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Proximate Cause for the Proposed Change 

The early use of limb tourniquets has been documented to save lives on the battlefield, but has 

the potential for significant morbidity.  This change has four goals: 

1.  Clarification of tourniquet conversion guidelines. Since its inception, Tactical Combat 

Casualty Care (TCCC) has emphasized the early and liberal use of tourniquets to control 

life-threatening hemorrhage in the Care Under Fire (CUF) phase. Because evacuation 

times in Iraq and Afghanistan have been relatively short, the recommendation in the 

TCCC Guidelines to re-evaluate the need for a tourniquet in the Tactical Field Care 

(TFC) phase of care and use other means of hemorrhage control has been de-emphasized 

in practice by users. There is often no attempt to convert tourniquets to hemostatic or 

pressure dressings because of the short evacuation times in Afghanistan at present. 

Increasingly, worldwide casualty care scenarios are anticipated to include long-range 

evacuation. Recent real-world events in theaters other than the Middle East have 

demonstrated that reinforcement of tourniquet conversion guidelines is needed at this 

time. 



2. Clarification of effective tourniquet placement. Ineffective venous tourniquets have been 

shown to be a relatively common occurrence that increases blood loss and 

complications.
1-3

 Optimal use of limb tourniquets must result in both cessation of 

bleeding and stoppage of the distal pulses in the extremity.  

3. Clarification of the location of tourniquet placement during CUF. During a prehospital 

trauma care assessment in Afghanistan in 2012, inconsistencies relating to tourniquet 

placement were noted between the TCCC guidelines and actual training in some TCCC 

courses.  In particular, “high and tight” tourniquet placement (also termed “hasty” 

tourniquet placement) is not specified in the TCCC Guidelines, which call for tourniquet 

placement “proximal to the bleeding site” in the CUF phase. This update supports 

placement of the tourniquet “high and tight” (as proximal as possible) on the injured limb 

during CUF.  

4. Review recommendation for Combat Application Tourniquet (CAT) routing of the band 

through the buckle. Armed Forces Medical Examiner Feedback to the Field #11, Feb 

2012 reported a survey of tourniquets recovered from deceased service members.   It was 

found that the standard-issue CAT was commonly placed with the friction band routed 

once through the buckle (“single slit routing”) in 35% of lower extremity placements and 

53% of upper extremity placements.
4
 Previous training and manufacturer’s instructions 

supported single slit routing only for the upper extremity during self-application.
5
 

However, accumulated experience and recent evidence
6
 indicate that single slit routing of 

the CAT is effective, faster, and reduces blood loss compared to double slit routing.  



The TCCC guidelines address junctional tourniquets and limb tourniquets. Junctional 

tourniquets are identified as such in the text. Otherwise, “tourniquet” refers to limb 

tourniquets. 

Background 

The use of a tourniquet as a first aid tool on the battlefield is the foremost advance in 

prehospital care during the wars in Iraq and Afghanistan, with an estimated 1,000-2,000 lives 

saved by tourniquet application.
7
 In prior conflicts, prolonged tourniquet use led to limb loss 

from ischemia; morbidity observed from tourniquet use led to controversy regarding battlefield 

tourniquets use.
8
 Recent military experience, however, has clearly illustrated that tourniquets can 

prevent death from limb hemorrhage.
9,10

  Such lifesaving tourniquet use has been realized 

through careful attention to process improvements aimed at maximizing the benefit while 

minimizing the morbidity.  

The first edition of the Tactical Combat Casualty Care Guidelines
11

 supported early use 

of tourniquets to control life-threatening hemorrhage from extremity wounds; such support 

contradicted longstanding doctrine in which the tourniquet was an intervention of last resort.
12,13

 

A decade of concerted effort ensued, with the combined efforts of U.S. Special Operations 

Command (USSOCOM), U.S. Central Command, U.S. Army Institute of Surgical Research 

(USAISR), and the Committee on TCCC (CoTCCC) combining efforts to develop the evidence 

base, doctrine, training, policy and implementation ultimately resulting in the issuing of 

tourniquets to every deploying service member with training to support immediate application 

for life-threatening limb hemorrhage.  The turning point in tourniquet use occurred in 2005 as the 

result of three highly publicized articles, 1) a laboratory evaluation of battlefield tourniquets by 

the USAISR,
14

 2) an internal report later published as an analysis of the causes of death in 



special operations forces,
15

 and 3) a Baltimore Sun front page newspaper article detailing combat 

deaths from wounded extremities and the military’s bureaucratic inertia in fielding much-needed 

tourniquets to its troops, culminating in a strong expression of senatorial concern to the Secretary 

of Defense.
16

  

Successful use of tourniquets on the modern battlefield resulted from a combination of 

factors: new and improved manufactured tourniquet designs, laboratory testing of tourniquet 

effectiveness, and documentation of preventable deaths from extremity hemorrhage early in the 

conflicts in Iraq and Afghanistan when tourniquets were not routinely issued and improvised 

tourniquets were not effective.  At the onset of hostilities in Afghanistan, only a few selected 

Special Operations units (Navy SEALs, the Army Special Mission Unit, the 75
th
 Ranger 

Regiment, and Air Force Special Operations Forces) carried tourniquets, and mandated training 

and fielding of tourniquets to all of their personnel.
17

 Beginning in 2005, service-wide 

standardized tourniquet training became mandatory throughout the U.S. military, along with 

fielding of lightweight, easily carried, effective tourniquets to both medical and non-medical 

personnel alike.  Dedicated data collection through approved research protocols and through the 

DoD Trauma Registry allowed detailed analysis of preventable deaths and certain limb-related 

outcomes.  Such data spurred ongoing process improvements that included five refinements in 

the CAT’s design and four updates to the TCCC guidelines relating to tourniquet use.  Also, 

maturation of the Joint Theater Trauma System and dispersion of medical assets in theater 

allowed for an average transport time from point of injury to a surgical facility that was under 

one hour.  

Tourniquet-related morbidity has been assessed using available data, however knowledge 

gaps still remain.  Fasciotomy rates increased after implementation of tourniquets, likely due to 



increased numbers of lives saved and limbs salvaged, however the relation of fasciotomy to 

tourniquet use has not been clearly defined and potential for otherwise unnecessary fasciotomy 

exists, particularly in cases of a “venous tourniquet” which occludes venous outflow while 

failing to occlude arterial inflow.
1,18,19

 Although studies to date show no increased limb 

dysfunction or late amputations as a function of prehospital tourniquet use, detailed long-term 

follow-up studies have not been done.  

Due to commonly short evacuation times in Afghanistan after the Secretary of Defense 

directive for such in 2009, tourniquets have been routinely left in place until the patient is under 

the care of a surgeon. When evacuation time is long, which is common in immature theaters of 

conflict and on Special Operations missions, failure to re-evaluate and convert no longer needed 

tourniquets to hemostatic or pressure dressings may lead to prolonged ischemia and avoidable 

loss of the extremity.  Recently, a casualty suffered a surgical amputation of the lower limb due 

to a tourniquet left in place during a long evacuation to a local national hospital with a total 

tourniquet time of 8 hours; upon surgical exploration of the leg, no major vascular injury was 

found. If the tourniquet had been converted to a hemostatic or pressure dressing during Tactical 

Field Care (TFC) or Tactical Evacuation (TACEVAC) Care, it would be reasonable to expect 

that the amputation could have been prevented. This case illustrates the point that the need for a 

tourniquet must be re-assessed during both TFC and TACEVAC phases of TCCC, at most 2 

hours after initial tourniquet placement, and serves as a reminder that vigilance is required to 

prevent or minimize tourniquet-related morbidity, particularly when evacuation is long or 

delayed. There have been no known cases of limbs lost to tourniquet ischemia in U.S. casualties 

of the Iraq or Afghanistan wars, although there were at least two unpublished cases in 

Afghanistan of limb loss from tourniquets inadvertently left in place for extended periods in 



Afghan casualties under Coalition care. These events reinforce the need for awareness that, even 

in well-established combat trauma systems, communication errors and handoff errors can occur, 

leading to failure to remove a tourniquet and resulting in avoidable harm.  Altogether, the 

tourniquet evidence in the current war indicates that compliance with the TCCC guidelines by 

the tourniquet user has been associated with a reduction of morbidity and mortality compared 

with non-compliance.
1,19, 20

 

With the drawdown of combat operations in Afghanistan, we find ourselves at a 

transition point in combat casualty care that leads us to develop preparations for future 

worldwide conflicts. For casualties in future conflicts, we aim not only to maximize survival but 

also to optimize function. Better documentation and analysis of prehospital care along with 

improved long-term follow-up will allow more detailed assessment of late complications and 

limb-related functional outcomes in relation to prehospital tourniquet use.  

Discussion 

Historic perspective on tourniquet use 

Tourniquet use was a controversial topic in first aid for nearly two millennia.
8,21 

The 

earliest use of tourniquets to control blood loss was associated with surgical amputations, 

allowing surgeons to perform the procedure with minimum blood loss.
21

  During the American 

Civil War in 1862, Samuel Gross of the Union Army recommended issuing a tourniquet-like 

device to every combat soldier along with appropriate training.
22

  However, criticisms of 

tourniquet use also occurred during this conflict, often associated with poor outcomes as a result 

of limited training or prolonged transport time (many hours or even days) to surgical hospitals. 

World War I brought the introduction of the battlefield medic, while transport to field 

hospitals was often delayed.  Surgeons often saw the negative effects of tourniquets, and the 



prevailing viewpoint was that the tourniquet should be used only after attempting elevation and 

compression of pressure points, and, as stated in the official British manual of 1918, that “the 

systematic use of the elastic tourniquet cannot be too severely condemned.”
23

 

The controversy between the potential lifesaving benefit of the tourniquet and the 

potential harm persisted through the remainder of the 20
th

 century.  Most published opinions, 

however, were written by surgeons and ignored the fact that casualties who exsanguinated from 

limb hemorrhage never reached the hospital while those who did survive to reach the hospital 

experienced complications.  

In World War II, Wolff and Adkins reported their observations of tourniquets applied 

prehospital and offered lessons learned from a year in combat in the Italian theater.  They noted 

that the standard-issue tourniquet of the time, a simple canvas strap with spring-tension buckle, 

lost tension during placement and was often not effective.  The authors strongly advocated for 

early and effective tourniquets.
24

  

The Korean and Vietnam wars saw the development of helicopter evacuation from the 

battlefield, reducing the time to reach surgical treatment.  The World War II era tourniquet 

continued to be used despite ineffectiveness, and many tourniquets were improvised.
21

  

The 1975 revision of the Emergency War Surgery manual stated “As an emergency 

measure, until more effective measures can be instituted, external hemorrhage can often be 

checked by direct pressure...Tourniquets are rarely needed for the control of hemorrhage and 

should be used only when all other methods fail.  A tourniquet properly applied can save life but 

endanger limb.”
12

 This recommendation was repeated in the 1988 revision of the text.
13

 

Bellamy’s analysis of Vietnam combat deaths recorded that 9% of KIA exsanguinated 

from extremity wounds and that 88% of deaths occurred prehospital. 
25

 He noted that “a 



substantial number of these casualties exsanguinated from arterial wounds at sites where simple 

first aid measures (direct pressure, pressure on the cognate artery, or application of a tourniquet) 

might have been expected to control hemorrhage” and stated that “First and foremost, there is a 

need to improve the field management of hemorrhage.”
26

 

The modern era of tourniquet use in the U.S. military required a doctrinal change from 

tourniquet use as a means of last resort to a means of first aid.  Experience gained in Special 

Operations translated into a formal assessment of needs during Tactical Combat Casualty Care 

(TCCC) and the publication of guidelines in 1996, for the first time formally describing the 

circumstances of medical Care Under Fire with appropriate guidelines for three phases of 

prehospital care.
11

 The tourniquet was the only medical intervention recommended under fire, 

followed by consideration of tourniquet removal and conversion to hemostatic or pressure 

dressing to control bleeding under more controlled circumstances during TFC and TACEVAC 

Care. TCCC, including aggressive use of tourniquets to control life-threatening limb 

hemorrhage, was incorporated in casualty response programs in the Naval Special Warfare 

Command in 1997, followed quickly by the Army Special Mission Unit, the 75
th
 Ranger 

Regiment and Air Force Special Operations Forces.  

A formal evaluation of various tourniquets was first published in 2000,
27

 demonstrating a 

new commitment to optimizing device performance. In 2003, tourniquet devices were further 

evaluated for use in Iraq and Afghanistan. Testing at the USAISR found that the Combat 

Application Tourniquet (CAT), the Special Operations Forces Tourniquet-Tactical (SOFTT) and 

the Emergency & Military Tourniquet were all effective at stopping distal blood flow in human 

volunteers.
14

 The CAT has since become the most widely fielded tourniquet in the U.S. military, 

initially by USSOCOM
28 

and later by the rest of the U.S. military.  By 2006, after a decade of 



commitment by key advocates to design, test, train, and field battlefield tourniquets, tourniquet 

use on the battlefield had become ubiquitous.
7,17

 In 2009, Kragh et al demonstrated clearly that 

for casualties with uncontrolled limb hemorrhage, survival with tourniquet use was higher than 

without, particularly if a tourniquet was applied before onset of shock, emphasizing that, within 

the comprehensive military trauma system with effective devices, training, and fielding to all 

forces, that mortality was improved while morbidity was minimized.
9
 

Preventable deaths 

Analysis of combat mortality data during the Iraq and Afghanistan wars led to an 

improved understanding of the potentially preventable causes of combat death and spurred new 

strategies for medical treatment, training and equipment.   A focus on limb hemorrhage in 

particular provided the data to support widespread implementation of tourniquet use by U.S. 

forces.  An analysis of 82 fatalities in U.S. Special Operations Forces from 2001-2004 showed 

that 12 (15%) deaths resulted from potentially survivable wounds, including 3 of 12 (25%) with 

“tourniquetable” hemorrhage.
15

 A larger study published in 2008 of 982 U.S. military fatalities 

showed similar results, with 24% of deaths designated potentially survivable and 33% of the 

potentially preventable deaths attributed to limb hemorrhage.
29

 

In 2012, Eastridge et al published an analysis of 4,596 battlefield deaths occurring from 

2001-2011.
30

 This largest study reinforced the findings of prior studies, with 24% of prehospital 

combat deaths designated as potentially survivable. Of the potentially survivable deaths, 91% 

resulted from hemorrhage, with 12% attributed specifically to limb hemorrhage.  This study also 

focused renewed attention on prehospital interventions since 87% of combat deaths occurred 

before arrival at a medical treatment facility.  A clear decrease in deaths from limb hemorrhage 

over the course of the war was demonstrated, with 6.7-fold decrease in limb hemorrhage deaths 



annually occurring after full implementation of training and dissemination of tourniquets among 

U.S forces. 

Published series on tourniquet use 

Battlefield tourniquet use in the modern era has demonstrated a positive risk-to-benefit 

ratio, shown to save lives with low morbidity.  Several series of combat use have been reported. 

The Israeli Defense Force experience was reported in a retrospective study of 550 

casualties, 91 of whom received a tourniquet.  They reported no deaths from uncontrolled limb 

hemorrhage and a 47% incidence of non-indicated tourniquet placement, based on both tactical 

and anatomic indications taught in training; 78% of tourniquets were effective (completely 

stopped bleeding) and neurologic complications occurred in 6.4% of limbs with tourniquet times 

of 109-187 min.
31

 

A retrospective review of all 165 patients arriving at Baghdad’s 31
st
 CSH in 2004 with 

major traumatic amputation, extremity vascular injury or prehospital tourniquet compared 

casualties with tourniquets applied prehospital and in the emergency department (40% of 

casualties) to those without tourniquet use (60%). Tourniquet use was associated with improved 

hemorrhage control in this study. Of note, 18% of tourniquets were non-indicated, 15% were 

ineffective and another 15% rebled after resuscitation. No tourniquet-related complications were 

reported. This study, conducted at a time before widespread tourniquet training and distribution 

to U.S. forces, demonstrated that 4 of 7 deaths might have been prevented with earlier tourniquet 

use.
32

 

In 2006-2007, a prospective observational survey (in three time periods) was conducted 

at a single combat support hospital in Iraq. These reports demonstrated 90% mortality for 

casualties with tourniquets placed after the onset of shock and 10% mortality for those with 



tourniquets placed before shock onset, providing strong support for early tourniquet use.  

Ineffective tourniquet placement (persistent bleeding or persistent distal pulses) occurred in 28% 

of patients.  Morbidity in this series was low, with a 1.7% incidence of transient nerve palsy and 

no amputation directly attributable to tourniquet use alone, although an increase in both 

amputation and fasciotomy rates was associated with tourniquet use longer than 2 hours.  

Morbidity assessment was challenging with many associated injuries, and long-term follow-up 

was absent in these reports. However, the lifesaving benefit of early tourniquet use was clearly 

demonstrated.
1,9,10,33  

The 75
th

 Ranger Regiment experience was reported in a retrospective study of 419 

casualties, of which a total of 89 limb tourniquets were applied to 66 casualties with no resultant 

complications. Of these casualties with tourniquets, 95% reached the next level of care alive and 

94% ultimately survived. Sixteen percent of these survivors had underlying injuries that resulted 

in limb amputations, however no amputation was attributed directly to tourniquet use. 

Additionally, this study noted that non-medical personnel accounted for 42% of tourniquet 

applications.
34

 

Common themes of the modern combat publications illustrate that early tourniquet use 

prevents limb exsanguination and saves lives, that non-indicated tourniquet placement is 

common (even when CUF is included as an indication), and that morbidity is uncommon when 

tourniquet use is relatively brief. Ineffective tourniquet use remains common, and in one process 

improvement project published in 2012, 83% of limbs treated with a tourniquet had palpable 

distal pulses and 74% did not have a major vascular injury; concurrently no major vascular 

injury presented without a tourniquet.
3
 This experience further supports that a certain amount of 

“over treatment”—placement of tourniquets later deemed “unnecessary”—may be needed to 



achieve a zero miss rate for exsanguination, however additional emphasis should be given to 

improving training on tourniquet indications and early conversion to hemostatic or pressure 

dressing in the field. 

Indications for tourniquet use 

TCCC guidelines specify that tourniquets should be applied for life-threatening external 

hemorrhage that is anatomically amenable to tourniquet application, the only medical 

intervention recommended during CUF.
35

 Due to tactical priorities during the CUF phase which 

override those of routine, non-tactical medical care, the capacity for assessment and treatment is 

limited and tourniquets may be placed aggressively to prevent exsanguination.  

Other published indications for tourniquet use include situational indications such as 

mass casualty events, total darkness, and situations where the patient requires an airway or 

breathing intervention.  Anatomic indications also include arterial hemorrhage and traumatic 

amputation above the wrist or ankle.
31,33,36

  

In a prospective observational survey of 728 casualties with 953 limb injuries, indications 

for tourniquet placement were categorized by amount of hemorrhage, anatomic indications, and 

situational indications.  Of these, 51% had major hemorrhage and 49% had minor hemorrhage.  

The most common anatomic indications for tourniquet placement were open fracture (27%), 

traumatic amputation (26%), soft tissue wounds (20%), and vascular injuries (17%). The most 

common situational indication for tourniquet placement was bleeding from multiple sites (61%); 

it was stated that CUF and other situational indications for tourniquet placement were under-

reported in this survey.
33

  

The CoTCCC recommends tourniquet placement for life-threatening hemorrhage, 

including suspected life-threatening hemorrhage that is not fully assessed during CUF, multiple 



casualty situations, or multiple injuries requiring intervention in a single casualty, and for all 

major amputation injuries. 

Recommendations for conversion of tourniquet to hemostatic or pressure dressing 

The 2013 TCCC guidelines stated that after tourniquet placement, reassessment is 

recommended during the TFC and TACEVAC phases of care and that conversion to hemorrhage 

control with a hemostatic or pressure dressing should be attempted if evacuation is anticipated to 

be longer than two hours.
35

 

The Ranger Medic Handbook (4
th

 edition) has a tourniquet conversion procedure that 

lists four indications for conversion: bleeding is controlled, hemostatic dressing is effective, 

evacuation is prolonged (in time or distance), or the user is relocating the tourniquet distally.  If 

any indication is present, then the tourniquet is loosened and the wound assessed for bleeding.
37

 

Additional published guidelines for tourniquet conversion include the report of a 2003 

Army expert panel that recommend tourniquet conversion to hemostatic or pressure dressing if 

the casualty is not in shock and conversion can be monitored regularly for rebleeding; the panel 

recommended not to loosen the tourniquet if there is an amputation or arterial injury or if the 

tourniquet has been in place ≥ 6 hrs.
38

 

Doyle et al published a similar tourniquet removal algorithm intended for civilian EMS: 

in the absence of circulatory shock, unstable clinical situation, or limited personnel/resources 

preventing placement of a pressure dressing or monitoring for rebleeding, tourniquets may be 

considered for removal.  For an amputated extremity, leave the tourniquet on.  Otherwise, apply 

a pressure dressing and loosen the tourniquet.  If significant rebleeding occurs, retighten the 

tourniquet until arrival at higher level of care.
36

 



Periodic loosening of tourniquets for the purpose of reperfusing the limb has resulted in 

incremental exsanguination and has no role on the battlefield, as described by Wolff and Adkins 

in 1945 and re-emphasized by Walters and Mabry in 2005.
24,38

 Additionally, periodic reperfusion 

of the ischemic limb may increase the amount of damage to the limb by worsening of the 

ischemia-reperfusion injury.
39

 

Three criteria for tourniquet conversion to a hemostatic or pressure dressing were 

selected for inclusion in this 2014 update to the TCCC guidelines: the casualty is not in shock, it 

is possible to monitor the wound closely for bleeding, and the tourniquet is not being used to 

control bleeding from an amputated extremity.  All three criteria must be met before considering 

tourniquet conversion. 

Complications of tourniquet use 

A thorough understanding of the risks of tourniquet use has led to process improvements 

that have allowed for an improved risk-to-benefit ratio for tourniquet use during the 21
st
 century 

wars.   

Potential complications of tourniquet use are many, and have been reported in great detail 

in the orthopedic surgery literature.
40,41

 However, the complications from emergency tourniquet 

use are much more difficult to quantify in comparison to elective surgery due to the effects of the 

injury itself which may contribute to similar outcomes.  Kragh et al selected the following 

complications to report in their prospective observational study of tourniquet use: amputation, 

fasciotomy, clot, palsy, myonecrosis, acute renal failure, significant pain, and rigor.
1,19

  In 

general, complications of tourniquet use result from direct pressure at the site of the tourniquet, 

venous congestion, rebleeding from a partially occlusive tourniquet, or ischemia induced by 

arterial occlusion. 



Direct pressure injuries are risked with narrower tourniquets and higher tourniquet 

pressures, resulting in nerve palsy, vascular injury, or direct tissue injury. Such iatrogenic 

injuries may be minimized through the use of wider tourniquets at lower compression 

pressures.
42,43

 Device selection has been instrumental in reducing direct pressure injuries.  TCCC 

guidelines and training have also recommended placement of a second tourniquet side-by-side 

with the first if the initial application is ineffective, thereby effectively widening the tourniquet, 

an innovation from users in the field that led Dr. John Kragh to clarify its usefulness and to 

propose its implementation formally.
35

 Conversion to wider pneumatic tourniquets, as is 

frequently done on arrival to a surgical facility, may further reduce the risk of pressure injuries.  

The “venous tourniquet” occurs when the tourniquet is tight enough to occlude venous 

outflow from the limb while failing to occlude arterial inflow.  Continued inflow of blood with 

impaired outflow leads to loss of blood in the body’s core and swelling of the distal limb with 

higher risk of compartment syndrome, but may also increase the amount of wound bleeding, 

particularly from venous injuries. Kragh et al in 2008 reported that 44 of 232 casualties with 

prehospital applied tourniquets had persistent bleeding on arrival to a combat support hospital 

and 43 of the 232 had persistent distal pulses; these casualties experienced an increased 

morbidity and mortality rate. The authors described the clinical progression associated with 

ineffective tourniquets: persistent pulse, venous congestion, venous distension, rebleeding after a 

period of hemorrhage control, expanding hematomas, compartment syndrome, fasciotomy, and 

death.
1,19

 These observations resulted in two refinements of the TCCC Guidelines in 2008: 1) the 

elimination of the distal pulse on the extremity was added as a goal of tourniquet application; and 

2) the recommendation to use a second tourniquet rather than overtightening the first tourniquet 

to achieve both bleeding control and stoppage of the distal pulse.
35

 



Clinical evidence indicates that field tourniquet placement may be effective but at the 

hospital or after resuscitation is begun, the tourniquet may become ineffective due to an increase 

in the blood pressure;
32

 this loss of effectiveness during resuscitation underscores the need for 

reassessment of tourniquet use so that the tourniquet may be retightened or adjusted. New 

evidence also indicates that initial tourniquet placement may be effective but within a minute, 

muscle tension under the tourniquet may lessen causing the tourniquet to become ineffective;
44

 

this early loss of effectiveness underscores the need for early reassessment of tourniquet use so 

that the tourniquet may be retightened or adjusted. 

Training must emphasize that tourniquets need to achieve both cessation of bleeding and 

stoppage of the distal pulse and that frequent reassessment is essential to maintain effectiveness 

of the tourniquet. It is recognized that partial amputation and isolated arterial injury may result in 

no palpable distal pulse, while in many combat situations obtaining full exposure and removing 

footwear to check pulses may be delayed; in such cases, visibly confirming control of wound 

hemorrhage suffices.  In darkness, palpation for pulses may be more useful than observing for 

hemorrhage.  

Ischemic complications increase as tourniquet time increases.  There is no consensus on 

an absolutely safe duration for tourniquet use, however a range of 1-3 hours has been suggested, 

with 2 hours accepted as a useful guideline for safe usage during elective surgery.
1,45-49

 Serum 

creatine phosphokinase (CPK) has been used as a marker for limb muscle damage at and distal to 

the tourniquet. In dogs, the CPK does not increase after one hour of ischemia, but rises after 2-3 

hours of ischemia.
50

 In addition, Olivecrona et al demonstrated that tourniquet times longer than 

100 minutes were associated with an increase in complications after knee arthroplasty 

(independent of comorbidities or primary/revision indication) with the odds of a complication 



increasing by 20% for each 10 minutes of longer tourniquet time throughout a range of 39-156 

minutes.
51

 Other authors have postulated that the effects of traumatic injury and blood loss may 

reduce the ischemic tolerance of the limb in comparison to elective surgery, suggesting that safe 

tourniquet times may be shorter than expected for patients in shock.
52,53

  

In general, minimizing tourniquet time is the most effective strategy to minimize the risks 

of tourniquet-related injury.  Minimizing harm is particularly important for those casualties who 

may have had a tourniquet placed for hemorrhage that is not life-threatening, which may 

frequently occur during real-world scenarios during CUF.  While 2 hours is generally considered 

a safe duration of tourniquet use, the CoTCCC supports conversion of the tourniquet to a 

hemostatic or pressure dressing at the earliest opportunity rather than routinely waiting 2 hours; 

this 2014 revision to the TCCC guidelines strengthens and clarifies the recommendation to 

convert tourniquets as soon as possible during the TFC or TACEVAC phases of care. 

The CoTCCC has also considered the question of whether to remove a tourniquet that has 

been used for prolonged periods during TFC or TACEVAC care.   It should be emphasized that 

if tourniquet conversion has been attempted unsuccessfully within 2 hours of initial use, then 

repeated attempts at tourniquet conversion are not recommended.  In some cases, a second 

attempt to convert the tourniquet may be indicated, particularly if conditions for wound 

management have significantly improved, however, in general, the need to attempt tourniquet 

conversion after 2 hours should only arise when earlier conversion was neglected or impractical 

due to circumstances. 

Prolonged ischemia can result in irreversible damage to limbs necessitating amputation. 

Skeletal muscle ischemia-reperfusion injury results in accumulation of lactic acid and break 

down of cells with release of myoglobin, potassium, and other intracellular products into 



circulation.
54,55

 Release of tourniquets also causes transient hypotension, attributed to 

vasodilation of the reperfused limb and blood loss.
47,56

 Myoglobinemia may result in varying 

degrees of kidney damage beginning at the time of limb reperfusion, with gradual progression of 

hyperkalemia and acidosis which may need to be treated with renal replacement therapy.
54

  

The time length between ischemia-reperfusion and life-threatening hypotension or renal 

failure depends in part on the volume of ischemic tissue as well as the temperature of the limb. A 

published consensus opinion held that removal of a tourniquet that has been in place longer than 

6 hours without successful conversion should not be removed until the casualty has reached a 

surgical facility.
38

 

Research in animals dating back to the 1910s shows that irreversible ischemic damage to 

muscle occurs when arterial inflow is occluded for longer than 5-6 hours at room temperature,
57-

59
 however the threshold for meaningful functional recovery may actually be shorter.

52
 The 

effects of traumatic injury and blood loss on ischemic time have been shown to reduce the 

threshold to less than 3 hours for functional recovery in an animal model.
53

 On the contrary, the 

effect of local hypothermia has been shown to have a protective effect on muscles exposed to 

tourniquet-induced ischemia.
60-62

  

The length of safe use of emergency limb tourniquets is complicated by the observation 

that many tourniquets may not completely occlude arterial inflow and limb cooling may limit 

damage to ischemic tissue, therefore actual cases do not replicate laboratory conditions. 

Functional recovery after prolonged use has also been reported.
49,63

  Therefore, there is no 

absolute time at which amputation of an ischemic limb is inevitable, however, as a general rule, 

the risks of muscle death, rhabdomyolysis, compartment syndrome, and limb loss increase after 

3-4 hours of ischemia, and there is a high rate of irreversible limb damage after 6 hours.  Due to 



the risks of rhabdomyolysis, shock, and renal failure with progressive hyperkalemia and acidosis, 

we suggest that tourniquets that have been in place for longer than 6 hours should not be 

removed outside of a closely monitored setting, preferably with laboratory capability. 

Future reductions in tourniquet-related complications may be achievable through 

improved training that minimizes use of non-indicated tourniquets, that recognizes and corrects 

ineffective tourniquets, and that minimizes the duration of ischemia through early conversion of 

tourniquets to hemostatic or pressure dressings in the TFC or TACEVAC phases of care.  In 

addition, an ongoing commitment to refining tourniquet designs may further minimize tissue 

damage and more reliably occlude arterial inflow.  

 “High and tight” placement 

The issue of whether to place a tourniquet as proximal as possible on a limb versus 

clearly proximal to the identified bleeding site during the CUF phase of TCCC has not been 

specifically addressed in the published literature, although it has been discussed in many forums. 

Tourniquet placement distal to an unseen wound may be fatal.  Kragh et al described 4 of 428 

patients with tourniquets placed distal to the most proximal wound, and two of these four 

patients died.
1
   

Arguments in favor of “high and tight” placement are that is it not advisable to fully 

expose a wound during CUF and that placement of the tourniquet as proximal as possible on the 

injured limb is the safest method to avoid placement distal to an unseen wound. On the contrary, 

upper arm and thigh placement tends to be less effective than more distal placement because of 

the greater girth compressed compared to the forearm and calf
1
 and proximal tourniquet 

placement leads to a greater volume of ischemic tissue. Some wounds may be clearly seen as 

only distal (without any proximal wound) which may allow more distal tourniquet use with a 



lesser pathophysiologic burden.  

As reported in the 2012 Joint Theater Trauma System review of prehospital trauma care 

in Combined Joint Operating Area-Afghanistan: “This application technique (“high and tight”) 

combined with prolonged tourniquet time has been associated with complications in at least two 

non-US casualties...If a “high and tight” tourniquet is placed during care under fire, emphasize 

reassessment and repositioning at the earliest opportunity during Tactical Field Care.”
64

 

Discussion at the August 2014 meeting of the CoTCCC recommended placement of 

tourniquets as proximal on the limb as possible during the CUF phase, recognizing that a strong 

emphasis should be placed on reassessing the tourniquet during both the TFC and TACEVAC 

phases of care.  It was also conceded that if the bleeding site is readily apparent, particularly for 

non-blast injuries, then placement just proximal to the bleeding site was acceptable.  It was noted 

that any mechanism that creates multiple open wounds, such as blast, makes assessment of the 

injured limb more challenging and increases the risk of missing a wound exsanguination if the 

tourniquet is not placed as proximally as possible on the limb during the CUF phase of TCCC.  

Any “high and tight” tourniquet should at the first opportunity be moved to a position 

directly on the skin 2-3 inches above the wound or converted to a hemostatic or pressure dressing 

at the first opportunity.  The recommended method for repositioning the tourniquet is to remove 

the clothing and place a second tourniquet just above the wound, then loosen the “high and tight” 

original tourniquet. If bleeding is not controlled during the assessment of wound hemorrhage, 

then the loosened proximal tourniquet should be moved distal to become side-by-side with the 

second tourniquet; the tourniquets are tightened until bleeding is stopped and the distal pulse is 

not palpable.  

Single slit routing  



The CAT is currently the most commonly fielded tourniquet in the U.S. military and is 

one of two tourniquets (along with the SOFTT) recommended by the CoTCCC for use on the 

battlefield. A 2013 survey of recovered tourniquets showed that 75% of tourniquets were CATs 

and 20% were SOFTTs.
65

 

The manufacturer’s instructions for use (IFU) of the CAT recommend single slit routing 

of the band through the buckle only for one-handed application to the upper extremity; double 

slit routing is recommended for all lower extremity applications.  One-handed application to the 

lower extremity is not addressed in the IFU, however, and may be an additional indication for 

single slit routing.
6
 

Analysis of recovered tourniquets by the Armed Forces Medical Examiner in 2012 

demonstrated that the standard-issue CAT was commonly placed with the band routed once 

through the buckle (“single slit routing”) in 35% of lower extremity placements and 53% of 

upper extremity placements.
4
 Similar findings were confirmed by Kragh et al in a 2013 analysis 

of recovered tourniquets, showing that 37% of CATs were routed once through the buckle; the 

samples of these two studies overlapped substantially but not completely.
65 

  

CAT effectiveness for single or double slit routing has not been assessed in a clinical 

series, however the question has been addressed in a laboratory study.  In a manikin model, the 

effectiveness for hemorrhage control was equal for both routings, while time to stop bleeding 

and total blood loss volumes were significantly less with single slit routing.
6
  

Discussion at the August 2014 meeting of the CoTCCC led to the recommendation for 

single slit routing of the CAT during Care Under Fire.  It was noted that the 6
th
 generation CAT 

has an increased length of 37.5 inches, compared to 31 inches for earlier versions, which further 

increases the contact area of Omni-Tape® Velcro for larger thighs. This increased contact area 



helped to alleviate concerns regarding anecdotal experience with earlier versions slipping in 

some cases.  Buckle breakage, another hypothetical concern with single slit routing, has never 

been reported for the CAT. It was also noted that the critical first step in effective tourniquet 

placement is to ensure that the band is as tight as possible on the limb prior to turning the 

windlass; single slit routing of the band facilitates such tightening while double slit routing may 

impair the initial tightening of the band since the Velcro may adhere to itself during application 

and tension is partially lost while routing through the second slit, particularly with inexperienced 

users.   

Training issues in tourniquet use 

Tourniquet use for minimal injuries or bleeding that is not life-threatening has no benefit.  

If placed during the CUF phase, such a tourniquet should be converted to a hemostatic or 

pressure dressing at the first opportunity. 

The recommended technique for converting a tourniquet to a hemostatic or pressure 

dressing is to first place the dressing then loosen the tourniquet while observing closely for 

bleeding through the dressing. The loosened tourniquet should be left in place 2-3 inches above 

the wound in case re-bleeding occurs. 

Conversion of a tourniquet to a hemostatic or pressure dressing should be attempted at 

the first opportunity, not more than 2 hours after initial application.  If the initial conversion 

attempt is unsuccessful due to re-bleeding, repeated attempts to convert the tourniquet should not 

be performed due to the risk of incremental exsanguination.  In some cases, a second attempt to 

convert the tourniquet may be indicated, particularly if conditions for wound management have 

significantly improved due to better lighting, supplies, manpower, etc. 



Tourniquets applied in situations where assessment is very limited such as CUF, mass 

casualty events, or multiple life-threatening injuries in the same casualty, should be applied 

“high and tight” (as proximal as possible) on the injured limb to avoid inadvertent placement 

distal to an unseen injury.  

To minimize the damage that may be induced by the tourniquet, care providers are 

instructed to follow certain “rules of thumb” when applying or repositioning tourniquets during 

TFC or TACEVAC care: place the tourniquet as distally as possible, but at least 5 cm proximal 

to the injury; avoid joints; apply the tourniquet over exposed skin to avoid slipping; and convert 

to hemostatic or pressure dressing whenever possible.
31

 

Up to 24% of limbs have 2 tourniquets placed.  King et al described one casualty with 

three tourniquets placed far apart from one another making them act independently as single, 

independent, and narrow devices rather than together side-by-side as if one wide device.
3
  

When ongoing limb bleeding or distal pulses were detected (generally after exposing the 

wound), the medics tightened tourniquets under supervision of the surgeon until distal pulses 

became absent.  All medics were surprised as to how tight a tourniquet must be to stop arterial 

flow; that is, to change a venous tourniquet into an arterial tourniquet.
3
 

TCCC courses must reinforce the distinction between venous and arterial tourniquets in 

patients without amputations.  Venous tourniquets do not occlude arterial inflow to an injured 

limb but promote venous congestion.  Venous tourniquets soon increase bleeding from injured 

limbs and must be avoided.
19,66

  

An increase in blood pressure during resuscitation may result in rebleeding or return of 

the distal pulse.
20

 Medics should also be aware that initial tourniquet placement may be effective 



but within a minute, muscle tension under the tourniquet may lessen causing the tourniquet to 

become ineffective.
44

 Ongoing reassessment of tourniquets is necessary. 

TCCC courses must also reinforce the need to attempt conversion of tourniquets to 

hemostatic or pressure dressings as soon as possible, considering the tactical and clinical 

situation.  All wounds must be monitored closely for rebleeding.  Major traumatic amputations 

require continued use of a tourniquet until arrival to surgery, and conversion to a hemostatic or 

pressure dressing should not be attempted. 

Cooling ischemic muscle reduces damage to the muscle.
60-62 

Even 2-3°C reduction in 

skeletal muscle temperature may reduce muscle necrosis after extended tourniquet application.
67

 

Cold environmental temperatures were credited for successful limb salvages after tourniquet 

applications up to 8 hours in World War II.
24

 Exposure of the limb to take advantage of cool 

environmental temperatures was also recommended by an expert panel convened in 2003.
38 

Packing of an injured limb with snow or ice, however, is not recommended due to the risk of 

further tissue injury.
49

 

As demonstrated by the Ranger model, medical training must also be incorporated into 

each unit’s combat training exercises and real-world training scenarios, rather than just being 

rehearsed independently under static conditions.
34,64

 

Teach tourniquet application during field training and Care Under Fire exercises.  

Classroom training alone is not adequate. 

An algorithm for tourniquet placement during CUF and reassessment during TFC and 

TACEVAC care is illustrated in Figure 1. 

Conclusions 



1. A decrease in the frequency of preventable deaths has been achieved though widespread 

training, dissemination and use of tourniquets.  The likelihood of tourniquet morbidity 

had been reduced through selection of better devices, more training of potential users, 

and more rapid evacuation.  In order to minimize complications, it is important that 

training emphasizes early conversion of no longer needed tourniquets and reassessment 

of tourniquet placement to ensure that hemorrhage is stopped and a venous tourniquet is 

avoided, particularly when evacuation time is long. 

2. No longer needed tourniquets should be converted to hemostatic or pressure dressings as 

soon as possible if the criteria for safe removal are met in order to reduce tourniquet pain 

and minimize the risks complications. If the tourniquet is still on the extremity two hours 

after placement, a mandatory re-assessment of the continued need for the tourniquet 

should occur. 

3. The goals of tourniquet placement are to control hemorrhage and to stop the distal pulse.  

Tactical and clinical situations dictate which goal(s) can be monitored, however the 

likelihood of maximum benefit and minimum risk occurs only when both goals are 

attained. 

4. Tourniquets placed during Care Under Fire should be positioned clearly proximal to the 

bleeding site(s).  If the site of life-threatening bleeding is not readily apparent, the 

tourniquet should be placed “high and tight” (as proximal as possible) on the injured 

extremity as soon as possible.   

5. Single slit routing of the CAT band through the buckle is effective and may reduce blood 

loss and time for application, and is therefore recommended during the CUF phase. Store 



the CAT single routed, the ready-to-go configuration, to save time whenever use is 

needed; double-routed stowage wastes time during initial application.   

Proposed Change 

Current Wording in the TCCC Guidelines: 

Care Under Fire 

7. Stop life-threatening external hemorrhage if tactically feasible: 

- Direct casualty to control hemorrhage by self-aid if able. 

- Use a CoTCCC-recommended tourniquet for hemorrhage that is anatomically amenable 

to tourniquet application. 

- Apply the tourniquet proximal to the bleeding site, over the uniform, tighten, and move 

the casualty to cover. 

Tactical Field Care 

4. Bleeding 

a. Assess for unrecognized hemorrhage and control all sources of bleeding. If not already done, 

use a CoTCCC-recommended tourniquet to control life-threatening external hemorrhage that is 

anatomically amenable to tourniquet application or for any traumatic amputation. Apply directly 

to the skin 2-3 inches above wound.  

b. For compressible hemorrhage not amenable to tourniquet use or as an adjunct to tourniquet 

removal (if evacuation time is anticipated to be longer than two hours), use Combat Gauze as the 

CoTCCC hemostatic dressing of choice. Celox Gauze and ChitoGauze may also be used if 

Combat Gauze is not available. Hemostatic dressings should be applied with at least 3 minutes of 

direct pressure. 



Before releasing any tourniquet on a casualty who has been resuscitated for hemorrhagic shock, 

ensure a positive response to resuscitation efforts (i.e., a peripheral pulse normal in character and 

normal mentation if there is no traumatic brain injury (TBI). If the bleeding site is appropriate for 

use of a junctional tourniquet, immediately apply a CoTCCC-recommended junctional 

tourniquet. Do not delay in the application of the junctional tourniquet once it is ready for use. 

Apply hemostatic dressings with direct pressure if a junctional tourniquet is not available or 

while the junctional tourniquet is being readied for use. 

c. Reassess prior tourniquet application. Expose wound and determine if tourniquet is needed. If 

so, move tourniquet from over uniform and apply directly to skin 2-3 inches above wound. If a 

tourniquet is not needed, use other techniques to control bleeding.  

d. When time and the tactical situation permit, a distal pulse check should be accomplished. If a 

distal pulse is still present, consider additional tightening of the tourniquet or the use of a second 

tourniquet, side by side and proximal to the first, to eliminate the distal pulse.  

e. Expose and clearly mark all tourniquet sites with the time of tourniquet application. Use an 

indelible marker. 

Tactical Evacuation Care 

3. Bleeding  

a. Assess for unrecognized hemorrhage and control all sources of bleeding. If not already done, 

use a CoTCCC-recommended tourniquet to control life-threatening external hemorrhage that is 

anatomically amenable to tourniquet application or for any traumatic amputation. Apply directly 

to the skin 2-3 inches above wound.  

b. For compressible hemorrhage not amenable to tourniquet use or as an adjunct to tourniquet 

removal (if evacuation time is anticipated to be longer than two hours), use Combat Gauze as the 



CoTCCC hemostatic dressing of choice. Celox Gauze and ChitoGauze may also be used if 

Combat Gauze is not available. Hemostatic dressings should be applied with at least 3 minutes of 

direct pressure. 

Before releasing any tourniquet on a casualty who has been resuscitated for hemorrhagic shock, 

ensure a positive response to resuscitation efforts (i.e., a peripheral pulse normal in character and 

normal mentation if there is no TBI.) If the bleeding site is appropriate for use of a junctional 

tourniquet, immediately apply a CoTCCC recommended junctional tourniquet. Do not delay in 

the application of the junctional tourniquet once it is ready for use. Apply hemostatic dressings 

with direct pressure if a junctional tourniquet is not available or while the junctional tourniquet is 

being readied for use.  

c. Reassess prior tourniquet application. Expose wound and determine if tourniquet is needed. If 

so, move tourniquet from over uniform and apply directly to skin 2-3 inches above wound. If a 

tourniquet is not needed, use other techniques to control bleeding.  

d. When time and the tactical situation permit, a distal pulse check should be accomplished. If a 

distal pulse is still present, consider additional tightening of the tourniquet or the use of a second 

tourniquet, side by side and proximal to the first, to eliminate the distal pulse.  

e. Expose and clearly mark all tourniquet sites with the time of tourniquet application. Use an 

indelible marker.  

Proposed new Wording in the TCCC Guidelines: 

Care Under Fire 

7. Stop life-threatening external hemorrhage if tactically feasible: 

- Direct casualty to control hemorrhage by self-aid if able. 

- Use a CoTCCC-recommended limb tourniquet for hemorrhage that is anatomically 



amenable to tourniquet use. 

- Apply the limb tourniquet over the uniform clearly proximal to the bleeding site(s).  

If the site of the life-threatening bleeding is not readily apparent, place the 

tourniquet “high and tight” (as proximal as possible) on the injured limb and move 

the casualty to cover. 

Tactical Field care 

4. Bleeding 

a. Assess for unrecognized hemorrhage and control all sources of bleeding. If not already 

done, use a CoTCCC-recommended limb tourniquet to control life-threatening external 

hemorrhage that is anatomically amenable to tourniquet use or for any traumatic amputation. 

Apply directly to the skin 2-3 inches above the wound. If bleeding is not controlled with the 

first tourniquet, apply a second tourniquet side-by-side with the first. 

b. For compressible hemorrhage not amenable to limb tourniquet use or as an adjunct to 

tourniquet removal, use Combat Gauze as the CoTCCC hemostatic dressing of choice. Celox 

Gauze and ChitoGauze
 
may also be used if Combat Gauze is not available. Hemostatic dressings 

should be applied with at least 3 minutes of direct pressure. If the bleeding site is amenable to 

use of a junctional tourniquet, immediately apply a CoTCCC-recommended junctional 

tourniquet. Do not delay in the application of the junctional tourniquet once it is ready for use. 

Apply hemostatic dressings with direct pressure if a junctional tourniquet is not available or 

while the junctional tourniquet is being readied for use. 

  c. Reassess prior tourniquet application. Expose the wound and determine if a tourniquet 

is needed. If it is, replace any limb tourniquet placed over the uniform with one applied directly 

to the skin 2-3 inches above wound. Ensure that bleeding is stopped. When possible, a distal 



pulse should be checked. If bleeding persists or a distal pulse is still present, consider 

additional tightening of the tourniquet or the use of a second tourniquet side-by-side with the 

first to eliminate both bleeding and the distal pulse.  

d. Limb tourniquets and junctional tourniquets should be converted to hemostatic 

or pressure dressings as soon as possible if three criteria are met:  the casualty is not in 

shock; it is possible to monitor the wound closely for bleeding; and the tourniquet is not 

being used to control bleeding from an amputated extremity.  Every effort should be made 

to convert tourniquets in less than 2 hours if bleeding can be controlled with other means. 

Do not remove a tourniquet that has been in place more than 6 hours unless close 

monitoring and lab capability are available.  

e. Expose and clearly mark all tourniquet sites with the time of tourniquet application. 

Use an indelible marker. 

Tactical Evacuation Care 

3. Bleeding 

a. Assess for unrecognized hemorrhage and control all sources of bleeding. If not already 

done, use a CoTCCC-recommended limb tourniquet to control life-threatening external 

hemorrhage that is anatomically amenable to tourniquet use or for any traumatic amputation. 

Apply directly to the skin 2-3 inches above the wound. If bleeding is not controlled with the 

first tourniquet, apply a second tourniquet side-by-side with the first. 

b. For compressible hemorrhage not amenable to limb tourniquet use or as an adjunct to 

tourniquet removal, use Combat Gauze as the CoTCCC hemostatic dressing of choice. Celox 

Gauze and ChitoGauze
 
may also be used if Combat Gauze is not available. Hemostatic dressings 

should be applied with at least 3 minutes of direct pressure. If the bleeding site is amenable to 



use of a junctional tourniquet, immediately apply a CoTCCC-recommended junctional 

tourniquet. Do not delay in the application of the junctional tourniquet once it is ready for use. 

Apply hemostatic dressings with direct pressure if a junctional tourniquet is not available or 

while the junctional tourniquet is being readied for use. 

  c. Reassess prior tourniquet application. Expose the wound and determine if a tourniquet 

is needed. If it is, replace any limb tourniquet placed over the uniform with one applied directly 

to the skin 2-3 inches above wound. Ensure that bleeding is stopped. When possible, a distal 

pulse should be checked. If bleeding persists or a distal pulse is still present, consider 

additional tightening of the tourniquet or the use of a second tourniquet side-by-side with the 

first to eliminate both bleeding and the distal pulse.  

d. Limb tourniquets and junctional tourniquets should be converted to hemostatic 

or pressure dressings as soon as possible if three criteria are met:  the casualty is not in 

shock; it is possible to monitor the wound closely for bleeding; and the tourniquet is not 

being used to control bleeding from an amputated extremity.  Every effort should be made 

to convert tourniquets in less than 2 hours if bleeding can be controlled with other means. 

Do not remove a tourniquet that has been in place more than 6 hours unless close 

monitoring and lab capability are available. 

e. Expose and clearly mark all tourniquet sites with the time of tourniquet application. 

Use an indelible marker. 

Considerations for Future Research and Development 

Enforce collection of and capitalize on data from prehospital casualty cards, prehospital 

after action reports, and prehospital trauma registries to further tourniquet study analysis and 

performance improvement. 



Develop improved tourniquet management strategies for prolonged field care scenarios, 

such as methods for cooling the extremity or adjuncts to removing tourniquets that have been in 

placed for lengthy periods. 

Conduct more research to improve tourniquet designs, best practices, and alternative 

interventions. 

Conduct detailed outcome analyses of limb morbidity and tourniquet use, including use 

durations, functional outcomes, infection rates, and timing of limb losses. 

Conduct studies to measure rates of hypotension, arrhythmia, cardiac arrest, 

rhabdomyolysis and progressive acidosis resulting from tourniquet release in order to improve 

clinical recommendations as to how to release a tourniquet or manage revascularization after 6 

hours of ischemia. 

Develop cost effective, self-monitoring, intelligent tourniquets that detect arterial flow 

and accurately record duration of use. 
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