30 day mortality benefit
is as high as 13.6%.%%% TXA mitigates traumatic co-
agulopathy by preventing hyperfibrinolysis catalyzed
by endogenous release of tissue plasminogen activator
(tPA) and urokinase plasminogen activator (uPA).% At
higher doses, it also has a direct inhibitory effect on
plasmin, encouraging clot formation, a crucial aspect
of hemorrhage control.®® However, clinicians must bal-
ance a potential risk of venous thromboembolism with
TXA use with improved hemostasis.®””

Current dosing regiments in an average adults generate
serum concentrations on the lower end of doses recom-
mended for both plasminogen competitive inhibition as
well as post-operative bleeding. 7 TXA binds to plas-
minogen competitively reaching full effect and satura-
tion against tPA at serum concentrations around 17.5-
20 mcg/ml, but reaches full effect against uPA and di-
rect plasmin inhibition closer to 150mcg/ml.”"">™ This
suggests higher doses (2g intravenous (IV) or 26.6 mg/
kg) may prevent fibrinolysis to a greater degree.” The
US Army Rangers (Unpublished Ranger Medic Hand-
book 2019) and other research groups (NCT 01990768)
are currently evaluating loading doses of 2g without a
continuous infusion dose for efficacy and safety. Fur-
ther research is needed to determine if higher dosing
imparts additional survival benefit.

efit with every 15 minute

delay in administration.”
TXA has been studied for use in traumatic brain injury
(TBI), though current data are conflicting.”*”” Intraos-
seous and intramuscular administration have similar
bioavailability compared to intravenous TXA, and
clinicians should consider these routes in patients with
limited IV access.”®*

Calcium: Recently, the lethal triad of trauma has ex-
panded to include hypocalcemia, playing a significant
role in DCR (Figure 2).8' Both the pathophysiology of
trauma and blood transfusion in DCR patients result
in hypocalcemia.®*3* As blood is the preferred fluid of
DCR, the incidence of hypocalcemia in trauma patients
increases with the administration of blood products.
In the setting of MTP, 37% of patients suffer severe
hypocalcemia.®*$5% In these trauma patients undergo-
ing MTP, patients with severe hypocalcemia (ionized
calcium less than 0.90 mmol/L) demonstrated more
pronounced thrombocytopenia and acidosis as well
as increased mortality (49% versus 24%), suggesting
an association of hypocalcemia with the lethal dyad.*
Several studies including trauma patients undergoing
acute resuscitation have demonstrated that hypocal-
cemia below 1.0 mmol/L is associated with increased
mortality.’>8%% Similarly in the pre-hospital setting,
commensurate calcium administered to those patients
receiving prehospital blood products for resuscitation
mitigated hypocalcemia.?* This recent but key develop-
ment in DCR highlights a fundamental advance to im-
prove resuscitation in both the pre-hospital and initial
hospital resuscitation of trauma patients.

Vasopressors: In the setting of polytrauma requiring
DCR, resuscitation relies primarily on hemorrhage
control and balanced blood component administra-
tion, though patients may benefit from vasopressor
use. Utilization of norepinephrine early in critically ill
patients with hemorrhagic shock secondary to blunt
trauma may result in increased mortality.”®®" While
the Department of Defense Clinical Practice Guide-
line states that vasopressors should not be used to treat
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hemorrhagic shock, more recent data have suggested
utility in the early administration of vasopressin.'® Un-
like catecholaminergic vasopressors, the posterior pi-
tuitary secretes vasopressin to increase osmolality in
response to hypotension by binding to the vasopressin
1 (V1) and vasopressin 2 (V2) receptors. In the initial
phase of hemorrhagic shock, the posterior pituitary se-
cretes up to 20% of its endogenous vasopressin stores
in response to hypotension.”>** With shock progres-
sion, endogenous vasopressin stores rapidly deplete,
decreasing catecholamine sensitivity and arterial and
venous vascular tone.** Low dose exogenous vaso-
pressin may mitigate decreased vascular tone in shock
states, improving cerebral perfusion pressures and
cerebrovascular compliance; additionally, the venocon-
striction activity of vasopressin increases preload.”®?’
A recent randomized control trial evaluated early low
dose use of vasopressin at 4U bolus in trauma patients
receiving greater than 6 units of blood products in 12
hours and found vasopressin use was associated with
fewer blood products transfused at 48 hours.** Analysis
of secondary outcomes found no difference in mortal-
ity, amount of crystalloids infused, or total complica-
tions. While this study was not powered to detect mor-
tality difference, vasopressin’s decrease in transfusion
requirements actively complements the ongoing goals
of DCR.

Prevention of Acidosis: In critically ill trauma pa-
tients, metabolic acidosis is an independent predictor
of coagulopathy and mortality.”®'®® Understanding the
mechanism and correction of acidosis in trauma may
reverse coagulopathy and improve survival. While
multifactorial, acidosis in shock results from local tis-
sue and systemic hypoperfusion, decreasing serum
pH.* This in turn produces coagulopathy through both
reduced activation of clotting factors and degradation
of active fibrinogen and platelets. The enzyme kinetics
of the coagulation cascade have a reduced activity in
reduced pH and optimally operate at a pH between 8.0
and 8.5.! In vitro coagulation assays demonstrate re-
duced efficacy of both intrinsic and extrinsic pathways
as the pH is decreases from 7.4 to 7.0. Similarly, in
an acidemic state, available fibrinogen and platelets are
reduced by 35% and 50%, respectively, with commen-
surate increases in standard clotting assays.''%® TEG
studies reveal impairment in the propagation phase of
thrombin generation but a relatively preserved throm-
bin initiation phase.!%6-107%10%110

Current best practice of correcting and preventing
further acidosis includes judicious hemostatic resus-
citation, which restores tissue perfusion.* Rapid pH
driven corrections with various buffer solutions (e.g.,
bicarbonate, Tris- hydroxymethyl aminomethane) do

not improve fibrinogen levels or coagulation kinet-
ics [061071LI2 Conversely, one study demonstrated a
prolonged coagulopathy in the setting of rapid correc-
tion with sodium bicarbonate.”” Aggressive resusci-
tation with hyperchloremic saline solutions has been
found to worsen base deficit through hyperchloremic
acidosis, further disrupting the balanced resuscitation.*
Similarly, the storage process for blood products with
glycerol often creates an acidic medium and can con-
tribute to acidosis."”

Various in vitro and in vivo models have evaluated tar-
geted replacement of fibrinogen or clotting factors to
reverse the coagulopathy of acidosis."'®!"*!7 PCC and
cryoprecipitate have been found to improve measured
coagulation deficits observed in traumatic coagulopa-
thy. While some debate exists, current literature sug-
gests correction of acidosis is not necessary prior to
their administration to effectively reverse coagulopa-
thy.106110.14 However, while targeted factor replacement
improves coagulation parameters in acidosis, further
research is necessary to determine if this translates
to benefit in survival.'>!"61"® The treatment end goal
should be restoration of hemostasis and end organ per-
fusion with gradual correction of acidosis and base
deficit.

Buffer Solution: There is currently no clear evidence to
support correction of acidosis with sodium bicarbonate
or other buffer solutions even in the setting of severe
acidosis (i.e., pH < 7.1).*>"" Multiple in vivo trials fail
to demonstrate improved coagulation kinetics or TEG
parameters with pH correction.”!'112° Presumably,
degradation of fibrinogen during acidosis is not recov-
ered with correction of pH.!"” Rapid alkalinization may
also cause intracellular shifts in calcium by as much
as 10%, paradoxically worsening coagulopathy and de-
creasing vascular tone.® Sodium bicarbonate addition-
ally creates an increased carbon dioxide (CO2—) burden
which may increase mortality in severely ill trauma pa-
tients.!”* Tris-hydroxymethyl aminomethane (THAM)
buffer solution is an attractive alternative to sodium
bicarbonate but is less well studied in trauma."? Early
retrospective studies in military trauma patients sug-
gest no survival benefit to the use of THAM in adult
or pediatric patients but note that more data are needed
before conclusions can be drawn.'?!122

Prevention of Hypothermia: As one of the vertices of
the trauma triad (Figures 1 and 2), hypothermia, de-
fined by a body temperature less than 35 degrees Cel-
sius, is associated with worse outcomes, hastening
coagulopathy and acidosis.'”” Additionally, decreases
in core temperature shift the hemoglobin-oxygen dis-
sociation curve to the left, reducing oxygen delivery to
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tissues with resultant decreased myocardial contrac-
tility, exacerbating the underlying oxygen deprived
state.®! Hypothermia alone is an independent risk factor
for critically trauma patients at 24 hours and 28 days
and plays a crucial role in trauma induced coagulopa-
thy, which in one database carried a 45.5% mortality
in the first 24 hours.””*! A multicenter retrospective
study found hypothermia increases transfusion, length
of stay, and mortality."”® Hypothermia also reduces
thrombin generation and increases fibrinolysis'?’ Even
with swift correction of hypothermia, the resulting co-
agulopathy corrects in a delayed fashion, highlighting
the importance of concurrent balanced resuscitation to
prevent further spiraling.'”® Thus preventing and treat-
ing hypothermia serves to mitigate the acidotic and
coagulopathic effects of heat loss in those undergoing
DCR. Aggressive rewarming and early use of warm
blankets may reduce morbidity and mortality.

CONCLUSION

DCR plays a crucial role in early resuscitation in criti-
cally ill trauma patients. Timely initiation of hemor-
rhage control and balanced resuscitation can improve
patient outcomes. This multifaceted approach hinges
on resuscitation with ideally FWB (balanced compo-
nents if FWB is not available); administration of TXA
and calcium; careful consideration of vasopressors; and
mitigation of hypothermia, acidosis, and coagulopathy.
Informed from both civilian and military experience,
employing early DCR guidance serves to improve pa-
tient outcomes.
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ABSTRACT

Background: Failed airway management is the second leading cause of preventable death on the battlefield.
The prehospital trauma registry (PHTR) after action-review (AAR) allows for unique perspectives and an
enhanced analysis of interventions performed. We analyzed AAR comments related to airway interventions
performed in deployed settings to examine and identify trends in challenges related to airway management in
combat.

Design and Methods: We analyzed all AAR comments included for airway interventions reported in the Joint
Trauma System PHTR. We applied unstructured qualitative methods to analyze themes within these reports
and generated descriptive statistics to summarize findings related to airway management.

Results: Out of 705 total casualty encounters in the PHTR system between January 2013 and September 2014,
117 (16.6%) had a documented airway intervention. From this sample, 17 (14.5%) had accompanying AAR
comments for review. Most patients were identified as host nation casualties (94%, n =16), male (88%, n = 15),
and prioritized as urgent evacuation (100%, n = 17). Twenty-five airway interventions were described in the
AAR comments, the most being endotracheal intubation (52%, n = 13), followed by ventilation management
(28%, n = 7), and cricothyroidotomy (12%, n = 3). Comments indicated difficulties with surgical procedures
and suboptimal anatomy identification.

Conclusions: AAR comments focused primarily on cricothyroidotomy, endotracheal intubation, and ventila-
tion management, citing needs for improvement in technique and anatomy identification. Future efforts should
focus on training methods for these interventions and increased emphasis on AAR completion.

Keywords: trauma, prehospital, military, after-action review, performance

INTRODUCTION stages of prehospital care, from a combat medic at the
point of injury (POI) to a physician at the Role 2 military

Preventable combat deaths in the prehospital environ- treatment facility (MTF). However, airway interven-

ment continue to be an analytical focus for areas of med- tjons and management can be high-stress, time sensitive,
ical improvement.'* Previous literature demonstrates and often anxiety provoking for inexperienced person-
that failure of airway management is the second leading nel, including physicians, physician assistants, medics,
cause of preventable death.5 Lifesaving interventions in and corpsman who may be generauy unfamiliar with
these situations can be as simple as the insertion of a na- airway management or lack Signiﬁcant exposure prior

sopharyngeal airway (NPA), or as complex as the place-  to performing airway interventions on the battlefield.®
ment of a surgical airway. Airway procedures can be ' . o - '
performed by different levels of medical personnel at all As previously described, injuries sustained during
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combat operations in Iraq
and Afghanistan, and the

Table 1. After-action review airway intervention comment analysis.

and TCCC AARs and

subsequent medical care 8vle7r)all

provided, contribute to en

Conventional
Military

AAR Airway
Intervention

ongoing analysis and re-
finement of best practice gommems
€s

15% (17) 4% (1)

transferred information
g‘;ffr;‘ions gfg’)“a" 8‘5“)5’** from these documenta-
(1) tion tools into the initial

PHTR. Previous authors
o e o have Qescribed efforts to
100% (11) | 71% (40) | 100% (23) establish the PHTR.'2

guidelines for prehospital [~ 85% (100)

96% (26)

care.® Improvements in
documentation from POI

given in AAR comments

*All data are presented as percentage (total number) for their respective column.
** ‘Other’ includes AAR cases without unit identifiers and without any patient demographics

The PHTR system desig-

to hospital environments

enable performance im-

provement (PI). Such improvements include the constant
evolution of the Committee on Tactical Combat Casu-
alty Care (CoTCCC) and Joint Trauma System (JTS)
guidelines, who utilize combat casualty data to improve
clinical practice guidelines (CPG) for future use.

The origins and development of the Prehospital Trauma
Registry (PHTR) have been previously described, as has
the historically poor documentation rates within it.!"#
Previous studies have attempted to quantitatively iden-
tify challenges.*® We seek to build on previously pub-
lished analyses and perform a focused thematic analysis
of AAR data on airway management in the PHTR to
highlight challenges and opportunities for improvement.

METHODS

The US Army Institute of Surgical Research regulatory
office reviewed protocol H-16-013 and determined it
was exempt from institutional review board oversight.
We obtained only de-identified data.

The JTS PHTR is a data collection and analytic tool de-
signed to provide near-real-time feedback to command-
ers. As previously described,' the primary purpose of
this tool is to improve command visibility of their ca-
sualties, augment command decision-making processes,
validate and refine prehospital

nated data descriptors to

include a mechanism of
injury (MOI), evacuation status, military service com-
ponent, and patient nationality. Investigators included
all PHTR cases involving airway interventions, then
correlated these charts to AAR comments via unique
case numbers. The research team analyzed descrip-
tions of specific improvements noted from a free text
comment section within the AAR, and intervention
categories were based on an internally generated data
dictionary. Given the diverse nature of the sources, the
nonstandard format for users to report information, and
the variable degree of detail in each report, we applied
unstructured qualitative methods to analyze themes. We
reported data in a descriptive format and supplemented
by selected quotes lifted from the sources to illustrate
key themes. We performed all analyses and presented
limited quantitative data metrics using descriptive
statistics.

REsuULTS

There were 705 casualty encounters in the PHTR system
between January 2013 and September 2014 available for
analysis. Within that 705, 117 (16.6%) encounters had a
documented airway intervention. Afghan civilians rep-
resented the highest fraction of airway interventions at
nearly half (48%, n=56; Table 1). There were 17 AARs
available for review. Most (94%, n=16) involved host na-
tional casualties.

Table 2. After-action review demographic analysis.

The patients were mostly male

&?E:::yﬁona] ﬁfﬁg)ha“ (88%, n = 15), and all listed as

) urgent for patient evacuation

00 S99 (100%, n = !7, Table 2). Qver—
all, most patients were injured
by explosion (53%, n = 9), al-

100% (1) _{ 100% (16) though these were all Afghan
patients, with the remainder of

?ZBS))(]) ijﬂf % injuries sustained from gunshot

: . wound (GSW, 47%, n = 8).

0% (0) 0% (0)

0% (0) 0% (0) A total of 25 airway interven-

100% (2) _| 100% (16) tions were described in AARs

*All data are presented as percentage (total number) for their

casualty response systems, and

direct procurement of medical

resources. Additionally, this 8%’”‘”
tool seeks to reduce morbid-

ity and mortality through per- |Demographics .
formance improvement in the %ﬁiuaﬁon S8 (L)
areas of primary prevention |Status i
(tactics, techniques, and proce- Ihjqreg:;‘;nism e 100%(17)
dures), secondary prevention | mjury

(personal protective equipment | Explosion 53% ()
[PPE]), and tertiary prevention Sfa‘ff,s AT L8)
(casualty response system and [ Alive 0% (0)
tactical combat casualty care Eg‘g (1)8/(6‘5/(3)(17)
[TCCC]).! The US Central

Command JTS Prehospital Di- g;g;ciivi ﬁ:}i‘g‘f&ound
rectorate collected TCCC cards | nos - et otheries specified

across the 17 cases reviewed.
The most common airway
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intervention was placement of
an endotracheal tube (ETT),
described in 52% of patient en-

analysis.

Table 3. After-action review airway intervention

Previous literature reports that
the highest rate of successful

cricothyroid membrane iden-

Conventional | Afghan X . . |
Military (23) tification by combat medics is
@ 78% after focused training.' In-
0% (0) 9% (2) adequate anatomic familiarity
82?) (g) ng (g) may help explain issues identi-
0 EO; o ()13) fied in this AAR commentary
50% (1) 9% (2) and historical rates of 65-67%
50% (1) 26% (6)

Overall
counters (n = 13), followed by (25)
ventilation management (28%, .

. . Intervention

n = 7), and cricothyroidotomy \pa 8% (2)
(12%,n=3, Table 3). Hostnation | OPA 0% (0)
patients had the highest propor- E(T}? (5)2/,‘1/0(‘?13)
tion of ETT use (56%). The only | Cricothyroidotomy [ 12% (3)
interventions performed on a | Ventilator 28% (7)

US military patient were unsuc-
cessful use of bag valve mask
(BVM) followed by a crico-

respective column.

NPA = nasopharyngeal airway
OPA = oropharyngeal airway
SGA = supraglottic airway
ETT = endotracheal tube

*All data are presented as percentage (total number) for their

for successful medic-performed
cricothyroidotomy.””?! In gen-
eral, the frequency of critical
interventions performed by

thyroidotomy. AAR comments
on endotracheal intubation and
ventilation management were
the pair most frequently described together (n = 6, 35%
of all cases), followed by NPA and cricothyroidotomy
(n = 1, 6%). Examples of category-specific AAR im-
provement comments are quoted in Table 4. Comments
broadly indicated technical difficulties related to surgi-
cal airway procedures and suboptimal anatomy identifi-
cation. These comments included numerous references
on a lack of or need for greater “exposure” to airway
management, the need to “review” procedural steps,
and stress a need to ensure proper “teaching” on airway
interventions.

DiISCUSSION

We reviewed a total of 17 AARs stemming from 117
cases of airway intervention found in the PHTR sys-
tem encompassing 18 months of combat operations in
Afghanistan from 2013 to 2014. These findings reveal
a lack of documented reviews on airway management
techniques in general, with less than 1 in 8 cases that
involved airway management having AAR documenta-
tion. Despite the goal of the PHTR and its accompany-
ing AAR system to establish a database of feedback for
analysis and trends, low numbers of completed AAR on
airway interventions reflect continued trends of subopti-
mal prehospital documentation."'> Of the reviewed com-
ments, most referred to a lack of training or equipment
surrounding airway interventions.

Cricothyroidotomy is an airway management skill
within the scope of practice for both combat medics and
corpsmen, is taught during initial training, and is well-
supported as an initial airway intervention in previous
literature and TCCC guidelines.*"7 Out of three AAR
comments reporting the performance of a cricothyroid-
otomy, two stated that the intervention was unsuccessful.
One attributed the failure to improper landmark identi-
fication; neither reported a successful procedure. These
results suggest a need for increased anatomical training.

34

physicians in military treatment
facilities is low, decreasing op-
portunities for medics to gain
experience through observation or performance of these
procedures.?>* Specifically, recent literature found only
two cricothyroidotomies performed across eight MTFs
over two years.”? Given the relatively low rate of success
and the limited opportunities for enlisted medics to gain
experience, continued emphasis on cricothyroidotomy
as a first-line intervention for airway management ne-
cessitates improved training methods. Cricothyroidoto-
my is a rapid, life-saving procedure requiring minimal
to no specialized equipment. Familiarity and techni-
cal mastery can be invaluable tools for military medi-
cal providers at all levels of training. Future research
into performance improvement could include technique
variations, such as using a gum elastic introducer (bou-
gie) to aid placement,?* and training enhancements such
as high fidelity simulator models, virtual or augmented
reality simulators, or live tissue training.

Endotracheal intubation (ETI) is recognized as the gold
standard of airway management in the hospital setting;
however, its use in the military prehospital environment
is generally restricted to special operations medics and
otherwise overshadowed by an emphasis on cricothy-
roidotomy for initial airway management.!>!7* Some of
the AAR comments identified successful ETT place-
ment in the Role 1 setting, but the majority illustrated
technical errors specifically attributed to enlisted per-
sonnel, including two cases of accidental esophageal
intubation. Overall, like faults identified in cases of cri-
cothyroidotomy, AAR comments for failed ETT place-
ment generally described poor anatomical orientation
and insufficient procedural familiarity. Although our
AAR dataset did not contain provider backgrounds or
experience levels, inadequate understanding of the in-
terventions performed was obvious in some comments.
This includes one comment stating that “this was [the
corpsman]’s first attempt at intubation. .. considering that
he has never had any exposure to intubation (especially

https://medcoe.army.mil/the-medical-journal



a mannequin).” Literature
evaluating methods to im-
prove medic proficiency in
ETI is scant, the most recent
showing improved confi-
dence after education with
anesthesia personnel, and
further research is needed.”
Additionally, two cases de-
scribed an emergent need
for a cricothyroidotomy due
to a lack of or malfunction-
ing airway equipment, and
one directly stated that the
surgical intervention was
“needlessly” performed due
to issues with improper in-
tubation instruments. In
addition to improved train-
ing for providers, increased
awareness of equipment, in-
cluding checks for function-
ality, could eliminate some
issues regarding intubation
reviewed here. Conversely, it
may be possible the equip-
ment they were issued is not
sufficiently durable for the
operational environment.

The application of a BVM
device had multiple AAR
comments, primarily re-
garding technique and prop-
er rate of breathing. The
proper performance of the
E-C clamp technique (mak-
ing a “C” with the thumb
and second digit around the
facemask and an “E” with
the three remaining digits to
support the mandible, thus
creating a quality seal) is
a basic skill for all combat
medics, yet AAR comments
appear to note significant
performance shortcomings
indicating greater emphasis
on training.”® This may be
due to a lack of simulated or
live patient experience, but
unlike cricothyroidotomy or

THE MEDICAL JOURNAL

Table 4. After-action review comments by section.

Cricothyroidotomy

* “airway proved difficult as patient was a large adult, thus difficult to intubate with a
Mac[intosh] 4. Vellecula appreciated but immobile as base could not be reached, gum elastic
bougie was attempted and failed... [get] a 5-Mac blade for laryngoscope...patient needlessly
getting a [cricothyroidotomy] due to insufficient equipment” (64)

* “[Rapid sequence intubation with endotracheal tube] attempted, could not progress due to
swelling. Cric[othyroidotomy] due to doubts using rescue device... Corspmen who
attempted [cricothyroidotomy] cut too low to gain successful intubation...” (103)

© “could hear a lot of fluid in the throat/chest... placed into recovery position in attempt to
drain the blood with no success... then attempted a cric[othyroidotomy] but wasn’t
successful.” (546)

Intubation

© “Correct airway assistance by corpsmen with c-spine stabilization and cricoid pressure made
for easy intubation.” (44)

© “Team leader should have determined need to intubate, whether he was planning on doing so
ornot.” (81)

® “[Glasgow Coma Score] on presentation was 9 and then 8... decision to intubate was
made... 8-0Ocm ET tube placed.” (246)

® “[The Corpsman] initially attempted to intubate but placed it into the esophagus.” (356)
 “Provide teaching to Corpsmen on how to troubleshoot issues with intubation.” (392)

* “the laryngoscope light [was] not properly working... the initial [ETT] we used, a 7.5cm,
was too large... attempted to intubate the patient and likely passed it through the vocal cords
without an adequate light source as I provided cricoid pressure and could feel the tip of the
[ETT]. At this point, I attempted to intubate as he was not having any success... after finally
being able to get the light working... I visualized the cords and attempted to pass the tube
through — it was then I realized it was too large. I downgraded to a 7cm tube and then was
able to successfully pass it through with adequate breath sounds, sustained pulse oximetry at
100%.” (415)

* “He attempted to intubate the patient and I believe that he was able to visualize the vocal
cords. However, due to difficulty with the [ETT] and the stylet being too rigid, he had
difficulty with passing it through the cords.” (438)

“due to limitations with teaching my Corpsmen how to intubate (i.e. lack of a mannequin)...
unsuccessful intubation” (440)

 “due to the patient becoming combative and ditticult to care tor, the decision was made to
intubate. [The Corpsman] initially attempted to intubate the patient. However, he was
unsuccessful.. This was [the Corpsman]’s first attempt at intubation... considering that he
has never had any exposure to intubation (especially a mannequin), it was a good effort. He
needed to advance the laryngoscope blade a bit more and remember to lift towards the
opposite corner of the room. Cric pressure was provided to him, but due to his lack of
lifting, he was unable to visualize the vocal cords.” (441)

“Pt arrived to [Battalion Aid Station] after sustaining a single GSW to the back of the head...
The patient initially arrived with a [Glasgow Coma Score] of 3 but was breathing on his
own... reportedly was verbal prior to arrival... [Rapid Sequence Intubation] meds were
provided. Intubation was successful with the first attempt.” (446)

“[The Corpsman] attempted to intubate the patient. He reports that he was able to visualize
the vocal cords but lost sight of the [ETT] actually passing through them. He proceeded to
place the [ETT] and almost hubbed it to the casualty’s mouth. After withdrawing to 23cm, it
was identified that the placement was incorrect and had passed into the esophagus.” (470)

“[Afghan National Army] attempted intubation although did not use paralytic (when we got
there Pt with broken incisor likely from intubation attempt)... We attempted intubation with
8-0 however tube was too large so we switched to 7-0. After unable on second attempt, a
bougie used to introduce tube and 7-0 successfully placed... Intubation tray was missing a
syringe to inflate the cuff; in addition the laryngoscope blade and handle did not have a
functioning light; in the future we need to check and double check equipment between all
casualties.” (503)

 “tube holder placed with opening cephalad instead of caudad... Tube not displaced as a
result.” (624)
e

Ve

e “Ensure BVM is hooked up to oxygen tank. Learn to troubleshoot ventilating [patient] with
BVM (using E-C technique).” (246)

® “Review procedure on properly applying BVM to patient to ventilate patient” (356)

* “Needs to work on his ability to successfully ventilate a patient using a BVM — specifically
with this E-C clamp technique...” (415)

 “remember to hyperventilate between 30-40 breaths/min [in suspected head injury with
increased intracranial pressure].” (446)

© “[The Corpsman] could stand to improve his ability to successfully ventilate a patient using a
BVM (i.e. E-C technique).” (470)

© “monitor [breaths per minute] with BVM better” (503)

@ “[Medic} tried to apply manual ventilations by a BVM but had no success.” (546)

the E-C technique in these
encounters is unclear, but
continuous instruction and
assessment should be done,
especially for those deployed.

The use of AARs and other
post-event debriefing meth-
ods demonstrates benefits to
pre-hospital providers and
overall patient care.?®?” Criti-
cal assessments of medical
incidents demonstrate im-
provement in provider quality
of life, to include decreased
drug use for stress manage-
ment.?* Paramedic documen-
tation of airway interventions,
such as ETI, significantly im-
proves following increased
emphasis on review processes
and implementation of more
structured systems.?® This
increased documentation fa-
cilitates improved learning
opportunities and training to
further develop prehospital
skills and improved out-of-
hospital ~ resuscitation.?*
Increased emphasis on the
AAR process in prehospi-
tal medicine could therefore
increase multiple aspects of
provider skills and patient
care.

LIMITATIONS

The main limitation of our
analysis is incomplete data
entry from the free text na-
ture of the PHTR AAR sys-
tem. This is also complicated
by a lack of data regarding
time intervals between pa-
tient encounters and AAR
completion, or about what
relationship the AAR com-
menter had in the respec-
tive patient encounter. These
variables can introduce sig-
nificant perception and recall
biases, as well as decreased

ETI, can be readily practiced between medics to im- rates of return altogether. Additionally, none of the five

prove technique and proficiency. The exact issue with

April — June 2021
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listed as ‘dead’ are included in this analysis because
those cases lacked an AAR comments on airway man-
agement. These cases likely represent the casualties
where the most detailed AARs would be beneficial. In
light of this, future movement away from a free text-
based system along with mandated documentation com-
pletion would be beneficial to make substantial improve-
ments in compliance and depth of feedback. This could
include a well-organized AAR reporting model utiliz-
ing a check box system to easily delineate interven-
tion type (cricothyroidotomy, ETI, BVM, etc.), whether
overall the intervention technique should be sustained
or improved, and subset areas for improvement (such
as anatomical identification, user technique, and proce-
dural familiarity), while retaining a free text section for
further elaboration.

CONCLUSION

Our study illustrated, for the first time, a thematic re-
view of airway intervention AAR commentary in the
PHTR. Most commentary focused on cricothyroidoto-
my, ETI, and BVM application, generally finding a need
for improvement in anatomy identification and tech-
nique. Future research efforts should focus on evaluat-
ing current training methods, primarily with enlisted
medical personnel, and possible instructive alternatives
to improve understanding and increase chances of in-
tervention success. Efforts should focus on increasing
AAR completion to improve education opportunities
and skill development.
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ABSTRACT

Introduction: Retrobulbar hemorrhage (RBH) occurs in only 0.45% of ocular trauma, but failure to provide
timely lateral canthotomy and cantholysis (LCC) risks permanent visual deficits. With ocular trauma rates as
high as 8.5-10% amongst modern combat injuries, and more than 2,000 severe eye injuries documented over a
10 year span, this concern increases.'”'> However, given infrequent RBH occurrence in the non-combat envi-
ronment, emergency medicine residents trained in stateside settings may not receive adequate LCC exposure
prior to military deployment. Simulators should be evaluated for procedural confidence compared to expensive
and cumbersome traditional live tissue training (LTT) options. We seek to compare procedural confidence and
usability of emergency medicine military residents performing LCC on a novel simulator to those using LTT.

Methods: This study randomized 32 emergency physician and physician assistant residents to perform LCC on
a simulator or LTT model. All received a standardized brief on RBH recognition and LCC, then completed an
11-question survey using a 100-mm visual numerical rating scale about their ability to correctly identify RBH
and perform LCC. The survey was repeated after LCC completion. All volunteers additionally completed a
10-question survey utilizing a 5-point Likert scale on the usability of the model to which they were randomized.

Results: No significant difference in reported confidence changes between groups was found; however, signifi-
cant increases were found across all reported confidence measures between pre- and post-trainer use in the
overall sample population. LCC simulator users reported significantly higher usability in 7 of 10 ratings.

Conclusion: The lack of a statistically significant difference between groups in procedural confidence suggests
artificial LCC simulators may offer an attractive alternative to logistically-complicated porcine models. Further

research is needed to evaluate non-inferiority and procedural performance.

Keywords: procedure, skills, residency, retrobulbar hematoma

INTRODUCTION

Retrobulbar hemorrhage (RBH) describes the process
of blood filling the closed space directly behind the eye,
most commonly in the setting of trauma. With a small,
fixed volume, onset of RBH forces forward movement
of the globe against the inferior and superior canthal lig-
aments. Posterior pressure from as little as 7mL of fluid
stretches the optic nerve, and can induce irreversible
retinal ischemia and optic nerve damage in as little as
60 minutes after RBH onset."* Despite battlefield evacu-
ation concepts such as “the Golden Hour,” unique pa-
tient circumstances and diverse operational settings in

38

austere locations necessitate consideration for increased
point of injury (POI) interventions if evacuation is de-
layed. Failure to provide timely treatment for RBH can
result in permanent blindness in up to 52% of cases.*?

Epidemiological studies consistently find more than 2.4
million eye injuries present annually to American emer-
gency departments (ED) for concerns of ocular trauma.®’
However, RBH may occur in as little as 0.45% of these
cases, which in some studies is documented as 1 case
per ED per year, decreasing the likelihood of trainee ex-
posure and providing minimal opportunities for emer-
gency medicine residents, who are preparing to serve

https://medcoe.army.mil/the-medical-journal
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overseas, to recognize and treat RBH despite its high

risk for causing blindness.*!' Ocular trauma occurs in

an estimated 8.5-10% of modern combat injuries.!>!*

More than 2,000 severe eye injuries were documented

over a 10-year span in the deployed setting from high

risk mechanisms such as battlefield casualties and ordi-
nance.”” However, these focused on penetrating mecha-
nisms and did not include civilians treated by coalition
forces, suggesting the actual number of severe eye inju-
ries that may be treated by the deployed clinician may
be much higher.

Emergent treatment of RBH involves timely lateral
canthotomy and cantholysis (LCC) to sever the canthal
ligaments and thereby drain blood from the poster or-
bit, thus relieving pressure against the globe and strain
on the optic nerve. The ability to perform LCC in the
setting of RBH is one of two priority battlefield ocular
care skills per Joint Trauma System guidelines.'® It is es-
sential that frontline medical officers such as physicians
and physician assistants are comfortable and confident
in performing this intervention.

The American Council for Graduate Medical Education
(ACGME) sets minimum procedural numbers for resi-
dent clinicians to be considered qualified, and although
there is a paucity of emergency medicine (EM) data, the
available literature finds confidence and skill degrada-
tion with limited procedural volumes and conversely
demonstrates improved patient outcomes in clinicians
with higher procedure loads."”?* This suggests a need for
continued procedural volume to enable EM clinicians,
including emergency physicians (EP) and emergency
medicine physician assistants (EMPA), the opportunity
to increase confidence and skills in critical areas prior to
training completion.

Despite research demonstrating increased procedural
confidence with live tissue training (LTT) on porcine
and human cadavers, these aids continue to be costly (as
high as $3,000 per model) and logistically difficult to ac-
quire and maintain with a limited amount of repetitions
per cadaver or animal.'?* Inexpensive alternatives are
needed, and while other tissue models such as animal
heads, may be less expensive, their logistical acquisition,
storage, and disposal may nevertheless prove equally
challenging. Multiple commercial and handmade mod-
els have previously been proposed; however, literature
has been largely limited to descriptions of the models
themselves.?>2® One prior study comparing a simulator
to LTT demonstrated limited findings of improvement
on a LCC procedural knowledge quiz without exami-
nation of clinical confidence or competency, while an-
other examined knowledge and comfort level without
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Figure 1. Novel lateral canthotomy and cantholysis (LCC) simula-
tor manikin head with replaceable ocular inserts; a single thread
located along the inferior-lateral aspect of the orbit, when sev-
ered, decreases a pressure device posterior to the artificial globe
simulating the release of pressure when the LCC procedure is
successfully performed.

comparison to other models such as LTT.”*® Proce-
dural confidence comparisons must be made directly
between LTT and simulators to evaluate whether the
latter is viable for EM training curriculums.

We seek to compare procedural confidence between
participants who practiced on a novel LCC simulator
and those using a traditional LTT model. Secondarily,
we evaluate LCC time to completion and performance
between groups.

METHODS

Ethics: The Regional Health Command—Central regu-
latory office reviewed protocol C.2019.045¢ and deter-
mined it to be exempt from Institutional Review Board
oversight. We obtained only de-identified data from
volunteers for analysis. A single LCC simulator model
was utilized through an ongoing Department of De-
fense testing contract (Sonalyst, Inc.; Waterford, CT).
All participants were informed that investigation team
members held no business relationship or conflict of
interest.

Subjects and Setting: All volunteers were solicited from
the EP and EMPA residencies. EP residents included
physicians in all stages of emergency medicine residen-
cy training. EMPA residents were certified physician
assistants enrolled in an 18-month doctoral residency
in emergency medicine training. Basic volunteer demo-
graphics were obtained during enrollment. All study
activities were conducted in conjunction with monthly
LTT performed under approved Institutional Animal
Care and Use Committee (IACUC) protocols.

Materials: The LCC simulator consists of a manikin
head with removable eye inserts (Figure 1). The eye
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Table 1. Volunteer year group demographics.

Group EMPA PGY-1 PGY-2 PGY-3 Total
Porcine 6(54.6,33.3) | 7(583,389) | 3(60.0,16.7) | 2(50.0,11.1) 18
LCCSimulator | 5(45.4,35.7) | 5(41.7,35.7) | 2(40.0,14.3) | 2(50.0,14.3) 14
Total 11 12 5 4 32

* Data displayed as n (% of total year group, % of total arm)

inserts have a single thread located along the inferior-

lateral aspect of the orbit that, when severed, decreases
a pressure device posterior to the artificial globe simu-
lating the release of pressure when LCC is successfully
performed. Procedure tools for both the LCC simulator

and LTT included 1 needle driver, 1 set of iris scissors,
1 set of tissue forceps, and a 1 mL syringe (to simulate
local anesthetic injection).

Protocol: Prior to study activities, we provided a stan-
dardized PowerPoint instruction to all volunteers on

PROCEDURAL CONFIDENCE AND USABILITY OF A NOVEL LATERAL CANTHOTOMY AND CANTHOLYSIS SIMULATOR

the usability of their respective LCC model.

The primary outcome was the diﬂ’er'ence mn
reported procedural confidence ratings be-

tween the experimental and control groups
at the conclusion of training. Secondary out-
comes included changes in volunteers’ pro-
cedural confidence in the group as a whole
and differences in usability ratings.

Statistical Analysis: A power analysis was

conducted to detect a 10-point difference in the confi-
dence score assuming a standard deviation of 10 units,
with the ability to detect a statistically significant dif-
ference with 80% power and alpha set at 0.05, result-

Table 2. Volunteer medical experience demographics.

Group Civilian Medical (years) Trauma Medical (years)
Porcine 1.16 (0, 10.17) 0.89 (0, 10.00)
LCC Simulator 1.16 (0, 4.00) 0.86 (0, 4.00)
P 0.995 0.962

recognition and treatment of RBH. Volunteers com-
pleted an 11-question survey rating their confidence to

*Data displayed as average (min, max)

identify and treat RBH on a 100-mm visual numerical

rating scale. We then randomized volunteers into two

ing in a sample population of 32 needed. We performed

groups using a random number generator. The experi- all statistical analysis and reported descriptive statis-

mental group performed LCC on the simulator, while

the control group performed
LCC on the LTT only. We
permitted volunteers in the
experimental group up to
three attempts on the LCC
simulator, as they had no

Table 3. Confidence survey data comparisons between

arms.

#1 - Confirm a retro-orbital hemorrhage with manual exam

Intra-Arm Mean P Post-Trainer A

Porcine

67.76

LCCsi

0.556

13.28

64.11

16.79

0.643

#2 — Cutting Tendons

Intra-Arm Mean P Post-Trainer A

tics to include numbers with percentages for nominal

variables; and means with
and without standard devia-
tions for ordinal and scale
variables. Parametric t-tests
were used to evaluate for dif-
ferences between the experi-

prior experience on the sim-
ulator and had previously
had at least 3 separate expo-
sures to the porcine model

Porcine

66.94

LCCSSi

65.18

0.815

#:

w

— Visually differentiate

a normal and propotic eye

Intra-Arm Mean

P Post-Trainer A

et mental and control groups.
uso| ™ | A pre-study power analysis
P found that a sample size of 32

Porcine

71.94

LCCsi

77.50

0.298

8.89

0.304

could detect differences with

2.14

#4 - Differentiate between a normal and propotic eye by touch (i.e. pressure)

LTT. Per IACUC protocols,

Intra-Arm Mean P Post-Trainer A

P

80% confidence.

68.33
69.29

Porcine
LCCSsi

all animals were euthanized

0.870

14.44

15.71

0.848

#5 — Perform a lateral

y and

is of the inferior canthal tendon

prior to LCC performance.

Intra-Arm Mean

P Post-Trainer A

P

We induced RBH by the in-

69.03
66.96

Porcine
LCCSsi

0.780

18.06

11.79

0.414

jection of 15 mL of blood

(previously drawn from the

same animal) into the retro-

bulbar space. Control vol-
unteers then completed the

LCC on the porcine, while

experimental volunteers did

not. All volunteers repeated

the 11-question confidence

survey at the conclusion of

their use of the LCC simu-

lator or the LTT, as well as

a 10-question survey utiliz-

ing a 5-point Likert scale on
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REsuULTS
A total of 32 EP and EMPA

6 — intraocular pressure digitally residents volunteered for
Intra-Arm Mean P Post-Trainer A P . .
Porcine 6553 550] o this study. Fourteen resi-
LCCSSi 73.57 8.57 .
#7-1fd ession is inad proceed to cut superior canthal tendon dents were aSSIgned tO the
Intra-Arm Mean P Post-Trainer A P o
— ol XV — experimental group and 18
Leesi s125] 2s0] © to the control group. The
#8 — Recognize a properly treated and decompressed eye . .
_ Intra-Arm Mean P Post-Trainer A P ma]orlty Of VOlunteel‘S Were
tccsim tass] 095 il °» | EMPA and intern EP resi-
#9 — Diagnose an ocular trauma that requires the LCC in the field 1
Intra-Arm Mean P Post-Trainer A P dents’ Wlth .lesser numbers
Porcine %980 .66 BE oy of more senior EP res1dent§
#10-A the LCCt in the field (Table 1). Residency experi-
Intra-Arm Mean P Post-Trainer A P . . .
Porcine 6750 | oo T - ence distribution was grossly
K 11— Determine whetber s sdeauataly s equivocal between experi-
i Intra-Arm Mean P Post-Trainer A 4 mental and COntrOl gl‘OllpS
Porcine 70.00 0.957 20.56 0.319 . . . A
Lcsi 69.64 1357 No statistically significant
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difference was found between groups with regards to

reported years of trauma or general medical experi-
ence (Table 2). Likewise, there were no significant dif-
ferences found in reported baseline LCC procedural
confidence (Table 3). After utilizing their respective
models, both groups reported statistically significant
increases across all reported confidence measures;
however, there was no significant difference between
groups in reported confidence (Table 4). Seven of the
10 usability survey questions demonstrated statistical-
ly significant differences in response, all in favor of the
LCC simulator (Table 5).

DiISCUSSION

Overall, EP and EMPA resident confidence increased
after completing LCC on a simulator or LTT model
with no significant difference in confidence between
groups throughout testing. These findings support that
procedural confidence may increase with practice re-
gardless of whether the resident utilizes the LCC sim-
ulator or LTT model. Furthermore, 70% of usability
questions demonstrated significant differences in fa-
vor of the LCC simulator, suggesting the LCC simula-
tor is more user-friendly without sacrificing procedural
confidence.

Our results support the limited literature for using artifi-
cial simulators in LCC procedural training. Our findings

Table 5. User feedback of lateral canthotomy and cantholysis
simulator compared to porcine model.

9

Please check the box that reflects your i iate resp
(1 = Strongly Disagree, 5 = Strongly Agree)
| Mean Score \ P
1. I think that | would like to use this system frequently.
Porcine
LCC Simul |
2. | found this system unnecessarily complex.

to each

4.28 |
4.47 |

0.351

Porcine 1.66 \
0.048
LCC Simul | 1.38
3. | though the system was easy to use.
Porcine 3.91 [
.832
LCC Simul | 4.41 | 083

4. | think that | would need the support of a technical person to be able to use this system

Porcine 2.53 \

0.005
LCC Simul | 1.56 |
5. | found the various functions in this system were well integrated.
Porcine 3.91 \

0.063
LCC Simul | 4.28 |
6. | thought there was too much i y in this system.
Porcine 2.44 |
LCC Simul | 172 0.003
7. 1would i that most people would learn to use this system very quickly.
Porcine 4.00 \

0.032
LCC Simul | 438 |
8. | found the system very d to use.
Porcine 2.06 [

.002

LCC Simul | 1.44 | 0.00
9. | felt very confident using the system.
Porcine 3.84

0.011
LCC Simul | 4.34 |
10. | needed to learn a lot of things before | could get going with this system.
Porcine 2.09 \

0.003
LCC Simul 147 |
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Table 4. Comparison of pre- and post-lateral canthotomy and
cantholysis simulator confidence of arms combined.

Prevs

Post-Sim Post P

Pre-Sim

Confidence Survey Question Lcc Lcc

Porcine Porcine

#1 — Confirm a retro-orbital
hemorrhage with manual exam
#2 - Cutting Tendons

#3 - Visually differentiate
between a normal and propotic
eye

#4 - Differentiate between a
normal and propotic eye by
touch (i.e. pressure)

#5 — Perform a lateral
canthotomy and cantholysis of
the inferior canthal tendon

#6 — Reassess intraocular
pressure digitally

#7 - If decompression is
inadequate, proceed to cut
superior canthal tendon

#8 — Recognize a properly
treated and decompressed eye
#9 - Diagnose an ocular trauma
that requires the LCC in the field
#10 — Administer the LCC
treatment in the field

#11 - Determine whether
decompression is adequately
achieved

* Data displayed as mean + SD

61.1+21.2 55.7423.1 74.4+16.1 72.5+20.3 0.0003

59.7426.9 58.9+25.3 74.2419.9 71.4+19.6 0.0005

67.5¢19.1 76.4+19.1 76.4£12.8 78.6£17.9 0.0732

61.1+18.8 61.4+22.8 75.6+15.4 77.1+17.7 <0.0001

60.0+25.4 61.1427.5 78.1+19.3 72.9+19.4 0.0003

57.8+18.3 69.3+29.7 73.3+23.4 77.9+18.9 0.0111

53.3422.6 57.5+28.9 72.5+17.0 65.0+25.9 0.0006

60.3+21.9 64.3+25.0 78.6+15.1 75.4+22.4 0.0002

61.9+20.5 66.1+24.8 77.8£10.7 75.7£¢18.7 0.0001

59.2425.6 57.9425.2 75.8+19.9 74.3+21.0 | <0.0001

59.7+24.3 62.9+23.3 80.3+14.6 76.4+19.5 <0.0001

support prior literature demonstrating significantly in-
creased usability feedback from those using novel LCC
simulators over the traditional LTT model.”’” While our
results corroborate data showing improved procedural
confidence following the use of an LCC simulator in
general, our findings demonstrate for the first time in-
creased LCC confidence after using a novel simulator
compared to the traditional LTT model.?"#

LCC performance is rare in stateside EDs, as low as
7 procedures in 7 years at one trauma center.!" This
can produce challenges to gain hands-on experience in
this critical skill.3!! A prior case series noted that two
of three patients suspected of RBH were not properly
treated, one due to poor performance and the second
aborted due to provider discomfort with the proce-
dure.?* Given that LCC can be a rare, high stakes pro-
cedure with documented failures attributed to lack of
confidence and skill suggests a need to find alternative
practice methods to build and maintain both competen-
cy and confidence. This is especially true when clini-
cians whose medical experiences are only from state-
side EDs are thrust into the severe trauma of battlefield
medicine. Our findings encourage simulator consider-
ation to gain and maintain both procedural competency
and confidence for LCC.

Our study is limited primarily by its isolated popula-
tion at a single trauma center. We presumed all demo-
graphic survey questions and confidence level scoring
to be truthful and an accurate reflection of volunteers’
perceptions of their diagnostic and procedural skills;
however, this methodology could lead to a perception
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bias. While researchers asked volunteers if they had per-
formed LCC on human patients before, we did not ask
about all possible exposures to the procedure (such as
assisting in the procedure or more generally observing),
which may have influenced individual level of comfort
as well. Similarly, a user’s confidence in their ability,
while supportive of undertaking future procedures, does
not equate competence, and objective criteria to assess
skill metrics should be evaluated in future studies. This
study utilized a single LCC simulator model in a non-
crossover randomized trial, and without prior data for
comparison, it may be underpowered to analyze for true
non-inferiority status of this model compared to the
porcine model. Therefore, future research should be di-
rected at expanding the size and locations of the sample
population, as well as incorporating a skills assessment
for further analysis, most ideally a human cadaver for
realistic standardization.

CONCLUSION

Our study illustrated, for the first time, improved overall
procedural confidence in LCC in both a novel LCC sim-
ulator and traditional LTT model in a military resident
EM physician and EMPA population. Additionally, we
found increased usability reported with simulator users
compared to the LTT model in this population. These
findings suggest that LCC simulators offer a less expen-
sive alternative to more logistically-complicated LTT
models. Further research is needed to expand popula-
tions and models and evaluate for procedural compe-
tency and speed in these simulators compared to LTT
models as well as human cadavers.
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Special Operations Medics Test the Novel
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ABSTRACT

Background: Airway compromise is the second leading cause of preventable death on the battlefield. Special
operations medic comprise the majority of medics trained to perform endotracheal intubation (ETI), mostly
by way of direct laryngoscopy (DL). The iView is a disposable, low-cost video laryngoscopy (VL) device, en-
abling its distribution to prehospital medical providers. We seek to compare time to intubation between DL and
iView VL among special operations combat medics (SOCM).

Methods: We conducted a prospective, randomized, crossover trial. We enrolled special operations medics
assigned to Joint Base Lewis McChord, WA. We randomized subjects to first performing VL or DL. Subjects
performed a total of 10 ETL, 5 by VL and 5 by DL, on adult airway manikins. The primary outcome was time
(in seconds) for ETI completion.

Results: A total of 32 medics completed 160 with DL ETIs and 160 VL ETIs. A total of 10 of 32 (31.3%) med-
ics reported no previous experience with VL devices. We found a significant difference in time to intubation
between VL and DL (20.4 (95% CI 20.6 - 26.1) seconds versus 23.4 (95% CI 18.7 - 22.2) seconds; p = 0.03) in
favor of VL. All VL attempts were successful while 96.9% of DL were successful (p = 0.10). With respect to
end-user appraisal of devices, a significant number of medics preferred the iView VL over DL (23 versus 9; p <
0.00001). Additionally, medics considered iView VL easier to use (5 [5-6] versus 5 [4-5]; p = 0.0004) and easier
to learn, remember, and perform by combat medics (5 [5-5] versus 4 [4-5]; p = 0.008).

Conclusions: Special operations medics naive to VL rapidly learned how to effectively utilize iView VL, as
evidenced by a significant difference in time to intubation in favor of iView VL. Additionally, most medics
favored iView VL and considered it easy to use, learn, and remember.

Keywords: airway, video laryngoscope, iView, intubation, prehospital, military

INTRODUCTION trained combat medics, MOS 68W ASI F2, undergo ETI
) o ) training. This instruction and skill maintenance, howev-
Background: Airway compromise is the second leading er, is limited to traditional direct laryngoscopy (DL) and

cause of preventable death on the battlefield.> Tactical subordinated to Surgical Cricothyroidotomy proﬁciency.
Combat Casualty Care (TCCC) guidelines recommend

endotracheal intubation (ETI) if the prehospital medical Video laryngoscopy (VL) offers potential advantages
provider possesses the skills and equipment to perform over DL with respect to ETI training and performance
this life-saving intervention.* Among US Army medics, by non-physician medical providers.** During training,
only Special Forces medical sergeants (military occupa- VL provides instructors and students a shared visual-
tional specialty (MOS) 18D, Special Operations Combat ~ ization of the intubating anatomy and conditions, which
Medic (SOCM) trained combat medics, MOS 68W ad- facilitates individualized coaching and learning for each
ditional skill identifier (ASI) W1, and Flight Paramedic  procedural attempt.® This distinct feature of VL likely
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Figure 1. iView video laryngoscope.

$110, while a single GlideScope costs $12,292.67
(National Supply Number 6515-01-572-7262). The

GlideScope is purchased as a multi-use device,
while the iView is intended for single use. Un-

)

Integral LCD screen
provides a view in a variety
of light conditions

like the GlideScope, the iView does not require
an external power supply and is battery powered.
Specific to visualization, the iView view finder is
situated on the device handle along the intubator’s
visual axis, while the GlideScope view finder is

Ergonomic design
ensures i-view is comfortable
and instinctive to use

On/Off switch

makes i-view ready to use
seconds after removing from the
packaging

Camera and LED light

creates optimal
visualization

. 8 //'
/ Macintosh blade

allows i-view to be used for
direct or video laryngoscopy

connected by a cable to the device handle and is
typically placed on or near the patient, but away
from the intubator’s visual axis. This can increase
challenges with regards to hand-eye coordination.
The GlideScope Ranger has a hyperangulated
blade that requires a manufacturer-specific stylet,
while the iView’s blade mimics a Maclntosh blade
and is compatible with generic stylets. Such a
shape may make it useful as a DL device if neces-
sary. The GlideScope, however, cannot be used as
a DL device given its hyperangulated shape. The
iView is smaller and weighs less than the Glide-
Scope which enables packing it in a medical aid

bag. The US Army Material Command may cate-
gorize the iView as expendable since it is a single-

explains improved ETI performance by paramedic stu-
dents reported in previously published studies.”* Ad-
ditionally, this feature of VL may permit telemedicine
consultation of prehospital ETI, which may prove useful
in the prolonged field care (PFC) setting.!®"! DL relies
on unobstructed, direct visualization of the intubating
anatomy, while VL may overcome some obstacles (e.g.
cervical immobilization preventing airway axes align-
ment) as the video camera is situated at the tip of the
intubating device which is positioned proximal to the
glottis.

This attribute of VL may account for multiple, published
data demonstrating VL superiority to DL for vocal cord
visualization and improved ETI success rates among ci-
vilian paramedics with limited ETI experience, infre-
quent performance of ETI, or in the setting of difficult
airways.'*?? Although numerous published data exist
comparing VL to DL among civilian, non-physician,
prehospital medical providers, we were unable to find
any studies incorporating military medics as partici-
pants. Furthermore, there are no published studies eval-
uating the novel VL device called the iView (Intersurgi-
cal, Ltd. (Figure 1)).

The iView VL offers several advantages over another
contemporary VL devices currently fielded by the US
Army: the GlideScope Ranger (Verathon, Inc.). The
iView is less expensive. An iView costs approximately
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use, disposable item. The GlideScope, by contrast,
is a durable, hand-receipted, property book item
requiring periodic inventory. Like most durable equip-
ment, the GlideScope requires periodic medical mainte-
nance, while the iView does not. These characteristics
of the iView make its distribution to military prehospital
medical providers potentially favorable.

Goals of the Investigation: We seek to compare perfor-
mance of ETI between traditional DL and a novel VL
device (iView) among military medics with procedural
training and experience. Secondarily, we will assess
end-user appraisal of ETI, by device.

METHODS

Ethics: The Regional Health Command - Pacific regula-
tory office reviewed protocol #219071 and determined
it was exempt from institutional review board oversight.
We received command approval for all participants prior
to enrollment. All subjects consented to participation.

Subjects and Materials: We enrolled active duty US
Army SOCMs assigned locally to Joint Base Lewis Mc-
Chord, WA with previous training and experience in
ETI and a current MOS of 18D, 68W W1, or 68W F2.
We had no exclusion criteria. Subjects completed the
study in groups of no more than 10 individuals to opti-
mize available resources.

All subjects performed ETI on adult airway training
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manikins. Airway models replicated normal anatomy,
and we did not institute any measures to create a dif-
ficult airway scenario. Subjects performed DL with a
Maclntosh blade size 4. Subjects performed VL with
an iView (Item #8008000; Intersurgical, Ltd; Berkshire,
UK). All subjects utilized a cuffed 7.5 mm endotracheal
tube with generic endotracheal tube stylet and 10-cc sy-
ringe to inflate the cuff.

We conducted all study activities inside environmen-
tally controlled buildings. We utilized a classroom for
the training intervention and survey completion. We
utilized simulated trauma bays that were lighted and
temperature controlled for ETI iterations. We placed
airway models on a gurney at waist height, with all air-
way equipment placed in standardized fashion to the
side of it. Prior to participation, the participants could
rearrange the equipment based on their preference. The
iView VL was powered off and the DL laryngoscope
was collapsed before each attempt. Subjects wore mili-
tary or civilian attire, but did not wear or carry their
combat gear. We did not simulate prehospital, combat
conditions in order to reduce potential confounders and
to maximize subject enrollment.

Protocol: We conducted a prospective, randomized,
crossover trial. At the outset, all subjects completed a
demographic worksheet and a pre-study ETI procedural
confidence survey. Then, a single investigator (PC) pro-
vided subjects a 15-minute block of instruction on the
iView VL only as medics are not trained in VL. The
training intervention consisted of a standardized in-
structional video on device utilization and a hands-on
practice period during which each subject performed 2
VL ETIs supervised by a single study investigator (PC).
Afterwards, we randomized subjects utilizing an on-
line randomization program (https:/www.randomizer.
org/) into 1 of 2 groups: VL first or DL first. Then, sub-
jects moved to simulated trauma bays and performed a
total of 5 ETIs with the initial intervention they were
randomized to, followed by 5 ETIs with the remaining
intervention. This crossover design replicates methods
utilized in previously published studies comparing DL
and VL ETL%1522 For each attempt, an investigator re-
corded the total time for ETI completion, assessed pro-
cedural success, and obtained from the subject whether
the vocal cords were visualized or not during the pro-
cedure. We utilized a minimal washout period between
interventions to reduce participant loss to follow-up
since there is no published data delineating the optimal
washout period for ETI. After performing all 10 ETlIs,
subjects returned to the classroom to complete post-
study ETI procedural confidence and end-user device
appraisal surveys.
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Outcomes: The primary outcome of our study was
time in seconds for ETI. Time started after the subject
touched any of the equipment, and time ended once the
cuff of the endotracheal tube was inflated. We did not
end time when the endotracheal tube passed the cords,
as was done in some previous studies, as investigators
could not observe this event during DL attempts.

Our secondary outcomes included successful intubation,
vocal cord visualization, subject confidence to perform
ETI, and subject appraisal of intubating devices. We de-
fined success as the endotracheal tube placed within the
trachea and inflation of manikin lungs with bag valve
mask compression. Placement was verified by an emer-
gency medicine physician resident, emergency medicine
physician assistant (EMPA), or emergency medicine
physician assistant fellow. Investigators assessed each
attempt as a success or failure while blinding subjects to
this outcome to prevent confounding of self-confidence
ratings. We assessed subject confidence to perform ETI
pre- and post-study activities utilizing a continuous
0-100 Bandura scale.”® We evaluated end-user assess-
ments of ETI devices utilizing 6-point Likert items. We
obtained vocal cord visualization verbally from subjects
and recorded it as a yes or no. We relied on subject re-
ports since DL attempts could not be visualized by in-
vestigators. We did not utilize a grading system for vo-
cal cord visualization as DL attempts could not be veri-
fied by investigators, and medics are not trained in vocal
cord grading schemes, such as Cormack-Lehane.

Data Analysis: We performed all statistical analyses
using standard statistical software. We present continu-
ous variables as means with standard deviations, ordi-
nal variables as medians with interquartile ranges, and
nominal variables as numbers and percentages. We ana-
lyzed continuous data with the Paired Sample t-Test, or-
dinal data with the Two-Sample t-Test, and dichotomous
data with the Chi-Square test. We performed period and
sequence analyses to assess for crossover effects. Pre-
study power analysis for the primary outcome of time
determined a sample size of 32 measurements was re-
quired to detect a difference of 10 seconds between in-
terventions. Statistical significance was set at p < 0.05.

REsuULTS

From January to June of 2020, 32 medics volunteered for
this study and all met inclusion criteria. All medics were
male with an average age of 31.2 years and 9.5 years
of active duty service in the US Army (Table 1). Sub-
jects reported previous performance of ETI on median
number of 50 (IQR 30-100) airway models, 14 (6-20) liv-
ing patients, and 0 (0-1) casualties while deployed for
military operations. A total of 10 of 32 (31.3%) medics
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reported no previous experience with VL de-

vices—6 of 10 (60%) were 68W W1 and the
remainder were 18D. Of those with VL ex-
perience, medics reported a median of 2 (0-
5) previous VL enabled ETI by the follow-
ing devices in order of frequency: unknown
(38%), GlideScope (28%), and another speci-
fied VL device (3%).

We evaluated a total of 320 ETIs (160 by DL,

160 by VL) (Table 2). We found a significant

difference in time for ETI performance be-

tween VL and DL (20.4 [95% CI 20.6 — 26.1]

seconds versus 23.4 [95% CI 18.7 — 22.2] sec-
onds; p=0.03) in favor of VL. We performed
sequence and period analyses to evaluate for

Table 1. Participant demographic data.
Characteristic Total (%) 'l]“)o I;allrl(l;;:) ;; I;allrl(l;;:)
Gender
Male [ 320000 [ 19(59 13 (41)
Age (years)
20-30 15 (47) 9 (60) 6 (40)
31+ 17 (53) 10 (59) 7 (41)
MOS
18D 11 (34) 7 (64) 4 (36)
68W W1 21 (66) 12 (57) 9(43)
Unit
1% Special Forces Group 8 (25) 5(63) 337
19" Special Forces Group 4 (12.5) 0(0) 4 (100)
2™ Battalion, 75" Ranger Regiment 16 (50) 12 (75) 4(25)
160" Special Operations Aviation Regiment 4(12.5) 2 (50) 2 (50)
DL — direct laryngoscopy
VL — video laryngoscopy
MOS — Military Occupational Specialty
18D — Special Forces medic
68W W1 — Combat medic, Special Operations Combat Medic trained

crossover effects and we found no differ-

ences, which substantiates the results with

respect to time. Additionally, we found no differences
between devices with respect to procedural success and
vocal cord visualization rates (Table 2).

With respect to end-user appraisal of devices, we found

difference in ETI completion time in favor of the iView.
We did not find a difference between VL and DL with
respect to both procedural success and vocal cord visu-
alization; however, we observed high rates for both mea-
sures. These findings suggest military medics can rap-
idly learn and implement the VL technology. Further-

a significant number
of medics preferred

Table 2. ETI performance between devices.

more, an overwhelm-
ing majority of medics

the VL over the

Performance factor DL (n=160) VL (n=160) | p-value V1
DL (23 versus 9; p Time (seconds) 234 20.4 0.03 favoreSLtheéwa ?lllL
< 0.00001) (Table [95% CI [95% CI over . 1ven e
3) Additionall S o6l SI-22d potential logistical and
. 1tiona we uccess % % -
found medi csy, con- Vocal cord visualization 99% 100% 0.28 procedural advantages

ETI - Endotracheal intubation
DL — direct laryngoscopy
VL — video laryngoscop

sidered the 1View

of the iView VL over
the current device. Ad-

VL easier to use (5
[5-6] versus 5 [4-5];
p = 0.0004) and easier to learn, remember, and perform
by combat medics (5 [5-5] versus 4 [4-5]; p = 0.008). We
also found a significant increase in medic self-confi-
dence to perform ETI with both VL (84.0 pre-study ver-
sus 90.1 post-study; p = 0.008) and DL (82.2 pre-study
versus 89.1 post-study; p = 0.002).

DiISCUSSION

We evaluated the performance of a new VL device, the
iView, in the hands of military medics who may per-
form ETI in the prehospital, combat setting. Despite
participants being naive to VL, we found a significant

ditional research eval-
uating this novel device is warranted to determine its
suitability for military fielding.

We found a significant difference in time for ETI com-
pletion between iView VL and DL, while multiple stud-
ies of civilian paramedics performed VL reporting pro-
cedural times found no difference in ETI completion
times between VL and DL."*!>* Nasim, et al. compared
two VL devices to DL in airway manikins. They mea-
sured time from the passage of the laryngoscope blade
past the model’s teeth to the participant’s vocalization of
procedural completion. Among manikins with normal
airway anatomy, they reported ETI completion times
of 7 seconds for Pentax Airway Scope VL, 11 seconds

Table 3. End-user appraisal of devices.

for GlideScope VL, and 8 seconds for
DL.14 Yun, et al. reported ETI comple-

"]‘)ter.r"gam;y P ;’(ngo/)A 2V3L(720/)A gz)vg(')‘(‘)% 1 tion times of 27.7 seconds for one VL
cvice prererred: or ! (J (] . .
Device ease of use S[45*  |5[56]F 0.0004 dgvme, 24.7 seconds for another VL dq—
Device easily learned, remembered, and performed 4 [4-5]* 5 [5-51* 0.008 Vl.Ce, apd 26.6 SCCOpdS for DL on mani-
by combat medics kins with normal airway anatomy; how-

" Reported as total (percentage); evaluated with Chi-square Goodness-of-Fit test
* Reported as median (IQR); evaluated with Two-Sample t-Test

DL — direct laryngoscopy

VL — video laryngoscopy

ever, they did not report the parameters
of their time measurement.?* Piepho, et
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al. graphically reported times for all ETI attempts on
manikin models with normal airway anatomy, and they
found no difference in ETI completion times between
two VL devices and DL by the third iteration, which
they attributed to learning.”” The difference between the
findings of these studies and ours may be explained by
civilian paramedics possessing more experience with
ETI as it is their primary definitive airway intervention,
while military medics prioritize cricothyroidotomy skill
maintenance over ETI due to limited availability of rap-
id sequence intubation (RSI) medications in the combat,
prehospital environment, and TCCC guideline recom-
mendations.> Another contributing factor may be the
novel iView device itself as it has different design fea-
tures than the other VL devices used in the previous tri-
als. Our findings, however, are consistent with previous
studies in demonstrating medical providers with previ-
ous ETI training, but naive to VL techniques, rapidly
learn VL enabled ETL.>%15225 Consequently, our find-
ings suggest military medics with previous ETI training
can quickly learn and utilize the iView VL device which
may enable its fielding to military medics.

We found no difference in ETI success rates between
iView VL and DL. Published data comparing ETI suc-
cess rates between VL and DL performed by paramed-
ics on airway manikins with normal airway anatomy
also found no differences in success rates.*'*'1®* These
studies reported overall success rates of 94-100% for VL
and 94-100% for DL .#*!52* Qur findings are consistent
with these results. All these findings suggest the use of
mannequins has some limitations in translation to real
airway management.*”* Some of these studies, however,
also compared VL to DL in manikins with simulated
difficult airways.*'® VL may offer advantages over
DL in the setting of difficult airways since DL requires
direct visualization of intubating anatomy which may
not be possible in a difficult airway scenario. Woollard,
et al. found VL performed better than DL among both
novice and experienced paramedics on a difficult airway
model. They reported novice ETI success rates of 78%
for VL and 30% for DL, and experienced intubator suc-
cess rates of 84% for VL and 25% for DL.!® On the other
hand, Nasim, et al. found no difference in ETI success
rates between VL and DL in simulated difficult airways,
but reported DL resulted in more dental complications
and required more optimization maneuvers.” Piepho,
et al. also found no difference in ETI success rates for
difficult airways, but noted VL enabled superior glot-
tic views and was clearly preferred over DL by partici-
pants.”” Difficult airways are expected among trauma
casualties, whether due to cervical immobilization,
maxillofacial trauma, inhalation injury, or oropharyn-
geal debris. In the combat prehospital setting, successful
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airway management may be further complicated by en-
vironmental factors such as patients recumbent on the
ground (not elevated on gurneys) and medical providers
wearing body armor with equipment mounted on their
chest that prevents them from lying flat on the ground in
a position that suits DL ETI. Consequently, a VL capa-
bility in the military prehospital setting may be advanta-
geous to address difficult intubating conditions. Future
research evaluating military prehospital VL ETI should
replicate combat point-of-injury conditions and difficult
airway situations to compare VL and DL performance.

Published data for live patients intubated by paramed-
ics in the prehospital setting demonstrate differences
in favor of VL over DL.!21321.22 Jarvis, et al. retrospec-
tively evaluated 514 ambulance-based ETI attempts and
reported overall ETI success rates of 91.5% for VL and
64.9% for DL."* Additionally, they found first-pass suc-
cess rates differed between devices: 74.2% for VL and
43.8% for DL.!? Wayne, et al. also retrospectively com-
pared VL to DL for 615 ambulance-based ETI, but did
not find a difference in overall ETI success rates (97%
for VL, 95% for DL); however, they found differences
in the number of ETI attempts (1.2 for VL, 2.3 for DL)
and time for procedural completion (21 seconds for VL,
42 seconds for DL)."” Boehringer, et al. retrospectively
compared VL to DL among 790 aecromedical evacuation
patients that underwent ETI.?? They found differences
in favor of VL with respect to overall ETI success rates
(99% for VL, 95% for DL) and first-pass success rates
(94.9% for VL, 75.4% for DL).?* Guyette, et al. also ret-
rospectively compared VL to DL for 858 life-flight pa-
tients, but they did not find any difference in first-pass
success rates (85.6% for VL, 86.1% for DL).?! Levitan,
et al. compared VL to DL among paramedics learning
ETI in hospital operating rooms and found success rates
favored VL (88.1% for VL, 46.7% for DL).” Multiple re-
views of literature conclude that VL outperforms DL in
the hands of inexperienced paramedics or among expe-
rienced paramedics that infrequently perform ETI.*'2
Military medics infrequently perform ETI and airway
sustainment training prioritizes cricothyrotomy profi-
ciency. Consequently, military medics may benefit from
a VL capability.

We found that an overwhelming majority of medics pre-
ferred the iView VL over the traditional DL. Their sur-
vey responses indicated that they found the iView easy
to use, learn, and remember. Additionally, multiple med-
ics voiced their preference for the iView since it would
enable ETI at or near the point-of-injury when they are
wearing tactical equipment and the patient is recumbent
on the ground. Previous studies comparing VL to DL
that assessed end-user appraisals of devices also found
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that VL was preferred over DL, especially in difficult
airway scenarios.!>¥

Our study has several important limitations. First, we
did not simulate combat conditions that medics would
be expected to perform ETI within. We conducted study
activities in well-lit trauma bays, with manikins on
gurneys, and medics not wearing combat gear. Conse-
quently, our findings for both VL and DL ETI should
not be considered to be representative of expected
performance in an armed conflict setting. Second, we
utilized airway training manikins for all ETI attempts.
Simulation models do not fully replicate living human
tissue and physiology. Furthermore, our models pos-
sessed normal airway anatomy, and we did not institute
any measures to replicate difficult intubation conditions.
Consequently, we were not able to assess differences be-
tween VL and DL in difficult airway situations. Third,
we did not institute a significant washout period be-
tween crossover arms. There is no published data outlin-
ing optimal washout periods for ETI; we elected a mini-
mal washout period to optimize participation as we only
had access to the medics for a limited period. Therefore,
outcomes of the second intervention may have been
improved by virtue of iterations completed during the
first intervention attempted. We attempted to control for
this by randomizing the initial intervention performed.
Furthermore, we performed multiple statistical evalua-
tions of period, sequence, and iteration groupings which
validated the treatment effects observed. Lastly, study
population is limited to special operations medics at a
single US Army installation. Consequently, findings are
not generalizable to all military medics with previous
ETI training.

CONCLUSION

Special operations medics naive to VL rapidly learned
how to effectively utilize the iView VL, as evidenced
by a significant difference in time for ETI completion in
favor of the iView VL over traditional DL. Additionally,
most medics favored the iView VL over the traditional
DL and considered it easy to use, learn, and remember.
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ABSTRACT

Introduction: Military working dogs (MWD) deploy with diverse tasks. Given significant utilization in Central
Command (CENTCOM) for combat operations, the majority of MWD medical literature centers on combat
trauma from this theater. Other commands, to include Indo-Pacific Command (INDOPACOM) and Africa
Command (AFRICOM) utilize MWDs for low-intensity operations. To date, there is no analysis of medical
evacuations of MWDs from the INDOPACOM and AFRICOM theaters. We seek to analyze MWD medical
evacuations from these theaters utilizing the Transportation Command (TRANSCOM) Regulating and Com-
mand & Control Evacuation System (TRAC2ES).

Methods: We performed a retrospective review of all TRAC2ES medical records for MWD medical evacua-
tions from the INDOPACOM and AFRICOM theaters conducted between January 2008 and December 2018.
We abstracted free text data entry in TRAC2ES for diagnostic and therapeutic interventions performed prior
to movement requests.

Results: MWD evacuations constituted 0.2% (n=10) of 4,217 documented medical evacuations from INDOPA-
COM and 0.3% (n=3) of 962 individually documented medical evacuations from AFRICOM. Most were rou-
tine precedence (n=8). All MWDs were evacuated for disease and non-battle injury including bone (n=4) and
dental (n=2) fractures. Some had more than one provisional diagnosis and/or poly trauma. Analgesia was the
most common intervention prior to evacuation (n=4).

Conclusions: MWDs accounted for a small proportion of TRAC2ES evacuations in AFRICOM and INDOPA-
COM theaters from 2008-2018, most due to non-battle traumatic injuries. Future studies should consider more
focused MWD medical evaluations in these theaters to develop a broader understanding of medical treatment
trends.

Keywords: evacuation, transport, canine, trauma

INTRODUCTION expected combat trauma during the course of high-risk
duties like explosive detection or patrols, or otherwise
Background: Military working dogs (MWD) serve relates to austere climates exclusive to the CENTCOM
alongside service members as integral team members in  theater."¢ Other forward-deployed areas, to include
domestic and international force protection efforts. Uti- the Indo-Pacific Command (INDOPACOM) and Af-
lization of an estimated 2,600 MWDs throughout the rica Command (AFRICOM) theaters likewise employ
Central Command (CENTCOM) theater demonstrates MWDs but largely away from direct combat threats and
their operational importance, including reviews on with an absence of available data to guide planning.
medical evaluation and treatment of canine injuries."
However, previous military literature largely focuses on Modern study of MWD injuries and management
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centers on CENTCOM cases with trends varying be-
tween regions within the theater. A 12-year review of
92 MWD deaths during Operation Iraqi Freedom (OIF)
and Operation Enduring Freedom in CENTCOM found
two-thirds occurred from trauma, most from combat.’
Most MWD injuries in Iraq occurred secondary to trau-
ma, while those in Kuwait split between trauma, heat
stress, and gastrointestinal issues.® These limited find-
ings within CENTCOM may indicate that once removed
from a combat environment, disease and non-battle in-
jury (DNBI) mechanisms increase proportionally. De-
spite low incidence in the literature, the ongoing use of
MWDs throughout this environment with decreased ac-
cess to rapid veterinary care results in canine evaluation
and treatment at medical facilities intended for humans.
Subsequently, the Joint Trauma System (JTS) released
MWD clinical practice guidelines (CPG) in 2018, and
in 2019, the Canine Combat Casualty Care Committee
(CCCCC) formed as an affiliate of the Committee on
Tactical Combat Casualty Care (CoTCCC) and released
their own CPGs to increase human-based medical pro-
viders versatility to care for MWD.™® Largely citing the
CENTCOM theater, these CPGs focus on initial battle-
field care.

The geography, climate, and operational focus of the IN-
DOPACOM and AFRICOM areas is significantly differ-
ent and heterogenous from that of smaller homogenous
CENTCOM. INDOPACOM stretches across the entire
Pacific Ocean, at its largest approximately 12,000 miles
(19,300 kilometers). It contains seasonal shifts in freez-
ing temperatures of Northern Japan to year-long tropi-
cal humidity in Fiji, as well as varying environments of
China. Medical facilities are scattered, with larger hos-
pitals only in the Republic of Korea and Hawaii. Like-
wise, AFRICOM covers an area 3 times the size of the
continental United States with diverse climates ranging
from the arid Saharan Desert to dense Congolese rain
forests. Formally established in 2008, AFRICOM addi-
tionally lacks a mature medical logistical supply with a
single role 2 hospital.>'® Both areas therefore rely heav-
ily on host nation facilities for immediate specialty care,
or face prolonged basic care given extensive transport
times to US-based facilities.

The US Air Force, through their Transportation Com-
mand (TRANSCOM), oversees the medical evacuation
patient movements throughout military areas of opera-
tion as part of the military missions. The TRANSCOM
Regulating and Command & Control Evacuation Sys-
tem (TRAC2ES) provides the electronic platform of
medical coordination for all Department of Defense
(DoD) patients."" As an automated information system,
TRAC2ES assembles, assesses, and prioritizes patient
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movement requirements, assigns resources, and distrib-
utes data to relevant parties.”” Human and canine pa-
tients are included in this system.

Despite demographic differences between theaters, lim-
ited MWD literature remains focused on prehospital
combat trauma care in CENTCOM. There is no pub-
lished studies on MWD medical trends in other theater
commands, including medical evacuation to higher ech-
elons of care. Previous literature identifies knowledge
gaps in human medical evacuation in low-intensity con-
flict areas within INDOPACOM and AFRICOM, but no
similar studies in MWDs exist.’

Goals of this Investigation: We seek to analyze MWD
medical care transport demographics within the IN-
DOPACOM and AFRICOM areas.

METHODS

Data for this study was as part of a larger analysis on pa-
tient movements through the AFRICOM and INDOPA-
COM area of operations previously described. The
59th Medical Wing regulatory office reviewed protocol
FWH20180147N and determined it was exempt from
institutional review board oversight. We obtained only
de-identified data for analysis.

We extracted the data from TRAC2ES patient move-
ment reports and present it using descriptive methods
for this case series. Within the datasets from AFRI-
COM and INDOPACOM we use the following search
terms: dog, MWD, K9, and canine to identify cases for
analysis. Some data descriptors are designated by the
TRAC2ES system. In differentiating battle injury (BI)
and non- battle injury (NBI), we defined BI as an injury
sustained from hostile action or mission-oriented tasks
indicated by mechanism of injury, including gunshot
wounds (GSW), improvised explosive devices (IED),
mortars, rockets, other ordinance, or motor vehicle acci-
dents or collisions. Nonbattle injury (NBI) was defined
as any injury not defined under BI mechanisms. Dis-
ease was defined as any illness not defined by BI or NBI
mechanisms.

We performed all statistical analysis, and used descrip-
tive statistics, reporting categorical variables as num-
bers with percentages and ordinal variables as medians
with interquartile ranges.

REsuULTS

From 2008-2018, MWDs comprised 0.2% (n = 10) of
4,217 individually documented medical evacuations
from INDOPACOM and 0.3% (n = 3) of the 962 individ-
ually documented medical evacuations from AFRICOM
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(Table 1). Overall, the median age of Table 1. Baseline characteristics.
MWD evacuees was 5 years old, al-
though INDOPACOM MWD evac- Overall INDOPACOM | AFRICOM
uees were approximately 1 year old- 13) (10) 3)
er. Only 2 records contained breed Demographics
identification, specifying Belgian Age (mean, range) | 5 (3-9) 6 (3-9) 4(4)
Malinois for both. Most evacuations Male 69% (9) 70% (7) 67% (2)
had routine precedence (n = 8); how- Evacuation
ever, there were no routine evacua- Status
tions from the AFRICOM area of Routine 62% (8) 80% (8) 0% (0)
oper'atiogs'. All dpgs were transport- Priority 15% (2) 10% (1) 33% (1)
ed via military aircraft. Urgent 23% (3) 10% (1) 67% (2)
All MWDs were medically evacu- Transportation
ated for DNBI concerns (Table 2). Method
Most evacuations were for musculo- Military 100% (13) 100% (10) 100% (3)
skeletal diagnoses, either from non- Origin Country
battle physical injuries or chronic Japan 54% (7) 70% (7) 0% (0)
issues. These most frequently cen- Guam 23% (3) 30% (3) 0% (0)
tered on fracture of bone (n = 4) or Djibouti 15% (2) 0% (0) 67% (2)
dental (n = 2); some had more than Other AFRICOM | 8% (1) 0% (0) 33% (1)
one provisional fracture diagnosis. T
Prior to evacuation, the most com- Destination
monly documented intervention Country - 0 0
was analgesia (n = 4), followed by Japan 62% (8) 80% (8) 0% (0)
antibiotics (n = 2), whole blood (n = Other 15% (2) 20% (2) 0% (0)
1), and muscle relaxers (n = 1). INDOPACOM

Germany 23% (3) 0% (0) 100% (3)
DiscussioN *All data are presented as percentage (total number) unless otherwise specified.

We describe the first demographic

analysis of MWD medical evacu-

ations within the TRAC2ES data-

base for the INDOPACOM and AFRICOM theaters. All
evacuations within this dataset were for DNBI concerns,
most due to non-battle injury pertaining to fractures. It
is important to note that we analyzed encounters docu-
mented in the TRAC2ES database only, and therefore
cannot evaluate MWDs medical care without evacu-
ation, either from local military treatment facilities or
host nation care, or those who may have been evacuated
outside of TRAC2ES (e.g. casualty evacuation via non-
regulated movement). Although limited comparison
can be made with prior analysis CENTCOM operations
given a larger focus on mortality etiologies, our findings
nevertheless reflect a strong disparity in trends given the
absence of combat-related injuries in INDOPACOM or
AFRICOM requiring evacuation.

While CENTCOM-based literature estimates up to
2,600 MWDs deployed to OIF and OEF from 2001-
2014, there are no similar established personnel strength
estimates for the INDOPACOM and AFRICOM the-
aters, including a notable gap in medical descriptions.'
This uneven focus on combat theaters may produce a
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battlefield trauma-centered approach to MWD care with
the JTS and CCCCC CPGs. In contrast, the predomi-
nant medical concern necessitating evacuation in the
INDOPACOM and AFRICOM theaters was non-battle
injury in nature. The overlap of care for musculoskeletal
trauma with battle and non-battle injuries allows refer-
ence to these CPGs in some respects; however, utiliza-
tion remains unclear. In this aspect, while JTS CPGs for
analgesia MWDs stress the use of opioid medications
(morphine, fentanyl, hydromorphone), these were absent
in all cases of evacuation in our dataset” Conversely,
JTS strongly advises against the use of NSAIDs, used
in 1 case of bone fracture, and supports the use of ket-
amine for sedation only, whereas a laceration case notes
the use of ketamine specifically for pain in our analysis.’
These disparities may reflect asymmetrical priorities of
prehospital care between theaters.

Prior study identifies issues of scattered veterinary spe-
cialty care throughout theater commands, necessitating
the use of forward surgical teams to modify practice and
treat canine patients.
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Table 2. Reason for transport and documented diagnostic and
therapeutic interventions
Variable % (n)*
Chief Complaint
Battle Injury 0% (0)
Non-Battle Injury** 53% (7)
Extremity fracture 28% (2)
Dental fracture 28% (2)
Ligament rupture 28% (2)
Other fracture 28% (2)
Laceration 14% (1)
Disease 47% (6)
Gastrointestinal 8% (1)
ENT 8% (1)
Respiratory 8% (1)
Chronic MSK 15% (2)
Coagulopathy 8% (1)
Diagnostics
Any radiograph 23% (3)
Extremity radiograph 8% (1)
Chest radiograph 8% (1)
CT scan 8% (1)
Interventions
Antibiotics 15% (2)
NSAID 8% (1)
Tramadol 8% (1)
Ketamine 8% (1)
Diazepam 8% (1)
Whole blood 8% (1)
*All data are presented as percentage (total number) unless otherwise specified.
**Some patients had multiple injuries from a single event; numbers presented are
not exclusive.

These include DNBI concerns as well, primarily gastro-
intestinal surgical concerns of volvulus."*'* Veterinary
facilities are located in INDOPACOM areas with large
established military bases (Republic of Korea, Japan,
Hawaii), but smaller outlying facilities may not have
surgical capabilities, necessitating medical evacuation.
This is evident with 60% of INDOPACOM evacuations
transporting MWDs between sites in Japan. Further-
more, given the immense territory and wide range of op-
erational tasks within the AFRICOM theater, the evacu-
ation of all MWDs to Landstuhl Regional Medical Cen-
ter in Germany for advanced care indicates a possible
need for increased intratheater veterinary capabilities.
Otherwise, these evacuations highlight the need for in-
creased canine healthcare training for human healthcare
personnel, given the low likelihood that a veterinarian
will be available at sites of initial care.

Of note, given the origin of the data coming from
TRAC2ES we can only highlight the cases that required
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transport via this regulated patient movement system.

Thus, we are unable to describe any cases that died
before transport or those that were moved via non-
regulated movement such as local casualty evacua-
tion via non-standard means. Our number therefore
likely underrepresents the actual number of dogs
that were injured and either died prehospital or were
treated locally. Moreover, our study is limited due
to TRAC2ES data entry methods. As noted in prior
literature, data entry is largely performed by non-
medical personnel for the purpose of supporting pa-
tient movements, which creates potential sources of
error including incomplete records.® The database
does not exist for the purposes of performance im-
provement. This is furthered by the free form entry
of patient history and treatment within the system,
establishing uneven details of care with varying
granularity. Our study supports the need to develop
a more robust performance improvement system for
MWDs. Patient movements in TRAC2ES are for
live transport only, and thus if any MWDs died be-
fore transport, they were not captured in this data-
base. Our volume was relatively low, and as such our
study carries with it the usual limitations associated
with a case series.

Our analysis establishes the first review of all IN-
DOPACOM and AFRICOM MW Ds medically evac-
uated utilizing TRAC2ES. Like previous literature
on human medical evacuations from INDOPACOM
and AFRICOM, the focus on DNBI in these popula-
tions highlights the unique nature of these theaters
compared to CENTCOM. Identified limitations in
data capture demonstrate a need for enhanced col-
lection systems in INDOPACOM and AFRICOM.

CONCLUSION

MWDs accounted for a small proportion of TRAC2ES
evacuations in AFRICOM and INDOPACOM theaters
from 2008-2018, most due to non-battle traumatic inju-
ries. Future studies should consider more focused MWD
medical evaluations in these theaters to develop a broad-
er understanding of medical treatment trends.
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ABSTRACT

Background: Rapid and accurate pulse interpretation is critical to algorithmic treatment in cardiac arrest. Point
of care ultrasound (POCUS) is increasingly used in emergency medicine (EM), including EM physician resi-
dents and EM physician assistant (EMPA) residents. Scant literature assesses accuracy and duration of POCUS
pulse assessment by this group during cardiac resuscitation given recommendations for minimal pauses in
chest compressions. Evaluation is needed for accuracy and duration of pulse interpretation in EM trainees
utilizing POCUS.

Methods: We conducted a double-blind observational study of EM clinician trainee POCUS assessment of
pulses using porcine models. Volunteers were blinded to the cardiac status of 5 porcine models randomized as
deceased or living and performed femoral artery evaluation using color power Doppler POCUS. The primary
outcome was accuracy of pulse assessment. Secondary outcomes included time to verbalization and differ-
ences based on reported duration of EM training, experience with ultrasound, and cardiac arrest resuscitation
experience.

Results: 17 EM and EMPA trainees completed 85 total POCUS pulse assessments with 98.82% accuracy (n=84).
Mean verbalization time was 6.95 seconds, and most verbalized interpretations were within 10-seconds (82.4%,
n=70). This was grossly consistent between living and deceased models. Subgroup analysis found no signifi-
cant differences of accuracy or verbalization time based on reported demographics.

Conclusion: EM clinician trainees demonstrate a high degree of accuracy and low average time for verbalized
interpretation of femoral artery pulse assessment, most within recommended time guidelines. Further study is
needed to correlate these findings in human patients.

Keywords: trauma, military, cardiac arrest, performance, resuscitation

INTRODUCTION

Effective care in cardiac arrest necessitates “minimally
interrupted chest compressions” during cardiopulmo-
nary resuscitation (CPR) to maintain active peripheral
blood flow and minimize the chance of neurological in-
jury.'? While timely and accurate pulse interpretation is
critical during periods of reassessment, manual palpation
is prone to inaccuracy and inappropriate treatment.*¢
Emergency medicine (EM) trainees, including physician
residents and EM physician assistant (EMPA) residents,
continue to recognize the value of point of care ultra-
sound (POCUS), which can provide direct anatomical
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visualization to identify potentially reversible causes of
cardiac arrest.”® Given the lack of palpation accuracy for
pulse assessment, POCUS is being increasingly utilized
in EM to direct cardiac arrest resuscitation.”!’

The use of POCUS offers direct visualization of intravas-
cular flow and therefore has potential to improve pulse
assessment accuracy over palpation. However, recent
studies caution excessive pauses in compression con-
tinue when POCUS is employed in lieu of palpation.'82°
These studies did not include the use of blinded par-
ticipants or investigating teams, which may confound
final analysis. To date, no published research exists
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describing the use of POCUS evalua-
tion for pulse assessment with model
randomization and blinded participants.
We sought to conduct a double-blind
observational study to assesses the
accuracy and speed of femoral artery
pulse interpretation by EM trainees us-
ing POCUS in live tissue models.

METHODS

The Brooke Army Medical Center
(BAMC) institutional review board
(IRB) reviewed and approved protocol
C.2019.005.¢, which was then reviewed
and approved by the local International
Animal Care and Use Committee (IA-
CUC). All aspects of this study were
conducted at Joint Base San Antonio-
Lackland Air Force Base, TX. Volunteers consisted of
EM physician residents and EMPA residents. For con-
venience, study participation occurred during routine
procedural skills training. At time of enrollment, all
volunteers completed a pre-study demographic ques-
tionnaire including ultrasound and cardiac resuscitation
experience.

At least two investigation team members independently
confirmed femoral artery and vein presence at the left
inguinal crease during general anesthesia induction of
5 porcine models and marked the surrounding 5x10cm
area with sterile drapes (Figure 1). All models were
marked identically. Lab personnel then selected three
porcine models for the deceased group, discontinuing
life support measures and ensuring termination of cardi-
ac function according to local IACUC protocols, while
maintaining support and cardiac function with general
anesthesia in the remaining two models. All cardiac
monitors and life support devices were silenced and oth-
erwise obscured from volunteers and the investigation
team. All volunteers proceeded in sequential fashion be-
tween porcine models using identical ultrasound mod-
els with a linear probe

Figure 1. Marking of the left in-
guinal crease.

skin contact with the ultrasound probe
to verbalization of pulse status. Volun-
teers were isolated in their iterations to
minimize interference.

The primary outcome was accuracy of
femoral pulse interpretation. Secondary
outcomes included time to verbaliza-
tion and comparison of accuracy and
verbalization times between groups
based on reported demographics. Giv-
en the stated goal of no more than 10
seconds for interruption of chest com-
pressions per cardiac resuscitation
recommendations, this was recorded
categorically as ‘less than 10 seconds’
or ‘more than 10 seconds’, as well as a
continuous variable.

We performed all statistical analysis using embedded
calculation functions of a common commercial comput-
er-based spreadsheet, and a common medical research
data analysis application. We reported descriptive sta-
tistics to include numbers and percentages for nominal
variables.

REsuULTS

A total of 17 EM physician and EMPA residents were
enrolled over three lab iterations in a 3-month period.
Volunteers reported an average of 10.8 months of EM
experience (range=1-15 months), while reported ultra-
sound and cardiac arrest resuscitation experience varied
(Table 1). All volunteers completed POCUS evaluation
of 5 porcine models for arterial pulse interpretation.

Participants correctly interpreted 98.8% (n=84) of eval-
uations (Table 2). Despite a wide range, the average time
of interpretation of 6.95 seconds was consistent between
living and deceased models, as was the absolute num-
ber of interpretations less than 10 seconds. Subgroup
analysis demonstrated no significant difference in time

to determine femoral

set at S5cm depth in color
power Doppler mode
and were directed not
to adjust settings on the
device (Figure 2). Once
determined, volunteers
verbally stated presence
or absence of an arterial
pulse to the investigation
team member. Elapsed
time was recorded as the

number of seconds from Standard Ultrasound

Figure 2. Femoral vessel ultrasound (L to R) without color, color Doppler,
and color power Doppler.

Color Doppler

pulse activity based
on volunteers’ report-
ed time in residency,
POCUS experience,
or cardiac resuscita-
tion experience.

DisScuUSsSION

Our novel study of
POCUS femoral
pulse assessment
demonstrates a high

Color Power Doppler
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percentage of _accu- Table 1. Volunteer reported demographics. resuscitation team. Still,
rate interpretation by these improvements
EM trainees largely EM Trainee Months in EM POCUS Experience | Cardiac Resuscitation failed to acheive the
within current AHA P(l‘]‘y:ig;n Lraining VT Experience AHA goal of 10 seconds
time recommenda- (n=8) a1-15) 0% (n=0) 25% (n=2) or less.® Despite their
tions for effective ‘5“53/““(‘;‘2%4‘: rsor *(n“:)z) focused efforts, they re-
cardiac resuscita- Extensive > 10 ported post-intervention
; : 50% (n=4) 25% (n=4) :
tion. These findings ENPA o3 [T oo compression pause
also demonstrate no =9 (1-15) 44% (0 = 4) 55% (n=5) lengths of 16 seconds
: : : Intermediate 6-10
significant difference 2% (=) % @=1) when ultrasound was
based upon reported Extensive >10 used and 11 seconds
. 0, = 0, =
EM residency dura- e - L e=d) 4% (0=3) when not used.
. POCUS or all numbers reported as percentage (total number)
ion or

cardiac resuscitation
experience.

Proper pulse assessment during cardiac resuscitation
efforts is vital to algorithmic treatments, and previous
studies performed on human subjects reveal abysmally
low accuracy of palpated pulse interpretation.*>222 The
98% accuracy of femoral pulse assessment with ultra-
sound is well above the reported manual palpation ac-
curacies of 78% by Tibballs and Russell* and 83.8% by
Moule et al.”?> Minimizing duration and frequency of
pauses in chest compressions to assess for pulse is like-
wise critical to maintain organ perfusion and improving
outcomes, yet recent studies suggest difficulty in meet-
ing these goals with and without ultrasound use.?** De-
spite the anticipated and reported benefits of ultrasound
use in cardiac arrest resuscitations, prior literature finds
an association between prolonged compression pauses
and POCUS in human cardiac arrest resuscitations.'s

Difficulty in pulse identification during CPR efforts using
traditional palpation methods encourages novel methods
to determine cardiac activity. This includes transthorac-
ic echocardiography (TTE) and transesophageal echo-
cardiography. However, both of these methods could
require a excessive disruption of chest compressions, ei-
ther through hands off time to acquire a sonographic im-
age on the chest with TTE, or esophageal introduction of
a TEE probe which could interfere with aspects of ven-
tilation with bag valve mask equipment. In their 2016
studies Huis in’t Veld et al.

While evaluation of the
femoral artery is not as
comprehensive as TTE, in conjunction with cardiac
monitor equipment, it does answer the clinical question
of pulse activity sought by AHA guidelines. Further-
more, the employment of color power Doppler could
improve in assessment during low-flow states (i.e. peri-
arrest). Despite this simple substitution, scant literature
describes accurate pulse evaluation using POCUS in
cardiac arrest. Previously, Zengin et al. compared pulse
evaluation accuracy and time to interpretation using
POCUS, but was limited in that the three volunteers
were not blinded to the patient status.’® Our increased
sample population, randomization of actual cardiac sta-
tus, and blinding of both participants and investigating
team members demonstrates further support for PO-
CUS employment during cardiac resuscitation pulse
assessments.

LIMITATIONS

This study was limited in several ways, primarily with
the use of a non-cardiac arrest porcine model in place
of a human patient. Although done deliberately to limit
cofounders, the lack of other personnel and additional
stressors often found in a cardiac arrest scenario fur-
ther limit broader application of results. Areas for as-
sessment were deliberately marked by the investigation
team, which limited volunteers need to search for vas-
culature. Despite similarities, porcine vasculature may
have subtle differences
in depth and appearance

18,19

apd Clattenburg ej[ al. _ Table 2. Femoral pulse accuracy and verbalization times. both between models and
did not attempt to identify with that of humans. The
the caus§ of pI‘OlOl‘lngd Model Verbalization Verbalization Verbalization decision to limit volun-
compression pauses with Accuracy Time (sec)** Time < 10 sec teers’ ability to adjust
ultrasound use. However, Living 97% 6.91 80.5% (n=27) settines on the ultra-

Clattenburg et al.’s 2018 (n =34) (n=33) (2.00-21.32) ; i
g ct al. Deceased 100% 6.99 84.4% (n=43) sound machines could
study found improved (n=>51) (n=51) (1.91-33.59) remove other confound-
compression pause times Overall 98.8% 6.95 82.4% (n = 70) ers of user error when us-

: : _ (n=85) (n=84) . .

after 1mp1‘ementlng sev *all numbers reported as percentage (total number) unless otherwise specified lng POCUS Flnall}’, all
eral technlques by the **numbers reported as mean (range) Volunteer demographic
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information was self-reported, which could be masked

FEMORAL PULSE ULTRASOUND ACCURACY

by reporting bias.

CONCLUSION

Our randomized double-blinded observational study
demonstrates a high degree of accuracy in femoral
pulse assessment by EM trainees, largely within time
recommendations for cardiac arrest assessment. These
findings support the use of POCUS in cardiac arrest
evaluation, in coordination with further research. Fu-
ture studies should seek to validate our findings using
larger populations and human cardiac arrest patients
to assess for accuracy and actual length in the pause of

chest compressions.
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Army Emergency Medicine:
Advancing the Vison for Army Medicine
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ABSTRACT

The US Army Medical Department (AMEDD) is facing unprecedented changes brought on by legislative direc-
tives and a renewed emphasis on operational readiness. This article explores the impact of the Medical Corps
(MC) survey results, media attention on military trauma readiness, and congressional mandates on military
medicine. It highlights the work of emergency medicine (EM) physicians across the Army and the impact
of the EM community on helping shape the future of Army medicine. Emergency Physicians at the Medical
Center of Excellence are leveraging medical simulation to reduce a reliance on real-life experience, leading
the development of new and increased opportunity for simulated operational medical training in order to meet
the demands of deploying units. EM leadership at the Program Executive Officer for Simulation, Training &
Instrumentation (PEO STRI) is helping ensure medical simulation capabilities developed meet the needs of the
medical end user. The AMEDD Military-Civilian Trauma Team Training (AMCT3) partnerships developed
as a line of effort under the Army Medical Skills Sustainment Program (AMSSP) are developing partnership
to place military trauma teams in Level 1 civilian trauma centers to optimize real-world training. And EM
physicians are serving as key leaders in the Army Ready Surgical Force Task Force tackling issues like central
management of critical wartime specialties and legislative changes to lift caps on military physician bonuses to

improve salary parity with the civilian sector.

“One of the most important words on the battlefield
when a Soldier is injured is medic. And when that
word is screamed out, the warfighters are counting
on Army Medicine to be able to respond.”

— Lt. General R. Scott Dingle, The Army Surgeon General

The 2020 Army Medicine Strategy lays out the mission
of the Army Health System which is to “provide ready
and sustained health services support and force health
protection in support of the Total Force to enable readi-
ness and to conserve the fighting strength while caring
for our People and their Families.” While this mission
still harkens to the proud legacy of military medicine,
the environment within which we operate today as Army
physicians is facing unprecedented changes brought
on by congressional mandates and a renewed empha-
sis on operational readiness. In order to meet these
changes, The Surgeon General’s (TSG) vision of the
Army Medical Department (AMEDD) is a department
that is “Ready, Reformed, Reorganized, Responsive and
Relevant.”! AMEDD senior leaders are also facing chal-
lenges within the ranks and must address physician re-
tention, skill sustainment, and civilian sector pay parity
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as evidenced by the latest Medical Corps (MC) survey
results and current media attention challenging the mili-
tary’s trauma readiness. This article will review how
current events are impacting Army physicians and spe-
cifically how Emergency Medicine, as a specialty and as
a community, is helping to shape the future.

In 2018, the US Army Medical Center of Excellence
(MEDCOoE), formerly the US Army Medical Depart-
ment Center and School, developed the “Army Medi-
cal Corps Engagement/Satisfaction Survey,” ? in order
to better assess the impact of ongoing changes effecting
Medical Corps (MC) physicians and to understand the
influencers driving physician retention. Approximately
2,000 MC officers (47% of the population) completed
an anonymous on-line survey, which was used to de-
velop a picture of the current state of job satisfaction,
readiness, administrative support, and the likelihood to
stay on active duty. Results of the survey showed that
while most had a positive attitude toward serving the
country as a MC officer/physician, a majority expressed
dissatisfaction with the ability to stay current in one’s
specialty, the level of administrative support, and the
lack of recognition from their unit of assignment in the

https://medcoe.army.mil/the-medical-journal
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form of awards. The survey also produced data in areas
concerning the likelihood of continuing service beyond
one’s active duty service obligation (ADSO), job satis-
faction, perceived opportunities for career growth, and
the ability to meet personal career goals. Of 371 cur-
rent EM physicians on active duty, 146 participated in
the survey (33%), representing 7% of the total respon-
dents. When the results of the survey were evaluated
by the EM cohort only, it revealed that 80% of EM MC
captains were unlikely to stay on active duty past their
ADSO or expiration of current retention bonus; a re-
sponse also echoed by 69% of the EM majors, 61% of
lieutenant colonels and 63% colonels, which was con-
sistent with the MC respondents as a whole. The survey
went on to find that career satisfaction was correlated
with increasing rank, with 64% of EM MC captains,
58% of majors, 78% of lieutenant colonels, and 76% of
colonels responding that they were satisfied or neutral
with their career; results also align with the total cohort.
Other issues addressed in the survey included the nega-
tive impact of unknowns surrounding the implementa-
tion of the National Defense Authorization Act (NDAA)
of 2017 and concerns about achieving comparable phy-
sician compensation with the civilian sector. MC offi-
cers indicated that their decision to stay on active duty
past their ADSO would be most influenced by changes
that made salaries more competitive and minimized the
potential for skill degradation, both of which caught the
attention of the senior AMEDD leadership.

In response to the MC Survey and in alignment with
the TSG’s vision, Major General Telita Crosland, the
Deputy Surgeon General and Medical Corps Chief, es-
tablished the MC vision,

“Clinically and operationally proficient Medical Corps
Officers who role model leadership, embody profes-
sional excellence as soldiers, clinicians, scientists,
and scholars; and prosper personally and within their
relationships/family.”

The MC survey results also helped develop the MC pri-
orities which include provider readiness, recruiting and
retaining talent, developing leaders and enhanced com-
munication. Within the EM community, physicians are
heavily involved in activities that support the MC vi-
sion/priorities and are operationalizing them across the
Army. Readiness, for a MC physician, means skill sus-
tainment, a topic that came across in the MC survey as a
serious concern. Individual Critical Task Lists (ICTLs)
have been developed over the last few years as an at-
tempt to quantify wartime skill sets by specialty in or-
der to establish clinical competencies and measures to
drive training. However, they have yet to achieve wide-
spread implementation, and until commanders are held

April — June 2021

accountable for meeting these requirements, they may
not be universally met. In the EM Community, 50% of
physicians not in training (residents, fellows, etc.) are
assigned to operational billets and approximately 25%
of those physicians are designated as modification table
of organization and equipment (MTOE) assigned per-
sonnel (MAP) with duty at a medical treatment facility
(MTF). Additionally, a total of 33% of non-trainees are
assigned to MTFs. Since Brooke Army Medical Center
(BAMC) is the only military Level 1 trauma center in
the US,’ reliance solely on MTF based care is unlikely
to provide enough trauma exposure for EM physicians
and other physicians to meet their required ICTLs. Thus,
medical simulation training and military-civilian part-
nerships targeting wartime skills is required.

Emergency physicians at the MEDCoE are leading
the development of new and increased opportunity for
simulated operational medical training in order to meet
the demands of deploying units. EM Physician Rob
Hennessy serves as director of a newly established di-
rectorate within the MEDCOoE called the Directorate
of Simulation (DoS). The DoS is leveraging medical
simulation which has always served as a cornerstone for
physician operational training as real-life opportunities
are limited and often do not replicate the combat envi-
ronment. This training enables all physicians, not just
EM physicians, to have exposure to combat-like injuries,
in a combat-like environment utilizing combat medical
equipment and operational Clinical Practice Guidelines.
The DoS concept is to leverage medical simulation for
ICTL training requirements that are not regularly ob-
tained through patient encounters and to be able to per-
form these critical skills individually or as a team in an
operational environment. The DoS is currently putting
this concept into action by aiding in the development of
a reconfigurable Forward Resuscitative Surgical Teams
(FRST) mobile medical simulation training platform
that will allow for operational medical training at the
point of need. The Department of Operational Medicine
(DoM), also within the MEDCOoE, led by EM physicians,
Director Kathleen Samsey, and Chief of the Combat
Medic Division, LTC Nadia Pearson, is charged with
developing a holistic training strategy for Army pre-
hospital and field hospital multi-disciplinary health care
team members who will deploy to a Role I-111. The DoM
must also put strategy into action on a daily basis by
providing professional expertise and quality instruction
at all levels of care for military providers from Army
Medical Command (MEDCOM), US Army Training
and Doctrine Command (TRADOC), US Army Forces
Command (FORSCOM), US Army Special Operations
Command (USASOC), the National Guard Bureau, US
Army Reserve Command, the Joint Trauma System’
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our sister services, and civilian Emergency Medical
Services (EMS). DoM has also recently partnered with
BAMC’s Strategic Trauma Readiness Center (STaRC)
to establish enhanced surgical team training support
through scenario based field exercise for deploying For-
ward Resuscitative Surgical Teams (FRSTs).

High quality medical simulation is key to ensure medi-
cal personnel are ready to provide excellent patient care
in the hospital and casualty care on the battlefield. LTC
Ben Baker, an emergency physician, serves as Clinical
Advisor to The Program Executive Officer for Simula-
tion, Training & Instrumentation (PEO STRI), whose
mission is to develop, acquire, provide and sustain simu-
lation, training, testing and modeling solutions to op-
timize Warfighter Readiness. He provides subject mat-
ter expertise and medical advocacy across PEO STRI's
approximately $2.8B portfolio which spans the entire
Army training and testing environment. LTC Baker’s in-
put ensures that the medical simulation capabilities de-
veloped meet the needs of the medical end user. Recent-
ly, he worked with the Soldier Lethality and Synthetic
Training Environment Cross Functional Teams (CFT)
on the representation and significance of wounds for the
Integrated Visual Augmentation System (IVAS). IVAS
is a Heads-Up Display that uses augmented reality to
increase lethality, mobility, and situational awareness in
combat and will enable soldiers to train in synthetic en-
vironments. In his role as Clinical Advisor, LTC Baker
meets with Army organizations, members of Congress,
international allies, industry partners, and academia to
promote the enhancement and incorporation of medical
simulation to save lives.

Military-civilian partnerships have long been recog-
nized as another potential solution to increase exposure
to wartime skills for trauma related specialties. Section
708, Joint Trauma Education and Training Directorate,
NDAA 17 called for the Secretary of Defense to “enter
into partnerships with civilian academic medical cen-
ters and large metropolitan teaching hospitals that have
Level 1 civilian trauma centers in order to provide inte-
grated combat trauma teams, including forward surgi-
cal teams, with maximum exposure to a high volume
of patients with critical injuries.” The Army Medical
Skills Sustainment Program (AMSSP) was established
to meet the intent of the NDAA2017, Section 708, uti-
lizing this congressional mandate and the real need for
more trauma exposure for its physicians to develop two
primary lines of effort (LOE), the AMEDD Military-
Civilian Trauma Team Training (AMCT3) and the Stra-
tegic Medical Asset Readiness Training (SMART) LOE.
Chartered in 2017, the AMCT3 LOE has been working
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with civilian institutions to develop partnerships with
MEDCOM, Human Resources Command (HRC) and
FORSCOM to integrate training spots into the Army’s
manning construct. In 2018, two EM positions were em-
bedded in trauma centers at Cooper University in Cam-
den, NJ, and at Oregon Health and Science University
in Portland, OR. Since then, five more partnership site
agreements have been signed at the Medical College of
Wisconsin, Vanderbilt University Medical Center, Har-
borview Medical Center, the University of North Caro-
lina, and the University of Chicago. The program is de-
veloping in a phased approach with the goal of aligning
positions against the authorizations within the FRST to
provide for a team based training platform for units slat-
ed to deploy on a regular basis. In its early phases, the
concept is to embed a portion of the FRST including the
emergency physician, surgeons, medical and intensive
care unit (ICU) section within the partner location for
up to 3 years as a permanent duty station, while retain-
ing their full-time active duty service affiliation. As the
phases ramp up, rotators from the FRST and other units
would join or replace other team members with the ex-
perienced team members serving as cadre to continue to
shape the training. The individuals selected to fill these
important positions will be chosen through a collabora-
tion between the Unit, the AMCT3 program, the consul-
tant and the civilian institution, and will target mid-ca-
reer physicians with experience beyond residency, and
the career longevity to continue their contributions and
leadership into the future for Army medicine.

In order to continue to develop solutions to issues like
skill sustainment for surgical teams and also partly in
response to media attention on trauma readiness,” The
Surgeon General chartered the Army Ready Surgi-
cal Force Task Force or “Surgical Tiger Team,” which
includes MC, surgical and EM leadership. So far, this
group has addressed a laundry list of issues facing war-
time specialties including skill sustainment, optimal
surgical team composition and is also moving toward
successful re-establishment of centralized management
of surgical areas of concentration (AOC), whereby the
61 series professionals are managed for deployments
as a single group. While surgical specialties face some
different constraints than the EM community, there are
many overlapping issues including the need for skill
sustainment, equitable balance of deployment oppor-
tunities, and centrally managed dwell times. Currently,
MAP assigned personnel and organic FORSCOM as-
signed soldiers are expected to deploy for the full dura-
tion of the unit’s time in theater, and mid-tour swaps
occur only through an exception to policy. Centrally
managed specialties in the proposed construct will be
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projected for a mid-tour split with personnel identified
ahead of time based on dwell time and not on unit of
assignment. With skill sustainment at the center of the
argument, EM physicians follow the same logic, but the
lengthy time for exception to policy approval leads to
last minute deployment substitution, and the stove piped
management between FORSCOM and MEDCOM adds
a layer of complexity that only central management can
solve. Senior leaders have offered assurances that as the
surgical series stands up central management, the op-
tions will be soon evaluated for other specialties with
EM considered in the next group. It is clearly an issue
that needs continued focus.

Last but certainly not the least in importance, the lack of
salary parity with civilian counterparts came across as
another clear concern in the MC survey and is a targeted
issue nested under the MC priority to recruit and retain
officers. Section 335(e)(1)(C) of Title 37, United States
Code 8 caps the health professions retention bonuses for
military health professionals at $75,000. In order to alle-
viate this cap, the Army leadership has submitted a leg-
islative proposal for fiscal year (FY) 22 to increase the
current statutory bonus rate cap to $200,000. The pro-
posal is currently in the DoD review stage, and if recom-
mended for approval by Office of Secretary of Defense,
will go to Congress for consideration in Spring 2021.
While legislative proposals can take up to 3-5 years to
become law, and while the recipients of a changed bo-
nus rate have not been worked out yet, the development
holds promise, especially for critical wartime specialties
like emergency medicine.

Army medicine has a proud legacy that will endure
through the transition of the military health system, as
it has through other periods of change in its 237 years of
existence. Emergency medicine serves a vital role from
the front lines of care on the battlefield to our military
treatment facilities, from delivering primary care to
soldiers as Level 1 providers to commanding FRSTs or
MTFs and as general officers shaping the Army of the
future.
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ABSTRACT

Background: Blood products are often a life-saving intervention for both traumatic and medical indications.
The United States Indo-Pacific Command (INDOPACOM) is the largest Geographic Combat Command (GCC).
Procurement of blood products that meet the US military healthcare standards throughout this region is chal-
lenging. Yet, the frequency to which this life-saving intervention is administered remains unclear. We seek to
describe blood product administration throughout INDOPACOM.

Methods: This is a secondary analysis of a previously described dataset from the US Transportation Command
(TRANSCOM) Regulating Command & Control and Evacuation System (TRAC2ES) from 2008 to 2018.

Results: Between 2008 and 2018, there were 4,217 cases in TRAC2ES originating within INDOPACOM, of
which 173 (4%) cases involved blood product transfusion. The largest percentage for patients receiving a blood
transfusion was 19-29 years old (29%), followed by patients under a year (21%). Most (66%) of the patients clas-
sified as male. Almost half of the patients (49%) were dependents of members of service in parallel with the
young patient ages. Anemia (23%) and trauma (20%) , mostly non-combat related, were the largest proportions
of indications. The common blood product used was packed red cells (72%) followed by fresh frozen plasma
(16%).

Conclusions: Blood products were administered to nearly 1 out of every 25 patients transported within IN-
DOPACOM, which highlights the need for reliable methods for obtaining and maintaining blood products.
Given INDOPACOM’s vast area of responsibility and possibility for a peer-to-peer war, finding optimal meth-
ods to transport and store blood and blood products is imperative.

Keywords: blood, pacific, military, transport, plasma, platelets, INDOPACOM, blood transfusion

BACKGROUND of medical interventions are used which are unique and

. ) specific to the injury or condition.
The United States Indo-Pacific Command (INDOPA-

COM) is the largest of the six Geographic Combatant
Commands (GCC) under the Department of Defense
(DoD). It spans 36 countries in the Asia-Pacific region
with more than 50% of the world’s surface within this
region.! The medical system, including fixed facilities
and Naval vessels, within INDOPACOM spans this en-
tire area and actively serve military combat soldiers, de-
pendents of military combatants, retirees, government
civilians, and contractors spanning ages from birth to
geriatric populations. Due to the diverse patient popu-
lation and non-combat injury etiologies, a wide variety

66

The Armed Services Blood Program (ASBP) provides
blood products worldwide.? The ASBP low titer group
O whole blood (LTOWB) program is touted as optimal
due to the superior hemostatic potential, oxygen-carry-
ing capability, and ease of use.>* Currently, the ability to
obtain LTOWB in INDOPACOM is tenuous. Providers,
nurses, and medics in the INDOPACOM area of respon-
sibility (AOR) may have experience using fresh whole
blood, but until the 2017-2018 timeframe LTOWB was
hard to obtain and/or store due to the regional regulations
and constraints.’ In the continental US, administration

https://medcoe.army.mil/the-medical-journal



THE MEDICAL JOURNAL

of packed red blood cells (PRBC) or fresh frozen plasma
(FFP) are used frequently due to the ease of obtaining
and storing. These components are also frequently used
in INDOPACOM.

Data and information about the ease of blood prod-
ucts transfused into military personnel, retirees, and
other government personnel in the INDOPACOM are
scarce. Previously published studies have highlighted
the challenges to maintain an optimal medical logisti-
cal capability.®’ It remains difficult to verify how often
and what types of blood products are transfused within
INDOPACOM.

Goal of this Investigation: We are seeking to describe
blood product administration throughout the INDOPA-
COM theater of operations within the US Transporta-
tion Command (TRANSCOM) Regulating Command

& Control and Evacuation System (TRAC2ES) data
repository.

METHODS

Ethics: The US Air Force 59th Medical Wing regula-
tory office reviewed protocol FWH20180147E and de-
termined it was exempt from institutional review board
oversight. We obtained only de-identified data.

Subjects and Setting: We conducted a retrospective re-
view of prospectively entered transit records of patient
care into TRAC2ES in the INDOPACOM theater of
operations from January 1, 2008 to December 31, 2018.
We included all military and civilian patients that were
tracked for transport by TRAC2ES during this time-
frame. We sought all available evacuation data on the
initial search to create the dataset. In this sub-analysis

of the overall dataset, we searched for the

Table 1. Description of patients receiving blood products.

free text entries for the following terms: “rbe,”
“ffp,” “blood,” “transfusion,” “plasma,” and

“platelets.”

Database Description: Data was collected

using TRAC2ES, an electronic platform that

coordinates regulated medical transport of

all (DoD) patients worldwide. Data entered

in TRAC2ES includes patient demograph-

ics, primary diagnosis, origin, destination,

and evacuation priority level. There is also

the ability to enter a patient's history through

a free text entry which can be used to pro-

vide relevant information about the patient’s

clinical course. Data were extracted from

these free text entries which are previously

described.®

Data Analysis: We performed all statistical

analyses and used descriptive statistics, re-

porting categorical variables as numbers

with percentages and ordinal variables as

medians with interquartile ranges.

RESULTS

Between 2008 and 2018, there were 4,217

cases recorded in TRAC2ES originating

within INDOPACOM, of which 173 cases

(4%) involved blood product administra-

tion. The largest percentage for patients re-

ceiving a blood transfusion was 19-29 years

old (29%), followed by patients under a year

(21%) (Table 1). Most (66%) of the patients

were male. Almost half of the patients (49%)

Description Number Percentage
Age (years) <1 36 20.8
1-18 28 16.2
19-29 50 28.9
30-39 19 11
40-49 7 4
50-59 14 8.1
>60 19 11
Total 173 100
Sex Male 114 65.9
Female 58 33.5
Unknown 1 0.6
Total 173 100
Type of Personnel Dependent 84 48.6
Active Duty 61 35.3
Veteran 21 121
Contractor 5 2.9
Other 2 1
Total 173 100
Origin Location Okinawa 45 26
USN Guam 45 26
Tripler Army Medical | 21 121
USNH Yokosuka 12 6.9
121st Army Hospital | 11 6.4
35th Med GRP
Misawa 9 5.2
374th Med GRP
Yokota 6 3.5
Kwajalein Hosp 5 2.9
Other 19 11
Total 173 100
Destination Tripler Army 87 50.3
NMC San Diego 27 15.6
Ft. Sam Houston 10 5.8
Okinawa 8 4.6
Other 41 23.7
Total 173
Mechanism of Anemia 39 225
Injury Trauma 34 19.7
Gastrointestinal 17 9.8
Bacteria 17 9.8
Cancer 12 6.9
Condition 12 6.9
Liver issues 11 6.3
Premature Birth 5 29
Cardiac 5 2.9
Sepsis 4 23
Mass 4 2.3
Other 13 7.5
Total 173

were dependents of active duty service
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members with active duty service members
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making up the sec- [ap1e 2 Biood components administered. War 1II. With n?arly

ond largest propor- half of the patients

tion (35%) Blood Components Number Percentage of Patients I'CCGiViIlg blOOd

Packed Red Blood Cells 125 72.3 _

Anemia (22%) Fresh Frozen Plasma 28 16.2 pI‘OdllCtS document

N Platelets 17 9.8 ed as dependents,

and trauma (20 A)), Cryoprecipitate 1 0.5 which emphasizes

- Not specified 27 15.6 . K

m;)sttlz non comglzlt Total 197 the differences in the

related, were the healthcare needs of
largest proportions

of indications. The most common blood product used
was packed red blood cells (72.3%) (Table 2), followed
by fresh frozen plasma (16%). Amongst trauma patients,
the most commonly administered blood product was
packed red blood cells (58.8%) as well (Table 3). Very
few trauma patients received more than one blood prod-
uct. Two patient records were identified as not having
enough blood available at the support hospital, so that
patient transported to receive blood at another location.
(Table 4).

TRAC2ES records patient transport between mili-
tary medical treatment facilities (MTFs). The original
medical location of most patients was US Naval Hos-
pital (USNH) Okinawa (26%) and USNH Guam (26%).
USNH Okinawa and USNH Guam are small Role 3 na-
val hospitals with a wide variety of services for families
and children.! The most common destination facility
for patients who received a transfusion (50%) is Tripler
Army Medical Center in Oahu, Hawaii, designated as a
Role 4 army hospital with higher surgical capabilities.'

DisScussION

Within the INDOPACOM during our study period, we
found that nearly 1 in 25 patients transported received
blood products, a substantial portion of patients within
this dataset. Compared to data from the Africa Com-
mand (AFRICOM) GCC, this is four-fold more fre-
quent.® This is likely multifactorial including the lack
of blood products in many areas within AFRICOM but
more likely is related to the lack of dependents accom-
panying the service members during their tours in Afri-
ca with the exception of a few larger locations that often
serve as medical lo-

dependents  versus
the heavily screened service members; it also shows
that a robust medical care system is required to support
accompanied tours. Moreover, the INDOPACOM area
has service members stationed in areas with healthcare
systems that at least match that of US-based military
healthcare system, such as Korea and Japan, which
is different than most of the duty locations in Africa.
There are also US military Role 3 facilities throughout
the region unlike Africa. As such, we must be prepared
to provide a large gamut of care in this setting includ-
ing the need to deliver blood products. In a retrospective
study paper using the TRAC2ES data repository, only 11
cases of blood administration were identified within the
AFRICOM dataset which represented 1% of the total
cases, one-fourth of the reported volume in our dataset.®
INDOPACOM theater saw a significantly higher use of
blood products, but a lower amount of trauma-related
injuries. Seven out of the 11 patients who received blood
products (64%) from AFRICOM were trauma-related,
but INDOPACOM only saw 34 trauma cases out of the
173 patients who received blood (20%) in the TRAC2ES
database (unpublished data). This highlights the differ-
ences in patient presentations in the largely non-combat,
low-intensity INDOPACOM theater.

Seventy-two percent of patients in INDOPACOM were
administered PRBCs. These are consistently used for
blood transfusions, indicating the importance of provid-
ing an adequate supply of PRBCs to all INDOPACOM
hospitals, including field hospitals. We also identified
two cases in which blood products were unattainable
particularly in small hospitals. Transport was required
for these patients to get blood transfusions, indicat-

ing an increased

isti - need for lyin
gistic hubs. More Table 3. Blood Products administered to trauma patients. ced for supplying
over, AFRICOM blood products to
1S a rel?'tlv,ely new Blood Components Number Percentage of Trauma all hOSp itals.
GCC with just over Patients
a decade since it Packed Red Blood Cells 20 58.8% Of the trauma pa-
. Packed Red Blood Cells and 3 8.9% tlents Very few re-
was established by Fresh Frozen Plasma L
President George Fresh Frozen Plasma 2 5.9% CelYed a bte}l?;llceg
Packed Red Blood Cells, 1 2.9% regimen O 00
W. Bush. Compar— Plasma, and Platelets gd t tl
atively, INDOPA- Cryoprecipitate, Packed Red | 1 2.9% products, mostly
COM was estab- Blood Cells, Fresh Frozen due to decreased
: . Plasma, and Platelets availabilit of
lished circa World Not Specified 7 20.6% y
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platelet contain- | Taple 4. Cases where limited blood resulted in the need for transport. embolus."

ing blood products . '

(apheresis platelets Cases | Location Blood Limitations While 'the .patlent

or LTOWB as ex- Thrombocytopenia and sepsis in a 0-day old male. Patient needs to population in IN-

. 374th Medical transfer to Kadena for natal intensive care unit care. Patient

amples). USlng the Group Yokota requires platelet transfusion and continuous monitoring which is DOPACOM are

Korean peninsula as Case 1 | Air Base, Japan | unavailable at this facility. largely dependents,

an example, plate— Patient w1th anemia and progressive Fhrombocytopenla refractory the real concern
. to transfuswp. Patient exhgusted the island's platelet; and currently in the name

lets are 0111}’ avail- exceeds the island’s capacity for care. Transfer to Tripler Army comes 1.1’1 .

able at one US mili- US Navy Medical Center required for continued evaluation and of conflict in the IN-

Case 2 | Hospital Guam | management. DOPACOM AOR.

tary treatment facil-
ity, and that same
facility only began
to receive LTOWB in December of 2019. There were
only five records of patients who received more than
one type of blood product, with none receiving whole
blood. Packed red blood cells alone were administered
to 58.8% of the trauma patients which does not reflect
current research on best practices for hemodynamic sta-
bility. Current recommendations suggest administering
whole blood or blood products that replicate the normal
ratios of whole blood.® The lack of use of whole blood
or platelets is in large part due to only changing the lo-
gistical requirement as early as 2016 with the addition
of platelets to the transfusion practice guidelines.” With
this change, LTOWB and apheresis platelets (to include
cold stored platelets) have become more prevalent in US
military treatment facilities, to include as far forward in
some GCCs as point of injury. It is possible the use of
whole blood equivalent and non-PRBC transfusions will
increase in INDOPACOM GCC during the 2018-2028
decade because of these advancements.

Sixty percent of patients were listed as dependents or
veterans. The largest proportion (37%) of this patient
population were minors (< 18 years old). Pediatric pa-
tients often received blood for anemia, or as early new-
borns within the neonatal intensive care unit (NICU)
which is likely a contributing factor to the number of
children <1 year who received a blood product. Prema-
ture and low-weight infants are often transfused blood
to compensate for low hematocrit and prevent chronic
anemia sequelae.’’ Blood transfusions in pediatric pa-
tients differ from transfusions in adults, as one must ac-
count for children’s larger physiological reserve leading
to a decreased need for blood transfusions and estimat-
ing blood volume based on weight."

Patients above the age of 50 accounted for 23% of patients.
Healthcare professionals within the INDOPACOM re-
gion should therefore be knowledgeable of the possible
complications for blood transfusions in populations at
higher risk for events such as acute respiratory distress
syndrome, transfusion associated circulatory overload,
transfusion related acute lung injury, or pulmonary
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During the Korean

War, in 1952, over
60,000 blood products were transfused.”® If there were
a peer-to-peer conflict, the Armed Services Blood Pro-
gram would have to restructure many aspects of their
operations to meet the most recent clinical practice
guidelines of transfusing whole blood or components at
whole blood ratios. While the INDOPACOM region is
generally low intensity with little in the way of combat
operations, there is a high potential for that to rapidly
change with little notice. Stability on the Korean pen-
insula and safety in Japan continues to be challenged
by the North Korean government. Interactions between
US, Chinese, and Russian militaries has been reported
in recent years. Extremist groups have significant activ-
ity in the Philippines as evidenced by the 2017 Battle
of Marawi. While the US involvement was by way of
advise and assist, there is a high risk for escalation into
direct combat with US forces. As such, a logistical sup-
ply chain that can rapidly adjust to accommodate must
continue to be supported.

Our study also highlights several gaps that exist in the
region. Future research could benefit from looking into
the amount of blood products given within the INDOPA-
COM region for a better understanding of the blood sup-
ply needed in this region. The TRAC2ES system did not
provide this information consistently. Within CENT-
COM, entries into the Department of Defense Trauma
Registry (DODTR) are a theater mandate, and thus, the
data capture is relatively robust, albeit with some limita-
tions.” However, within INDOPACOM and AFRICOM,
there is less regulation on data collection systems. The
development of a performance improvement system or
implementation of DODTR documentation mandate
would greatly enhance data-driven solutions. TRAC2ES
is primarily designed for tracking patient transports and
thus is not built to collect objective data for performance
improvement. Such a mandate would also greatly aid in
mission planning and supply distribution.

Limitations include the TRAC2ES system. It only pro-
vides information on interfacility transfers. As such, we
can only describe patients that survived to transport or
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who were not treated by local hospitals and discharged/
expired. To that end, we are unable to describe those
who died prior to transport that received a blood trans-
fusion, that received a transfusion and were discharged
without need for evacuation, or were too unstable for
transport to a US MTF and had to be moved to a local
medical facility. The abstracted medical records were
widely varied in detail, resulting in differences of reli-
ability and the granularity of data available within the
entries. There was limited information on how many
units of blood were given and the ratios of blood given.
While some providers chose to enter this information
in the free text, most did not. This limited our analysis
of blood products given. The data collection system is
designed for managing patient transport, not for perfor-
mance improvement or research. Frequently, the records
are entered by non-medical personnel who may miss
relevant information from diagnoses or interventions.
We also lack information regarding patient outcomes,
complications, and those who received additional blood
products at the receiving facility where resources were
presumably more available.

CONCLUSION

Blood products were administered to nearly 1 out of ev-
ery 25 patients transported within INDOPACOM, which
highlights the need for reliable methods for obtaining
and maintaining blood products. Given INDOPACOM’s
vast area of responsibility and possibility for a peer-to-
peer war, finding optimal methods to transport and store
blood and blood products is imperative. The use of a
more robust system of record that allows better tracking
of patient conditions and supplies used could improve
the quality of care and data-driven solutions with our
study highlighting shortcomings in the use of this track-
ing system.
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ABSTRACT

Background: Personal protective equipment (PPE) is crucial to force protection and preservation. Innovation in
PPE has shifted injury patterns, with protected body regions accounting for decreased proportions of battlefield
trauma relative to unprotected regions. Little is known regarding the PPE in use by warfighters at the time of
injury.

Methods: We queried the Prehospital Trauma Registry (PHTR) for all encounters from 2003-2019. This is a
sub-analysis of casualties with documented PPE at the time of medical encounter. When possible, encounters
were linked to the Department of Defense Trauma Registry (DODTR) for outcome data. Serious injuries are
defined as an abbreviated injury scale of 3 or greater.

Results: Of 1,357 total casualty encounters in the PHTR, 83 were US military with documented PPE. We link
62 of this cohort to DODTR. The median composite Injury Severity Score (ISS) was 6 (Interquartile range
(IQR) 4-21), and 11 casualties (18%) had an ISS >25. The most seriously injured body regions were the extremi-
ties (21%), head/neck (16%), thorax (16%), and abdomen (10%). PPE worn at time of injury included helmet
(91%), eye protection (73%), front (75%) and rear plates (77%), left/right plates (65%), tactical vest (46%), groin
protection (12%), neck protection (6%), pelvic shield (3%), and deltoid protection (3%).

Conclusion: Our data set demonstrates that the extremities were the most commonly injured body region, fol-
lowed by head/neck, and thorax. PPE designed for the extremities and neck are also among the least commonly

worn protective equipment.

Keywords: personal, protective, equipment, body, armor, military, combat

INTRODUCTION

Warfighter protective gear often evolves alongside the
weapons inflicting injury, revealing a complex dichot-
omy between armament and armor development. In-
novations in injury prevention and/or reduction seek to
counteract the increasing lethality of modern warfare.
Individual body armor is one such advancement with
demonstrated efficacy in injury reduction.* Current
personal protective equipment (PPE) covers vital areas
(cranium, thorax, and upper abdomen), but affords lim-
ited protection to other crucial areas like the face, neck,
and junctional areas. The result is a shift in observed
injury patterns where these unprotected areas account
for increased injury burden.*® Consequently, there is
renewed concern and interest in novel solutions to miti-
gate these deficiencies.
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Several important modifications have emerged: soft ar-
mor yoke and collar assemblies shield the vulnerable
neck and throat regions; the deltoid axillary protection
system (DAPS) covers the proximal upper extremities;
and the pelvic protection system (PPS) protects the low-
er urogenital system and proximal femoral arteries. Pel-
vic protection and collar assemblies are associated with
decreased rates of urogenital injury and neck injury,
respectively.'*”!% Data on DAPS efficacy is lacking; a
single study evaluated upper extremity injury patterns
correlated to DAPS use, reporting inconclusive results."

Increased warfighter protection must balance the needs
for mobility, comfort, and heat exchange while prevent-
ing exhaustion.”” The modular nature of modern body
armor enables commanders to tailor the armor system
according to mission needs when deployed and achieve

https://medcoe.army.mil/the-medical-journal



THE MEDICAL JOURNAL

this balance' However? 1t Table 1. Prehospital Trauma Registry demographic data (n=83). injuries.” The DODTR
remains unclear which documents demographics,
body armor comp OI'leIltS Demographic* 18-25 years 48% (40) injury—prf)duCing inci-
are worn by c.asualtles at 26-33 years 39% (33) dents, diagnoses, treat-
the time of injury." Here, 34-41 years 2% (2) ments, and outcomes
we describe warfighter 42-49 years 4% (3) following injuries. The
PPE usage at the time of Male 83 (100%) registry includes data for
combat-related injury in Rank gﬁ;cterd §£ /(‘?7 5 US and non-US military
g NnI1ste . eqe .
US military personnel - o and civilian casualties
. . . . Unspecified 5% (4) . :
fcmd identify serious in- Unit Conventional 80% (67) from the point of in-
Jury by body region. SOF 12% (10) jury to final disposition.
M Unspecified 7% (6) The DODTR is primar-
ETHODS Battle status Eﬂttl% mjlur.y i ?;Zﬁ) E?ig lly Comprised Of patlents
. . L on-battle mjury 0 : :
This is a descriptive Country Afghanistan 95% (79) ad:ﬁmeq to a d.hOSpltfﬂ
study consisting of a Iraq 5% (4) WITH an Tjury ¢lagnosts
secondary analysis of a Mechanism of injury** Explosive 56% (47) using the. Internatlongl
dataset from the Prehos- Fircarm 1% (13) Classification of Dis-
. . Fragmentation 1% (1) ease 9th Edition (ICD-9)
pital Trauma Registry A - P
: ircraft mishap 12% (10) between 800-959.9, or
(PHTR). The intended Burn 1% (1) ) ’

. . d i near-drowning/drown-
outcome 1S an Improve Blunt unspecified 2% (2) ing with associated inju-
understanding of the Fall 5% (4) g J
types of PPE most com- *35 casualties had no age recorded ry (ICD'9 9941)3 or 1m-

**casualties could have more than one documented injury mechanism halational injury (ICD-9

monly worn by casual-
ties at the time of injury
and the injuries most of-
ten sustained using the PHTR dataset. Protocol H-19-
018 submitted to the USAISR regulatory office on be-
half of this study was determined to be exempt from
institutional review board oversight. We obtained only
de-identified data. For this analysis, we searched within
our dataset for US military service members with docu-
mented PPE use.

Prehospital Trauma Registry: The Joint Trauma Sys-
tem (JTS) PHTR is a data collection and analytic tool
designed to provide near-real time feedback to com-
manders. As previously described, its primary purpose
is to improve casualty visibility, augment command
decision-making processes, and direct procurement of
medical resources. This database facilitates reduced
morbidity and mortality through performance improve-
ment in the areas of primary (tactics, techniques, and
procedures dictating PPE use), secondary (identifying
PPE capability gaps), and tertiary prevention (establish-
ing a casualty response system and Tactical Combat Ca-
sualty Care (TCCC))."* The US Central Command JTS
Prehospital Directorate collected TCCC cards and after
action reviews (AARs), then transcribed the informa-
tion into the PHTR. The origins of the PHTR are previ-
ously described.!>1¢

Department of Defense Trauma Registry (DODTR): The
DODTR, formerly known as the Joint Theater Trauma
Registry, is the DoD’s data repository for trauma-related
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9879) and trauma oc-

curring within 72 hours

from presentation to a
facility with surgical capabilities.

Data Analysis: We used commercially available soft-
ware for organizing and analyzing the data. We report
continuous variables as means and standard deviations,
ordinal variables as medians and interquartile ranges
(IQR), and nominal variables as numbers and percent-
ages. We define serious injury on the Abbreviated In-
jury Scale (AIS) as 3 or greater by body region.>* AIS
and Injury Severity Score (ISS) are calculated within
the DODTR.

REsuULTS

We obtained 1357 casualty encounters from the PHTR,
identifying 98 casualties with documented PPE use. Of
these, 83 were U.S. military meeting inclusion crite-
ria; 62 subjects (75%) were linked to the DODTR for
outcome data. The median composite Injury Severity
Score (ISS) was 6 (IQR 4-21) and 11 casualties (18%)
possessed an ISS >25.

The majority of the 83 subjects were enlisted (90%), as-
signed to conventional units (80%), wounded in battle
(83%), and injured during operations in Afghanistan
(95%). The most frequent mechanism of injury was blast
at 56%, followed by firearms at 15% (Table 1). The most
common seriously injured body region was the extremi-
ties (21%), followed by head/neck (16%), thorax (16%),
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and abdomen (10%) (Table
2). PPE worn at time of injury

Table 2. Outcome data from the Department of De-
fense Trauma Registry (n=62).

included helmet (91%), eye

Injury Severity Score*

protection (73%), ear protec-
tion (21%), neck protection
(6%), front plate (75%) and
rear plate (77%), left and
right plates (65%), tactical

Abbreviated injury scale**

Serious injuries by body

vest (46%), groin protection 1
region#

(12%), pelvic shield (3%), del-
toid protection (3%) (Table 3).

DiscussION

Hospital discharge status
Recent accelerations in PPE

*median and interquartile range

innovation have resulted in
the best-protected warfight-

**presented as median an interquartile range
#based on an abbreviated injury scale by body region of >3

The low rates of neck soft ar-
mor use are particularly re-
Composite 6 @20 markabl'e given the availabil-
Head/neck 1(0-2) ity of this armor component to
Face 0(0-1) U.S. forces. A previous study
Thorax 0(0-0) of coalition military forces
Abdomen 0 (0-0) .
Extremities | 0 (0-2) also reported infrequent use
Skin 1(1-1) of neck collars and stemmed
Head/neck 16% (10) from collar discomfort, pref-
Face 1% (1) : 1:
Thowx 16% (10) erence for. 1pcreased moblhtz};,
Abdomen 10% (6) and the ability to stay cooler.
Extremities 21% (13) .
Skin 0% (0) Only 3% of casualties wore
Alive 97% (60) DAPS at the time of injury.
Dead 3% (2) Low DAPS use is consistent
with a 2006 study which found
that just two (2) of 41 casual-

ers in US military history.

Our data demonstrates that

most casualties wore front/rear/side plates (75%, 77%,
and 65%, respectively), helmet (91%), and eye protec-
tion (73%) at the time of injury. A minority wore neck
collars (6%), DAPS (3%), and/or pelvic protection (3%)
(Table 3). The most seriously injured body regions were
the extremities, head/neck, thorax, and abdomen (Table
2).

Previous studies sought to determine the effectiveness
of body armor modalities in terms of protection afford-
ed and usage outcomes. The literature shows that body
armor usage shifted injury patterns from penetrating
chest and abdominal injuries to an increased prevalence
of head/face/neck (HFN) and extremity injury.?**¢ Pro-
tection has been directly observed in prevention of pen-
etration, and also implied via the global shift in injury
prevalence according to body region.>62733

This shift in injury pattern toward HFN and body ex-
tremities led to increased interest in innovative solutions
to protect these vital areas while balancing warfighter
comfort, thermal management,
and mobility.®!2343 The modu-

ties treated at Madigan Army

Medical Center with upper
extremity injuries had been issued DAPS; one casualty
did not use the issued DAPS due to discomfort, and the
other was hit in an area not protected by DAPS." The
authors noted it was plausible that low DAPS usage rates
may partially stem from inconsistent central issue of the
protection. However, they also attributed service mem-
ber noncompliance to concerns over reduced ability to
perform individual warfighter tasks, which is supported
in a US Army technical report demonstrating extremity
armor systems negatively impacting the performance of
military tasks.'?

Based on this study, the least commonly worn body ar-
mor at time of injury were neck protectors and DAPS,
and likewise the most frequently seriously injured body
regions were the neck (16%) and extremities (21%). The
data suggests a trend whereby warfighters preferentially
protect vital areas like the head and thorax, while also
opting for less protection of the neck or extremities.
Low usage rates for neck collars or DAPS may be at-
tributed to several factors. One factor might have been a
perception that such armor would

larity of the armor system which

. . equipment present.
enables mission-specific adapta- auip P

Table 3. Documented personal protective

tion at the commander’s discre- | Helmet

Eye protection

tion and individual warfighter -
Ear protection

preferences are confounding fac-

Neck protector (yoke and collar)

tors as well. Our results provide Torso plate, rear

insight into the type of armor | Torso plate, front

modalities assumed to be in use Side plate, right

at time of injury and describes [ Sideplate, left

Tactical vest

observed injury patterns. One Deltoid — right

unique finding is the low percent- | Deltoid — left

ages of warfighters using neck | Groin protection

Pelvic shield

protection (6%) at time of injury.

not effectively stop projectiles and

wearing such items was without
2;2? E(Z?; any benefit, despite established
21%’2 (15) armor performance standards
6% (5) and evidence of efficacy."**%%37 A
77% (64) second reason might be increased
75% (63) thermal burden on the warfighter,
65% (34) leading to more rapid exhaustion
2202‘: gg; or risk of becoming a heat casu-
3% (3) alty. Anothqr explanation may be
3% (3) the perception neck collars and
12% (10) DAPS reduce individual mobil-
3% (3) ity essential for critical combat
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activities, prompting unit commanders or individual
warfighters to not wear these items. Additionally, casu-
alties may not have had access to their full body armor
kit because of the circumstances of the attack, such as
in a warfighter at the mess hall or performing physical
training. Lastly, the very low rates of neck collar and
DAPS utilization observed could be the result of poor
medical documentation, as noting these body armor
components would be of little consequence to the pre-
hospital medical provider attempting to stabilize trauma
casualties.

The neck and extremities are often left exposed because
full range of motion are critical for the quick reactions
needed for survival during combat. This represents
a significant challenge in terms of protection. Future
body armor systems will likely require innovation both
in design and materials in order to meet this challenge.
Currently, the US Army is testing its Soldier Protection
System, which among other improvements include inte-
grated deltoid armor, as well as enhanced maxillofacial
and groin protection.*®

Our dataset has several limitations. The first issue is ex-
ternal validity due to the small sample size, likely the
result of poor annotation of PPE worn at time of inju-
ry. The large majority of casualty encounters collected
from the PHTR did not have PPE annotated. We simply
do not know what the majority of casualties were wear-
ing at the time of injury. This limits the conclusions we
can draw from our study. With only 98 casualties within
our dataset with PPE data, that represents far less than
1% of all combat casualties.** This limits the conclusions
we can draw but more importantly speaks to the need for
better performance improvement systems. It also high-
lights the needs for data to be captured in a systematic
manner to assess deaths associate with PPE limitations.

A second limitation is the lack of information on the
specific injury pattern with the exact PPE by each in-
dividual injured, which would be useful in building a
correlation between PPE usage and injury pattern or
severity. With only 62 casualties linked to the DODTR
for outcome data our sample size was too small to per-
form regression analyses to seek robust associations
and would largely create more questions than answers.
Third, the data does not describe the exact location of in-
jury relative to the area of the body actually protected by
PPE. The data describes injuries to body regions broadly
speaking, not to a specific area within that body region.
This confounds interpretation of the data, for instance,
in casualties who experience injury to the distal upper
extremity not protected by DAPS, which is designed to
protect the proximal upper extremity from fragments
and blast debris. A fourth limitation can be found in the
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lack of description of the type of body armor system
used. For instance, use of a plate carrier system would
preclude the use of neck collars and DAPS. Lastly, our
study is reliant on registry data sourced by prehospital
medical documentation, and previous reports have dem-
onstrated US military medical documentation rates are
poor.”” This is demonstrated by inconsistencies such as
the torso plates being present 75+% of the time com-
pared to the tactical vest at only 46%.

CONCLUSION

With our dataset, the extremities were the most com-
monly injured body region, followed by head/neck, and
thorax. PPE designed for the extremities and neck were
among the least commonly worn protection.
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ABSTRACT
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Academic productivity is a requirement by the Accreditation Council for Graduate Medical Education (AC-
GME). In addition to the requirements by the ACGME, residency training programs are required to provide
education on medical research with the end-goal of teaching physicians how to read, interpret, and apply
medical evidence in the form of evidence-based medicine. An understanding of research design, evidence-
based medicine, and critical appraisal of available literature is central to practicing medicine and applying new
research to clinical practice. However, residency programs vary significantly in research curricula provided to
residents. We describe an innovative integrated military-civilian emergency medicine research curriculum that
provides foundational knowledge in research design and critical appraisal.

Keywords: research, education, emergency medicine, ACGME, curriculum

INTRODUCTION

Physicians must think critically, evaluate available lit-
erature, assimilate and synthesize knowledge, apply this
knowledge at the bedside, and practice lifelong learn-
ing.! The Accreditation Council Graduate Medical Edu-
cation (ACGME/GME) focuses on forming competent
practicing physicians. GME incorporates several re-
quirements of residency programs, including evidence
of scholarly activity and advancing resident physician
knowledge and practice of the scholarly approach to
evidence-based medicine (Table 1).? Scholarly activity
broadly includes activities encompassing discovery, in-
tegration, application, and teaching.? However, multiple
barriers are present during residency that hamper resi-
dent physicians from acquiring such skills and perform-
ing scholarly activity (Table 2).>*

Many residency programs include a scholarly require-
ment and some form of curriculum for critical appraisal
of literature. This scholarly requirement may take many
forms such as abstracts, poster presentations, conference
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lectures, case reports, or original research.*!" The means
by which resident physicians learn skills and techniques
necessary for critical appraisal also may vary, but of-
ten include some form of journal club sessions, in which
they evaluate one or several original research projects.*”
However, this scholarly requirement and journal club
sessions may not provide a foundational understanding
of several components of literature, including research
question design, literature searches, study design, proto-
col construction, and analysis of evidence.*” Medicine,
and residency in particular, has centered on an appren-
tice-based learning system for decades. This method of
teaching persists today because passive learning does
not provide the foundations active learning does. As
such, a curriculum that provides these components ex-
poses resident physicians to research opportunities and
establishes a set of research milestones with a required
scholarly project, which may enhance understanding of
medical literature and allow learners to complete im-
pactful scholarly projects.*"!

Significant variability exists across emergency medicine
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residency  programs

Table 1. Graduate medical education research objectives.

curriculum in place for

with regards to the spe-

20 years despite mul-
tiple deployments and
multiple staff turn-

cific requirement for Knowledge -Critically appraise research literature
holarl tivit 311 -Understand research process

scho gr y acuvity. -Develop knowledge of research design

A national survey of Attitudes -Enhance residents’ appreciation of research

scholarly activity re-

-Increase residents’ intellectual curiosity

overs. A separate ci-
vilian EM program lo-

quirements  demon-
strated that 39% of
emergency medicine
residency  programs

Skills

-Prepare research proposal

-Increase residents’ scholarly productivity
-Increase residents’ presentation skills

-Devise methods for collecting and analyzing data
-Develop clinical proficiency and critical thinking

cated within the same
city did not. These
centers currently rep-
resent the only two

required residents to Process

-Expose residents to successful researcher role models

emergency medicine

perform an original
research project.!!
The principal research

Institutional

institution

-Meet ACGME/RRC education core curriculum requirements
-Provide an overview of the research being performed at the parent

residency  programs
in San Antonio, TX.
The military and ci-

challenges identified

by program directors

were data collection and study design.""'? Although re-
search is a core topic in the American Board of Emer-
gency Medicine (ABEM) Model,! there is currently no
standardized curriculum to teach these principles. The
objective of this manuscript is to provide a description
of an innovative integrated military-civilian emergency
medicine research curriculum and provide pilot data re-
garding scholarly activity output before and after imple-
mentation of this program.

METHODS

This manuscript provides a description of an innova-
tive longitudinal three year research curriculum that
provides resident physicians with education on research
questions, literature searches, study design, grant con-
struction, evidence based medicine, and critical apprais-
al. We detail the following components of the curricu-
lum: 1) problem identification and general needs assess-
ment, 2) targeted needs assessment of the learners, 3)
educational goals and objectives, 4) instructional strate-
gies, 5) implementation, and 6) evaluation and feedback.

Problem Identification & General Needs Assessment:
Emergency medicine (EM) is a dynamic field of medi-
cal practice requiring constant learning and an under-
standing of medical literature. However, to best criti-

vilian programs are

both 3-year training
programs, though the military program has 16 residents
per year and the civilian program 12 residents per year.
These two programs form our comparator and the jus-
tification for developing this review in which we devel-
oped a robust training program. The military’s program
primarily included lecture-based learning prior to 2016.
This military research curriculum included a dedicated
set of lectures during the first year of training with little
active learning activities and an expectation that resi-
dents would create a research question and subsequent
protocol, much of which was based around the same
apprentice-based learning method where the research
faculty identified the ideal mentor for the resident’s de-
sired scientific inquiry. We report on a set of significant
modifications to the existing military EM residency
research curriculum in 2016, which was combined in
2019 with the civilian program to build a joint academic
research curriculum, incorporating active learning (i.e.,
activities and small groups sessions), utilizing resident
assessments, and utilizing a requirement for protocol
production.

Targeted Needs Assessment of Learners: The ABEM
Model of Clinical Practice incorporates performance
improvement and lifelong learning, evidence-based
medicine, interpretation of medical literature, knowl-

cally appraise and apply
medical literature as a

Table 2. Barriers to graduate medical education research.

edge translation, and
research.! Thus, gradu-

foundation of evidence-
based medicine, phy-
sicians must have an

Resident
-Lack of motivation

-Failure to meet deadlines

-Poor knowledge of research methods

-Misconceptions about research

ates of EM residency
programs should have an
understanding of these

underlying set of skills
and understanding of
medical literature and
research."* A military

Faculty -Lack of experience
-Faculty resistance
-Time/intensity demands

-Lack of motivation

-Expectations greater than what a resident could reasonably accomplish
-Little authority to persuade residents

components, not only to
graduate their residency
program, but also to en-
hance long-term practice

EM residency program
located in San Anto-
nio, TX, had a research

Institutional
-Financial barriers

-Lack of support staff

-Lack of time in residency curriculum

-Resistance from department/hospital administration

and lifelong learning.'?

April — June 2021

Per ACGME require-
ments, residents must
79
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also complete a scholarly project during residency
training.>*

Educational Goals & Objectives: The objective of the
modified research curriculum was to provide resident
physicians a foundation in knowledge and skills neces-
sary for study design and critical appraisal, while com-
pleting a scholarly project. The research curriculum in-
cluded six primary goals:'*3

1. Apply primary biomedical scientific data to
clinical practice;

2. Critically appraise biomedical scientific research
papers;

3. Summarize the hypothetic-deductive model of
the scientific method;

4. Understand ethical considerations related to bio
medical research;

5. Understand the logistical components of a re-
search protocol;

6. Complete an original research project relevant to
EM clinical practice.

Instructional Strategies: We extensively modified an
established longitudinal curriculum beginning in 2016,
comprising several components during each year of
residency training. The first year incorporated research
education and preparation with lectures, small group ac-
tivities, and protocol creation. This didactic curriculum
was modelled on the Emergency Medicine Basic Re-
search Skills (EMBRS) workshop, and multiple faculty
attended the EMBRS course to help ensure consistency
of presentation. The second year of residency training
incorporated protocol submission to our institutional
regulatory office and the Institutional Review Board
(IRB/if applicable) at the beginning of the academic year,
with continued opportunities including journal club ses-
sions. The final year included data collection, manu-
script construction and submission to a peer-reviewed
journal, and presentation of research findings at a con-
ference locally. Moreover, residents were encouraged

research course in the 2019-2020 academic year. Dur-
ing this year, residents of both the military and civilian
EM programs underwent a 4-day educational series on
developing a research question, conducting a literature
search, designing a protocol, academic writing, and
critical appraisal including design and statistical analy-
ses. This included pre- and post-course tests, lectures,
and project-based learning with small group sessions.
Attending physicians with experience in emergency
medicine research were the primary lecturers, focusing
on the topics detailed by day(Table 3). Residents partici-
pated in practical exercises to enhance learning. These
included individual projects and small group sessions.
Day 4 incorporated a detailed evaluation of critical ap-
praisal, focusing on the literature behind thrombolyt-
ics for ischemic stroke. On the final day of the course,
resident physicians submitted a research question with
complete protocol to the course director.

The second and third years of residency training includ-
ed nine journal club sessions per year during resident
conference, which evaluated separate pieces of litera-
ture and completion of the research project. The resi-
dents also submitted their protocols to the institutional
regulatory office and addressed needed revisions dur-
ing these years of training. Following protocol approval,
residents began the project with data collection, manu-
script writing, and manuscript submission to a peer-re-
viewed journal.

Evaluation & Feedback: To complete the first year re-
search course, we assessed residents based on a pre- and
post-course test evaluating knowledge of basic research
and statistical concepts. The pre-course and post-course
tests included 25 short-answer questions. Each resident
submitted a research protocol at the end of the course
to answer a research question which they formulated.
The course director assessed the protocol in terms of lit-
erature review, question novelty and clinical relevance,
methodological rigor, logistical practicality, ethical con-
siderations, and clarity of writing.

to present their findings
at regional and national

Table 3. Research course topics.

After each day of the
research course, the

conferences for which

Day 1
travel costs are usually

Day 2

Day 3 Day 4

course director sent resi-
dents a survey, allowing

supported by the local
GME programs.

-Informed Consent
-Institutional Review

-Course Introduction
-Pre-Course Test
-Research Questions
-Question Practicum
-Study Designs Introduction
-Terminology
-Hypotheses

-Literature Search
-Search Practicum
-Bibliographies
-Introduction to Reading a
Paper

-Reading a Paper
Practicum

Board Overview
-Funding

-Statistics
-Regulations
-Simulation Research

Implementation:  The
two training programs
implemented the re-
search curriculum half-
way through the first

-Animal Research
-Survey Research
-Survey Practicum
-Cohort Study
-Chart Review
-Chart Review
Practicum

-Randomized Controlled Trial
(RCT)
-RCT Practicum

-Narrative Reviews

-Narrative Review
Practicum

-Case Reports/Series

-Free Open Access Medical
Education Projects
-Systematic Reviews/Meta-
analyses

-Grant Writing
-Productivity

-Study Appraisal
-Appraisal
Practicum
-Course Summary
-Post-Course Test

resident physicians to
provide feedback (Table
4). All survey responses
were anonymous and
based on a scale of 1-5,
with 1 defined as “no”,
3 as “somewhat”, and 5

year of residency train-
ing with a skills-based

80

as “completely”. Ques-
tion six did not include
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a scale but allowed learn-
ers to comment on com-

Table 4. Daily survey questions.

The EM milestones were
developed to objectively

ponents they would like to

Did the lectures and activities meet the stated objectives?

measure feasible, impact-

change. This survey was

Did the lectures and activities provide information relevant to your learning?

ful, and accountable edu-

not mandatory for comple-

Was the content of the lectures and activities clear and easy to understand?

cation.!”?  This research

tion of the course but had
the purpose of improving

Was the time allowed for the lectures and activities adequate?

curriculum meets com-
ponents of both systems-

the course.

Were the lecture presentation style and activity structure helpful?

based practice and prac-

Scholarly Project Track-

What would you like to change about the lectures and activities?

tice-based  performance

ing: As a secondary ob-

jective, we evaluated the

number of resident PubMed indexed publications prior
to and after implementation of the modified research
curriculum in the military EM residency program. We
conducted only a preliminary analysis of these data.
No data from the civilian program were available con-
cerning the number of publications. There were no data
available for type of publication, journal impact factor,
or research presentation.

RESULTS

Based on secondary analysis, the number of PubMed in-
dexed publications significantly increased after 2016 by
almost 750% (Table 5).

DiscussION

This innovative and collaborative civilian-military re-
search curriculum included a research skills course
with research milestones. This curriculum sought to
enhance resident physician understanding of evidence-
based medicine and apply these skills to patient care.
The curriculum included a skills-based research course,
research milestones, and a scholarly project to improve
research understanding, evidence-based medicine, and
future scholarship. The first integrated course included
16 first year residents from the military EM residency
program and 12 first year residents from the civilian EM
residency program. All residents completed protocols at
the end of the research course.

Table 5. PubMed Indexed resident publications based
on time period.

Curriculum Period PubMed Indexed Publications

Before Innovative Curriculum

2012 2
2013 5
2014 1
2015 9
Total 2012-2015 17

After Innovative Curriculum
2016

2017

2018

2019

Total 2016-2019

April — June 2021

improvement. These two
core competency domains
have the most significant assessment tool gap in emer-
gency medicine."® This unique curricular approach to
incorporate research based milestones in emergency
medicine may assist program directors in assessing their
residents’ ability to critically appraise scientific litera-
ture, apply evidence based medicine, perform data col-
lection, and evaluate process improvement measures to
optimize ED practice."”?

Development of a specific EM resident research pro-
gram has been shown to increase resident scholarly
activity.” Students in other fields who participated in
elective research are also more likely to successfully
match in a postgraduate position and achieve full-time
academic appointments.”® A resident research curricu-
lum may itself engender more interest in an academic
career among residents who might otherwise be dis-
inclined to consider such a career path. We found this
innovated research curriculum significantly increased
the number of resident PubMed indexed publications.
However, these are preliminary data, and there may be
several confounders. In particular, given the exploratory
nature of this descriptive study, a cause-and-effect rela-
tionship cannot be established, and the findings may not
be the direct result of the modification in the research
curriculum. Another significant limitation is that there
were no data recorded for the pre- and post-course test
scores to evaluate knowledge retention. Future study is
needed to determine the impact of research training on
future scholarly activity as attending physicians, peer-
reviewed publications, choice in academic careers, and
knowledge retention.

CONCLUSION

An integrated military-civilian research curriculum is
feasible and may improve understanding of research
design, evidence-based medicine, and critical appraisal.
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End-of-Shift Evaluations:
Experiences Over a Quarter-Century

Aaron G. Matlock, MD, MBA
COL(ret) Robert A. De Lorenzo, MD, MSM, MSCI, FACEP

ABSTRACT

For the past 25 years, the San Antonio Uniformed Services Health Education Consortium (SAUSHEC) Emer-
gency Medicine Residency has used an end-of-shift evaluation (ESE) to provide formative feedback and assess
resident progress. The instrument has evolved from a simple half-sheet of paper to a more complex electronic
milestones assessment. The length and detail of the evaluation form has grown appreciably, but the precise
impact of these changes on the effectiveness of formative feedback unknown. The authors present a narrative
description of the evolution of this instrument in response to changing requirements and efforts to optimize its
utility. Our experiences over the past quarter-century are presented in the context of now-common utilization
of similar evaluation tools among emergency medicine (EM) training programs. The evolution of our ESE
instrument may be of historical interest to EM educators and provide examples for those seeking to develop or

adapt their own evaluation tools.

INTRODUCTION

For the past 25 years, the San Antonio Uniformed Ser-
vices Health Education Consortium (SAUSHEC) Emer-
gency Medicine Residency has used an end-of-shift eval-
uation to gather formative data on resident performance.
Our end-of-shift evaluation (ESE) was instituted in the
1980s in an effort to provide timely and frequent assess-
ment of resident performance. In response to faculty and
resident feedback and requirements from the Accredita-
tion Council for Graduate Medical Education (ACGME),
the instrument has evolved from a simple half-sheet of
paper to an electronic Milestones-based evaluation. The
ACGME outlines requirements for emergency medicine
(EM) residency evaluations as such: “Faculty members
must directly observe, evaluate, and frequently provide
feedback on resident performance during each rotation
or similar educational assignment.”! Programs are given
latitude to develop internal mechanisms that address
this requirement, and the ACGME suggests end-of-shift
evaluations as one of several methods to evaluate EM
Milestones.? Internally, our ESE has provided program
leadership with useful metrics of trainee performance
in an evolving landscape of graduate medical education.

ESEs are currently in common use in EM training pro-
grams and medical student clerkships,** though little is
known regarding the effectiveness of these instruments

April — June 2021

compared to other methods of formative resident evalu-
ation. Here, we describe several examples of our ESE
instrument, compiled from historical program records.
The authors’ experience with end-of-shift evaluations
over the past 25 years may provide EM educators with
examples of the ways we have adapted our tool to fit
the needs of our program. We provide this narrative de-
scription to that end, as well as to give context for future
directions of formative evaluation of EM trainees.

End-of-Shift Evaluations through the Years: The early
iterations of our ESE were relatively short paper forms,
which by the mid-1990s, had been stratified along five
major axes: enthusiasm and interest, information gather-
ing, processing, knowledge base, and interpersonal skills
(Appendix 1). The evaluation was revised and expanded
in 2001, and to improve feedback and encourage faculty-
resident discussion, a prompt on the instrument asked if
the evaluation was discussed with the resident. In 2003,
ACGME Core Competency categories were retrofitted
to the revised instrument (Appendix 2). In 2005, the in-
strument was adapted again, this time to incorporate the
six Core Competency categories as the primary evalua-
tion axes (Appendix 3). By 2008, the residency program
had migrated to a commercial electronic system, and
the evaluation form was updated to accommodate the
new format. The prior numerical scale was replaced by
radio buttons denoting scores such as “satisfactory” or
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13 2 b .
good (AppeI}le 4). In Table 1. Summary of the evolution of our evaluation instrument A_t times, ESE comple-
2013, EM residency pro- | overa nearly 25-year period. tion rates by faculty and
grams began reporting  [Year |Evaluation |Point | Notes the quality of narrative
milestones data to the Categories | Scale evaluation  comments
ACGME, and the shift have lagged, perhaps
. . 1996 |5 5 Half page of paper in length . « - 99
evaluation was revised to reflecting “form fatigue
include milestones sub- 2001 |17 6 Full pager of paper in length as the evaluation tool in-
competencies. At that 2005 | 11 6 Revised to reflect ACGME competencies creased in length. We
time, the scoring system 5556 t+45 + Eisstonic form mroduced haye'attempted to offset
also changed to reflect this in our current ESE
. 2013 |17 8 Revised to reflect ACGME Milestones : :
competency levels in version by moving the
terms such as “progress_ 2016 | 18* 3 Milestones based with revisions free-text comment sec-
ing intern” or “at third- [2020 |20* 70| Version in current use tion to the top of the

year level” (Appendix
5). In 2016, the tool was
changed to include 13 milestones assessment questions
that would be evaluated on each shift and five additional
milestones categories to be randomly generated by the
software. Additionally, the grading scale was simplified
for this version, utilizing terms such as “needs improve-
ment” or “meets expectations” (Appendix 6). The shift
evaluation in current use was introduced in 2020 and
includes revised question phrasing and scoring, and the
“overall comments” free-text section was moved from
the end of the form to the beginning to encourage more
substantive narrative comments (Appendix 7).

Performance trends from shift evaluations are tracked
within each residency class, allowing comparison of
performance within year-groups. Aggregate ESE data,
as well as that compiled from other evaluation sources,
allows program leaders to provide meaningful summa-
tive feedback to individual trainees.

Experiences to Date: As our evaluation instrument has
evolved, faculty remain challenged in assessing the pre-
cise level of performance for a given episode of obser-
vation. Likewise, residents are challenged to perceive
themselves on a performance continuum that includes
the possibility of strong and weak performance. Faculty
may be reluctant to provide detailed, critical feedback
when needed, and residents may be unenthusiastic about
knowing their performance in relation to their peers.

The length and detail of our evaluation instrument has
grown considerably over the past 25 years, generally re-
flecting changes in residency requirements. The number
of evaluation categories has increased from 5 to 20, and
the grading scale is relatively detailed compared with
earlier versions (Table 1). However, it is difficult to pre-
cisely state the impact these changes have had on the
effectiveness of our formative evaluation process. It is
entirely feasible that early, shorter versions of the instru-
ment provide as much delineation of individual resident
performance as later, lengthier versions.
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form. Subjectively, we
have seen an improve-
ment in the quality of comments after instituting this
change. In effort to improve faculty completion rates,
residency leadership established an expectation that fac-
ulty complete one ESE per shift worked. Faculty super-
vise a variable number of trainees per shift, and they may
select which resident to evaluate on a given shift. Over
the past 10 years, residents have received an average of
47 shift evaluations per academic year. In the context of
6-7 home-institution EM blocks per year, this represents
approximately 40% of emergency department shifts for
which a formative written evaluation can be expected.

DiscussION

The end-of-shift evaluation serves a valuable function
within our program, as it allows for formative resident
assessment that is timely, frequent and specific. How-
ever, data is lacking as to the effectiveness of the ESE
compared with other methods of resident evaluation.
Additionally, specific challenges related to milestones
assessments have been described by some authors, with
regard to faculty understanding of milestones,’ inter-
rater reliability,'” and misalignment of ESE Milestones
scores with those determined by the Clinical Compe-
tency Committee.’

Within our program, we have sought to accrue a steady
quantity of end-of-shift evaluations for each resident
and have set faculty standards for evaluation comple-
tion. Our experience has been that frequent assessment
allows for a more comprehensive picture of resident
progress and helps identify early trends. However, it is
a challenge to strike the correct balance between quan-
tity and quality of feedback, and future study should
aim to determine the optimal timing and frequency of
evaluation and the factors that improve resident percep-
tion of feedback. Existing data suggest that evaluation
quantity does not improve resident perception of feed-
back. Blakush, et al. reviewed data from 87 residency
programs and found no correlation between the number
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of evaluations per resident (mean = 53) and resident sat-
isfaction with feedback." Thus, improving quality of as-
sessment is critical. Our current ESE version, in which
the “overall comments” prompt appears at the begin-
ning of the form, has seemed to encourage higher qual-
ity free-text commentary, however, the precise impact
of this change has not yet been measured and presents
an opportunity for future analysis.

We present this narrative description of our 25-year ex-
perience using end-of-shift evaluations in the context of
now-widespread use of such instruments. This work is
limited in scope, as we do not present comprehensive

APPENDICES

analysis of our evaluation process in terms of outcomes,
such as program survey results or measures of resident
performance, and these represent areas of potential fu-
ture study. However, our historical examples illustrate
the evolution of resident assessment in response to sys-
tems changes, ACGME requirements, and our own ef-
forts to improve the usefulness and effectiveness of the
instrument. The chronology and samples presented here
may simply be of historical interest to EM educators,
but they may also serve as examples for those seeking
to develop or modify their own end-of-shift evaluation
instruments.

Date:

Appendix 1. Evaluation instrument, 1996.

Staff/Resident:

Resident:

Please place comments on hack.

QCutstanding
100 points

Poor
50 points

Marginal
60 points

Excellent
80 points

Average
70 points

Enthusiasm and Interest
Information Gathering

. History and Physical
Labs, X-ray, EKG's etc.
Awareness

Processing

+ Differential diagnosis

s Pathophysiology
Treatment
Knowledge base
Medicine in general
Emergency Medicine
Interpersonal Skills

. Patients

s  Staff
Consultants

Patient Count

Procedures

The Medical
Journal

tails.

Did You Know...

The Medical Journal accepts general topic
submissions year-round.

If your agency would like to cover a
i[pecial topic issue, contact staff with the
e

Email us: usarmy.jbsa.medical-coe.list.amedd-journal@mail.mil
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endix 2. Shift Evaluation Instrument, 2001. The Accreditation Council for Graduate Medical Education (AC-

App
fME) core competency categories were added in 2003.

SAUSHEC Emergency Medicine
Resident Evaluation

Resident Level Faculty / Senior Resident Date Shift
EM-1 BAMC WHMC
EM-2 Day Eve Night
EM-3 Support Shift
Scoring: 1 2 3 4 5 6
Low i il High
a oo o i
oo oo ooo R
Compare resident to peers in same class 5% 15 30 0 15 5%
Patient Evaluations
Recognition/stabilization of emergent patients (PC) 1 2 3 4 5 6
History & information gathering (PC, /C) 1 2 3 4 5 6
Physical examination (PC) 1 2 3 4 5 6
Formulation of differential dx (PC, MK) 1 2 3 4 5 6
Test ordering & data interpretation (PC, MK) 1 2 3 4 5 6
Formulation of treatment plans (PC, PBL) 1 2 3 4 5 6
Disposition and patient instructions (PC, IC, PBL) 1 2 3 4 5 6
Skills
Documentation completeness & readability/legibility (/C) 1 2 3 4 5 6
Patient presentations (IC, MK) 1 2 3 4 5 6
Efficiency of care (speed, multiple patients) (PC, SBP) 1 2 3 4 5 6
Effectiveness of care (thoroughness, accuracy) (PC, SBP) 1 2 3 4 5 6
Knowledge of Tricare and Civilian Medical Systems (SBP) 1 2 3 4 5 6
Bedside manner and family interaction (PRO, IC) 1 2 3 4 5 6
Interactions with ED team (PRO, IC, SBF) 1 2 3 4 5 6
Interaction with consultants (PRO, IC, SBP) 1 2 3 4 5 6
Supervision of other providers (EM-2s & EM-3s) (SBF) NA 1 2 3 4 5 6
Managing overall ED (EM-2s & EM-3s) (SBP) NA 1 2 3 4 5 6
Overall Impression
FPerformance adequate for level of training on this shift? Yes No  (comment required)

Did you discuss this evaluation with the resident? Yes No

Signature of Faculty/Senior Resident Performing the Evaluation

Additional comments on back. Return completed forms to Residency Coordinator. Document procedural skills an separate forms.

ACGME Core Competencies PBL = Practice Based Learning 1C = Interpersonal & communication
PC = Patient Care MK = Medical Knowledge
PRO = Professionalism SBP = Systems Based Practice
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Appendix 3. Shift evaluation instrument, 2005.

Daily Resident shift evaluation 2013

[Subject Name] Evalbiator
[Subject Status]
[Evaluation Dates] [Evaluator Name]
[Subject Rotation] [Evaluator Status]
Evaluate resident based on appropriate milestone that you feel they will meet in 95% of patient epcounters.
DATE
1 Date, shift or sim case
Camment
Remaining Characters: 5,000
General Provisions of Patient Care
2 Overall patient assessment
BELOW AT SECOND PROGRESSING THIRD LEVEL OF EM
PROGRESSING PROGRESSING
INTERN INTERN INTERN (L.5) YEAR SECOND YEAR THIRD YEAR (2.5) RESIDENCY
LEVEL  LEVEL * LEVEL YEAR (2.5) LEVEL ' GRADUATE {4)
o ©Q O O O Q O
3 Emergency Stabilization
AT SECOND GRADUATE
YEAR LEVEL LEVEL
Recognizes manages
AT INTERN the unstable AT THIRD multiple
LEVEL patient who YEAR LEVEL critical
Describes a needs Formulates a patients
primary immediate diagnaostic Identifies
e ! proGrssinG 1 pocassaG " M procresag
OVAEEY  nTERM 2NDVEAR P . 3RDYEAR =
LEVEL ill or injured initial actions critical patient intervention is
patient ina Reassess after futile
Recognizes resuscitation implementing a Invalves
abnormal Performs stabilizing system
vital signs primary intervention resources into
assessment on a strategy for
a critical a problematic
patient stahilization
o o o o Q O QO c 0O
4 Performance of a Focused history and Physical Examination
AT SECOND AT 3RD YEAR
YEAR LEVEL GRADUATE
ATINTERN PROGRESSING ¢ 0. q PROGRESSING ... PROGRESSING | pyp N/A
LEVEL INTERN communicates  2ND YEAR essential 3RD YEAR Uses prior
BELOW Performs and a focussed H&P camponents medical
INTERN communicates reliably of a history records to
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Appendix 4. Shift evaluation instrument, 2008.

SAUSHEC Emergency Medicine
Daily Resident Evaluation

[Subject Name] Syl
[Subject Status]
[Subject Program] [Evaluator Name]
[Evaluation Dates] [Evaluator Status)
[Subject Rotation] [Evaluator Program)]

in evaiuating the resident’s performance, use as your standard the level of knowledge, skills and attitudes expected
from the clearly satisfactory resident at this stage of training. Please provide specific comments and recommendations.
Be as specific as possible, including reports of critical incidents and/or outstanding performance. Global adjectives or

remarks, such as "good resident." do not provide meaningful feedback to the resident.

Administration

DATE:

1 Date of Daily
Ratation

Evalustion
Remaining Characters: 5,000

Patient Care

2 Recognition/stabilization of emergent patients
UnsatMarginalSatisfactorysatisfactoryVery GoodCutstandingN/A

C O 0O Q o Q

3 History 8t Physical Exam
UnsatMarginalSatisfactorySatisfactoryVery GoodCutstandingN/A

O 0O o) o o

4 Generation & implementation of diagnostic/treatment plans
UnsatMarginalSatisfactorySatisfactoryVery GoodCutstandingN/A

c 0 O ©O© O O 0O

MEDICAL KNOWLEDGE

g5 Interpretation of dats & formulation of differential dx
UnsatMarginalSatisfactorySatisfactoryVery GoodCutstandingN/A

c o0 O O © 0 O

Practice Base Learning

6 Use of EBM to guide clinical presentations
UnsatMarginalSatisfactorySatisfactoryVery GoodCutstandingN/A

Q O

Communication & Interpersonal 5kills

7 Documentation & patient presentations
UnsatMarginalSatisfactorySatisfactoryVery GoodCutstandingN/A
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Appendix 5. Selection of shift evaluation instrument, 2013.

Daily Resident shift evaluation 2013

[Subject Name]
[Subject Status]

[Fvaluation Dates)] [Evaluator Name]
[Subject Rotation] [Evaluator Status]

Evaluator

Fvaluate resident based op appropriate milestone that you feel they will meet in 85% of patient encounters.

DATE

1 Date, shift or sim case

Comment

Remaining Characters: 5,000

General Provisions of Patient Care

2 Overall patient assessment

BELOW AT SECOND PROGRESSING THIRD LEVEL OF EM
INTERN INTERN ROGRESSING = o SECOND YEAR _PROGRESSING RESIDENCY
GRADUATE (4)

evee  tevee NTERNS) b vearps) weven THIRD VEARGS)

o ©Q O O O Q o)

3 Emergency Stahilization

AT SECOND GRADUATE
YEAR LEVEL LEVEL
Recagnizes manages
AT INTERN the unstable AT THIRD multiple
LEVEL patient who YEAR LEVEL critical
Describes a needs Formulates a patients
primary immediate diagnostic Identifies
INTERN on 3 ericaly PROSKRESSING "2 20C0 R0 procressing R0 219 prosessig “UELICNT
; S INTERN s i . 2ND YEAR o ; 3RD YEAR . o
LEVEL ill ar injured initial actions critical patient intervention is
patient ina Reassess after futile
Recognizes rasuscitation implementing a Invelves
abnormal Performs stabilizing system
vital signs primary intervention resources into
assessment on

a strategy for
a prablematic
patient stabilization

o Q Q o Q <

4 Performance of a Focused history and Physical Exarnination

a critical

AT SECOND AT 3RD YEAR
YEAR EL GRADUATE
ATINTERN PROGRESSING poop 0 oy PROGRESSING o, PROGRESSING ) pypy N/A
LEVEL INTERN communicates  2ND YEAR essential 3RD YEAR Uses prior
BELOW Performs and a focussed H&P companents medical
INTERN communicates reliably of a history records to
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Appendix 6. Selection of shift evaluation instrument, 2016.

Subject Name
Status

Empiloyer

Program

Rotation

Evaluation Dates

Daily Shift Evaluation AY 2016-2017

Instructions

commensurate with training level.

1* Data gathering

Meeds Improvement | Meats Expectations | Exceeds Expectations
e G
o B O

Comment

2* Di ic plan

Meeds Improveman: | Meets Expectations | Exceeds Expactations
= :
&) O &)

Comment

3* Treatment plan development

Meeds Improvement | Mests Expectations  Exceeds Expectations

O O O

Comment

4* Medical knowledge

Meeds Improvement | Meets Expectations | Exceeds Expectationa
F. Fan
L O L

Comment

5* Efficiency/Multi-tasking

Needs Improvemant | Meets Expactations  Exceeds Expactations

'S

~ P
et O L

Comment

6* Patient follow-up and reassessment

Meeds Improvement | Meets Expectations | Exceeds Expectations
I - 3
o O L)

Comment

T iveness to )

Meeds Improvement | Meets Expectations  Excesds Expectations
= © 0
) O L

Comment

8" Professionalism
Meeds Improvemant | Mests Expectations | Excesds Expectations
- =%
O &) O

Comment

Score the resident's performance today in the following domains.

Evaluated by:  Evaluator Name
Status
Employer
Program

The scale refers to meeting or exceeding expectations
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Appendix 7. Selection of shift evaluation, 2020.

Subject Name

Stmg Evaluated by:  Evaluator Name
Stat

Employer Emi L‘IS

Program LN

Rotation Frogeam

Evaluation Dates

Emergency Medicine Daily Shift Evaluation for ED Rotation New Version
Instructions:
This evaluation will serve as a daily shift evaltuation for emergency medicine residents while completing a rotafion in the

emergency department. The evaluation is based on the ABEM Emegency Medicine Milestone Project and is organized by
the 6 ACGME Core Competencies.

1* Please provide your overall comments about this resident's performance on this shift.

2 Were there any red flags on this shift? If so, please provide i to gl Director at
the end of this evaluation form.

-

O Yes

OMe

3 Would you trust this resident to care for you or your family (with appropriate supervision)? If no, please
provide i to g Director at the end of this evaluation form.

Qe

() Ne

|,

of critical

4
threats to health; timeliness and

\pp g

BELOW ATINTERN  PROGRESS AT SECOND = PROGRESS = AT THIRD PROGRESS = LEVEL OF LEVEL OF LEVEL OF

INTERN LEVEL ING INTERN YEAR ING YEAR ING THIRD  EM EM EM
LEVEL LEVEL SECOND LEVEL YEAR RESIDENCY = ATTENDING FACULTY
YEAR GRADUATE | PHYSICIAN MENTOR
~ - ~ ) Y e 3 Y
O ®] O @) O O O O O O

Focus of H&P is concise, with attention to pertinent details; appropriate use of ancillary sources of

(EMS, family, );tail patient i iew with g Y is in mind
BELOW ATINTERN = PROGRESS AT SECOND PROGRESS AT THIRD PROGRESS LEVEL OF LEVEL OF LEVEL OF
INTERN LEVEL ING INTERN YEAR ING YEAR INGTHIRD | EM EM EM
LEVEL LEVEL SECOND LEVEL YEAR RESIDENCY = ATTENDING FACULTY
YEAR GRADUATE | PHYSICIAN MENTOR
™y Is) o ~ ~ ) s &
o \_J @] O () — O U U o

6* Diagnostic plan development:
Plan is oriented to of i o i based of H&P; utilizes resources
i i limitations and ri of di ic testing; and i i
tests are unavailable or unobtainable.

when

BELOW ATINTERM  PROGRESS AT SECOND PROGRESS = AT THIRD PROGRESS LEVEL OF LEVEL OF LEVEL OF

INTERN LEVEL ING INTERN YEAR ING YEAR ING THIRD | EM EM EM
LEVEL LEVEL SECOND LEVEL YEAR RESIDENCY = ATTENDING FACULTY
YEAR GRADUATE | PHYSICIAN MENTOR
) 'S Y
O Q O (@) Q O O O O Q
7* Treatment Plan Development:
are prioriti i patient factors such as age, allergies and comorbidities are
and ppr is adjt i i i of ED
BELOW  ATINTERN PROGRESS ATSECOND PROGRESS | ATTHIRD  PROGRESS LEVELOF | LEVELOF LEVEL OF
INTERN LEVEL ING INTERN YEAR ING YEAR INGTHIRD | EM EM EM
LEVEL LEVEL SECOND LEVEL YEAR RESIDENGY = ATTENDING FAGULTY
YEAR GRADUATE | PHYSICIAN MENTOR
e 3 2} ) IS I ~ e s
O O O O @] O O O O @]

8* Patient Reassessment and Follow-up:
Patient it is timely and prioritized based on severity and stability of medical condition.
Changes in patient status are identified and treated without delay. Patients and family are kept abreast
of progress through their ED stay.

BELOW ATINTERW  PROGRESS AT SECOND = PROGRESS = AT THIRD PROGRESS = LEVEL OF LEVEL OF LEVEL OF

INTERN LEVEL ING INTERN YEAR ING YEAR ING THIRD  EM EM EM
LEVEL LEVEL SECOND LEVEL YEAR RESIDENCY = ATTENDING FACULTY
YEAR GRADUATE = PHYSICIAN MENTOR
'] e 5" ) - ) I i
O O @] O O O o O O O

g* Efficiency and Multi-tasking:

Manages workflow and i upti ina i i task: i fluidly; prioriti critical
tasks and patient disposition without y delay; workflow as sif change.
BELOW ATINTERN = PROGRESS AT SECOND PROGRESS AT THIRD PROGRESS LEVELOF LEVEL OF LEVEL OF
INTERN LEVEL ING INTERN YEAR ING YEAR ING THIRD | EM EM
LEVEL LEVEL SECOND LEVEL YEAR RESIDENCY | ATTENDING FACULTY
YEAR GRADUATE | PHYSICIAN MENTOR
e 'S Y
O Q (@) @] O O O @] Q
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ABSTRACT

Introduction: Airway obstruction is the second leading cause of potentially preventable death on the battlefield.
Endotracheal intubation is a critical skill needed by emergency military physicians to manage these patients.
Our objective is to describe the development of the Defense Registry for Emergency Airway Management
(DREAM) at Brooke Army Medical Center (BAMC), a level 1 trauma center over a 7-month period.

Methods: Emergency physicians (EP) performing endotracheal intubations in the BAMC emergency depart-
ment (ED) completed standardized data collection forms with information about each event. Trained study
team members extracted additional data from the medical records. We cross-referenced each intubation with
patient tracking systems in the department and would fill in missing variables through interview with the intu-
bating operator and/or medical records review.

Results: The study period comprised January through July 2020. During the study period emergency physi-
cians (EP) performed a total of 74 intubations. Reasons for intubation were related to trauma for 47 patients
(64%) and medical conditions for 26 patients (36%). The median age was 51 (interquartile range 30-72) and
most were male 48 (65.7%). Difficult airway characteristics encountered included blood in the airway (26%),
facial trauma (23%), and airway obstruction (1%). Most intubations utilized video laryngoscopy, and the most
frequently used airway devices were Macintosh-shaped (45%) and hyperangulated-shaped (41%). Overall, first-
pass success rate was 93% (69) with majority of intubations performed by second-year emergency residents
(61%) followed by first-year residents (28%).

Conclusions: Most DREAM intubations were related to traumatic injuries. The most frequently encountered
difficult airway characteristics were blood in airway and facial trauma. Most intubations were conducted us-
ing video laryngoscopy with a high first-pass success rate similar to other published studies. Expansion of
the registry to other military emergency departments would enable a data-driven solution for development of
individual critical task lists.

BACKGROUND

Emergency physicians (EP) require extensive training to
proficiently perform critical life-saving skills. Endotra-
cheal intubation, an important lifesaving procedure in
the garrison setting and the deployed setting,' is para-
mount to successful airway management in critically
injured patients. One study reports that EPs perform
emergent intubations more frequently than anesthe-
siologists (81% versus 7%) in the emergency depart-
ment (ED) setting.? Studies over the past two decades
estimate the proportion of ED intubations performed by
EPs ranges from 89% to 95%.%° Ensuring military EP
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readiness requires proper training and hands-on experi-
ence with intubations in garrison to execute life-saving
interventions in the deployed setting.®’

The Military Health System’s (MHS) largest military
hospital and only level 1 trauma center is Brooke Army
Medical Center (BAMC). BAMC has a large scope of
medical care capabilities and responsibilities making
it the ideal location to offer military emergency physi-
cians experience with procedures. It also serves as the
pre-deployment center as part of the Strategic Trauma
and Readiness Center of San Antonio (STaRC).* Addi-
tionally, BAMC provides care to military personnel and
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beneficiaries while working in collab-
oration with civilian hospitals in the

Figure 1. Volume of intubations during the pilot study period.

local area to provide trauma casualty 20
care to civilians in the community.’
EP skills attainment and sustainment
require opportunities for improving,
refinement, and retention of criti-
cal life-saving skills such as airway

management.!

In 2016, the BAMC emergency de-
partment (ED) joined a multicenter
observational intubation registry 6
through Brigham and Women’s Hos- .
pital in Boston, MA, on a research-

based surveillance of intubation

practices as part of National Emer- 0

gency Airway Registry (NEAR).>510 January

]

February March April May June July

NEAR evaluates the method of air-

*January and July represent partial months

way obtainment, complication rates,

and number of difficult airways en-

countered.!"! NEAR data capture ended in December
2018. However, publications associated with the NEAR
demonstrated the value of collecting and analyzing mil-
itary-relevant airway management data on a continuous
basis. As a result, we developed a military-specific air-
way registry.

Goal of this Study: We describe the pilot data collected
as part of the development of the DREAM at BAMC —
the Department of Defense's (DoD) only level 1 trauma
center.

METHODS

Ethics: The Regional Health Command—Central Insti-
tutional Review Board (IRB) reviewed and approved
protocol C.2015.140. We requested and obtained a waiv-
er of informed consent given the emergency setting and
critically ill status of the patients we were seeking to
enroll.

Subjects & Setting: Brooke Army Medical Center
(BAMC) as a level 1 trauma center, San Antonio, TX,
serves as a regional receiving center for the southwest
Texas region. It is the only level 1 trauma center within
the DoD. The ED has approximately 84,000 visits annu-
ally which includes active duty personnel, retired mili-
tary beneficiaries, and dependents, of which, roughly
6,000 encounters are traumas. The ED has a 3-year resi-
dency training program with 16 residents in each class,
48 residents in total. It is part of the San Antonio Uni-
formed Services Health Education Consortium.

Our study included all patients intubated since the
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piloting of DREAM in January 2020. Intubating op-
erators document on the data collection form and near
real-time. Variables included demographics, indications,
intubating methods, operator characteristics, intubation
attempts and successes or failures. Other variables were
extracted from the medical records. Missing variables
were cross-referenced with nursing documents and intu-
bating operator interviews. Data collection forms were
deposited by intubating providers in secured file cabi-
nets throughout the department by the intubating pro-
viders. Research staff cross-referenced nursing reports
to ensure >95% capture of ED intubations within 30
days during non-COVID-restricted time frames where
research personnel had limited physical access to the
department. This adherence rate was based on the pre-
vious metrics required from inclusion into the National
Emergency Airway Registry, with which we were previ-
ously associated.'!* Trained research personnel would
extract the remaining data from the medical records
and/or interviews.

Data Analysis: We performed all statistical analyses us-
ing a commercial software packages. We describe con-
tinuous study variables using means with confidence
(95%) intervals for continuous variables, ordinal vari-
ables with medians and interquartile ranges, and num-
bers and percentages for nominal variables.

REsuULTS

The study period comprised January through July 2020.
During the study period emergency physicians (EP)
performed a total of 74 intubations. (Figure 1) The in-
dication for intubation consisted of 47 (64%) traumatic
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and 26 (36%) medi-
cal. The median age

Table 1. Demographics and intubation information.

importance of provid-
ing this procedural op-

was 51 (interquartile

portunities to resident

N=74

range 30-72) and most Demographics Age 51(30-72) physicians in train-
0 Male 65.7% (48) : o

were male 48 (65.7.A)) Estimated woight 78T (3.0-84 ing. The Accreditation

(Table 1). Complica- [indication Medical 26 Council for Graduate

tions encountered in- — /T;auma " ‘1‘7/ 0 Medical Education
. omplications irway obstruction % .

c!uded blood in the Facial trauma 22.9% (17) (ACGME) requires

airway (26%), facial Airway blood 25.6% (19) that emergency medi-

trauma (23%), and air-  [Aivay Device gizz: %iﬁmh) 12/"1(;) 5 cine residents have at

way obstruction (1%). Macintosh-shaped video 45% (33) least 35 intubations

laryngoscopy

Emergency physicians

performed most intu- laryngoscopy

Hyperangulated-shaped video

to obtain procedural

41% (30
0 competency.' For the

bations using video la- Bougie used 1% (1) BAMC residency, we
Training level PGY1 28% (21) DK
ryngoscopy (VL), the PGY2 61% (43) depend upon a C}Vlhan
most frequently used PGY3 9% (7) anesthesia rotation to
airway devices were First-pass success 93% (69) obtain basic intubation

Macintosh-shaped

(45%) and the hyper-

angulated-shaped (41%). Overall, first-pass success rate
is 93% (69) with majority of intubations being performed
by second year emergency residents (61%) followed by
year one residents (28%). Our direct laryngoscopy (DL)
versus VL first-pass success rates were similar (90%,
n=9/10 versus 93%, n=60/64, p=0.526).

DiISCUSSION

Airway management is a critical skill needed by mili-
tary healthcare providers.”* We found that EPs used vid-
eo laryngoscopy most frequently with a high first-pass
success rate. A majority of the total number of intuba-
tions performed by EPs ( 64%) involved trauma patients,
highlighting the importance of a public trauma mission
to maintain military medical readiness.! A previous
study in the deployed setting noted that more than 1 in
10 casualties presenting to deployed emergency depart-
ments underwent intubation. Our study demonstrates
that emergency physicians at BAMC receive robust air-
way management experience that will prepare them for
future deployed missions. We must also note that the
preponderance of intubations appeared to happen via
VL rather than DL (64 versus 10). Our finding of similar
first pass success between VL and DL is different than
repeated findings in the literature that VL optimizes
first pass success and is likely a reflection of low sample
size and patient selection for DL."*!

The military health system (MHS) and its treatment fa-
cilities exist to support the training and readiness mis-
sions. Memorandums disseminated by nearly every US
Army Surgeon General over the past two decades during
which we have been at war highlight the need for medical
personnel to use the medical treatment facilities (MTFs)
for skill sustainment.® We must also highlight the
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skills on non-emergent

patient presentations
and utilize the BAMC platform to augment intubation
skills that more closely align with those seen in opera-
tional settings. Relative to the operational setting, EM
physicians are expected to deploy to far forward areas
and manage airway emergencies.”'”?* As such, we
must ensure they are adequately trained in airway man-
agement given the volume of casualties requiring an
airway.""

To provide more generalizable data for military medi-
cine, we have started to expand the DREAM registry.
As of July 2020, we have added the Madigan Army
Medical Center (MAMC) to our study protocol, and
we are preparing to launch our data collection. Adding
additional MTFs to the DREAM registry will allow for
more robust data collection. Trends and lessons learned
from the registry could be useful for inclusion into the
deployed clinical practice guidelines such as those pro-
mulgated by the Joint Trauma System.

This study has several limitations. Due to COVIDI19 re-
search restrictions the research team had limited physi-
cal access to the department during the early phases of
the pandemic. As such, we do not have data assessing
the number of missing intubation forms that were not
properly documented on department tracking docu-
ments or in the electronic medical records (EMR) sys-
tem. To this end, we must acknowledge that we may
be missing samples during the early pandemic period,
and we cannot assess how long the time from intuba-
tion to form completion occurred. Some recall and
sampling bias may be present. Given our small sample
size and limited period, we were unable to complete
cross-group comparisons. Moreover, we are unable to
identify any trends currently that allow for performance
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improvement feedback. Larger data sets are necessary
to identify trends and study the effects of practice pat-

DEFENSE REGISTRY FOR EMERGENCY AIRWAY MANAGEMENT

terns on outcomes.

CONCLUSION

10.

Comparison of Trauma Patient Populations. Mil
Med. 2020;185(9-10):¢1569-e1575.

Walls RM, Brown CA, Bair AE, Pallin DJ. Emer-
gency airway management: a multi-center report of
8937 emergency department intubations. J Emerg
Med. 2011;41(4):347-354.

Most DREAM intubations were related to traumatic in-
juries. The most frequently encountered difficult airway 11
characteristics were blood in airway and facial trauma.
Most intubations were conducted using video laryngos-
copy with a high first-pass success rate similar to other
published studies. Expansion of the registry to other
military emergency departments would enable a data- 12.

2010;25(5):346-350.

Phelan MP, Glauser J, Yuen HW, Sturges-Smith
E, Schrump SE. Airway registry: a performance
improvement surveillance project of emergency
department airway management. Am J Med Qual.

driven solution for development of individual critical

task lists.
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A CASE REPORT UTILIZING ULTRASOUND FOR THE IDENTIFICATION OF TRAUMATIC PULMONARY CONTUSION

A Case Report Utilizing Ultrasound
for the Identification of Traumatic
Pulmonary Contusion

CPT Daniel Merrill, MD
MAJ Melissa Myers, MD

ABSTRACT

Pulmonary contusions are a common injury in both military and civilian trauma patients. In austere and re-
source-limited settings common to deployment, military physicians may be limited on their ability diagnose or
differentiate this entity from other traumatic injuries. We describe the use of ultrasound for the identification
of pulmonary contusion in a patient with a gunshot wound while performing an extended Focused Assessment
with Sonography (eFAST). The utility of ultrasound in polytraumatic patients stretches far beyond the initial
FAST exam and can drastically inform clinical decision making and treatment.

INTRODUCTION

Pulmonary contusion is a common finding in patients
presenting after blunt chest trauma. Pulmonary contu-
sions were present in 52% of patients with combat re-
lated thoracic trauma in Operations Iraqi Freedom and
Enduring Freedom."? Pulmonary contusion has been
independently associated with severe complications in
polytrauma patients including hypoxemia, hypercarbia,
coagulopathy, pneumonia, intubation, acute respiratory
distress syndrome (ARDS), and mortality secondary to
respiratory compromise.** Ultrasound has been previ-
ously described as an effective screening for pulmonary
contusion and is increasingly available to military medi-
cal providers.>>7 We describe the use of ultrasound in
the assessment of a patient presenting with penetrating
trauma.

Case Presentation: A 20-year-old male was brought to a
level 1 trauma center with a gunshot wound to the chest.
Initial vital signs were significant only for a mild tachy-
cardia of 103. A single penetrating injury over the lower
third of the sternum was noted with tenderness to palpa-
tion, tenderness, and crepitus over the right lateral chest
wall with a palpable mass. There were no other visible
traumatic injuries on exam.

An eFAST was performed and was negative for intra-
abdominal free fluid, pneumothorax or pericardial effu-
sion. The eFAST demonstrated focal B-lines and pul-
monary parenchymal changes consistent with possible
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right lower pulmonary contusion approximately 4cm to
the right of the sternum. Additionally, ultrasound identi-
fied a discrete hyperechoic object within the right lateral
chest wall at the anterior midaxillary line (Figures 1 &
2). A subsequent chest radiograph and aortic computed
tomography (CT) with contrast identified a pulmonary
contusion with 5th and 6th rib fractures while confirm-
ing no intrathoracic or intraperitoneal injury or hemor-
rhage (Figure 3). Laboratory evaluation was notable for
a detectable troponin at 0.04 ng/mL. The patient was
admitted for pulmonary support and cardiac monitoring
and discharged the next day after normalization of his
cardiac enzymes and with incentive spirometry.

DiscussION

Several studies have evaluated the use of ultrasound to
screen and evaluate pneumothorax, hemothorax, pneu-
monia, pleural effusion, and pulmonary contusions.>%8
Pulmonary contusion is suggested on ultrasound by the
presence of B-lines or a peripheral parenchymal lesion
(PPL), with increased sensitivity utilizing a cutoff of 6 or
greater to diagnose a positive study.® Vaefi et al. found
that within trauma patients, ultrasound had greater sen-
sitivity for the detection of pulmonary contusion and
pneumothoracies among patients with chest trauma than
chest x-ray.® Additionally, a recent meta-analysis com-
pared the sensitivity, specificity, and negative likelihood
ratios of ultrasound and chest x-ray in regards to pulmo-
nary contusion, which suggested that ultrasound would
be a superior screening tool for pulmonary contusion

https://medcoe.army.mil/the-medical-journal
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Figure 1. Upright chest x-ray demonstrating right
pulmonary contusion and retained foreign body.

Figure 2. Coronal (left) and transverse (right) commuted tomography
of the chest demonstrating right anterior pulmonary contusion and soft
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tissue foreign body without evidence of pneumothorax.
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