COLLECTIVE REVIEWS

TourNIQUETS: A REViIEwW OF CURRENT USE WITH PROPOSALS FOR EXPANDED
PREHOSPITAL USE
Gerard S. Doyle, MD, MPH, Peter P. Taillac, MDD

ABSTRACT

The use of arlerial tourniguets in prehospital emergency
care has been fraught with controversy and superstition for
many years despite the potential utility of these waols, This
review exarmines this controversy in the contesxt of the history
of the tourniquel as well as its recent use in surgery and
modern battlefield casualiv carel Safe prehospital lourniguel
use iz widespread in the military and is based on sound
physielogic data and clinical experience from the surgical
use of tourniquets: The phesiologic, pathophysiologic, and
clinical underpinnings of sate tourniquet use are reviewed
here, along with a discussion pf alternatives to tourniguets,
Prehospital settings in which tourniquets are useful include
taclical emergency medical services (EMS) and other law en-
farcement enviromments as well 3 disaster and mass casualty
incidents. Béyond this, we present arglments for lourniquel
use kn more toutine EMS settings, in which it mav be

Recetved April T8, 200, from the Division of Emergency dedicme,
[Tepartment of Medicine {050, PPTEand the Division of Emergency
hedicine, Department of Surgory, University of Ltah, Salt Lake City,
Utah (PPT). Revesion recorved Angust 22,2007 accepted for publics
tign Seprember 4, 2007

D Gerard 5 Dovle, along with De Peter It Taillac, developed the
congepl for this paper. Both authors are members of the University
of Litah ivision of Emergency Medicine. Each author performoed
reviews of the relovant lilerature. De Dople wrote thie st draft ol
thie paper, which was then vevised by Dr Taillac scting inde pendent]y
Finalty, the tyeoecated and sevised the paper colloboratively,

The authors wish (o acknowledge Dr. David Fosnocht, MD, for bis
assistance in manuscript review and editing.

Mone of the contribulors had fisancial support tor manuscript devel-
apmment o any financial arrangemient that might represent a conflict
of interest, D Taillac is Medical Director of the West Valley City, Urah,
Fire Department

s ol Aupust 1, 2007, T Dovle has relocated to the University ol
Wisconsin Dnasion of Emergency Medicing,

Address correspondence and repeint requests tor Gerard 5,
Dosbe, MLD, MPH, Division of Emergency  Medicine, Depart-
ment of Medicing, University of Wisconsin Hospital F2/204 (50
E0 - Highland  Avenue, Muodison, WI 53792, c-mail pedoyloi
muchicine wise edu

iz TLI0BG HISGA1 20801907570

241

beneticial bul has heretolare been considered inappropriate
Protocols that {oster safe, effective prehospital tourniguet use
in these settings are then presented. Finally, wediscuss future
directions in which toutniquet research and other initiatves
will further enhance the sale; rational use of this paten-
tially life-saving tool Key words: tourniguet; hemorchage;
emergency medical services; disasters; hemostasis
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INTRODUCTION

Arterial tourniquets have a long and checkered history,
Sinee lheir inlroduction, probably in ancient Raman
Himes, their basicconfiguration has changed little to this
day. They have been called both life saving and “an in-
strument of the [Dievil that sometimes saves a life.””!
Tourniguets have undergone a dramatic resurgence in
popularity in the past decade, owing primarily lo an
emphasis on rapid hemostasis on the battlefield during
recent wars.

Traditionally, tourniquet use has been ruled by the
dictum prinnn o nocere or “first, donoharm.” Tourni-
quets have been thought to be dangerous in the hands
of prehospital care providers and have usually been
seen as a technigque of last resort for the emergency
medical lechnician (EMT), This is the result of anécdo-
tal experience from past wars when tourniquets were
placed (sometimes unnecessarily) and left in place for
extended periods, resulting in limb ischemia, muscle
and nmerve injury, gangrene, and amputations, How-
ever, recent experience with tourniquets in the hands
of well-trained military medics, from both the United
States ard other countries, has resulted in renewed en-
thusiasim for the instrument in military emergency care,
Lives are being saved on modern battlefields as a re-
sultofappropriate tourniquet use combined with rapid
evacuation of casualties to definitive care. The parallels
lo modern emergency medical services (EMS) systems
are obvious, and it is Hme to reconsider the tourniquel
asavaluable and potentially lifesaving tool for the mod-
erovcivilian EMT.
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Tournigquets, like all medical therapies, have cer-
tain dangers inherenl in their use. These polential
lirnitations and complications must be addressed prior
to increased utilization in civilian EMS. Recent posi-
tive military experience with this instrument should
not lead to irrational, unfettered tourniquet use. Rather,
protocol-driven use by well-trained civilian EMTs
would add a valuable weapon to the armamentarium of
prehospital emergency providers, as they address dif-
ficult problems in controlling extremity hemorrhage.

Recent terrorist activities have served to emphasize
the utility of the tourniquet in disaster settings. Dis-
asters, whether man-induced or natural, may result in
large numbers of bleeding individuals. Early in such
an incident, a few rescue personnel may be required to
triage and institute care for a large number of victims.
There may not be enough providers to, for example,
hold direct pressure on a heavily bleeding wound for
lomg periods. In these circumstances, early utilization of
a tourniquet by protocol may be appropriate. Indeed,
a primary tourniquet approach, or “tourniquet first,”
may save lives by allowing the EMT to rapidly stop
extremity hemorrhage, move on o other victims, and
return later to reassess and possibly remove the tourni-
quéet under circumsiances thal are more “stable.” This
is the model that is proving life saving in military field
use in Iraq and Afghanistan, and should be considered
for civilian EMT use as well.

We present a review of the medical literature focusing
on the history, physielogy, and complications of tourni-
quets, their current use, and alternatives lo towrmiquets
for control of bleeding. We then discuss the use of
tourniquets in civilian EMS care. Next, we show why
EM Tz should be facile in the safe use of these tools dur-
ing situations not well addressed by current protocols.
Finally, we argue thal civilian EMS as well as law en-
forcement agencies should adopt expanded indications
for tourniquet use wnder specific protocals.

History
Development and Larly Uses®

The tourniquet arose from the need of battlefield swr-
geons to contrel bleeding during surgical amputations,
with use being dated as far back as ancient Rome. Am-
brose Pare (ca. 1510-1590) is credited with being the first
1o use the word touriiguet, as well as being among the
first to record a recommendation for operative useof a
tourniquet. He also performed the first-known modifi-
cation on the tourniquet; A screw was placed over the
main vessel of an extremity and tightened with a cir-
cumferential strap in place. Around the 17th century,
William Fabry and Etienne Morel both used a windlass,
wherein astick is used to twist and thus further tighten
a constricting band. Many modern designs feature a
windlass to allow easy adjustment of tension,

Lister and Esmarch used tourniguets starting in the
middle 19th century to introduce bloodless surgery.
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Technological advances led Cushing to abandon prior
tourniquet designs and introduce a pneumatic tourni-
quet in 1904, This device made tourniguet application
and removal easier, and pressure was mere evenly ap-
plied to the limb than with prior versions. By the mid-
dle of the 20th century, use of tourniquets in extremity
surgery toallow operation in a “dry field” was consid-
ered routine,

The Tourniquet in First-Aid

For many generations, teurniquet use in first aid has
been controversial. Tourniquets have long been placed
in first-aid kits, vel many surgeons who use them en-
thusiastically in operations have agreed with the tenet
that there “is no place for the lourniquet as a first-aid
measure.”* Civilians were felt to be unable to use the
instrument safely or effectively, and there has been pre-
vious military experience of harm done by inappro-
priate tourniquet use on bleeding limbs.* The most re-
cent American Heart Association and American Red
Cross First Aid manuals reflect this philosophy, While
recognizing the pivotal rele of hemorrhage control,
the 2003 First Aid Guidelines of the National First
Aid Seience Advisory Board recommmends only direct
pressure and compression dressings (using an elas-
tic bandage) to stop bleeding before EMS providers
arrive.”

Military Considerations

The tourniquet has a rich historical tradition in military
medicing, in contrast to civilian EMS use. Tourniquets
were tssued in Civil War surgical sets,” and the failure
to apply one to a wounded Confederate Army general
may have affected the outcome of that war and thus
the course of U.S, history."” Paradoxically, it is perhaps
from the same war that initial ambivalence to tourni-
quets arose: Prolonged time from tourniquet placement
lo definitive care often resulted in severe ischemic com-
plications, This caused some surgeons of the day to ar-
gue that it was safer to allow continued bleeding than
use a tourniguet to stop it

Tourniquets have long been standard issuein military
medics’ kits, yet there has been reluctance to use them
in all but the direst of circumstances. In the 1960s, there
were even efforts to have them removed from medical
kits and deleted from the training curricula of military
medics.”

Mabry describes a cycle wherein the tourniquet is
initially welcomed by the military but soon falls out
of favor due to perceived misuse, while many who
might have been saved die of potentially controllable
hemorrhage” This cycle was repeated until analysis
of mortality data from the Viemam conflict led to re-
newed interest in the use of the tourniquet. This anal-
ysis suggested that a sizeable proportion of combat
fatalities could have been averted by use of a tourni-
quet. In one report, it was estimated that 105 (38%) of



Crovie and laliac  TOURNGETS: REVIEW AN Prijpeiaats

277 soldiers who died from extremily artery bleeding
might have been saved by proper, ti mely tourniquet
application.”

Recent experience has reinforced this trend toward
more liberal military usage of tourniquets.—" Mod-
ern combat results in high rates of extremily rauma.
This fact, combined with the recognition that many
wha died of combat-inflicted wounds might have sur-
vived if a tourniquet had been used to arrest exsan-
guinations, forms the ra tionale for use of a tourniquet
under modern combat condilions.'? Sebesta, who has
detailed his experiences as a surgeon in an Army Lom-
bat Support Hospital (C5H), states “tourniquets are an
essential therapy based on recenl experience in Irag."*

This tationale is further reinforced by the circum-
stances under which much of the prehospital care
is provided during a military conflict: Hostile action
by adversaries, unfavorable environmental conditions,
frequently prolonged transport to ad vancid care, aus-
tere logistics, and multipie casualties with limited triage
and treatment manpower all support the expedient use
of tourniquets on the battleficld. It is Lo be noted that
these conditions are occastonally, if infrequently, expe-
rienced in civilian EMS settings as well.

The U5, Army and Marine Corps both now issue
tourniquets to individual soldiers and marines in their
Individual First Aid Kits (IFAK) and train themin their
proper use. > The Army prehospital trauma life sup-
port (PHTLS) mnemonic is now “MARCH” (Massive
bleeding, Airway, Respirations, Circulation, and Head
Injury) rather than “ABC” (Airway, Breathing, and Cir-
culation), recognizing that massive hemorrhage on the
battlefield is the primary treatable threat to survivaland
miast e quickly arrested.”

51ill, despite these changes, more than 50% of the
deaths from isolaled extremity hemorrhage were po-
tentially preventable by correct tourniquet apphication,
according 1o one report from the Iragq conflict.!! It is
not known how many patients with multisystem in-
juries had tourniquets placed nor il this intervention
improved or worsened outcome.”” Further reviews of
battlefield tourniquet use will better document these
results,

Civilian EM5 Usage

There has been a movement toward liberalization of
tourniguet use incivilian EMSsystems, but this remains
controversial, Most systems still employ the tourni-
quet as a technique of last resort, using protocols that
recommend direct pressure, pressure dressings, pres
sure points, plevatiom, and cold application as primary
treatments for severe extremity hemorrhage. Of these,
only direct pressure can be supported based on avail-
able ovidencet The most recent Mational Association
for EMS Physicians (NAEMSP) consensus stalement
on wound care for delayed or prolonged transporl
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recommends the use of tourniquets only in cases of
amputation,'®

Despite extensive expericnce with tourniquets in the
military medical services of the United States and other
countries, recent civilian EMS teaching has not fully
accepted this potentially life-saving instrument.” In-
deed, many EMS systems do not allow their crews to
carry towrniquets, Unfortunately, this can lead to cir-
cumstances in which a tourniquet Is required and may
have to be improvised. Improvised tourniquets are less
likely to be effective!” and may be more prone to neu-
rovascular complications,

The positive experience with tourniquets on the bat-
tleficld halds promise for civilian EMS trauma care:
Modern military protocols for tourniquet use could eas-
ily be incorporated into civilian EMS systems.

Physiology, Complications, and Safe Use
of Tourniquets

Physiology

Arterial tourniquets work by compressing muscle and
other lissues surrounding extremity arteries that, in
turn, collapse the lumina of these arteries and thereby
arrest flow distal to the tourniquet. The lension or force
needed in order for a tourniguet to compress the artery
is dependent on the size of the extremity as well as
the width of the tourniquet. ln general, larger circum-
ference of an extremity correlates with higher required
tension.'* Wider tourniquets typically are more effec
tive al stopping arterial flow at a given lension than
rarrow tourniguets.’”

Complications

Tourniquet use, which is well accepted as a technique
for bloodless extremity surgery, has been associated
with local and systemic complications {see Table 1),

TaBle 1. Polental Complications of Use of Tournigquets’
F !

Local Swstermic

Prstoperalive swelling and
cliffness

Dhelay in recowery’ of
mitdcle power

Compression neuropraxia

Ingreased central venous pressura
Arterial by pertension

Cardipnesplomtory
decompensaiion

Corebral infarction

Alterations in acid-base balance

Ehatdomyolysis

Deep venous thromboss

Wionind hematoma

Woundd intection

[Mrect vasoular injury

Fone and Fofe-tisdme
NECrosts

Compartmoent sypel e Tourriquet pain

Systemic inflammatory msponse
;53.-n|.'lmmel'

Fibrimolysis’

Complications of operative tournigueks ghual have b reported i the surjieil
literature are prescited here

" Ref. 200,
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Early surgical use of tewrniquets led to the recognition
that improper lournigquet design or pralonged tourni-
quet application (lenger than 1.5 to bwo hours) could
lead to muscle, nerve, and vascular injuries, resulting
in a syndrome known as lowriquet palsy or tourniquet
paralysis. Additionally, irreversible ischemic damage to
limbs is known o oceur in cases where a tourniquet
had been left in place for longer than six hours; ampu-
tation of the limb above the level of the tourniquet was
recommended in these circumslances and still remains
a surgical dictum,?

Tourniquet time (e, the total time during which ar-
terial flow beyond the instrument can be safely inter-
rupted)is anissueof controversy. Evidence fronvanimal
sludies shows that even minutes of tourniquet use will
lead to changes in muscle and nerve physiology as well
as systemic effects. These studies demonstrated that af-
ter one hour, there was no evidence of muscle damage,
while two hours of ischemia led to elevated levels of
bath lactic acid and CPK, suggesting muscle damage
was occurring.”!

Muost surgical guidelines recommend, and clinical
studies support, no more than 60-90 minutes of op-
crative tourniquel lime in order to safely use this tech-
nique. Two hours of tourniquet time is a “useful guide-
line” for an upper limil.* Patients with advanced age,
vascular diseases, and traumatic injuries are at higher
risk for complications, including nerve and muscle in-
pary. Nerve injuries have been reported after only 3
minutes of lourniguet time, Muscle, especially that di-
rectly under the tourniquet, has shown damage after
vne hour, though aclual myonecrosis seems to occur
anly after three hours, ™ Post-Tanirstiguet syndrome {com-
prising weakness, paresthesias, pallor, and stiffness) is
comment but seems to resolve after aboul three weeks 2

Recent military experience supports the safety of
these short tourniquet times in prehospital patients,”"
Lhambers et al. reported limbsalvage in 11 of 14 (79%)
of patients with arterial injuries despite total tourniquet
times averaging two hours.™

All known complications of tourniquets seem to
worsen wilh prolonged lourniquet time. Unfortunately,
tradition has held that tourniquets, once placed, should
beleft enuntil removed by a physician, This tenet likely
aruse from the recognition that repetitively loosening
and retightening a tourniquel exacerbates blood loss.
While such “reperfusion intervals” are controversial
and discussed in more detail below, our proposed pro-
tocolfand current military doctrine) allows for reevalu-
ation of the need for, and possible removal of, a tourni-
quet by EMTs prior to reaching the hospital.

Tourniquet use may also result in venous compli-
cations, including worsened venous bleeding and ve-
nous thromboembolism (VTE). One major criticism of
tourniquets is Lhat, if not properly applied, tournigquets
can actually increase bleeding by occluding venous
return while not complelely arresting arterial inflow.

PrEHESMTAL Esieeaismey Caks o Ardif Juns 2008 Nodumr 1200 Mesmse 2

Thrombosis could secur due Lo venous stasis during
tourniquet use. Subsequent embolization of the clob(s)
to the pulmonary circulation could then occur, either
before or after tourniquet removal. The role of tourni-
quets in inducing venous thrombosis and pulmonary
embolism is not clear, VTE has been reported to increase
with tourniquet use in surgery; however, others have
suggested that this complication is a result of surgery
itself, not merely of tourniquet use ™™

Elasticor compression dressings can be similarly erit-
icized, as both may increase bleeding and promote ve-
nous stasis and VTE. A further drawback is that if
placed too zealously, they can become an unrecognized
arterial tourniquet

Compartment syndrome has been a reported com-
plication of teurniquet use. In most cases, this is felt
to result from the injury necessitating tourniquet use,
rather than the tourniquet flself, except in prolonged
tourniquet-induced ischemia (more than three hours)
or excessively high tourniquet pressures,®

Systemic acid-base changes mav result from release
of a tourniquet in place for an extended period of
time. Limb ischemia results in lactic acidosis of tissues
distal to the lourniquet. After release of the tourni-
quel, reperfusion of the extremity carries this acid
and free radicals into the central circulation, a SYI1-
drome labeled ischemia-perfusion tjury, Hyperkalemia
and systemic acidosis may result in cardiac arrhyth-
mias, among other problems, Clinical experience on
the systemic metabolic effects of tourniquet release is
inconsistent; and may vary with anesthetic technigue.
One study showed no such results after one to three
hours of tourniguet time ina sample of elderly ortho-
pedicsurgery patients, ™ while a second showed thatar-
terial pH. P, Oy, PLCO;, lactate, and potassium changed
significantly after tourniguet release.™

Hypertension and increased central venous pressure
following operative tourniquet application are well-
documented, but may be rolated to surgical practice:
elevation and compression of the extremity to create a
blaodless field results in autotransfusion of extremity
blood into the central circulation.™ Such an event is not
likely to occur with field use of the towrniquet.

Other systemic changes, such as creation of a sys-
temic inflammatory response and increased fibrinolytic
activity, seem to be transient and are not known to be
clinically significant.3-3

Pain from tourniquet use is a major concern. Some
have stated that towmiquels can cause “excruciat-
ing pain”* despite proper application, In one report,
however, awake, nonanesthetized volunteers who had
tourniquets placed and inflated to 100 mmHg above
their systolic blood pressure tolerated the instruments
for 25 minutes on their forearms and 18 minutes on
the upper arm.> It is not clear if a lower PIrEssire,
sufficient only to arrest bleeding, would be tolerated
longer. Lower extremilies, perhaps due to increased
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circumference, have higher average times of pain tol-
erance, around 30 minutes > It s clear, however, that
most awake patients on whoma tourniquet is used will
require medication for pain control.™

Safe Prehospital Use

Safe prehospital tourniquet use depends on a number
of factors. Underlying all safe prehospital tourniquet
use are conservative and specific protocols defining
indications, application and removal lechniques, and
application times, As always, regular training in proto-
cols for prehospital providers is crucial. The outline of
safe, effective protocols for prehospital tourniquet use
can be extrapolated from both widespread surgical use
and recent military experience.

The fundamental factors relaling to sate lourniguet
use are: tourniquet design, placement location, tourni-
quet tightness, and tourniquet time,

In terms of tourniquet design, it is well known that
wider tourniquets with rounded, rather than sharp,
edges are best in terms of limiting damage to under-
lying structures. The tourniguet should be made of
a uniform, smooth matertal, as those with wire rein-
forcements are known to predispose to direct vascu-
lar injury due to unequal application ot pressure un-
der the wires,VAs a prieumatic tourniquet, a blood
pressure cuff is theoretically ideal, as it provides uni-
form pressure over a wide area. [ts practical use, how-
gver, is somewhal fimited by its size and weight, as
well as its inabilily to maintain high pressures for pro-
longed periods. It is also difficult to apply securely
to a short residual stump in the case of a traumatic
amputation.

Most operative manuals recommend tourniquel
placement on the thickest portion of the imb in order to
maximize the tissue through which pressure 1s exerted
and mintmize the pressure require to stop arterial flow
and thus the risk to underlying skin, muscle, nerves,
and vessels. This may also limil the pain associated
with tourniquet use, though some studies contradicl
thig,***

EMS providers, however, have traditionally been
trained to place the tourniquet just above the injury,
while avoiding placement over a joint.* This maore dis-
tal placement recommendation probably arises frevm
concerns about the need for an amputation after defini-
tive care is reached. The goal is to preserve as much
limb length as possible. However, with proper tourni-
quet design and limited towrniquet time, a more prox-
imal placement of the largest portion of the extremity
is preferred because of speed of application, minimiza-
tion of pressure injury to underlying tissues, and the
possibility that multiple distal bleeding sites exist,

When applying a tourniquet, the lowest effective
pressure should be used in order to minimize subse-
quent ischemic complications: A tourniquet must be
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tizhtened only to the pressure required to arrest hem-
arrhage.

There s no rationale for using an ecclusive tourniguet
asa high-pressure dressing by placing it directly over a
wound dressing, as it will not effectively stem arterial
inflow to the wound in this location. Used nonpcelu-
sively, hewever, a tourniquet could effectively be used
to augment a pressure dressing and hold it tightly in
place, as suggested in a recent review of tourniquet
use.

Some have attempted to prolong tourniquet time by
use of “reperfusion intervals” Although taught in some
popular wilderness first-aid manuals,”’ # these inter-
vals are not practical in prehospital scenarios, These
have been shown clinically to reduce complications
only if perfusion is restored for 30 minutes or more ™’
Therefore, to be effective at reducing ischemic compli-
cations, they would likely also allow slow exsanguing-
tion, An interesting suggestion designed to lessen in-
jury to tissues directly under the device 1s to use bwo
adjacent tourniquets, allernately employing one then
the other.™

All tourniquel usage must be well documented, then
communicaled on transfer of care, This minimizes the
likelihood that a tourniquet will be overlooked by
subsequent care providers and inadvertently left on
for a prolonged period. Time of application must be
recorded, either on the triage tag or physically written
on the skin of the victim, The forehead is suggested as
a prominent location. Triage cards should clearly an-
niotate that a victim is wearing a tourniquet and the
time of placement, as does the carrent DI Form 1350
Field Medical Card, One eatly advocate of the tourm-
quet recommended that casualties whao are consclous
be instructed to tell everyone with whom they come
into contact that they have a tourniquet in place,” For
the same reason, tourniquets should never be covered.
There is evidence thal cooling the extremity distal to
the tourniquet may reduce r.unrnpliu::ﬂliuua.]'E A blanket
placed over a tourniquet may be doubly dangerous,
both warming the ischemic extremity and obscuring
thie tourniquet. The extremity is probably best left un-
covered, except in temperatures where there is risk of
direct cold injury. [favailable, a brightly colored marker
may be placed at the tourniquel location as well.

The tourniquet should ideally be manufactured for
its purpose. Improvised tourniquets will tend to ap-
ply pressure unevenly and often have sharp edges, in-
creasing the risk of underlying tissue injury, Examples
of suboptimal improvised tourniguets include belts
and similar straps, which can entrap skin and directly
cause injury. Cravats (i.e,, triangular bandages) or elas-
b dressings (Le,, ACE® bandages) can bunch when
twisted with a windlass* Although these improvised
options are frequently taught in first-aid manuals, they
should be avoided unless no other options are available
to arrest hemorthage,
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Finally, and most critically, tourniquet ime must be
minimized. In most cases, this will mean transporting
the patient expeditiously to a higher level of care, In-
forming the transportation officer at a mass casualty
event of “tourniqueted” patients may allow these pa-
tients to have higher priority for transport to hospital,
In our protocol, no patient with a tourniquet will re-
ceive a triage code less acute than “yellow.” In addition,
specitic protocols can be utilized to remove tourniquets
thal, upon reassessment at a later time, may ne longer
be needed to control bleeding,

Alternatives to the Tourniquet
Pressure Dressings

Pressure dressings are adequale o stop most cases of
hemorrhage, whether it occurs from the extremities or
other parts of the bedy. One commercially available
bandage already in use by the military for this purpose
15 the "Israeli dressing.” Other compression dressings
tan be improvised with large amounts of gauze and an
elastic bandage that is wrapped around the wounded
limb, as deseribed in a recent PHTLS manual ® These
bandages work on the principle of providing compres-
sion to reduce the flow of bleod through damaged ves-
sels {primarily capillaries and veins) while providing
a “scaffeld” on which blood can clot. As mentioned
previously, a carefully placed tourniquet could also
be utilized to tightly compress a bandage and act as
a pressure dressing, but only if i is nol so tight as
tooncclude arterial inflow or to increase distal venous
bleeding,

Experience with pressure dressings shows that they
work: well In trained hands, stopping all “moderate
bleeding” and most “profuse bleeding” (81%), accord-
ing teone study. A tourniquet was required to stop one
case with “profuse bleeding "

A major drawback of this type of dressing is that
they take time and often more than “one set of hands”
by apply properly, They must also be reassessed fre-
guently to ensure that bleeding has, in fact, been ar-
rested, which requires access to the site of the dressing
as well as a light source. It is foreseeable that circum-
stances may arise in which one or both of these are not
available, and bme and personnel are needed to per-
form these assessments. In contrast, once placed and
tightened to arrest bleeding, modern tourniquels are
highly unlikely tolose effectiveness, After resuscitation,
however, lhey may require retightening if the victim's
blood pressure increases sufficiently to allow distal
flow.

Self-application of an adequate pressure dressing can
be extremely difficult, if not impossible, and is cer-
tainly time-consuming. Modern tourniquets, including
the model preferred by the military, have been specifi-
cally designed for one-handed self-pplication. The goal
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is rapid self-application in order to allow the victim to
continue the mission, if physically able to do so.

Finally, pressure dressings may be difficult or impos-
sible to secure lo limbs that have sustained partial ar
L‘Dt‘nplete amputation,

Inshort, pressure dressings are excellent instruments
b control most causes of hemorrhage, but are not eas-
ily adaptable to circumstances in which there are lim-
itations on time and personnel, after amputation, or
when self-applicalion is required. In these scenarios, a
tourniquet is much more easily and effectively used.

Topical Hemostatic Agents

Topical hemuostatic agents were developed in response
to the recognition that uncontrolled hemorrhage is
the major source of preventable mortality In com-
bat settings. Several have been deployed with LS.
forces in recent combat actions around the world™ and
their successes and shortfalls reported in the medical
literature 5

Although they may be useful adjuncts, these agents
do mot have the same simplicity and effectiveness
of pressure dressings or tourniguets, Experience in
animal models has shown that many agents sim-
ply do not work quickly or well enough to stop
brisk bleeding.” HemCon is a gauze dressing impreg-
nated with chitosan (extracted from shrimp shells)
that assists in clotting. Although this dressing was
fell to work well for hemostasis on war-wounded
in Irag, the majority of these were venous bleeds ™
Another agent, CuikClot, was shown Lo cause burns
and other solt-lissue complications in nearby tissue
when used in its initially marketed powder form.
A newer formulation reportedly does not have this
complication.

Small, deeply penetrating wounds like those
produced by missiles are also problematic for topical
hemostatic agents; which must cither be trimmed or
otherwise altered and placed in wounds in direct con-
tact with bleeding siles Lo ensure hemostasis, [n the
case of the HemCon dressing, even large "cavilational”
wounds required that the dressing be placed under di-
rect vision, directly on the bleeding site, for the dressing
lo e most effective.™ Finally, it should be noted that,
with the exceplion of CuikClot, these are expensive,
perishable agents, These issues all limit these agents to
being usetul adjuncts, rather than primary treatments,
for extremity hemorrhage in disaster and other EMS
settings,™

Systemic Hemostatic Agents

Hemuostatic agents that improve coagulation, espe-
cially in hypothermic, coagulopathic, and acidotic mul-
titrauma patients, have been in development and
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preliminary use in the recent past. Factor Vlla con-
centrate, for example, has been extensively used by
surgical teams in Afghanistan and Iraq with favorable
results.”

Little, if any, specific prehospital use of these agents
has been reported.™ In most cases, these agents have
been used in patients with cavitary or visceral rather
than external hemorrhage, and their applicability in
extremity injuries is not known. In addition, current
agents are prohibitively expensive for routine EMS and
disaster use.

Recommendations for Tourniquet Use in
Civilian EMS Systems

Tactical FMS and Police Officers

Tactical EMS (TEMS) providers, usually paramedics,
support special weapons and tactics (SWAT) or spe-
cial operations teams found in many civilian law en-
forcement agencies, from the municipal to the federal
level. Most of these personnel come from a background
of civilian EMS agencies and are steeped in the tradi-
tion of tourniquet avoidance. Current trends in law en-
forcement, particularly as they impact on SWAT oper-
ations, demand that we reevaluate the appropriateness
of applying typical civilian EMS practices lo law en-
forcement and TEMS environments, Civilian firearms-
related incidents are becoming more and more like mil-
itary operations.

Military-style weapons with large, high-velocity bul-
lets have proliferated in recent years as weapons of
choice among gangs, narcotics traffickers, and terror-
ist groups: Mo longer can law enforcement officers as-
sume that they can easily "outgun” the suspects they
are charged with apprehending,

Coincident with the change in the nature of these
weapons is a change in the wounds and injuries result-
ing from their use: Like today’s military, police officers
typically wear body armor as a means of mitigating
some of the increased risk they now face from heavily
armed suspects. While helping reduce risk of death or
grave injury from torso wounds, these vesls have not
reduced the burden of extremity injury as a potential
cause of death in urban conflicts.®

In 1997, a pair of heavily armed bank robbers wear-
ing body armor held Los Angeles police at bay unlil
being fatally wounded. One respundmg afficer shot in
the thigh reportedly lost an estimated 40% of his total
u:lumu_ of blood, lost consciousness, and nearly died.
Had he had access to a tourniquet, he might have been
able to stop the bleeding himself and perhaps even con-
tinue to support the mission at hand.

The weapens used by police in responding to vio-
lent criminals could also create circumstances in which
thie tourniquet may prove beneficial. A medical exam-
iner stated one suspect in the event described above
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died due to thigh wounds that caused exsanguination.
Civilian EMS personnel were unable or un:n'illing to
enter the scene.”™ The suspect’s family sued the city of
Los Angeles for this “notorious” inatlention. Applica-
tion of a tourniquet under these circumstances, perhaps
even one given to the victim with instructions en huw
torplace it, may have saved the life of this pcrwn

Beyond firearms, the use of explosives by terrorists
and other elementsis blurring the distinctions between
military conflict and civilian crime. ATF and FBIstatis-
tics show that, even before the Oklahoma City bomb-
ings and 9/11 made terrorism more of a concern in the
United States, there were large numbers of bombings
for criminal and “entertainment” purposes.™™

The traditional civilian model of trauma care ex-
emplified by the “golden hour” concept will blur
along with these changes. Deaths from military-style
weapons and explosives conform to a different distri-
bution of time of death when compared with the more
typical civilian trauma experience, Most deaths occur
very early, prior to hospital care. Many of these are
due to exsanguination™ and extremity hemorrhage is
the leading cause of death in potentially salvageable
victims. '

These considerations all argue for training and equip-
ping police officers for tourniquet use on themselves
or others, much as the military has done for its front-
line troops. While widespread tourniquet availability
among “lay providers® may make some uneasy, wec
note that individual soldiers have been able to use
the instrument successfully on themselves orwounded
colleagues.' In addition, there is justification for allow-
ing trained police officers to use tourniquets on civil-
ian victims, as part of basic first aid. There is already
widespread experience with police personnel deliver-
ing first-responder care, including cardiac care via the
use of AEDs. Folice officers have also been trained to
perform triage at mass casualty incidents.” Initial con-
cerns about acceptanceof these roles by police officers™
have ot been borne out.”

Disaster Situations/Mass Casualty Triage

Isolated extremity injury causing exsanguination also
occurs in civilian EMS practice. reventable deaths
due to failure of prehospital personnel and hospital
providers to stop limb hemorrhage have been reported.
I one study, 57% of those dying in metropolitan Hous-
ton due to isclated penetrating extremity trauma had
bleeding sites amenable to tourniquet therapy.™

The events of 9/11/2001 showed that global terror-
ism can now be a local oecurrence. With terrorism
come weapons of mass effect. While biological (such
as anthrax), chemical, and nuclear/radiologic weapon
threats have received great focus, attacks using con-
ventional weapons such as explosives and firearms still
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prevall as “the mest common type of terrorist attacks
in modern history.”*

Casualty data and mortalily trends from civil unrest,
especially bombings, have bolstered the arguments for
use of lourniquets in prehospital care: penetrating ex-
tremity injuries occur in about half of the severely
injured . This increase in extremity trauma is not lim-
ited to adalts: Pediatric victims of violence also have
higher rates of penetrating exiremity injury than do
child victims of “non-terror-related injuries.”®

Explosives, via primary, secondary and tertiary blast
effects, induce amputations, partial amputalions, and
penetrating wounds of the extremities in bystanders,
Recent experiences in Lebanon,™ Palestine,” lsrael
Euosovo,™ Bali,”' Madrid,™ London,”? and other sel-
tings have shown that there can be large numbers of
vickims with complex injuries, including mangled ex-
trerriities, ;‘|mp|_1la1inns, parl‘ial amputations, and mis-
sile injuries, in addition to head, spine, and visceral
I]'I]'lll'll"!!"b.

It has been noted that these types of events com-
bine the severe mechanisms Of Injury typically asso-
ciated with military combal with the short intervals
from mjury te rapid transport and definitive treatment,
which are more characteristic of the civillan trauma
c‘xpurinnrre."" Linder these circumstances, many vic-
tims need only very simple interventions from EMS
providers: The use of tourniquets for brief periods to
limil Blood loss and expedite transport would be a ra-
fiomal, and possibly life-saving, intervenlion.

Control of bleeding is beneficial to patient survival, ™
Indeed, even in those who survive despite massive
hemorrhage, reducing blood loss and thercby prescry-
myg vital oxygen-carrying capacity will lessen compli-
calions such as the adult respiratory distress syndrome
and multisystemorgan failure, A tourniquet that com-
pletely arrests hemorrhage betore resuscitation will
maximize preservation of red bloed cells.

Actriage otficer or EMS ¢rew responding lo mass casu-
alty event must beable to act quickly with simple inter-
verlions in order to maximize victim survival, Taking
the time (and peesonnel) lo apply pressure dressings
could impair the smooth implementation of triage al-
gorithms in mass casualty situations. As an example,
the most recent PHTLS handbook recommends 10-15
minutes of direct digital pressure to stop bleeding.
Clearly, this will be impractical or impossible in many
disaster situations. hv addition to penelrating extrem-
ity injuries, head and torso injuries may also demand
immediale stabilization. Multiple serious injuries make
lime-comsuming hemorrhage contrel measures an un-
affordable luxury.

In these circumstances, EMS personnel must have ac-
cess b, and training with, arteérial tourniquets, A pro-
tocol that alows tourniquels to be used as a first, rather
thian last, resort is imperative. Placing a tourniquet on
a bleeding extremity, noting the time of placement, and
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moving en o the next victim will allow providers to
immediately stop bleeding that would otherwise con-
tribute to hemorrhagic shock and may even cause fa-
tality. Advanced Trauma Lite Support (ATLS) training
now acknowledges the need to step "obvious external
bleeding” during the primary survey.”

Once all victims have been triaged, or more help has
arrived, prehospital personnel can return to those vic-
tims who have tourniquets in place. Wounds can then
be reassessed and tourniquets possibly removed and
replaced with pressure dressings. Although this ap-
proach seems to violate the traditional teaching that
a tourniguet placed in the field must be left on until the
victm reaches a hnapiml, there are circumstances in
which this approach is reasonable, for example, if de-
layed or prolonged transport is anticipated. Algorithms
havebeen developed for primary tourniguet placement
and reevaluation with conversion o nontourniguet-
based hemostasis!™’™ and successfully used in 765 of
{.':15!_-':§.l'ﬁ

Tourniquets are simple devices. Monmedical safely
persomnel as well as lay people (such as
wounded”} can be quickly trained to apply these de-
vices safely and effectively: Victims themselves could
even effectively use some types of tourniguets on
their own wounded extremities.”™ Data from Canadian
studies show that most commercial tourniguet maod-
els can be applied effectively in under 30-40 seconds. ™
Froviders can be easily taught to quickly and elfectively
apply tourniquets. Life-support coursis have been
changing to simplify lechniques for responders. Tourni-
quiets should be taughtasanadjunct to standard hemor-
rhage control techniques, Pressure points and elevation
are commenly taught to lay persons, These techniques
are arguably no simpler than tourniguel applicalion
and, unlike tourniquets, are of unproven benefit?

walking

Routine EMS Usage

Temurniquets can also be useful in cases involving sin-
gle patients, but only if EMS providers have access to
appropriate p:'ntncui.&', training, and equipment, They
must have familianty with the indications and tech-
nigues for the use of tourniquets in order to avoid an
inappropriate (and historically based) fear of these in-
struments, Tourniquets are naturally compatible with
a “scoop and run” approach to trauma care in which
simple, rapid, and potentially life-saving interventions
are combined with expeditious transport to definitive
Care.

The use of a tourniquet to control extremity bleeding
maximizes the ability of EMS providers to resuscitate
a hypotensive patient by “stopping the leak.” Ongo-
ing extremity bleeding will hinder adequale resusci-
taton. Intravenous (IV) fluid infusions will simply di-
lute valuable oxygen-carrying hemoglobin and clotting

fackors &4
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A “tourniquet first” approach to the single, multiply
injured patient allows the provider to immediately stop
obvious extremity bleeding, allowing attention to be
then turned to more time-consuming airway or breath-
ing priorities. After these are attended to, attention can
be directed to the bleeding extremity, with possible ex-
change of the tourniguet for a pressure dressing,.

Transportation of prehospital patients is also facili-
tated by placement of tourniquets. Personnel do not
have to maintain digital pressure or frequently check
and reinforce dressings. This frees the provider to pay
more attention to maintenance of vital signs, to abtain
IV access, or to complete a secondary survey en route to
the hospital. In austere circumstances such as wilder-
ness settings, disasters, or hostile-fire situations, this
advantage is made even more significant as providers
are freed to perform other roles or to care for multiple
paticnts.

We alse know that Held-improvised tourniguets
may not be as safe as commercially manufactured
tourniquets (bandage/ windlass combinations  can
“bunch” into a constricting band) and are frequently
ineffective.’” It is better to have equipment, specifically
designed for the task of controlling catastrophic bleed-
ing in the hands of personnel well-trained in its use than
tor ask them to fabricate crude devices under stresstul
and possibly physically threatening circumstances.

Protocols for Prehospital Tourniquet Use
for Severe Extremity Hemorrhage

Indications

‘lable 2 presents proposed indications for prehospital
tourniquet use, including routine EMS use in nondis-
aster settings. The goal of tourniquet use as presented
here is to allow prehospital personnel to safely, rapldly,
and effectively stop extremity hemorrhage, thus free-

TapLe 2 Indications for Tedrniguet Lise in Eemergency
Medical Services (EMS) and other Mrehospital Setlings

Arnputation

Failure to stop blecding with pressure dressingis)
Injsiry does not allow comml of bleeding with pressure dressingfs)
Significant” extremity hemorthage in the face of any or all af:
Ieed for sirway management
foeed For breathing support
Circulatory shock
Seed for other pmergent interventions or assessment
Bleeding from mulbiple locations
Impaled foreizn body with engoing exiremity bleedmg
Linder fire or other dangernus situation for responding caregivers
Tatal darkness or other adverse environmintal factors
hlase casually evan”

ropoped wadistons for foemiquet wse in EMS.

"Significant” as defimed bry el EME providers onsiene.

o pvent wers the number gasualticsand for the sevority of imjurbes exceed
e akiitity of EMS persomned 1o provide optimal inisiol canyall casualties,
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ing the rescuer to triage and treat other patients or
rapidly address olher emergent issues on a solitary pa-
tient. These principles are relevant to both mass casu-
alty situations and the care of a single patient. They
are intended to maximize the rescuer's efficiency and
enhance the safety of both patient and rescuer during
lrlage and treatment,

Mass Casuoalty and Disasters

In the military environment, use of tourniquets during a
mass casualtv event is well established and adaptation
of this use to civilian disaster care is natural.

Figure 1 shows an algorithin advocating thal respon
ders stop potentially massive bleeding first: thisis casily
and safely accomplished with a tourniquet. The prompt
arrest of major extremity hemorrhage minimizes blood
loss while allowing the triage provider to move rapidly
to assess other patients. With multiple casualties, there
may not be the time or manpower (o apply an adeguale
pressure dressing.

After compleling triage and other emergent proce-
dures such as airway stabilization, medics would then
be frec to reassess the need for the tourniquet in pa-
tients on whom it was previously applied- Allowing
providers Lo reassess wounds for ongoing tourniguet
need under calmer circumstances maximizes the safety
and cffoctiveniess of this tool. Tourniguel reassessment
and remaoval algorithms are presented below.

Finally, in order to minimize lournigquet times, wio
recommiend that no patient with a tourniguet in place
should have a triage code less acute then “yellow” and
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that they have priority for transport. The presence of the
tournigquetand the time that the tourniquel wasapplied
should be prominently marked en each patient,

Routine EMS Use and Law Enforcement
Considerations

Typical protocols for tourniquet application in EMS
stringently limit the use of this device. In maost siun-
ple single-patient extremity hemorrhage encounters,
a tourniquet will not be required; standard pressure
dressings will suffice. However, in cases of amputation,
severe hemorrhage, multiple palients, or single patients
with extremily hemorrhage combined with airway or
breathing emergencies, a tournigquet must be available
and providers mus| be well {rained in ils use, Figure 2
shows a proposed algorithm for safe and rational rou-
tine tourniquet use within a civilian EMS systems.

EMS providers are charged with providing sophis-
ticated care in their daily jobs: airway interventions,
vascular access, medication admunistration, defibrilla-
tion, and the like. Expecting them to be able to de-
cide whether or not to apply a tourniquet is certainly
within their scope of training and practice. Allowing
them to reassess and remove tourniquets and mon-
itor for further bleeding is alse simply a malter of
COTIIMON SETiseE, inv.niviri:;; enly simple protocels and
training,

Control of bleeding is especially important in patients
with multisystem trauma who need mulbple interven-
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tions and immediate transport. Rapid control of extrem-
ity bleeding with a tourniguet facilitates other inter-
ventions and allows rapid transport to definitive care
while minimizing blood loss. In multiply injured pa-
tients, we suggest allowing providers to place a tourni-
quet first to stop blood loss immediately, then attend
to airway, breathing, or other emergent priorities fol-
lvwing the military™s “MARCH" protocol. After these
are addressed, the medic may then return to see if the
tourniquet is still needed. In cases with short transport
times, well within the known safety marging of tourni-
guet time, rapid transport without removal is indicated.
Whendelayed or prolonged transpert is anticipated, ef-
forts to replace the tourniquet with a pressure dressing
should be undertaken,

We also suggest that law enforcement officers, espe-
cially those in high-risk operational settings, be allowed
to carry tourniquets and given training on how to use
them on themselves, their eammates, and other vic-
lims, in an effort o stop severe extremily hemorrhage
while awaiting EMS arrival,

Reassessment and Remaoval of Tourniquets

Previous discussions of prehospital tournigquets have
typically recommended leaving tournicuets on antil re-
moval by a physician, regardless of the time invelved,
while some systems have advocated loosening tourni-
quets intermittently for brief reperfusion intervals in
the event of prolonged transport. We reject both of these
approaches. Based on available evidence, sale reassess-
ment of tourniquet necd and toumiquet removal in the
field can be accomplished with simple, standardized
protocols and lraining. Figures 3 and 4 show proposed
algorithms for reassessing the need for and performing
the removal of tourniquets, respectively.

Future Directions
Improved Tourniguet Design

Mulbiple design features to improve safety and effec-
tiveness could be incorporated into tourniquets for use
in prehospital and disaster situations. For example,
curved tourniquets, which fit the natural conical ta-
pet of an extremity better than do straight rectangular
tourniquets, provide hemostasisat lower pressures and
seem to allow longer tournigquet Himes,

Padding under a tournigquet with two-laver dress-
ings, like stockinette or cast padding, reduces the skin
damage these instruments can cause It may be pas-
sible to incorporate more padding into nonpneumatic
tourniquet models and thus reduce the risk of skin in-
jury, Cther simple, potentially effective design changes
wiould include widening the nylon strap on which most
new models are based and coloring them brightly to
make them conspicuous.
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ously self-adjust tension as the victim's blood pres-
sure rises or falls, only applying the minimum pres-
sure required to stop arterial flow. Other safety fea-
tures; such as timers (allowing receiving facilities
to know the tourniquet time} and alarms {to alert
them to the tourniquet’s presence), might also be
added.

Tissue Protection

lschemia and reperfusion injury (IRD) is a known com-
plication of prolonged tourniguet use and liberation of
free radicals and other compeunds alter tourniquet re-
lease,

Recent work with n-acetyleysteine and precondition-
ing has not yel yielded success,™ butas ourunderstand-
ing of this process improves, il is foresecable that pre-
hospital personnel will have access to compounds or
technigques that may reduce IRl and further improve
the outcome of tournigqueted limbs,

Rescarch and Registry

Review of current and future uses of tourniquiets is
needed to continually improve our tournigquel pro-
tocats: Tumor boards, wound and trauma registries,
and other prespective cohorts have enhanced medi-
cal knowledge about a number of conditions, Similar
registries of tourniquel use should be encouraged and
would be especially casy to initiate using data from
recent military experience. This will help refine prolo-
cols, enhancing future safe tourniquet use, Controlled
trials of prehospital tourniquet use are unlikely to be
feasible given ethical and other clinical considerations.
Appendix 1 presents a proposed data-collection form
for use ina tourniquet registry,

Pediatrics

There is no reported prehospital experience with use of
tourniguets for hemorrhage control in children. As pre-
viously noted, pediatric victims of violence often have
the sameinjury patterns as adults; hence, they may also
beneill from rapid extremity hemorrhage control with
tourniquets. Further research to evaluate special con-
siderations such as tourniquet size, childhood physi-
ology, and other pediatric-specific issues must be per-
formed in order to ensure maximum safety and benefit
for all age groups.

Training,

Continued safe and effective tourniquet use in the pre-
hospital arena will be fostered by adequate traiming
of personne] in use of this instrument. Appendix 2
presents a suggested cutline of a tourniguet use train-
ing curriculum.
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CONCLUSION

Traditionally, the risk-benefit calculus invelved in the
EMS use of tourniquets has been encapsulated in the
phrase “lose a limb and save a life,"* because these
devices have the petential to cause ischemic damage
to a limb even when applied to stop life-threatening
hemorrhage, Some authors, concerned with inappro-
priate use of tourniquets as well as reperfusion in-
jury despite appropriate use, recommend prohibition.
They state that there is no “exclusively clinical” rea-
son teapply teurniguets, which should not be used ex-
cept in the exigent circumstances of military or disaster
situations ™

In contrast, Lee, et al. have suggested that there
are "rare” circumstances when tournigquet use may
indicated " However, recent military experience with
widespread tourniquet use by individual soldiers,
front-line medics, and combat hospital personnel, com-
bined with almost universal acceptance of tourniquet
use in bloodless extremity surgery, indicates that the
maxim of "tourniquet as last resort” in civilian EMS
care is clearly antiquated. Instead, there should bea
prominent role for these potentially life-saving devices
in civilian prehospital care. EMS providers must be
trained and comfortable with tourniquet use when
extremity bleeding is a threat and standard methods
like direct pressure and elevation are ineffeclive or
impraclical,

Penetrating exlremity lrauma is an ingreasingly com-
mon eoourrence inoour communitics, whether asso-
ciated with accidental injuries, firearm violence, or
terrorist-related incidents. Experience and research in-
dicate that life-threatening hemorrhage can be quickly
and reliably arrested by the use of a simple tourni-
guet. This device allows limited numbers of providers
to rapidly triage and provide hemestasis o multiple
palients. Tournigquets can be sell-applied by injured po-
lice, fire, or rescue personnel, allowing them to continue
duty, if necessary, until safe evacuation and treatment
are available.

Ischemic complications can be avoided by rational,
protocol-driven use involving quick initial placement
and rapid transport to definitive care, keeping tourni-
quet times o a minimum;, When conditions allow, a
tourniquet can be reassessed and replaced with a pres-
sure dressing.
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APPENDIX 1. DATA COLLECTION FORM FOR TOURNIQUET REGISTRY
Tourniquet Registry Data Collection Form

Date of Encounter:

Time of Dispatch: (use 24-hour clock for times) _— Time of Arrival at Hospital:

Patient Identifier: (Run €, S5N, Med record, etc.)

PatientSex: M F  ({circle one) Patient Age years old

Crew Members/ Personnel:

MNumber of Victims on Scener: Mechanism:  Blunt  Penetrating
Site of Tourniquet Application:  (circle; use additional sheets for = 1 tourniquet applied (o single victim)
Arm Leg I% L
Tourniquet Applied by Victim Bystander EMS5 Othery
Measures Used Prior to Tourniquet Use: {circle all that apply)
Direct Pressure Pressure Dressing Pressure Point(s) Hemaostatic Agenl

Time of Tourniquet Application: Time of Tourniguel Removal:

Tourniquet Removed by: {circle ong) EMS (name } Hospital Personnel
Tolal Tourniguet Time: (minutes) Transport Time: Lminutes)
Protocol Utilized for Tourniquet Placement: {circle one)
Ntass Casualty/ Disaster TEMS/ Law Enforcement Routing EMS
Removal In Field / En Route: (circle one)
Attempted /Successtul Attempted /Failed Deferred
[Jid Patient Require Pain Medications because of Tourniquet Pain? Yes No Unknown
Tourniquet-Related Complications (defined by higher level-of-care/ Medical Control) (circle all that apply)
None lschemic Damige VTE Compartment Syndrome Reperfusion Injury

Other: (explain} -

Typels) of Bleeding Distal to Tourniquet: {as defined by higher level-of-care/Medical Control}
{eircle all that apply)

Capillary Venous Arterial
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APPENDIX 2. SUGGESTED OUTLINE OF A TOURNIQUET-USE TRAINING CURRICULUM.

Tourniquet Training Curriculum Items:

. Background
History of the Tourmiguet Controversy

I Review of Hemorrhage Control
Significance of Hemorrhage
Hemorrhage Control Methods and Alternatives
Mew trends: Military Use, Hemostatic Agents, ete.

[l Protocols for Tourniquet Use
Application
Indications
Mass Casualty /Disaster Situations
TEMS/ Law Enforcement
Routine EMS
Techniques
Monitoring Effectiveness
Femaoval
Indications
Techniques

IV, Quality lmprovement/ Registry Instrument

V. Practicum
Scenarios for Practice Lsing Protocols
Simulations to Practice Applying Tourniquet
Self
Parimers
Active Hemorrhage Simulators®
* fromeMabry EL Use of a hemorrhage simulator to train military medics, Mil Med. 2005 1700110:921-925,




