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Background: Previously we showed
that tourniquets were lifesaving devices
in the current war. Few studies, how-
ever, describe their actual morbidity in
combat casualties. The purpose of this
study was to measure tourniquet use and
complications.

Metheds: A prospective survey of ca-
sualties who required tourniquets was
performed at a combat support hospital in
Baghdad during 7 months in 2006. Pa-
tients were evaluated for tourniquet use,
limb outcome, and morbidity. We identi-
fied potential morbidities from the litera-
ture and looked for them prospectively.
The protocol was approved by the institu-
tional review board.

Results: The 232 patients had 428
tourniquets applied on 309 injured
limbs. The most effective tourniquets
were the Emergency Medical Tourni-
quet (92%) and the Combat Application
Tourniquet (79%). Four patients (1.7 %)
sustained transient nerve palsy at the
level of the tourniquet, whereas six had
palsies at the wound level. No associa-
tion was seen between tourniquet time
and morbidity. There was no apparent
association of total tourniquet time and
morbidity (clots, myonecrosis, rigor,
pain, palsies, renal failure, amputation,
and fasciotomy). No amputations re-
sulted solely from tourniquet use. How-
ever, six (2.6%) casualties with eight

preexisting traumatic amputation inju-
ries then had completion surgical ampu-
tations and also had tourniquets on for
>2 hours. The rate of limbs with fas-
ciotomies with tourniquet time =2 hours
was 28% (75 of 272) and >2 hours was
36% (9 of 25, p = 0.4).

Conclusions: Morbidity risk was low,
and there was a positive risk benefit ratio in
light of the survival benefit. No limbs were
lost because of tourniquet use, and tour-
niquet duration was not associated with
increased morbidity. Education for early
military tourniquet use should continue.

Key Word: Tourniquet, Hemorrhage,
Resuscitation, Mangled extremities, Mass
casualties.

emorrhage from injured limbs continues to be a leading

source of battlefield death,'? and we recently showed

in the current war that emergency tourniquet use im-
proves survival rates in patients with major limb trauma.® In
response to the US Army design, testing, training, and field-
ing of battlefield tourniquets,*” all military personnel in the-
ater carry tourniquets, and they are now common on the
battlefields of Iraq and Afghanistan, both in the hands of
medical and nonmedical personnel.

Although the US military is not alone in establishing
procedures and equipment for the use of tourniquets in the
prehospital environment by both medical and nonmedical
personnel,®’ tourniquet use remains controversial and not
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agreed upon by all authors,®~'® with some authors banning
prehospital use of tourniquets altogether.!' Because we
showed that tourniquets were lifesaving devices, the next
important controversy regards tourniquet capacity to damage
tissue and cause amputation. Because research in the human
use of emergency tourniquets is limited, the morbidity con-
troversy has been based more on speculation rather than
actual data. Since 2003, we collected data regarding emer-
gency tourniquet results, and this study is a continuation and
amplification of those efforts (see Beekley in this supplement
to Journal of Trauma).

We performed a prospective observational study at the
United States combat support hospital in Baghdad, Iraq, of
patients who had tourniquets applied in the field or in the
emergency department (ED). Our objective was to measure
tourniquet use and complications attributable to their use.

METHODS
Study Design

The protocol for this study was approved by the Brooke
Army Medical Center institutional review board. The study
period was from March 19 to October 4, 2006. This was a
prospective observational survey with cohort and subgroup
analyses. All patients at the combat support hospital who had
a tourniquet of any type used in their emergent health care
(prehospital, ED, or intensive care unit) were included in the
study. Patients with tourniquets ready at the bedside, purpose-
fully left loose, or whose first applied tourniquet was in the
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hospital operating room were excluded. Detainees and prisoners
of war are restricted from research by military policies and were
also excluded. No experimental interventions were made.

Data Collection

Data collected included patient’s age in years, gender,
limb involved (right or left limb, upper or lower extremity,
limb regions [forearm, arm, leg, thigh]), patient nationality of
origin, date of emergency tourniquet use, type of tourniquet
used (name of commercial device or description of impro-
vised tourniquet), duration of tourniquet use in hours, appli-
cation time (time between injury and use) in minutes, setting
of tourniquet application (prehospital or ED), indication of
tourniquet use (life-threatening or non-life-threatening hem-
orrhage), mechanism of injury (such as explosive device,
motor vehicle crash, or gunshot wound), injury type (such as
blunt or penetrating trauma), treatment (including operative
procedures, number of transfused units), Injury Severity
Scores (ISS), Abbreviated Injury Score, systolic blood pres-
sure, base deficit, International Normalized Ratio (INR), ini-
tial heart rate, injury description (e.g., traumatic amputation,
open fracture, artery lesion, etc.), provider level of the person
who applied the tourniquet (self, bystander, soldier, medic,
nurse, physician), outcome (limb salvage, death), complica-
tions (necrotic muscle, compartment syndrome, nerve palsy),
duration of follow-up, and problems related to application
(device malfunction, malpositioning, exsanguination, or con-
tinued bleeding from distal limb, distal compartment syn-
drome, distal myonecrosis, nerve palsy under the tourniquet
site). Because of the difficulty of distinguishing cause and
effect in a group of patients predominated by the severely and
multiply injured often with preexisting vascular injury,'? all
mortality and possible tourniquet-related complications such
as palsies were noted as all cause in that we did not associate
cause and effect with tourniquets except for palsy and am-
putation or shortening. Palsies at the level of tourniquet
application have been associated with high tourniquet pres-
sure, and often are transient neuropraxias, whereas palsies at
the level of the wound are traumatic injuries including such
lesions as nerve transections.”'? Prolonged emergency tour-
niquet use has been associated with surgical shortening of
injured limbs, based on the surgeon’s concern about pro-
longed ischemia.'* Consequently, many tourniquet morbidi-
ties are associated with tourniquet use, but frequently cannot
be attributed to the traumatic injury itself versus the potential
injury caused by the tourniquet. We had access to the elec-
tronic records of US military casualties in Iraq, Germany, and
the United States.

Definitions

A tourniquet was defined as any limb constrictive device,
whether improvised or commercially manufactured, used in
an attempt to stop extremity bleeding.

We evaluated tourniquet use in two ways: we catego-
rized patients on the basis of where their tourniquets were
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placed geographically (prehospital or in the ED) and when
they were placed physiologically in relation to shock. ED tour-
niquet patients were those patients that had a tourniquet first
placed on a limb in the ED, and the other patients were prehos-
pital. We also included one intensive care unit patient in the ED
group. We looked at tourniquets by numbers of devices used in
safety analysis and by numbers of patients with tourniquets
(irrespective of number of devices) for mortality.

Shock was defined as a weak or absent radial pulse in an
uninjured limb without a tourniquet. Patients with tourniquets
first placed after the onset of shock were analyzed as shock and
all other patients were not shock, meaning that shock was not
present before application of first tourniquet. This approach is
consistent with the clinical definitions used by the Tactical
Combat Casualty Care course, taught to all military medics."

Purposefully loose tourniquet use was when it was
placed around the limb but not tight in case the limb might
bleed later. This type of use was a precaution including
bedside tourniquets ready for use, but these patients were
excluded from analysis.

Tourniquets were deemed medically indicated if the
postoperative determination was that the injury justified tour-
niquet use. Tourniquets were deemed tactically indicated
with needs such as care under fire, and unindicated use was
when neither a medical nor a tactical reason could be deter-
mined for the tourniquet use. For example, open fractures
with vascular injuries were categorized as vascular injuries.
Inappropriate use included medically unindicated use or pur-
posefully using the tourniquet as a venous tourniquet.

Tourniquets were defined as misplaced when the limb
wound was too proximal for a tourniquet to fit between
the wound and the groin or axilla without covering part of the
wound, the tourniquet was atop the wound (without the wound
being too proximal), or the tourniquet was distal to the most
proximal wound.

We looked at effectiveness in two ways, (1) did the
tourniquet stop the bleeding, and (2) if it stopped the distal
pulse; in other words, was the tourniquet fully or partially
effective. Fully effective tourniquet use required both that
visible bleeding was controlled and that the distal pulse was
palpably eliminated. Partially effective use was when the
pulse persisted. Drainage of blood by gravity from a tourni-
quet limb was not in and of itself an indicator of ineffective-
ness. If there was an amputation and no distal limb to have a
pulse or if there was a vascular injury without a distal pulse,
we used the “stop bleeding” criterion as being fully effective.
Back-up was when one (or more) tourniquets were placed
side by side to the first tourniquet after the first tourniquet
was ineffective.

We looked for morbidities possibly associable with tourni-
quet use in the literature,'* and included amputation or stump
shortening,'* palsy,'®'” myonecrosis,'® significant pain,'®-*
clot, fasciotomy,21 acute renal failure, rigor, abscess,>> blisters,
abrasions, contusions, and pinching."?
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An amputation was a traumatic injury (traumatic amputa-
tion), a procedure (debridement or completion amputation
within 24 hours of injury), a possible morbidity if the tourniquet
time was >2 hours (stump shortening revision amputation after
24 hours of injury), surgery for failed limb salvage (>24 hours
after injury), or surgery for improved prosthetic fitting. Signifi-
cant shortening was when a joint (hip, knee, ankle, or elbow)
was incorporated into the surgery.'

Intravascular clot included any clinically detected ve-
nous thromboses, emboli, or procedural thrombectomies as-
sociated with vascular repairs. Instances in which tourniquet
application resulted in a regional nerve block were designated
significant pain.

Statistical Analysis

Descriptive statistics were used for tourniquet use and
resulting outcomes. For comparisons between subgroups with
categorical data, significance was determined using x> or,
when category counts were less than five, using Fisher’s
exact test. Subgroup analyses for continuous data were done
with Student’s ¢ test. All tests were two-tailed. Descriptive
statistics were used to draw conclusions regarding the poten-
tial for improved doctrine, training, or devices to impact the
care given to combat casualties. A p = 0.05 was the critical
value for determining significance for all tests.

RESULTS
Study Group Demographics

Two hundred sixty-seven patients of 1,462 casualties
admitted to the combat support hospital during the study
period had prehospital or ED tourniquets. Excluded patients
numbered 32. Fifteen detainees treated during the study pe-
riod were excluded, and 22 patients were also excluded be-
cause of purposefully loose tourniquet use, and two patients
met both detainee and purposefully loose criteria. The result-
ing study group was 232 patients (8.2%) that had 428 tour-
niquets applied on 309 limbs.

The study group included 220 men and 12 women. The
seven nationalities represented included 131 Iraqis, 95 Amer-
icans, 2 South Africans, and 1 each Kenyan, Nepalese,
Briton, and Indians. The average patient age was 29 years
(median, 28; range, 4—70). There were nine children (<18
years old) and one elderly person (>65 years old). Follow-up
averaged 18 days (range, 0.5-152 days; median, 7 days).
Patients had one to four mechanisms of injury for each limb
injury. The majority of injuries (210 of 336 or 63%) were
caused by explosive devises (232 explosions, 73 gunshot, 17
burn, 13 motor vehicle crash, 1 knife). The mean ISS was 15
(median, 10), and 41 patients had an ISS of 25 or higher
indicating severe injury associated with high mortality.

The 309 limbs with tourniquets included 164 right limbs,
145 left limbs, 81 upper extremities, and 228 lower extremities.
For the 428 total tourniquets, the number of limbs with one
tourniquet was 203, 95 limbs had two tourniquets, 10 limbs had
three, and one limb had five tourniquets (the fifth tourniquet was
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applied on arrival in Germany for rebleeding during transporta-
tion). Tourniquets in the study population were applied by lay
persons including bystanders, soldiers, medics, nurses, physician
assistants, physicians, surgeons, and only three times did the
patient self-apply one. Although most tourniquets were placed
by unknown persons, when known, most tourniquets were put
on by the medics. The study period (199 days) averaged 1.2
tourniquet patients per day (232 of 199) and 2.2 tourniquets per
day (428 of 199). Prehospital tourniquets, when known, were
applied O to 75 minutes after injury with an average and median
of 10 minutes.

The patients showed disturbed physiology associated
with hemorrhage. The initial base deficit on presentation for
75 patients was —6 or less; a —6 value indicated substantial
physiologic abnormality. Ten patients had initial heart rates
of 0, and 135 patients had tachycardia. Initial International
Normalized Ratio on presentation was 1.5 or higher for 51
patients; a 1.5 value indicated coagulopathy. The number of
transfused blood units of any type was 10 units or more for
104 patients; 10 constituted a massive transfusion.

Indications for Emergency Tourniquet Use

All but 12 tourniquets (in 12 patients with soft tissue
injuries) of 428 (97%) tourniquets were indicated, i.e., the
wound required a tourniquet for medical or tactical reasons
(tourniquet placement under gunfire for quick evacuation to
prevent more casualties). Three of the 12 patients each had a
limb that had a minor soft tissue wound in which a prehos-
pital tourniquet was not medically necessary; however, the
tactical reasons made tourniquet placement appropriate. For
these three patients, the tourniquet times ranged 0.2 to 0.5
hours, and the tourniquets were fully effective. These three
patients had no morbidities and were returned to duty
promptly without surgery. In the other nine patients (9 tour-
niquets, 2%), all patients required surgery to treat deep soft
tissue injuries without named artery or vein transections. In
these nine patients, tourniquets were converted to pressure
dressings at ED presentation, no tactical reason was present at
the scene to indicate tourniquet use, and there was no trial of
a pressure dressing in the field. The indicated tourniquets
were often with associated vascular injury; for the 309 limbs,
there were 87 traumatic amputations, 86 vascular injuries, 81
open fractures, 45 soft tissue injuries, and one crush injury.
One of the 428 tourniquets was used purposefully as a venous
tourniquet in the ED for open type IIIB tibia and fibula
fractures. This inappropriate use was corrected on the spot,
and a fasciotomy was performed followed by a late below-
knee amputation after a flap failure in the United States, but
cause and effect determination cannot be made easily for the
tourniquet and fasciotomy or amputation. This one patient
had a medically indicated tourniquet and was the only one
with inappropriate tourniquet use that had morbidity (Fig. 1).
The death rate in those with inappropriate use was 0% (0 of
13 patients), compared with mortality of 14% (31 of 219)
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| Safety by 428 Tourniquet Uses |

256 Prehospital Tourniquet Uses
60% (256/428)

172 ED* Tourniquet Uses
40% (172/428)

12 Inappropriate Uses
5% (12/256)
0 morbidity

244 Appropriate Uses
95% (244/256)
141 morbidities

1 Inappropriate Use
1% (2/172)
2 morbidities

171 Appropriate Uses
99% (171/172)
112 morbidities

1 fasciotomy
1 amputation

170 Tourniquet Uses, 70% (170/244)
139 morbidities
49 fasciotomies

74 Tourniquet Uses, 30% (74/244)
0 morbidity
2 tourniquets distal to wounds

N\

32 Tourniquet Uses
19% (32/171)
0 morbidity

2 wounds too proximal
1 atop wound
51 amputations
18 deaths
1 wound too proximal
2 TKs distal to a wound
9 palsies
1 wound too proximal
6 clots
3 myonecroses
2 acute renal failure
1 rigor

139 Tourniquet Uses, 81% (139/171)
112 morbidities
46 fasciotomies
1 wound too proximal
46 amputations
13 deaths
1 palsy
4 clots
2 myonecrosis

Fiu. 1. Tourniquet safety by prehospital versus emergency department and inappropriate versus appropriate use. Use is by the number

of tourniquet devices. Inappropriate use means not medically or tactically indicated or purposefully used as a venous tourniquet.

Misplaced tourniquets are distal to or atop a wound, or the wound is too proximal for a tourniquet. The amputations in this figure are

the sum of traumatic injuries, operations, and morbidities.

patients with appropriate tourniquet use. No impaled objects
or neurologic injuries indicated tourniquet use.

Some Morbidities Were Possibly Associable With
Tourniquet Use

Several types of morbidities have historically been asso-
ciated to tourniquet use, and these potential complications
were prospectively evaluated (Tables 1-6). The 10 clots
included one deep venous thrombosis and nine thrombecto-
mies, performed in conjunction with vascular surgery repair
especially when the repair was distal. The vascular surgeon
did not attribute these thrombectomies to tourniquet use. No
pulmonary embolisms were detected in these patients, with
computerized tomograms available to diagnose clinically sus-
pected deep vein thrombosis and pulmonary embolism. Ten
nerve palsies were diagnosed at the level of the wound in six
and at the level of the tourniquet in four. The four palsies at
the level of the tourniquet improved in the first hour to day
after release, and only one had mild persistence at 6 days
follow-up; all four were Iraqi patients. All four of these
palsies at the level of the tourniquet were with prehospital
use. Skin pinching, blisters, abrasions, or bruises were seen in
seven limbs in five patients directly under the tourniquet area.
Ninety-six fasciotomies were performed in the 232 patients as
discussed below. Of the 87 amputation injuries, all had a
surgical completion or debridements if the patient survived
such (some did not live to get surgery) and 11 limbs had had
failed limb salvage. In eight of the 98 limbs, there was also
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Table 1 Morbidities and Tourniquet Use

Morbidity Number
Amputation 97
Fasciotomy 96
Clot 10
Palsy 10
Myonecrosis 5
Acute renal failure 2
Significant pain 1
Rigor 1

Patients had 0-3 morbidities per limb. The amputations in the
table are the sum of traumatic injuries, surgeries, and morbidities.

prolonged (>2 hours) tourniquet use, a conventional thresh-
old of prolonged use."?

Tourniquet Time Was Associated With Amputation
and Fasciotomy hut Not Other Morhidity

The tourniquet time was <2 hours, the limit of the
so-called safe time,'* in 91% (269 of 297) of limbs with
known tourniquet times (Table 2). The median tourniquet
time was 1.0 hour, and the average was 1.3 hours. Tourniquet
duration may have increased risk of only two morbidities,
amputation and fasciotomy, and not other morbidities. There
was no apparent association of total tourniquet time and
morbidity with clots, myonecrosis, rigor, pain, palsies, and
renal failure because, 0 of 10 clots, 1 of 5 myonecrosis
morbidities, no rigor or pain case, 0 of 10 palsies, and 0 of 2
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Table 2 Morbidity by Tourniquet Duration

Total Tourniquet Duration Oto1h >1-2 h >2-3 h >3-4 h >4 h
Limbs with morbidity (%) 64 7 94 100 100
Limbs with morbidity (N) 98 84 16 3 5
Limbs without morbidity (N) 56 34 1 0 0

* Tourniquet duration for 12 limbs was unknown. Patients had 0-3 morbidities per limb.
Table 3 Amputation Injuries in Patients With >2 h Tourniquet Use
Age* (yr) Injury Limb AIS Surgery Time (h) Lifesaving Intervention Lived? Follow-up (d) Use
18 BEA 3 BEA 4.7 Yes Yes 6 PH + H
20 BKA 3 BKA 3.0 Yes Yes 51 PH
19 AKA 4 AKA 2.3 Yes Yes 1 PH
19 BKA 3 AKA 14.0 Yes Yes 42 PH + H
35 R AKA 4 AKA 8.0 Yes Yes 9 PH
L AKA 4 AKA 8.0 Yes PH
21 R AKA 4 AKA 21 Yes Yes 1 PH
L AKA 4 AKA 2.3 Yes PH

* There were 6 patients (8 traumatic amputations) with >2 h tourniquet use.
BEA indicates below-elbow amputation; BKA, below-knee amputation; AKA, above-knee amputation; R, right; L, left; AIS, Abbreviated
Injury Scale; PH, prehospital tourniquet use; H, hospital tourniquet use.

Table 4 Transient Palsies in Patients With Tourniquet Use

Age* (yr) Nerve Injury Limb AIS  Time (h) Lifesaving Intervention Lived? Follow-up (d)  Transient? Level Use

34 Ulnar Brach. a. 3 1.95 Yes Yes 3 Yes W H

22 Median  Brach. a. 3 1.30 Yes Yes 54 Yes W PH
34 Ulnar Brach. a. 3 1.01 Yes Yes 10 Yes W PH
37 AIN Radius 3 Unk Yes Yes 2 Yes W PH
Unk Ulnar Ulna 3 Unk Yes Yes 3 No W PH
25 Median  Elbow 2 0.39 Yes Yes 30 Yes W PH
35 All Ulna 3 Unk Yes Yes 7 Yes TK PH
24 CPN Femur 3 0.60 Yes Yes 5 Yes TK PH
31 Femoral Femoral a. + v. 4 1.95 Yes Yes 10 Yes TK PH +H
37 All Humerus 3 0.88 Yes Yes 6 Yes TK PH

* There were 10 patients (10 limbs with palsies) with tourniquet use with 6 at the level of the wound (W) and 4 at the level of the tourniquet (TK).
Unk indicates unknown; all, all major peripheral nerves at the level; AIN, anterior interosseous nerve; CPN, common peroneal nerve; brach.,
brachial artery; v., vein; bones and elbow, fractures; AlS, Abbreviated Injury Scale; PH, prehospital tourniquet use; H, hospital tourniquet use.

Table 5 Tourniquet Device Counts, Effectiveness, and Morbidity

Tourniguet Name Patients; N* Devices; N* Limbs; N* Effective; N (%) Ineffective (%) Morbidity; N*(%) Back-Up (%)
CAT 156 210 202 166 (79) (21) 43 (21) 5
EMT 91 115 115 106 (92) 9(8) 9(8) 0
SOFT 50 62 61 41 (66) 21(34) 20 (33) 2
SATS 2 2 2 0 (0) 2 (100) 2 (100) 0
RMT 2 2 2 0 (0) 2 (100) 2 (100) 0
London bridge 1 1 1 1(100) 0 (0) 1(100) 0
Improvised 15 16 15 4 (25) 12 (75) 12 (80) 17
Unknown 14 19 17 14 (74) 5 (26) 3(18) 0

16 tourniquets were improvised from cravats, dressings, a string, a belt, a cord, a band, and an intravenous tube; 14 tourniquet types were

unknown.

* Patients had 1-4 devices of 1-4 types on 1-4 limbs with 0-3 morbidities. A tourniquet that required another or more tourniquets on the
same limb was said to require back up. There were 35 limbs where the effectiveness was unknown.
CAT indicates Combat Application Tourniquets; EMT, Emergency Military Tourniquets; SOFT, Special Operations Forces Tactical Tourni-
quet; SATS, Self-Applied Tourniquet System; RMT, Ratcheting Medical Tourniquets.
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Table 6 Effectiveness of Tourniquets by Limb Region

Body Region Patients; N Limb Regions; N Tourniquets; N Effective; N (%) Ineffective; N (%)
Forearm 9 9 13 12 (92) 1(8)
Arm 62 71 97 79 (81) 18 (19)
Leg 22 27 32 32 (100) 0 (0)
Thigh 162 205 285 209 (73) 76 (27)

* Patients had 1-4 limbs injured with 1-4 tourniquets used per limb; 3 patients had tourniquets on their ipsilateral thigh and leg. There were

8 limbs with unknown tourniquet effectiveness.

renal failure cases, occurred in the 28 limbs with a total
tourniquet time of more than 2 hours. The proportion of limbs
with a tourniquet time of >3 hours that had an amputation
injury surgically shortened was 62% (5 of 8), which is a
lower proportion and lesser surgery than the amputation rate
of “about 80%” cited by Chisholm from the Civil War, the
only comparable data set.** The shortening rate of limbs with
=2 hours tourniquet duration was 87% (67 of 77 limbs, 14
limbs were not shortened because the patient died before
surgery was possible), and of these, 58 limbs were shortened
because of the injury, six because of failed vascular salvage,
and three for better prosthetic fitting. The significant short-
ening rate (including a hip, knee, ankle, or elbow joint) was
19% (15 of 77 limbs) for reasons unrelated to the tourniquet.
The rate of limbs with fasciotomies with tourniquet time =2
hours was 28% (75 of 272) and >2 hours was 36% (9 of 25).
All nine fasciotomies after 2 hours of tourniquet duration
were done prophylactically without evidence of compartment
syndrome. One limb after 2 hours of tourniquet use did not
have a fasciotomy, but did not develop compartment syn-
drome. Significant pain was seen in only one of 232 patients,
and this patient had a traumatic above elbow amputation and
tourniquet use of 1.35 hours with a ratcheted device and
required an urgent regional block. Mortality was not associ-
ated with tourniquet duration; all 31 deaths occurred within 4
hours or less of tourniquet use (54 hours total tourniquet time
for 31 patients and 47 limbs). There were 12 limbs (10
patients) with unknown tourniquet times, with no difference
in outcomes in these 10 patients (8 of 10 patients survived,
and 5 of 12 limbs were amputated). Of the 97 casualties with
amputations, six had tourniquets for >2 hours in eight limbs
that were lifesaving in all six patients. Only one limb was
shortened to include a joint, from below-knee amputation to
an above-knee amputation (Table 3, Fig. 2).

Tourniquet Misplacement on Limhs Was Associated
With Morhidity and Mortality

We looked at placement of tourniquets in four ways:
where the tourniquet was placed appropriately proximal to
the wound, where it was placed distal to the most proximal
wound that was not seen by the applier, where it was placed
atop the wound but there was enough proximal room for it,
and where the wound was too proximal for normal tourniquet
placement proximal to the wound. Appropriately positioned
tourniquets proximal to the limb wounds were seen in 417 of
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428 tourniquet uses (97%). Tourniquets distal to the most
proximal limb wound numbered five on four limbs in four
patients; two of these four patients died. A tourniquet was
placed atop the wound in another patient; this patient had the

Fig. 2. Photograph of patient with multiple injuries and a tourni-
quet used on the thigh. The patient had a proximal femur fracture
with femoral artery and vein transection and a near-complete
below-knee amputation. The only left leg structures partially intact
were in the deep posterior compartment. Other potentially lethal
injuries required massive transfusion, emergency department tho-
racotomy and aortic cross clamping, open manual cardiac massage,
three cardiac electroconversions, emergency laparotomy and liga-
ture of the common iliac, femoral arteries and veins as hemorrhage
control measures, and an intensive care unit respite to correct coagu-
lopathy before the tourniquet could be attended and amputation done
for the ischemic limb sequelae. This patient had a transfemoral ampu-
tation performed after 14 hours of tourniquet application. The patient
survived.
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pulse persist and then had a fasciotomy, and lived. The
wound was too proximal for the tourniquets to fit properly in
four patients (four limbs, five tourniquets), and the tourni-
quets slowed but did not stop bleeding; one patient died, two
had fasciotomies, and one had a nerve palsy. Despite the
tourniquets being used for injuries they were not designed to
treat, the 75% survival of patients with injuries that were too
proximal for normal tourniquet use shows that tourniquets
were useful when no better alternative treatment was avail-
able, as the most proximal of vascular injuries are the most
lethal of limb injuries. These four proximal wounds were in
the transition zone between compressible to incompressible
lesions. Additionally, the type of tourniquet was not associ-
ated with improper application. Overall in casualties with
misplaced use, mortality was 4 of 9 or 44%.

The Association of Tourniquet Ineffectiveness and
Morhidity and Mortality Was Unclear

Considering the effectiveness by stopping the bleeding
or the distal pulse, morbidity, and mortality showed a pattern.
The 44 patients with continued bleeding had morbidity or
mortality 61% (27 of 44) of the time (21 fasciotomies, 15
amputations, 4 deaths), four palsies, two myonecroses, one
clot), and the 43 patients with persistent pulses had morbidity
51% (22 of 43) of the time (19 fasciotomies, 3 amputations,
1 death, 1 clot, 1 palsy). Total ineffectiveness (continued
bleeding) was worse than partial ineffectiveness (persistent
distal pulse) in that 61% and 51% had morbidity and 9% and
2% mortality rates, respectively. Ineffective tourniquets were
associated with this clinical progression: persistent pulse,
venous congestion, venous distention, rebleeding after a pe-
riod of hemorrhage control, expanding hematomas, compart-
ment syndrome, fasciotomy, and death, but this progression
led only to 4 deaths. The persistent distal pulse risked high
morbidity and low mortality, whereas persistent bleeding
risked both high morbidity and high mortality.

All seven expanding hematomas were seen when the
pulse persisted, but no expanding hematomas were seen when
the tourniquet effectively stopped the distal pulse. Expanding
hematomas are important because they are associated with
continued blood loss, compartment syndrome, infections, and
additional surgery such as fasciotomy and debridement. No
gas or dry gangrene was seen. No cases of tourniquet necrosis
or abscesses occurred. One limb with a traumatic amputation
had an under tourniquet crush injury to the skin caused by the
shearing of a bungee cord improvised tourniquet, but this skin
injury was in the zone of injury and was amputated with the
limb at a forward surgical team.

Effectiveness: Combat Application Tourniquet Was
the Best Prehospital Tourniquet and EMT Was the
Best ED Tourniquet

In general, the reasons why tourniquets were ineffective
(continued wound bleeding or persistent distal pulse) in-
cluded device narrowness relative to the limb girth, incorrect
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usage, and device breakage. The most commonly used tour-
niquet was the Combat Application Tourniquet (CAT) at 49%
of 428 uses (Table 5). For the tourniquets used for more than
one patient, the CAT was the second most effective tourni-
quet at 79%. The most effective was the Emergency Medical
Tourniquet (EMT, 92%). Decreasing effectiveness rates cor-
responded with tourniquet width as the EMT is widest, the
CAT second widest, the Special Operations Forces Tactical
Tourniquet (SOFTT) third, and the others as a whole were
least wide. Although the EMT tourniquet was the most ef-
fective, it is not designed for prehospital medic use and is
only available at higher levels of care. Improvised tourniquets
were ineffective 67% of the time (10 of 15 limbs, 15 patients,
16 tourniquets) with 10 morbidities (6 amputation injuries, 3
fasciotomies, 1 palsy), and seven limbs continued to bleed.
The wider improvised tourniquets (cravats and windlass type,
especially when two were used side by side) were effective in
42% (3 of 7) of limbs, whereas the narrower ones (strings, i.v.
tubing) were effective in 25% (2 of 8) of limbs. The mortality
rate in patients with improvised tourniquets was 0% (0 of 15),
and the amputation rate was 40% (6 of 15, all 6 were traumatic
amputations). Tourniquet ineffectiveness, (visible bleeding or
distal pulse remained), and morbidities corresponded. Eighty-
three of 309 (29%) limbs were still bleeding upon presentation
or had a persistent distal pulse, and 10 patients were pulseless
and receiving chest compressions on arrival and stopped bleed-
ing prehospital after they had exsanguinated.

Practical Issues Related to Tourniquet Effectiveness
and Ineffectiveness

Of the 309 limbs with tourniquets, 82% (167 of 203)
with only one tourniquet used were completely effective, and
92% (97 of 106) limbs with two or more tourniquets (side-
by-side) were completely effective. Tourniquets were used
side by side and only when one did not stop the bleeding.

Of the 83 limbs still bleeding on ED presentation, 43
limbs had an ineffective tourniquet (bleeding persisted or
pulse persisted) uncorrected before arrival at the hospital, but
most of these tourniquets in the 43 limbs had stopped the
bleeding yet had a persistent distal pulse. There were many
cases of minor amounts of dark blood oozing briefly from
distal residual limbs after effective tourniquets were placed
indicating simple drainage of blood from the limb with grav-
ity, and these assessments were noted by senior clinicians as
not being rebleeding or failures of tourniquets although this
did cause some concern among other clinical personnel.

Effectiveness rates varied whether the tourniquets were
used prehospital, in the ED, or both prehospital then ED. The
prehospital effectiveness rate was 76% (152 of 199 tourni-
quets for 51 limbs). The ED effectiveness rates was 86% (54
of 63 tourniquets for 171 limbs). The effectiveness rate for
those tourniquets used both prehospital and ED was 76%
(126 of 165 tourniquets for 79 limbs); eight limbs had un-
known effectiveness of tourniquets. Tourniquet effectiveness
varied by the limb region where the tourniquet was applied
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and was lowest in the thigh and highest for the leg (Table 6).
Four patients had thigh and arm injuries (4 limbs with 5
tourniquets) where the wound was too proximal for normal
tourniquet use, but four of these tourniquets stopped the
bleeding yet the distal pulse persisted. There were seven
patients (9 limbs, 15 tourniquets used) that had their tour-
niquet placed over Hunter’s canal in the distal thigh, and
the effectiveness of these tourniquets was 67% (10 of 15).
The distal Hunter’s canal is deep to the adductor tendons
of the thigh and protected from compression by the medial
condyle of the femur, so that the superficial femoral artery
at this point is difficult to compress. Three limbs (3 pa-
tients) had tourniquets on the leg and thigh. The effective-
ness rates were concordant with our laboratory testing,
which showed device width (relative to limb girth) was
important, and there were no unexpected effectiveness
results.*

Of the 309 limbs, the first tourniquet was effective (par-
tially or completely) in 53% of the time (164 of 309), whereas
side-by-side use of a second or more tourniquets next to the
first was effective an additional 34% (106 of 309) for an
overall effectiveness rate of 87% (270 of 309).

Ineffectiveness was caused by different issues: inade-
quate tourniquet design (too narrow), incorrect use (upside
down), misplaced use (too distal to the wound, the wound
was too proximal for tourniquet use) or a broken device. The
device width (relative to limb girth) was the commonest
reason for tourniquet ineffectiveness. There was one tourni-
quet placed incorrectly (one EMT placed upside down mak-
ing the running end inflate instead of the cuff). There was one
patient (one limb) that had a provider purposefully use a
venous tourniquet in attempt to decrease risk of a palsy (the
EMT tourniquet was soon inflated more to rid the distal
pulse). Six tourniquets broke (three EMTs leaked, two EMT
tube twist caps fell off, one CAT bar broke). Furthermore,
two pneumatic EMTs required rotation of the clamp to be-
come perpendicular to the bladder so that it could open but
these two events did not result in ineffective uses just diffi-
culties removing the tourniquet. One CAT bar was slippery
when covered in blood, the device was ineffective, had to be
backed up, and the patient died prehospital. Self application
led to ineffective use in one of three times and difficulty
pulling hard enough to properly tighten the tourniquet was
reported by the patient; he could not tighten a thigh CAT, but
his medic put a CAT on his leg effectively then removed the
thigh CAT. The two effective self-applications were to a leg
and a forearm in two separate patients.

Under Tourniquet Padding and Transportation Were
Associated With Looseness and Rehleeding

Padding (such as the patient’s clothes) under the tourni-
quet was associated with tourniquet looseness, but padding
also lessened risk of blisters and pinching. Tourniquets be-
came looser with limb or patient manipulation such as cloth-
ing removal; limb elevation, by hip flexion (translation of

Volume 64  Number 2

quadriceps and hamstrings in opposite directions with skin
shearing under tourniquet); decreased limb girth caused by
incremental exsanguination; and patient transfers to and from
gurneys and transportation to and from vehicles. Retightening
by providers was frequent after patient and tourniquet re-
checks. Twelve of the 13 loose tourniquets were prehospital
tourniquets. Two of the 13 patients with loose tourniquets
died. The one hospital tourniquet that was loose became loose
while a patient was transferred from a gurney, and it was
retightened on the spot. One patient had a prehospital tourni-
quet removed that in hindsight was premature. This patient had
an isolated injury to his foot, sustaining partially amputated toes
and scything injuries to the four digital arteries. This patient had
a tourniquet placed for difficult to control bleeding in the field,
but the tourniquet was removed at a prehospital aid station by a
medical officer. This patient reported bleeding throughout his
evacuation to the hospital with pools of blood in the field, at the
aid station, on the transport vehicle, and on the ED floor as he
progressively hemorrhaged. On arrival in the ED, he was in
shock (BP 100/60 mm Hg, pulse 143 on presentation) and
required significant resuscitation (6 units of blood products
transfused). Elevation and a pressure dressing in the ED helped
slow but not stop the bleeding. In surgery, effective hemostasis
required individual digital artery ligation. This case is similar to
several cases in the civilian extremity hemorrhage study by
Dorlac et al.*® Discontinuance of a prehospital applied tourni-
quet occurred only once in 282 prehospital tourniquet uses (257
limbs, 194 patients).

Tourniquet On and Off Times Need Improved
Documentation in Compliance With Doctrine

Compliance of recording tourniquet application times
was poor for both on and off times. Of the 309 limbs, 14%
(43 limbs) had the tourniquet application time, that is, on
time, recorded in accordance with standard Army training or
recorded on the field medical card. Based on operational data
concerning each incident and gathered information from the
medics who transported the patient, we estimated the application
time for patients when data were available. The tourniquet re-
moval time, that is off time, was recorded directly by the authors
or recorded from interviewing other providers. No anesthetic
record had the tourniquet off time recorded despite this being a
routine practice during elective, peacetime operations.

DISCUSSION
Battlefield Emergency Tourniquet Use Risks
Morbidity Infrequently in Our Experience

The main findings of the present study are that low risk
of morbidity, and given their demonstrated capacity to save
lives, a positive risk benefit ratio exists for tourniquets in our
battlefield experience.® Historically, there are many anecdotes of
devastating complications associated with emergency tourniquet
use such as clots, palsies, and blisters.*'*'*2%?” Tourniquet-
related complications are well documented in animal studies.*®
However, there are only two retrospective studies on emergency
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tourniquet use.”*” The injuries in which emergency tourniquets
are used makes it difficult to differentiate between direct muscle
injury and those directly related to tourniquet use. Surgeons
caring for the patients in this study had an appropriately low
threshold for performing prophylactic fasciotomies because of
concern for tourniquet associated limb swelling'® during the
long air evacuation flights of US patients to Germany. Six
patients with eight completion amputations had >2 hours of
tourniquet use. However, in these cases other dominant factors
were evident. In some of these cases, the decision to prolong
tourniquet use was necessary, so that other potentially lethal
injuries could be treated.

Of the 97 casualties with amputations, six had tourni-
quets for >2 hours in eight limbs that were lifesaving in all
six patients. Only one limb was shortened to include a joint,
from below-knee amputation to an above-knee amputation.
The reason for shortening was complex and included a 14
hours tourniquet time, but also the shortening was at the level
of a superficial femoral artery transection and open femur
fracture, the laparotomy entailed ligation of the common
femoral artery and vein, splenectomy, diaphragm repair, and
peritoneal packing for diffuse coagulopathic bleeding. Con-
founders adding to the ischemia and reperfusion of the ex-
tremity were profound hemorrhagic shock (base deficit of
—19 on presentation to the ED), ED thoracotomy and aortic
clamping, 2 episodes of open cardiac massage, massive re-
suscitation and transfusion, coagulopathy, and staged damage
control operations. The 14 hours of intensive care between
the operations helped complete the resuscitation and normal-
ize the casualty’s coagulopathy. The patient survived. We
think that the tourniquet in this case was lifesaving (Table 3,
Fig. 2) We cannot relate cause (traumatic amputation, ligation
of vessels, tourniquet use, shock, coagulopathy) and effect of
surgical amputation in this case, but shortening of the residual
limb from a below-knee amputation to above-knee amputa-
tion was related to tourniquet use, ligation of vessels, and
prolonged damage control resuscitation and surgery. In other
cases, delayed transportation or transfer was a cause of pro-
longed tourniquet time (Table 3). In a classic article on
vascular injuries in war wounded limbs, Debakey and Sime-
one had over an order of magnitude of cases more than the
present study, and yet they could not use amputation as a
clear outcome because of trouble with records and differen-
tiating amputation as an injury, debridement, reconstructive
surgery for prosthetic fitting, or failed limb salvage for vas-
cular, musculoskeletal, or infectious reasons. “The survival or
death of the limb, which at first glance might seem to be a
critically objective test, actually is not: It does not permit a
clear decision as to whether the therapeutic measures em-
ployed in a given case have influenced the results, and it can
serve as a criterion only when sufficiently large numbers of
cases are available for statistical evaluation”.'> We have
previously reported a case from Afghanistan that had more
than 16 hours of tourniquet use and kept his upper extremity
and returned to piloting helicopters.’
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Tourniquets that are overtightened have been associ-
ated with palsies by damaging the peripheral nerves by
compression, and these all occurred with prehospital use.
The too loose tourniquets preponderantly occurred in the
prehospital group. Beyond the too tight and too loose
tourniquets, the inappropriate (including medically and
tactically unnecessary) use also preponderantly occurred in
the prehospital group, suggesting the difficulty in practic-
ing medicine in this environment, and the continuing need
for education and refinement of tourniquet training. How-
ever, complication rates were similar between the prehos-
pital and hospital use, which indicates a positive risk
benefit ratio. Improved compliance with current doctrine
of recording tourniquet times on the patient or in the
accompanying records would aid surgeons in managing
patients.

The Current Study Compares Favorably With Other
Tourniquet Studies

The current study is the largest study to date in terms
of the number of patients and tourniquets used, and our
data are concordant with prior experience.”*’ But, the
present study advances knowledge by measuring substan-
tial survival benefits and limited morbidity risks. Wolf and
Adkins in 1945 reported three case vignettes and lessons
learned from 200 cases in the Mediterranean theater from
an US military hospital in World War II, but besides the
vignettes, the 200 patients’ data were summarized in one
sentence. “The experience of our group indicates these
complications [nerve paralyses and vascular thromboses]
are very rare; in fact, an analysis of 200 random cases in
which tourniquets had been applied shows that these com-
plications did not occur in a single instance, unless they
showed up after the patients left our hands, usually five to
ten days after surgery”.?” Lakstein et al. in 2003 reported
a retrospective study from Israel of 91 patients (110 limbs,
110 tourniquets, 3 models of tourniquets), and had no
deaths and few data comparisons.” We saw tourniquet use
rates 29 times that of Lakstein et al. (428 tourniquets/
199days vs. 110 tourniquets/1461days); the average limb
Abbreviated Injury Score of the present study (2.9) was
higher than that of Lakstein et al. (2.6). Lakstein et al. were
criticized by Husum et al. for being unable to show that
tourniquets were useful, lifesaving, or worth the risk."!
Further, our study was bigger with more diverse patients as
Lakstein et al. had 1 nationality, all men, no children, no
elderly, and no civilians and had only prehospital tourni-
quets of fewer designs. Beekley reported a retrospective
review from the same hospital as the current study. They
had 67 patients and found four of seven patients who died
without tourniquets were potentially salvageable (see
Beekley in this supplement to Journal of Trauma).*® The
most important factor in improving survival in our patients
was attaining rapid hemorrhage control with an appropri-
ately placed tourniquet, thus limiting risk of the negative
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effects of shock. Mabry et al. in 2000 called for wider use
of prehospital tourniquets based on experience in 1993
from Somalia.”!

If a Tourniquet Is Ineffective, Additional Tourniquets
Side-by-Side Can Improve Effectiveness

Additional findings of this study are that tourniquets can
be used side by side if one tourniquet is ineffective, and that
side-by-side use effectively widens the compression and
stops the distal pulse and is associated with fewer complica-
tions than single use with persistent pulse. Side-by-side use
can improve effectiveness when a single wide tourniquet is
unavailable. Improvised tourniquets as a whole were effec-
tive only 25% of the time and were less effective than com-
mercially designed, wide tourniquets, but the improvised
tourniquets as used in the current study were more effective
than the two narrowest commercial tourniquets (SATS, M2).

Our results underscore the importance of vigilance in
rechecking the patient and tourniquet as they can get loose
during transport leading to incremental rebleeding, shock,
and death. Loosening was increased by keeping clothing
under tourniquets and by transportation. The goal of tourni-
quet use is to save lives, but the mechanical goal is to not only
stop bleeding but to rid the distal pulse when present. By
measuring how tourniquets work and do not work, our results
yield a clearer understanding of how to better use tourniquets.

The CAT Was the Best Prehospital Tourniquet and the
EMT Was the Best ED Tourniquet

The CAT was selected for issue to all deploying US
warriors following studies performed at the US Army Insti-
tute of Surgical Research.*” In the current report, the overall
effectiveness for the CAT, EMT and SOFTT was 79%, 92%,
and 66%, respectively. In our original report, the EMT was
recommended for use in medical evacuation vehicles, for-
ward surgical teams, and at combat support hospitals. Al-
though the EMT effectiveness was highest of all devices at
92%, it was the most expensive, the most fragile, and re-
quired the most training to use; for these reasons, it is not the
best device for issue to every soldier or medic. The SOFTT
was chosen as a substitute if the CAT was unavailable. The
present study validates these choices with clinical data. In
laboratory testing in human volunteers, the efficacy of the
CAT, EMT, and SOFTT was each found to be 100%.” As one
would expect, our laboratory testing results were slightly
higher than the real world results. The lower values in war are
most likely attributable to the complexities of real world
conditions and lack of experience with the application of the
tourniquet versus the ideal conditions of the laboratory using
well instructed volunteers. In laboratory testing, the effective-
ness rate of the SATS was 44%, whereas in the field it was
0% effective. Taken together, these facts reinforce the con-
tention that any tourniquet to be used on the battlefield should
first be shown to be 100% effective in the laboratory.*
Effectiveness is a function of device (its availability, user
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familiarity, and device width), and individual circumstances
(limb girth and systolic blood pressure).’-**

Successful Tourniquet Use Hinges on Devices Used,
Training, Doctrine, and Transport Speed

Tourniquet use success overall within a trauma system
will be a function of devices used, tourniquet use training,
evidenced-based doctrine, and rapid evacuation to surgical
hospitals. These traits were present for our study, but tourni-
quets may not be advisable and may jeopardize limbs in
settings of inadequate devices, little training, no doctrine, and
slow evacuation. The change in military training doctrine
contained in the Tactical Combat Casualty Care Course has
driven the liberal use of tourniquets."> When under fire, in
darkness, during mass casualty situations, or to deal with
multiple limb exsanguinations, more liberal use of tourni-
quets has been doctrinally espoused to prevent deaths by limb
exsanguinations. Because prior teaching had labeled tourni-
quets as a method of so-called last resort,>* there was limited
experience in which to understand when or if to use tourni-
quets. Studies on emergency tourniquet use previously came
from war zones such as the US wars (World War II, Korea,
Vietnam, and Somalia) or the experience of the Israeli forces,
and had limited documentation. Tourniquets may be consid-
ered for paramilitary or civilian practice although isolated
limb hemorrhage has a low mortality in civilian trauma
patients.?>>° Tourniquets are now widely available on the
battlefield, currently 1.5 million CATs have been sold to all
customers, civilian and military, according to the manufacturer.
The highest mass casualty rate for the study period was 28
patients presenting to the ED in a 25 minute period, and three of
the 28 patients had tourniquets used and all 28 had limb injuries.
Civilians are likely to see mass casualties where tourniquets may
be of use. The current study quantifies the benefits and risks
associated with tourniquet use so that individual practitioners
and leaders of trauma systems can decide when or if to field
tourniquets in support of their patients.

Controversy: Exsanguination Risk, Tourniquet
Science, Training, and Clinical Experience

There persists in the literature the controversy whether
emergency tourniquets should be banned or widely used.
Historically, in the US Civil War, Spanish Civil War, and
World War I, tourniquets were tried often and then lost favor
because of ineffectiveness, but in World War II, Vietnam,
Somalia, and Israel, tourniquets use has continued.”**27-2%-3!
The ineffective strap and buckle tourniquet that was standard
issue in the US Military for five decades may have accounted
for this clinical response, and with better tourniquet knowl-
edge over the decades, a coherent move to better designed
tourniquets on the battlefield occurred. The pertinent issues
include use in patients at risk of lethal exsanguination, im-
proved tourniquet science, training and doctrine, and clinical
research and experience. If a patient population is not at risk
of lethal limb exsanguination, then tourniquets cannot save
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lives as implied in the study of Lakstein et al., but our patients
were at high risk and survival was improved. Tourniquet
science, much of it published recently regarding elective
orthopedic use, was limited in prior wars, and so how tour-
niquets work optimally is better understood now. Particularly,
the interrelationship of tourniquet width, limb girth, and ar-
terial occlusion is now well studied, yet clinical awareness is
limited even in orthopedic surgeons.?” Given improved tour-
niquet science, more and better designed tourniquets are
available today than previously. For more than a decade, the
military refined training and doctrine based on laboratory
testing, research projects, and clinical experience such as in
Somalia.**%3!-% Tn contradistinction to the current military
situation, patients of long past wars with longer evacuation
times, treated by providers without tourniquet science using
inadequate tourniquets without training and doctrine, may
have faired worse than current patients. This explains why
tourniquet problems were reported by experienced surgeons
from the US Civil War, World War I, the Spanish Civil War, and
early World War I12'%* Articles and textbooks written by
senior consultants at the end of tertiary referral patterns are
common, influential, and long referenced,'*'®2%*! but they do
not have the perspective of prehospital providers and prehospital
data as noted in recent literature.”?**"**40" A fresh look at
emergency tourniquets is appropriate in a reassessment of the
risks and benefits for selected patients and populations.

Limitations of the present study include its specific set-
ting and population, which limit generalization. Although the
care was given in a war torn Mideast country, the patients
rapidly entered a quality healthcare system. Long delays in
arrival to a surgical hospital, as seen in international aid
hospitals like those supported by the International Committee
for the Red Cross, would likely risk more amputations after
tourniquet use in isolated extremity injured casualties than we
measured. Because of the difficulty of distinguishing cause
and effect in a heterogeneous group of severely and multiply
injured patients often with preexisting vascular injury with
severe extremity injuries, mortality, and morbidity were not
associated with tourniquets except for four palsies and a
single case of significant amputation shortening. This all
cause association was conservative in that only a tourniquet
abolitionist would associate traumatic toe and finger ampu-
tations with a tourniquet used on the arm or thigh, or would
associate rigor in an uninjured limb with tourniquet use.
Further, we used a conservative, mechanical definition of
effectiveness where a loose tourniquet could be fully effec-
tive after the patient exsanguinated before presenting to us in
that no bleeding or pulse persisted distally. We took a con-
servative approach to the research given the historical con-
troversy. The halving of the mortality rate with prehospital
use was associated with a 16% improvement in survival rate
compared with ED use. This improvement yielded an esti-
mated 31 lives saved.

Tourniquets are powerful tools for good and bad. Tour-
niquets are good in that they save lives when used at the right
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time, in the right way, but bad in that they can complicate
care if used at the wrong time, and in the wrong way. Using
tourniquets after extrication, transport, or shock, or distal to
the wound caused increased mortality in our patients. The
benefits far outweighed the risks in our experience with no
limbs lost solely from tourniquet use. We saved an estimated
31 lives at the cost of one knee by using prehospital tourni-
quets compared with restricting use to ED. Tourniquets are a
temporary measure allowing effective hemorrhage control
and must be applied early, before the casualty is in shock to
save lives. A tourniquet does not reverse shock, but it may
attenuate shock and can gain the provider vital time to initiate
effective resuscitation. We recommend continuing the policy
of encouragement of emergency tourniquet use if the risk of
injury is high, the probability of lethal limb hemorrhage is
high, and there is systematic training of all at risk personnel.
Policies of discouragement of tourniquet use may be appro-
priate in other settings, but in the current war will increase the
death rate. Military and civilian leaders may use the reported
experience herein to help decide how or when to use tourni-
quets by balancing the reported risks and benefits.

Practical Recommendations Based on the Current
Study’s Findings

e Tourniquet use before shock onset saves more lives than
after shock; use them before extraction or transport.

e Use scientifically designed, laboratory tested, and clin-
ically validated tourniquets.

e Use improvised windlass tourniquets when scientifi-
cally designed tourniquets are unavailable.

e Of tourniquets evaluated in this work, the CAT is the
best prehospital tourniquet, and the EMT is the best ED
tourniquet.

e Tourniquet education, training, and doctrine are vital
and should be refined based on evidence.

e The goal of emergency tourniquet use is to stop bleed-
ing and stop the distal pulse.

e Avoid tourniquet use over Hunter’s canal near the knee
as it risks ineffectiveness.

e Side-by-side use is useful to rid distal pulses and stop
bleeding if one tourniquet is ineffective.

e Tourniquets work well proximal to the wound even on
the forearm or leg and need not only be on the thigh or arm
as sometimes recommended.

e Clothing about a tourniquet should be removed at the
first opportunity to detect all wounds.

e Materials under a tourniquet should be removed at the
first opportunity to avoid looseness.

Future research needs include matched cohort compari-
sons to confirm if tourniquets are lifesaving and to see if the
findings apply to other populations. More clinical research is
needed in first aid of patients with limb injuries. The only
first aid device we know of that showed improved survival
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after limb injury was the Thomas splint,*'** but now we now
have convincing evidence that tourniquets can also improve
survival. These data will inform the best possible care. Im-
proved methods of early hemorrhage control are required to
improve survival on the battlefield, and currently tourniquets
are first aid tools that save lives.
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DISCUSSION

Dr. Paul E. Pepe (University of Texas Southwestern Medical
Center, Dallas, TX): This ground-breaking study conducted by
Colonel Kragh and his team regarding the potential compli-
cations of tourniquet use is highly commendable, not only in
terms of the comprehensive results it provides us, but also in
terms of the ambitiousness of the project. In a relatively short
period of time, just over half a year, they collected dozens of
prospectively defined data points on hundreds of patients, aver-
aging more than two tourniquet applications per day. Assuming
in this prospective study design that all consecutive tourniquet
uses were captured, this is a remarkable fete just in terms of
sheer work effort, let alone scientific contribution, particularly
considering the setting, clinical environment, and the acute grav-
ity of the medical conditions.
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If anything, there are so many data points discussed in
the article that one almost loses the forest for the trees. In an
attempt to be comprehensive, the authors reported more than
a dozen pages of results. The authors carefully examined each
nook and cranny of potential problems and examined them at
every angle. At times, some of the results are descriptive in
nature and many simple univariate associations are provided
that are hypothesis-generating.

For example, they stated that prehospital application
tended to be somewhat less effective than ED application.
Although these findings may have reflected the care rendered
by prehospital care providers, many of whom had very basic
levels of training and most of whom could not be identified
in retrospect, but it also may have reflected the tourniquet
device employed. The EMT, not designed for prehospital care
was used predominately in the ED, whereas the CAT was
used more often in the prehospital setting. In other words,
multiple factors may have affected the stated findings and one
or more of these associative results may have been simple
surrogate variables for the other findings. Nevertheless, the
authors provide us with more data than we have ever had
regarding this very timely subject. Those of us working in
civilian trauma systems have been looking forward to this
combat-based data initiative and the authors are to be
thanked, not only for the data, but for the tremendous effort
that they have put into reporting it.

One problem that does plague this study and the hereto-
fore existing controversy of tourniquet application is the issue
of time and duration of application. First of all, based on the
previous work of others, the authors use a categorical scale of
“greater than” or “less than” 2 hours to define “safe applica-
tion” time. One could argue that one critical piece of data that
this study could have offered us would be to examine mor-
bidity versus time as a continuous variable.

Also, one concern that the authors appropriately acknowl-
edge is that the time data were not necessarily accurate. In most
circumstances, the time of application information had to be
retrieved by retrospective interview of personnel and involved
use of best guess data. Although this record-keeping compliance
is understandable under the circumstances, it may point out the
need for smarter devices that can automatically record the infla-
tion times and pressures of the tourniquet device. Such consid-
erations have been the focus of a concurrent conference on intelli-
gent medical systems held in conjunction with this assembly. Not
only would we have better data collection, but future clinical care
devices may be have safer and improved utilization as a result.

In closing, I want to emphasize that the authors have helped
to confirm the overall relative safety of appropriate tourniquet
use and the lifesaving effect when the device is effectively
applied. I personally want to express my admiration for their
Herculean pioneer efforts. I think it will significantly impact the
clinical care and outcome, not only of our soldiers, but also our
families and friends who may someday face the terrible sequelae
of trauma in the homeland.
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Dr. John F. Kragh (US Army Institute of Surgical
Research, Fort Sam Houston, TX): Thanks for the fete, Dr.
Pepe. The first aid research regarding tourniquets has been hard
work for the team, and it has been productive. We submitted work
for review that was lengthy and emphasized morbidity. We aim
mortality work for a different venue, and the practical issues for
the ATACCC conference where the work was presented are
foremost because the users there have already seen the lifesaving
capacity of the devices. The practical issues addressed in the
work are numerous, and the data fill specific knowledge gaps.
The follow-on projects have seen progressive improvements
made over the years at the study site, which indicate the overall
performance improvement of the whole health care system fun-
neling into the Baghdad hospital is occurring. The positive
changes in use indicate that the continued care, education, and
refinement of doctrine on the ground in real time are fruitful.
The other nations with patients in the system also have seen the
results and have taken action to supply more soldiers.

Specifically, the care regarding tourniquets needs to im-
prove regarding recording basic tourniquet information, and this
is improving slowly in part because of the current work and the
larger overall program. Much work remains to be done regard-
ing education, doctrine refinement, and publication of results.
The tourniquet time of duration of use is a good example of what
needs attention regarding recording of both on and off times.
The duration of use is useful for the surgeon to estimate warm
ischemia time, which is associated with complications. How-
ever, the overall results of the study show that for the most part,
the complications are infrequent and the lifesaving effect is
common. The table on tourniquet duration versus complication
rate shows that the two are related, which confirms much prior
work. We teased out a number of issues for the readers to stew
on regarding similar issues so that different readers such as
medics and orthopedic surgeon can use the work to base their
knowledge on.

Dr. Pepe, you have summarized well the application of the
current work in established knowledge, and we thank you for
your perspective. It takes such broad perspective to see that this
is not just a trauma surgeon issue, this is not just orthopedic or
vascular surgery, and this is not just ED nursing or medical care
prehospital, but this is first aid. This work touches on all that and
lay person training, too, but how it will do so is difficult to
predict. The findings need further confirmation before general-
izing beyond the military situation. Paramilitary and police sit-
uations are likely the most generalizable to the war situation, and
civilian care has some applicability, but how much is unclear. In
San Antonio, where our home is, prehospital paramedics have
used emergency tourniquets recently for civilian trauma. I am
unsure of who is teaching them what, but we have seen lives
saved here by their use in civilian trauma. More work needs to
be done to refine how and when to use the tourniquets in such
settings, and history tells us that tourniquet popularity varies.

We thank Dr. Pepe for helping place the work in context so
that readers may understand the vital tool that tourniquets can be
when used for the right patient at the right time in the right way.
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