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INTRODUCTION 
 
Mortality statistics from Operation Iraqi Freedom (OIF) indicate that deaths among U.S. 
forces are often not immediate but from hemorrhagic shock following the detonation of 
improvised explosive devices (IEDs).  U.S. troops are currently equipped with Kevlar 
body armor and helmets that have decreased the number of fatalities resulting from 
penetrating chest wounds and serious head trauma, but the number of deaths 
attributable to extremity wounds have increased.1  Evidence suggests that 
approximately 7% of these deaths could be prevented with the prompt application of an 
effective tourniquet.2,3   
 
A wide range of objectives and methods have been used to test many candidate 
tourniquets.  Although nearly all medical experts agree that the primary objective of any 
tourniquet device is to achieve hemostasis, no indirect methodological gold standard 
exists for assessing arterial occlusion distal to tourniquet placement.  One evaluation of 
possible tourniquets for combat established the criterion that, to be considered 
successful, a tourniquet must result in no detectable blood flow (Doppler) in at least 
75% of the subjects.4  The U.S. Army Institute of Surgical Research, Fort Sam Houston, 
conducted a physiological assessment of the Army one-handed tourniquet (OHT) ð an 
assessment that included use of occlusion plethysmography, a method thought to be 
more quantifiable than Doppler for determining blood flow.  Its study demonstrated that 
a minimum of about 20% of baseline blood flow can be present in the absence of 
detectable Doppler blood flow.  The researchers concluded that Doppler auscultation 
may overestimate the effectiveness of a clinical procedure (e.g., an applied tourniquet) 
designed to occlude blood flow and may underestimate the actual amount of blood flow 
present.5 
 
This study also concluded that while the Army OHT is a welcome ñfirst stepò that can 
effectively minimize blood flow in the arm, it does not work in the lower extremities.  This 
conclusion is particularly disturbing, since the majority of battlefield wounds requiring 
tourniquet application occur in the lower limbs.6  The Army report attributed the OHTôs 
inability to effectively stop leg blood flow to its relatively narrow one-inch width.  
Previous investigators have clearly demonstrated an inverse relationship between 
tourniquet width and the minimum pressure required to occlude arterial blood flow:  as 
the width of a tourniquet decreases, the pressure required to occlude arterial blood flow 
increases.7ï9  
 
A Navy Experimental Diving Unit (NEDU) evaluation of five tourniquets in 2005 provided 
the groundwork for future tourniquet testing.  The tourniquets evaluated were the 
Combat Application Tourniquet (CAT), the Mechanical Advantage Tourniquet (MAT), 
the One-Hand Tourniquet (OHT), the Quickette, and the Tourni-Kwik (TK).  To better 
simulate field conditions in that trial, subjects were asked to complete a rigorous period 
of pretrial exercise.  In addition to being fatigued and sweaty, subjects were then asked 
to apply a tourniquet that had been soaked in a blood analog solution and rolled in sand 
to determine the tourniquetôs durability and ability to occlude blood flow when the site of 
its application was soaked with a slippery substance similar to blood.  To further 
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simulate field conditions, the subjectôs ability to apply a tourniquet device during night 
simulation (blindfolded) was evaluated.  Marine Corps Systems Command 
(MARCORSYSCOM) funded an objective for NEDU to field test the thirteen candidate 
tourniquets listed in Table 1 in a manner similar to that of the initial NEDU study.10   

 
METHODS 

 
GENERAL 
 
Twenty-eight active duty Navy personnel served as test subjects.  They applied the 
tourniquets over long-sleeved battle dress uniforms (BDUs) worn in each trial.  Before 
each tourniquet application, subjects completed exercises to elevate their heart rates to 
a goal of 120 beats per minute while the tourniquets were immersed in a blood analog 
solution and then rolled in sand to simulate desert combat (field) conditions.   
 
EXPERIMENTAL DESIGN 
 
Combinations of tourniquets and extremities were tested in a repeated measures design 
based on the following parameters:   
 
 (1) mechanical and application failures; 
  
 (2) application times; 
  
 (3) flow versus no-flow, as measured by Doppler stethoscope; 
  
 (4) percentage circulatory occlusion, as measured by impedance  

plethysmography (IPG); and 
  
 (5) subjective ratings of tourniquets by test subjects. 
 
For the purposes of this study, a mechanical failure is defined as a failure that occurred 
due to a malfunction of the materials from which tourniquet is constructed or a design 
flaw that prevented successful application of the tourniquet.  An application failure is 
defined as an application time exceeding five minutes.  The application time was 
measured from the time the test subject began applying the tourniquet until the time the 
test subject declared application was completed. 
 
Tourniquets were applied to two extremities: 

Á Upper extremity, approximately two inches above the elbow; and 
Á Lower right extremity, as close to the groin crease as possible. 
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During upper extremity trials, subjects used their nondominant hands to apply 
tourniquets to the opposite upper arm.  This was done to simulate a worst-case 
scenario, one in which combatants would need to apply tourniquets to the upper 
extremity with their nondominant hands.  Subjects were permitted to use both hands to 
apply tourniquets to the lower extremities.   
 
A randomly generated test matrix was developed to prescribe which tourniquets each 
subject would apply on a given test day.  Subjects occluded a given extremity only once 
on each test day, and a different test matrix was used for each subject to minimize 
potential order effects.  The test matrix is shown in Appendix A. 
  
This protocol was designed to detect a difference in the percentage of circulatory 
occlusion (10%) and application latency (30 seconds) with an estimated standard 
deviation (SD) of 5% and 25 seconds, respectively.  For these parameter estimates, the 
anticipated statistical power for paired comparisons with Ŭ = .05 is .80 with a sample 
size of 26.   
 
TOURNIQUET DESCRIPTIONS 
 
The 13 tourniquets tested are listed in Table 1 and shown in Figure 1.  The tourniquets 
were divided into three categories according to their mechanisms of action: windlass, 
ratchet, and stretch-retention.  Windlass types operate via a twisting action in which a bar 
is looped through the tourniquet material and twisted.  Ratchet types function by a one-
way locking device that pulls itself farther along a toothed track as the mechanism is 
actuated.  Stretch-retention devices operate on the elastic properties of the device and 
are typically wrapped several times around the extremity. Tourniquet weights, 
dimensions, and mechanisms of action ordered by increasing weight are listed in Table 2. 
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Table 1. 
Product Names, Acronyms, and Manufacturers of Tested Tourniquets 
 
Product Acronym Manufacturer 

   
Burke Device Burke Biomedical Innovations; Southern 

Pines, NC 
Combat Application Tourniquet CAT North American Rescue Products; 

Greenville, SC 

Flow Stopper Tourniquet FST 
 
Creative & Effective Technologies 
Inc; Raeford, NC 

Mechanical Advantage Tourniquet MAT Bound Tree Medical; Henniker, NH 

McMillan Tourniquet McMill CSM Tactical Gear; Temecula, CA 

Military Emergency Tourniquet MET ATSCC; Virginia Beach, VA 

NATO Tourniquet NATO Deployment Medical Resources; 
Partlow, VA 

One-Hand Tourniquet-2ò width OHT-2 Canvass Specialties, Inc.; San 
Antonio, TX 

Q-Tourniquet Q 
Blade Tech Industries; Lakewood, 
WA 

Special Operations Forces Tactical 
Tourniquet 

SOFT-T 
Tactical Medical Solutions; Anderson, 
SC 

TIAX Tourniquet TIAX TIAX, LLC; Cambridge, MA 

Tourni-Kwik-3 TK-3 H & H Associates; Bena, VA 

Tourni-Kwik-4 TK-4 H & H Associates; Bena, VA 
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Burke
CAT
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McMill MET

NATO OHT-2

Figure 1.  Tourniquets tested in the present work. 
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 Figure 1, cont.  Tourniquets tested in the present work. 
 
 
 
 


