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Introduction: Although a lifesaving skill, currently, there is no consensus for the required amount of practice in
tourniquet use. We compared the effect of 2 amounts of practice on performance of tourniquet use by nonmed-
ical personnel.
Methods: Israeli military recruits without previous medical training underwent their standard tactical first aid
course, and their initial performance in use of the Combat Application Tourniquet (CAT; Composite Resources,
Rock Hill, SC) was assessed. The educational intervention was to allocate the participants into a monthly tourni-
quet practice program: either a single-application practice (SAP) group or a triple-application practice (TAP)
group. Each group practiced according to its program. After 3 months, the participants' tourniquet use perfor-
mance was reassessed. Assessments were conducted using the HapMed Leg Tourniquet Trainer (CHI Systems,
Fort Washington, PA), a mannequin which measures time and pressure.
Results: A total of 151 participants dropped out, leaving 87 in the TAP group and 69 in the SAP group. On initial
assessment, the TAP group and the SAP group performed similarly. Both groups improved their performance
from the initial to the final assessment. The TAP group improved more than the SAP group in mean application
time (faster by 18 vs 8 seconds, respectively; P = .023) and in reducing the proportion of participants who
were unable to apply any pressure to the mannequin (less by 18% vs 8%, respectively; P = .009).
Conclusion: Three applications permonthly practice sessionwere superior to one. This is the first prospective val-
idation of a tourniquet practice program based on objective measurements.

© 2016 Elsevier Inc. All rights reserved.

1. Introduction

Trauma is the leading cause of death between the ages of 1 and 44
years [1]. One of the most common causes of preventable trauma

death is limb injury [2-4] which may cause massive bleeding that
might lead rapidly to exsanguination and death [5-7]. Thus, time re-
quired to control bleeding is of paramount importance even in civilian
settings where hospitals are nearby the point of injury as at the Boston
Marathon bombing [8-10]. Because military data from past conflicts
have shown that prompt bystander use of tourniquets increases surviv-
ability [6,11], civilian organizations, such as the American Heart Associ-
ation and the American College of Surgeons, have recommended that
lay bystanders should be competent in tourniquet use to stop bleeding
from limb wounds [12,13].

Tourniquet use is now taught to nonmedical personnel in armies
[14], law enforcements organizations [15], and civilian workplaces
[16]worldwide. Tourniquet practice programs can vary greatly, from in-
struction cards [17] through video demonstrations [18] to a multiday
course [19]. However, a performance comparison of different practice
programs was not reported. Moreover, the lack of consensus is not
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limited to the type of the practice program. Even the amount of tourni-
quet applications required in a practice session is unknown. No empiric
comparisons of practice amounts were found in the medical literature,
leaving the mainstay of any practice program undetermined. The aim
of the present study is to compare performance in tourniquet use of
nonmedical military recruits in a monthly tourniquet practice of either
a single application or a triple application.

2. Methods

2.1. Materials

The Combat Application Tourniquet (CAT; Composite Resources,
Rock Hill, SC) is the Israel Defense Forces' (IDF) standard issue tourni-
quet for controlling limb wound bleeding [20]. It is also the standard
issue tourniquet in the US Armed Forces, according to the Committee
of Tactical Combat Casualty Care [21,22]. The CAT is 38-mm-wide light-
weight (~60 g) tourniquet. It uses a hook-and-loop fastener and a buck-
le to fit a wide range of limb sizes, combined with a windlass system.
The windlass uses a free-moving internal band to provide circumferen-
tial pressure to the limb. Once tightened, it is then locked in placewith a
clip. All of the investigators in this study were competent with CAT use.

TheHapMed Leg Tourniquet Trainer (CHI Systems, FortWashington,
PA) is a simulated right-thigh body segment (serial no. 0023) with an
amputation injury just proximal to the knee. The medial hip-pelvic
area had an embedded computer interface which includes a touchpad.
Software (version 1.12) internal to the mannequin allowed the leg to
stand alone and be operated by user input through finger touch on the
pad. Transducers in the mannequin can sense pressure and measure
time, thereby reflecting the trainee's success in bleeding control [23].
Themannequin's software allows the simulation of 7 built-in injury sce-
narios. These scenarios differ from one another by the pressure thresh-
old required to control bleeding (as required by different limb sizes). All
uses were conducted with a scenario requiring a pressure threshold of
200 mm Hg. The mannequin was laid on a stretcher which was placed
on the ground andwas operated in accordancewith themanufacturer's
instructions. There was no fluid or blood flowing out of the trainer;
bleeding was simulated by red lights located in the wound area of the
trainer. The number of lights illuminated represented the intensity of
bleeding—all 26 lights on meant no control of bleeding, whereas no
lights on meant bleeding had stopped. Intermediate control was indi-
cated by a few lights twinkling on and off.

2.2. Study design

Because this prospective educational study was a voluntary
mannequin-based study, the Institutional Review Board of the IDFMed-
ical Corps determined that it was not human subject research. The gen-
eral design of the studywas a preassessment and postassessment of the
effect of an educational intervention in nonmedical personnel, as illus-
trated in Fig. 1.

As part the standard combat training in the IDF, study participants
underwent a 17-hour tactical field first aid course called the “Life
Saver” course. The course curriculum includes practice in the following:
tourniquet application, basic wound dressing application, basic casualty
evacuation, simple airway maneuvers, and education regarding envi-
ronmental injuries. During the course, as performed routinely in the
IDF [24], participants have practiced in applying a tourniquet on a fellow
recruit's limb (both arm and thigh) or on their own limb. Because a ces-
sation of hemorrhage from a wound might be hard to identify while
providing care at nighttime or under fire, participants were habituate
to tight the tourniquet as much as they can in each application regard-
less of a visual feedback of a hemorrhage. Effectiveness of application
was determined by the absence of a distal pulse, as palpated by the
Life Saver instructor. Pulse palpitationwas conducted only after the par-
ticipant had completed his application. Therewas nouse ofmannequins

in the course. All participants undertook written and practical examina-
tions at the end of the course to possibly qualify as a “Life Saver.” In-
structors in the Life Saver course are military medics who have
undergone 4 additional weeks of “Life Saver Instructor” training in the
School of Military Medicine, IDF Medical Corps [24].

Seven to fourteen days after completion of the Life Saver course (no
tourniquet applications or training took place during this interval), an
initial assessment was conducted. The initial assessment established
the baseline tourniquet use performance of the participants before the
educational intervention. Before the initial assessment, one of the inves-
tigators briefed each of the participants individually. The briefing in-
cluded an explanation of the study and the description of a scenario in
which an amputated casualty (simulated by themannequin) is lying be-
hind cover, where no tactical threat is endangering the participant. Each
participant was asked for a verbal consent to participate in the study. If
he consented, the participant arrived at the assessment zonewhichwas
hidden to avoid cross-learning. To avoid any bias due to reasons which
are not directly related to the participant ability to apply a CAT, the par-
ticipant did not perform any rigorous physical activity before the assess-
ment and did not carry any combat gear orweapon. The participantwas
placed approximately 0.5 m (1.5 ft) from the mannequin while holding
a CAT in his hand. The participant was instructed to do his best at
applying the tourniquet to the mannequin the instant the investigator
ordered “Start!” (at which point the investigator activates the manne-
quin). The investigator stopped the simulation only when the partici-
pant stood up from the mannequin and called out “Done!”. No form of
communicationwas allowed between the participant and the investiga-
tor. All participants had one and only one initial assessment.

After initial assessment, the educational intervention was conduct-
ed. Participants were allocated into 2 groups which differed only by
the number of tourniquet applications per monthly practice session.
The single-application practice (SAP) group was to conduct a single
tourniquet application during a monthly practice session. The triple-
application practice (TAP) group was to conduct a triple tourniquet ap-
plication during a monthly practice session. Allocation to the study
groups was based on the routine IDF randomized placement process.
At adolescence, Israeli males undergo rigorous medical, cognitive, and
psychosocial evaluation in IDF recruitment centers to determine their
capabilities and placement in the army as service is compulsory
[25,26]. These pre-enlistment scores are collected prospectively. Re-
cruits who have arrived to an infantry brigade training camp were ran-
domized into different platoons based on their pre-enlistment scores,
ensuring psychotechnical and socioeconomic homogeneity within and
between platoons to avoid any ability bias. Thus, all platoons were sim-
ilar in size, demographics, and capabilities. This process is conducted
routinely in any IDF infantry brigade. As part of the educational inter-
vention, these platoons were allocated to the study groups using a flip
of a coin—4 platoons to the SAP group and 5 platoons to the TAP
group. Meaning, study allocation was based on randomized platoons
and not on randomized individuals.

Each of the intervention's practice sessions lasted several minutes
per participant. All practice sessions were supervised by experienced
military medics who were chosen by the brigade's commanders and
had undergone an additional 3-hour training by the investigators to en-
sure competency in tourniquet use. This additional training was con-
ducted with a ratio of 1 investigator to 3 medics. The training
curriculum was divided into 2 parts: application technique and safety.
The application technique part included the following: reviewof a proper
tourniquet application technique, common pitfalls in tourniquet appli-
cation [27], how to troubleshoot a failed application, and feedback tech-
niques. The safety part included a review of the IDF Medical Corps CAT
safety guidelines [20] and possible complications of tourniquet applica-
tion. Practice without supervision of these experienced medics was
strictly prohibited. During sessions, the tourniquet was used by the par-
ticipant on a fellow participant's arm or thigh. Each participant was or-
dered to do his best at applying the tourniquet while the supervisor
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