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ABSTRACT

Background: Exsanguinating limb injury is a significant cause
of preventable death on the battlefield and can be controlled
with tourniquets. US Navy corpsmen rotating at the Navy
Trauma Training Center receive instruction on tourniquets.
We evaluated the effectiveness of traditional tourniquet in-
struction compared with a novel, perfused-cadaver, simulation
model for tourniquet training. Methods: Corpsmen volun-
teering to participate were randomly assigned to one of two
tourniquet training arms. Traditional training (TT) consisted
of lectures, videos, and practice sessions. Perfused-cadaver
training (PCT) included TT plus training using a regionally
perfused cadaver. Corpsmen were evaluated on their ability to
achieve hemorrhage control with tourniquet(s) using the per-
fused cadaver. Outcomes included (1) time to control hemor-
rhage, (2) correct placement of tourniquet(s), and (3) volume
of simulated blood loss. Participants were asked about confi-
dence in understanding indications and skills for tourniquets.
Results: The 53 corpsmen enrolled in the study were randomly
assigned as follows: 26 to the TT arm and 27 to the PCT arm.
Corpsmen in the PCT group controlled bleeding with the first
tourniquet more frequently (96% versus 83%; p < .03), were
quicker to hemorrhage control (39 versus 45 seconds; p <.01),
and lost less simulated blood (256mL versus 355mL; p < .01).
There was a trend toward increased confidence in tourniquet
application among all corpsmen. Conclusions: Using a per-
fused-cadaver training model, corpsmen placed tourniquets
more rapidly and with less simulated-blood loss than their
traditional training counterparts. They were more likely to
control hemorrhage with first tourniquet placement and gain
confidence in this procedure. Additional studies are indicated
to identify components of effective simulation training for
tourniquets.
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Introduction

Exsanguinating limb injury is one of the most common causes
of preventable death on the battlefield in the Global War
on Terror."? Tourniquet use on the battlefield, however, is

associated with improved hemorrhage control® and improved
survival rates for combat casualties with major limb trauma
when applied in the prehospital setting and in the absence of
shock.* In addition, the use of tourniquets is not associated
with limb loss or adverse outcomes, including nerve palsies.>=
Tourniquets are a critical component of the Tactical Combat
Casualty Care (TCCC)® paradigm currently practiced by the
US military. The application of tourniquets, moreover, is cur-
rently the most common field intervention performed during
battlefield mass casualty events.”

With the effectiveness and low complication risk of tourni-
quet application firmly established, attention must turn to the
existing training provided to our military personnel prior to
combat deployment for this lifesaving intervention.* In a 2014
study, current training modalities used in the Combat Casu-
alty Care Course for US Navy medical personnel still yielded
inferior accuracy, time, and effectiveness of tourniquet appli-
cation in simulated combat situations when compared with
classroom settings.® In a recent review of tourniquet use by
the military, Kragh and Dubick stated, “Training is today the
quintessential item to be addressed for tourniquet use: Op-
timal user development is the most likely of all factors to
improve outcomes.” There is a paucity of literature at this
time evaluating training modalities for tourniquet application,
yielding objective measurements that prove the efficacy of the
training prior to deployment.

Students at the Navy Trauma Training Center (NTTC) at
the Los Angeles County and University of Southern Califor-
nia (LAC+USC) Medical Center in Los Angeles receive train-
ing in lifesaving battlefield procedures, including tourniquet
application. This is not a formal TCCC training course, but
traditional instructional modalities for tourniquet education
and training are used and include slide-based lectures that re-
view indications, pertinent anatomy and technical instruction,
a video presentation on proper application, and practice ses-
sions in which the students place tourniquets on their training
partner and themselves.

The purpose of the current study was to evaluate the addition
of a novel, perfused-cadaver training model for providing su-
perior predeployment training to US Navy corpsmen in the
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application of tourniquets when compared with traditional
instructional models alone. A secondary aim of this study was
to evaluate the confidence of the trainees in their self-reported
understanding of the indications for and technical abilities to
apply tourniquets to exsanguinating limb injury after training.

Methods

This study was performed after approval by the Institutional
Review Board at the Keck School of Medicine of USC and in
accordance with the Keck School of Medicine of USC Fresh
Tissue Dissection Laboratory (FTDL) policies. From Janu-
ary 2016 to November 2016, US Navy corpsmen rotating at
NTTC were recruited to participate. Fifty-three corpsmen vol-
unteered for the study. Demographic data were collected and
included age, sex, experience (years), deployment history, and
previous tourniquet experience in training and real-life situa-
tions. Each of the corpsmen was then randomly assigned to
one of two limb-tourniquet instruction methods: traditional
training (TT) alone or traditional training plus the addition of
perfused-cadaver training (PCT).

In keeping with the curriculum at NTTC during the study
period, the US Military standard-issue, Combat Application
Tourniquet® (C-A-T) Generation 6 (C-A-T Resources; http:/
combattourniquet.com/) was used for all training and evalu-
ation portions of this study. The TT arm included standard-
ized lecture on indications and step-by-step instructions on the
technique of limb tourniquet placement, using photographs,
diagrams, and a demonstration video. In addition, under
NTTC staff instruction, the corpsmen practiced tourniquet
application on their training partners. In brief, the trainees
would place tourniquets on themselves and their training
partners. The PCT arm underwent the same TT, as well as
hands-on practice of tourniquet application using the perfused
cadaver. All tourniquet instruction was in accordance with
TCCC guidelines and curriculum, as well as manufacturer in-
struction for the C-A-T Generation 6.

For the purposes of tourniquet instruction and testing, the
NTTC staff used a novel, perfused-cadaver model (Minneti
method)'* for lower limb hemorrhage. The Minneti method of
perfusion for cadavers was described by Carey et al.'® and is
commonly used in the FTDL for vascular procedure training
on cadavers. All interventions occurred at and in accordance
with the policies of the FTDL. All cadavers were fresh, nev-
er-frozen, nonembalmed human bodies. All cadavers were free
of skin, bone, or soft-tissue abnormalities involving the lower
extremities and were kept in refrigerated storage until 1 hour
before training and evaluation, when they were allowed to
warm to room temperature.

All cadavers were positioned supine on a standard dissection
table for both training and evaluation. Cadaver age and weight
were recorded. Bilateral groin dissections were performed and
superficial femoral arteries (SFAs) were cannulated. A stan-
dardized wound was made on the medial thigh above the knee
to include an injury to the distal SFA. A centrifugal perfusion
pump and console (BPX-50 Bio-Pump and Bio Medicus Bio
Console 550; Medtronic, http://www.medtronic.com) was
connected to provide regional perfusion in the cadavers’ SFAs.
Revolutions per minute were set at 2,000 to deliver a nonpul-
satile pressure within the vessel of 80-100mmHg. The perfu-
sate consisted of red premium tempura paint (Dick Blick Art
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Material, https://www.dickblick.com/,) with salt and water.

While nonpulsatile, this method allows tourniquet placement
without tubing rupture associated with positive displacement
pumps.

After the instruction and practice sessions (TT or PCT), each
corpsman was brought to an unmarked and covered cadaver
(with hospital gown and sheet). Once the gown and sheet
were removed (to simulate injury and wound exposure) and
extremity hemorrhage was identified, each of the corpsmen
performed tourniquet application on the right and left lower
extremity in separate timed events. The time taken to place the
tourniquet(s) and stop the bleeding was recorded. After the
tourniquet(s) was/were secured, a trauma surgeon blinded to
the teaching method assessed the position of the tourniquet(s).

Correct application and positioning required that the tour-
niquet be applied in accordance with TCCC guidelines and
manufacturer instructions and that the tourniquet be placed at
least 2 to 3 inches (5-7.6cm) proximal to the wound (Figure
1). If needed, a second tourniquet was secured in the same
way and placed above and immediately adjacent to the first
tourniquet. Exact distance of the tourniquet from the most
proximal wound edge was recorded. Total simulated blood
loss was measured for each limb hemorrhage event. Cadaver
arterial pressure was measured after each tourniquet applica-
tion (range, 80-100mmHg).

FIGURE 1 Application of Combat Application Tourniquet (C-A-T)
Generation 6, per manufacturer instructions and Tactical Combat
Casualty Care instruction for lower extremity placement. Tourniquet
is placed proximal to the wound 2 to 3 inches (5-7.6¢m). Wound
exposed with self-retaining retractor for demonstration purposes
only. The retractor was not used for training or evaluation purposes.

C-A-T above the wound At Least 2-3 inches above the wound

The corpsmen were given surveys prior to tourniquet training
(TT or PCT) and immediately after completion of testing. They
were questioned regarding their confidence in understanding
indications and technique for limb tourniquet application in a
patient with extremity hemorrhage. A 5-point Likert scale (0
= no confidence to 4 = very confident) to rate their confidence
was used.

The following outcomes were compared between the two
study arms: (1) simulated hemorrhage control (yes or no), (2)
time required to place the tourniquet(s) (time in seconds), (3)
correct placement of the tourniquet(s) (measured as distance
in centimeters from the wound apex), and (4) volume of sim-
ulated blood loss (measure in milliliters). In addition, survey
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responses for confidence (indications and technique) were
compared between groups.

Statistical Methodology

Data were analyzed using OS X El Capitan 10.11.6/Micro-
soft Excel 15.24 (Microsoft Corp., www.microsoft.com). Uni-
variate continuous data between two groups were compared
by F-test for variance followed by an unpaired Student ¢ test
or Mann Whitney U test, where appropriate (comparison of
baseline demographics and outcomes TT versus PCT). Cat-
egorical data were analyzed via %2 analysis where appropri-
ate (for the Likert scale testing, each individual was their own
control with improvement rated on a scale of 1 = improved
or 0 = no improvement, depending on how they moved on a
S-point scale). Statistical significance was denoted at p < .0S5.

Results

During the study period, a total of 53 corpsmen were enrolled;
26 were randomly assigned to the TT arm and 27 to the PCT
arm. Table 1 details the demographics of these groups. In
general, both groups were predominately male, had approx-
imately 8 years of military service, one combat deployment,
and significant prior military medical training. However, the
PCT arm had fewer TCCC-trained individuals, less prior ca-
daver training, and fewer real world tourniquet applications.
A total of eight, fresh, nonembalmed cadavers were used for
training and evaluation simulations (mean age, 72 years; mean
weight, 64kg).

TABLE 1 Demographics

Traditional | Cadaver
Training Training

Demographic (n =26) (n=27) | p Value
Age,y 29 (0.7) 29 (0.7) 73
Male, % 92 83 .38
Military service, y 7.8 (0.6) 7.5(0.7) .69
Deployments, n (%) 1.2 (0.2) 1.1 (0.2) 77
Experience prehospital 15 19 76
provider (civilian), % :
Prior tourniquet training
(military or civilian), % . = =
Taken TCCC course, % 100 82 .02%
Il(r{)l/:? taken TCCC course, 3.2(0.3) 2.1(0.3) 01*
Taken PHTLS course, % 12 7.4 .61
Placed a tourniquet in . 100 100 1.0
practice environment, %
Tourniquets placed in practice "
environment, n (%) 73 (11) 40 (6.8) o1
Practlceotrammg mannequin 100 100 1.0
model, %
Tourniquets plaoced on 56 (9.4) 33 (6.5) 05*
mannequin, n (%)
Practice training animal
model, % 13 0 .07
Practice training cadaver "
model, % 23 3.7 .04
Prior live 0casualty 9 2 12
training, %

Data arerepresented as mean (SEM) or percentages, where appropriate.
TCCC, Tactical Combat Casualty Care; PHTLS, prehospital trauma
life support. *Significant.

A total of 96 simulated leg hemorrhage scenarios were man-
aged by 48 corpsmen. A total of 10 measurements for five
corpsmen from the TT group were discarded because of per-
fusion system failure on a single day of testing. The failure
was not the result of the tourniquets or corpsmen application
of the tourniquets. None of the PCT group measurements re-
quired exclusion.

The PCT group was able to control simulated hemorrhage
with one tourniquet more frequently than was the TT group
(96.0% versus 83.0%; p = .03). Although the TT group re-
quired a second tourniquet to gain hemorrhage control more
often than did the PCT group, there was no difference in the
overall ability to control hemorrhage (97% versus 98%) with
the addition of a second tourniquet (Figure 2). The PCT group
took less time to achieve initial hemorrhage control (PCT: 39
seconds versus TT: 45 seconds; p = .01) and final hemorrhage
control when compared with the TT group (PCT: 76 seconds
versus TT: 99 seconds), when necessary (Figure 3).

When location of tourniquet placement was examined, corps-
men in both arms placed the tourniquet consistently proxi-
mal to the wound (PCT: 5.5 cm versus TT: 7.6 cm; p = .03).

FIGURE 2 Successful hemorrhage control for TT and PCT groups
is represented. Nearly all corpsmen were successful in controlling
hemorrhage; the TT group needed to place a second tourniquet more
often than did the PCT group. PCT, perfused-cadaver training; TT,
traditional training.
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FIGURE 3 Mean time to bleeding control was longer for the TT
than for the PCT. PCT, perfused-cadaver training; TT, traditional
training.
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Corpsmen in the PCT group lost significantly less simulated
blood on the pressurized-cadaver hemorrhage model when
compared with the TT group (PCT: 256mL versus TT: 355mL;
p = .01; Figure 4). There was no variation noted in the per-
fused cadavers with regard to the measurements of pressure
in the femoral artery occluded proximal to the injury by the
tourniquet (TT: 95mmHg versus PCT: 92mmHg; p = .9.)

Corpsmen in both groups reported an increase in their self-re-
ported confidence in understanding the indications for and tech-
nique of limb tourniquet application in extremity hemorrhage.
A statistically significant trend of improvement among those
trained in the PCT model was noted for improved confidence in
the ability to place a tourniquet in extremity hemorrhage (p =
.06; Figure 5). Please see Table 2 for detailed results description.

FIGURE 4 Mean simulated blood loss was higher in the TT than the
PCT. Standard error bars are shown as well. PCT, perfused-cadaver
training; TT, traditional training.
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FIGURE 5 Mean confidence scores as self-reported by the corpsmen
using a survey and S-point Likert scale (0 = no confidence to 4 = very
confident). Scores are reported for pre- and post-training, indications
and technique for extremity tourniquets. Standard error bars are
shown. PCT, perfused-cadaver training; TT, traditional training.

Confidence

5 Point Likert Scale

pre training  pre training post training post training
indications technique indications technique
Discussion

The military medics or US Navy corpsmen in this study were
a heterogeneous group of young people, mostly men (>80%).
They were not new trainees; on average, they possessed almost
8 years of military experience and at least one combat deploy-
ment. Although they did not have much civilian tourniquet
training, nearly all had previously received tourniquet training

ABLE 2 Outcome Measures

Traditional Cadaver

Training Training

(n=42 (n=54
Outcome Measurements) | Measurements) | P Value
Cadaver mean arterial 95 (1.7) 92 (2.7) 98
pressure, mmHg
Blgedi_ng contro_lled . 33 9 03*
with first tourniquet, %
Time to control of
bleeding with first 45(2.3) 39 (2.0) .01*
tourniquet, sec
Position of first
tourniquet from apex 7.6 (0.7) 5.5(0.2) .03*
of injury, cm
Achieved coqtrol w{)th 36 50 41
second tourniquet, %
Time to control of
bleeding with two 99 (1.9) 76 (1.4) A2
tourniquets, sec
Total simulated blood 355 (30) 256 (21) 01*
loss, mL

Data are represented as mean (SEM) or percentages, where appropri-
ate. *Significant.

in the military (93%) and had taken TCCC training (>80%).
The TT group had more experience in tourniquet training
overall and on a cadaver-based model than did the PCT group.
Neither group, however, had significant experience in real-life
casualty tourniquet experience.

Despite this similar baseline background, the PCT group were
better able to control bleeding with the first tourniquet in the
perfused cadaver limb-hemorrhage model, although there was
no difference in overall ability to control hemorrhage (when
second tourniquet was used). In addition, the PCT group
was quicker to control bleeding with the first tourniquet and
lost less blood in their limb hemorrhage simulation scenar-
ios. Corpsmen in both groups were accurate in the location of
placement of the tourniquet. This is critically important when
compressing a bleeding vessel that might have retracted prox-
imally and allowing sufficient area in which to place a second
tourniquet, if needed.

The results of this study indicate not only that the technical
factors associated with limb tourniquet application improved
with a perfused-cadaver training model but also that corpsmen
in both groups had improved confidence in understanding the
indications for and technique of limb tourniquet application
for hemorrhage control. Those in the PCT arm, however,
trended toward significant improvement in self-reported con-
fidence in limb tourniquet application. The use of a simulated
bleeding, fresh-tissue model that allows for vessel compression
and real tissue manipulation may be a factor in improving the
trainees’ confidence in this lifesaving procedure. It has been
established in the psychology literature, however, that self-
estimation of confidence does not correlate directly with test
performance and ability.!! Self-evaluation instruments, such as
the ones used in the current study, are best used for individual
self-analysis and personal reflection.’? As such, the corpsmen’s
self-reported confidence in knowledge or technique does not
necessarily indicate actual knowledge or skills gained.

Cadaver-based training has been shown to be superior to tradi-
tional simulation and slide-based lecture in teaching lifesaving
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procedures. The emergency medicine residents in the Takeyesu
et al. study" reported higher fidelity in the cadaver training
model when compared with simulation for cricothyroidot-
omy and tube thoracostomy, as well as improved confidence
when the cadaver training model was used. Furthermore,
when training US Navy Corpsmen in needle decompression
for tension pneumothorax, better results were had with the
fresh-cadaver training model used by Grabo et al.'* than with
standard slide-based lectures when measuring accuracy of an-
giocatheter placement. Hart et al.'> conducted a study of 559
Army Combat Medics in which the use of live tissue (goat) ver-
sus synthetic tissue model was evaluated for training in critical
airway, breathing, and hemorrhage control procedures. Rele-
vant to the study presented here, the group that was trained
and tested on live tissue in the Hart et al. study, however, had
fewer critical fails than the groups trained and tested on syn-
thetic models.

Studies like those mentioned in the preceding paragraph lend
support to the idea that high-fidelity and dynamic training
models for procedural skills might be better teaching mo-
dalities. Previous work at LAC+USC has shown that the use
of perfused, fresh cadaver simulation in a surgical training
program was useful in replicating human-tissue handling.!
Carden et al.'® showed that dynamic simulation training using
mannequins with ongoing hemorrhage for teaching temporary
vascular shunt placement to general surgery residents was
equivalent to cadaver training. The addition of dynamic hem-
orrhage simulation was thought to augment the trauma skills
training. Human cadaver simulation with circulation in the
major vessels is a novel concept for training trauma surgeons,
especially as an alternative to a live animal model.'”

The next generation of bleeding control interventions for limb
hemorrhage likely involves developing standards in education
and skill sets for tourniquet users.” The results of the current
study suggest that the use of a human fresh cadaver with hem-
orrhage simulation is also applicable for high-fidelity, dynamic
training and possible integration into the curriculum of Mil-
itary Medics for lifesaving battlefield procedures. Additional
opportunities exist for the development of predeployment and
sustainment training for military surgical teams to perform
damage-control surgical techniques on these high-fidelity, dy-
namic perfused cadavers for training and skills sustainment.

This study has several limitations. Although fresh, never-
frozen, nonembalmed, perfused cadavers were used in this
training model, this may not completely reproduce the anat-
omy, physiology, and tactile feedback of live patients. In gen-
eral, age of the cadaver was older and muscle mass was lower
than that of the average combat casualty. As such, the amount
of pressure needed to compress the vessel would be less than in
a more commonly encountered young male combat casualty.
Unlike battlefield trauma, this study involved placing limb
tourniquets in a highly controlled, sterile environment. Factors
such as the battlefield environment, wounding patterns, pa-
tient movement and clothing, as well as multiple injuries could
not be reproduced. To be consistent for the corpsmen who
entered the study in the early phase, the C-A-T Generation 6
was used throughout the study despite C-A-T Generation 7
beginning production in late 2015 and becoming available at
NTTC toward the mid to later part of the study. The primary
difference between use of these devices is that the Generation
7 device is designed with a single-pass buckle. Kragh et al.'®

compared the Generation 6 to the prototype Generation 7 de-
vice in a small mannequin-based study in the spring of 2016
and concluded that the C-A-T Generation 7 performed bet-
ter, was easier to use, and was preferred to the Generation 6
model. Their study, however, did not show statistically signif-
icant differences in effectiveness in bleeding control or time to
bleeding control.'® The most important limitation of the cur-
rent study is the potential for bias introduced because the PCT
group received more tourniquet training and was familiar with
the testing model, having been exposed to it in their training.
Although we readily acknowledge this as a potential for bias,
this can also be viewed as a potential advantage of this model
in that it provides more realistic, high-fidelity, and dynamic
training that more closely imitates a real-life scenario.

Conclusion

US Navy corpsmen who received PCT were better trained in
tourniquet application for lower limb hemorrhage than were
their counterparts who received TT. The use of a perfused-ca-
daver model offers an exciting modality for training lifesaving
procedures, such as tourniquets, with fresh tissue and simu-
lated bleeding from compressible vessels. Additional studies
are indicated to develop this model for its use in limb tourni-
quet and other lifesaving procedures for Military Medics and
surgical teams.

Poster Presentation

This study was presented in poster form at the Annual Meet-
ing of the American Association for the Surgery of Trauma,
September 2017, Baltimore, Maryland.
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