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KEY POINTS

� Tourniquets are frequently used in both upper and lower extremities, usually without significant

complications.

� Optimal pressure is still unknown, but using limb occlusion pressure rather than systolic blood
pressure may be better for decreasing the risk of injury.

� No specific tourniquet design has been proven superior, but recent data points to assessing
limb circumference when choosing a tourniquet.

� Protocols and guidelines for tourniquet use, taking patients and the type of procedure into
consideration, are needed.

� Tourniquets are not benign and have been associated with fatalities, so the surgeon must
remain vigilant and knowledgeable about their risks and benefits.
INTRODUCTION

A tourniquet is a device used to halt blood flow
to an extremity. In the modern surgical theater,
tourniquets of various designs are used in
more than 15,000 procedures every day.1 The
goal of tourniquet application is most often to
create a bloodless field; it is, however, also
used to assist with limb anesthesia (ie, Bier
block), venipuncture (to enlarge blood vessels),
and control of catastrophic blood loss in an
acute setting.2

The historical use of tourniquets dates back to
the ancient Romans who used them in amputa-
tions,3 but the actual term was coined in the
1700s by Jean Louis Petit from the French term
tourner (“to turn”).1 His simple device was a
screw-type mechanism that was revolutionary
in not requiring an assistant to keep the pressure
constant. Lister performed the first nonamputa-
tion surgeries with a tourniquet, combined with
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limb elevation for exsanguination. Later,
Esmarch created the flat rubber bandage that
now bears his name. In the early 1900s, Cushing
developed the pneumatic tourniquet, a variant
of which is still used today.1,3 This design was
perfected in the 1980s by McEwen, who
invented the modern microcomputer tourniquet,
which monitored not only pressure but also
leakage, inflation time, and other parameters.
It also estimated the limb occlusion pressure
(LOP) (the minimal pressure required to halt
blood flow) and protected from both depressur-
ization and overpressurization.2

Although tourniquets havebeen inuse formany
decades, definitive protocols are still lacking; phy-
sicians’ knowledge of the risks and benefits of this
device remains subpar. A study of residents and
operating room (OR) assistants used a question-
naire that assessed their knowledge of tourniquet
use, including repositioning, correct cuff size and
ip with a commercial company that has a direct financial
cle or with a company making a competing product.
Orthopaedic Surgery, 550 North 12th Street, Suite 140,
uma, Hospital for Special Surgery, 535 East 70th Street,

c Surgery, 550 North 12th Street, Suite 140, Lemoyne,

olumbia from ClinicalKey.com by Elsevier on August 31, 2018.
n. Copyright ©2018. Elsevier Inc. All rights reserved.

mailto:ybogdan@geisinger.edu
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ocl.2017.11.004&domain=pdf
https://doi.org/10.1016/j.ocl.2017.11.004


Bogdan & Helfet158
shape, contraindications, safe inflation time, and
other facts. The average test score for residents
was 41.3% and 46.7% for assistants. The investiga-
tors cautioned that surgeons must be knowledge-
able in the application and indications for
tourniquets, particularly for medicolegal reasons.4

It is also important to note that most tourniquets
are placed by assistants and not by the surgeons
themselves, further divorcing the tourniquet from
being an essential part of the case.

Formal protocols on tourniquet use in the
United States vary greatly in scope and applica-
tion, particularly in the prehospital setting.
Eighty-four percent of states have statewide
emergency medical systems (EMS) exsanguina-
tion protocols; only 35% have very clear,
detailed instructions on when and how to use
tourniquets. This factor likely results in subopti-
mal and sporadic use.5 The Eastern Association
for the Surgery of Trauma has published a man-
agement guideline for penetrating lower ex-
tremity trauma that contains a section on
tourniquets and states that a tourniquet can be
used if direct pressure fails to control bleeding.6

However, this guideline is listed as level 3, which
is defined by a lack of formal evidence.

Generally, no standard exists for tourniquet
use; the decision rests with the individual sur-
geon. This decision is largely based on personal
preference and several factors, including pro-
cedure duration, technical difficulty, blood loss,
and the location of the injury on the body.
Recently published articles summarize the
various issues in tourniquet application.1,7 The
goal of this work is to review the current litera-
ture on indications, technique points, and com-
plications of tourniquets in limb trauma, both
in the acute and elective setting.
PREHOSPITAL AND EMERGENCY
TOURNIQUET USE

Although most of the literature on tourniquets in
trauma focuses on elective procedures, some
studies deal specifically with the prehospital
setting. Much of what we know of tourniquet
use in this setting comes from military experi-
ence. In the 1600s, French army surgeon Etienne
Morel was one of the first to use tourniquets on
the battlefield to treat extremity wounds.8 In the
1950s and 1960s, Vietnam War casualties often
died of massive limb hemorrhage, leading to
an increased interest in tourniquets as a life-
saving measure.9 The explosive weapons of
modern warfare in Iraq and Afghanistan also
added to the experience of tourniquet use in
soldiers.6,10
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On the battlefield, the Combat Application
Tourniquet (CAT; www.combattourniquet.com)
involves a simple windlass mechanism that can
be applied one-handed with good results. A
4-year study of military prehospital tourniquet
use in 550 patients at an average ischemic time
of 83 minutes showed 78% overall effectiveness,
94% in upper limbs and 71% in lower limbs. No
patient died of hemorrhage.9 Another prospec-
tive observational study of both civilian and mil-
itary casualties in a Baghdad hospital assessed
tourniquet use in the prehospital versus the
emergency department (ED) setting. In 232 pa-
tients, the mortality rates were 11% in the preho-
spital group (n 5 194) and 24% in the ED group
(n 5 38). Transient nerve palsies occurred in
1.7%. Prehospital use of the tourniquet was
weakly associated with survival; the absence of
shock with tourniquet use was also associated
with survival. The study also matched a group
of patients for the Injury Severity Score and
Abbreviated Injury Scale scores. Patients who
had a tourniquet placed were matched with
those who had compressible limb injuries and
would have benefited from a tourniquet but
did not get one because of availability or medic
decision. All patients in the latter group died (0%
vs 77% survival rate).11

The frequency of tourniquet use in the military
has not translated to the civilian sector, largely
because of the faster access to definitive care
in the case of civilian trauma.12 Some investiga-
tors state that a tourniquet should never be
used as a first-aid measure,3 but literature exists
to counter that position. Civilian settings where
tourniquets may be useful include penetrating
trauma, such as stab and gunshot wounds,
terrorism incidents, rural or wilderness medicine,
limb entrapment with an inaccessible bleeding
site, industrial or machinery accidents, and
extreme or life-threatening situations.8 One
study examined injury patterns and outcomes
in 14 civilians who died of exsanguination of an
isolated extremity injury. It showed that only
one patient had some attempt at bleeding con-
trol before EMS arrival, and intravenous (IV) ac-
cess was not obtained in 71%. This study
suggested that aggressive attempts to control
limb hemorrhage, such as with a tourniquet,
may prevent death from exsanguination.13

A retrospective review of 87 civilian patients
looked at tourniquet use (primarily with the
CAT) in the prehospital, ED, and OR settings.
Half of the cohort had tourniquets applied in
the prehospital time period, mostly on upper ex-
tremities. The Mangled Extremity Severity score
and the rate of limb loss did not differ between
bia from ClinicalKey.com by Elsevier on August 31, 2018.
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Table 1
Tips for tourniquet use

Application Keep the tourniquet at least 5 cm
proximal to area of injury.

Use a barrier to prevent prep
liquid from pooling under
tourniquet.

Curved/wider tourniquets
require less pressure to stop
the blood flow.

Inflation Use a fast inflation rate to avoid
venous pooling.

The inflation pressures are
250 mm Hg for the upper
extremity and 300 mm Hg for
the lower extremity or use
LOP 1 50–100 mm Hg.

Deflation Monitor the physiologic changes
during deflation.
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the groups. No major complications occurred as
a result of tourniquet use, except one case of
compartment syndrome. In that patient, how-
ever, limb ischemia due to arterial transection
was documented before tourniquet placement,
and the tourniquet’s role in precipitating the
complication was unclear.12

Despite promising data, prehospital tourni-
quet use remains rare. A study from 2 Canadian
centers over a 10-year period of patients with
arterial injuries yielded only 8 patients who had
tourniquets placed for isolated extremity injury.
Only 4 had the tourniquet placed before arrival
at the hospital; all of these patients survived,
despite being more hypotensive and acidotic
than those whose tourniquets were placed in
the trauma bay. The investigators compared
this group with a group who did not get a tour-
niquet and who died. All patients who died did
so from hemorrhage. The study also showed
no statistically significant difference in transfu-
sion rates between the tourniquet and no tourni-
quet groups but did show a trend toward less
transfused blood in the tourniquet group.14

Technical points of tourniquet use in the acute
limb trauma setting include the understanding
that less severe measures, such as direct
pressure and pressure dressings, should
always comprise the initial attempts to control
bleeding.6 If a tourniquet is applied, it should
not be loosened until patients reach the hospital
because incremental exsanguination may occur.
If bleeding is still not controlled, a second tour-
niquet can be applied.8 Frequent reassessment
is indicated as the patients are resuscitated;
changes in blood pressure may affect tourniquet
effectiveness.10 Pain control is also paramount
because a properly applied tourniquet is
extremely uncomfortable and will often require
IV analgesia.8 For cases of prolonged transport,
limb cooling helps to slow metabolism and pro-
tect muscles from ischemia. A study in pigs
showed that hypothermic limbs had a faster re-
covery immediately after tourniquet deflation
and 10 days later. The hypothermic pigs also
had lower lactate levels, less glycogen break-
down, and a smaller decrease in blood pH,
which all served as protection against the inflam-
matory response.15

LIMB TRAUMA SURGERY: GENERAL
CONSIDERATIONS
Application
The tourniquet should be placed on the limb as
distally as possible, but at least 5 cm proximal to
the area of injury, avoiding joints (Table 1).8,10

Prep solutions, such as povidone iodine, can
Downloaded for Anonymous User (n/a) at University of British C
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pool under the tourniquet and cause friction or
chemical burns, so a barrier is necessary to pre-
vent liquid from pooling.16 A surgical glove or
another impenetrable drape can be used for
this purpose.17

Inflation should take place over a short period
of time, as slow inflation rates or incorrect appli-
cation will block venous flow before arterial flow,
causing venous congestion and possibly more
bleeding.8,18 Simple elevation is effective in
cases when pressure is contraindicated, such as
sickle cell anemia.2 Tourniquet use is also contra-
indicated in malignancy and infection.1,19

The timing of antibiotic administration has
been controversial, with some investigators
advocating that a period of at least 5 minutes
is necessary before tourniquet inflation to allow
antibiotics to penetrate the limb.2 However, a
randomized controlled trial of 106 patients
compared infection rates in 2 groups: one with
antibiotic administration 5 minutes before tour-
niquet inflation and one with antibiotic adminis-
tration 1 minute after tourniquet inflation.
Contrary to the expected result, the group
who had preinflation antibiotics actually had
higher infection rates.20

Pressure
Published recommendations on tourniquet pres-
sure use a variety of markers to achieve an
optimal bloodless field while avoiding high
pressures that can lead to nerve injury. These pa-
rameters, which can be easily obtained intrao-
peratively, include systolic blood pressure
and mean arterial pressure.19 A review article
olumbia from ClinicalKey.com by Elsevier on August 31, 2018.
n. Copyright ©2018. Elsevier Inc. All rights reserved.



Bogdan & Helfet160
lists the currently accepted parameters; the
general recommendation is to stay less than
250 mm Hg in the upper extremity and less
than 300 mm Hg in the lower extremity.7

Another guide for optimal pressure is the limb
LOP, which is the minimum pressure needed to
stop arterial blood flow in a given patient or sit-
uation. It is calculated before surgery by assess-
ing when a Doppler signal disappears from the
distal extremity as the tourniquet is inflated.1

Many modern tourniquets can calculate the
LOP, and a 50- to 100-mm Hg safety margin is
frequently added to account for intraoperative
physiologic changes. The LOP has been the sub-
ject of several studies and is suggested as an
alternative in cases when high pressures must
be avoided, such as in patients with arterial calci-
fication.2 Today, however, it remains an infre-
quently used parameter; a study showed that
only 7% of polled physicians (podiatrists) consid-
ered the LOP when selecting cuff pressure.21

Time
A general recommendation for continuous cuff
inflation time ranges from 2.0 to 2.5 hours.7

The concept of tourniquet time is based on the
idea that adenosine triphosphate is depleted
during the period of ischemia, and a time limit
allows patients’ tissues to recover.22 Despite rec-
ommendations, it is important to understand
that a safe tourniquet time does not exist and
any amount of time can potentially cause dam-
age to the limb.8 To minimize complications, a
deflation interval has been used since the
1950s; its optimal duration, however, remains
unclear.3 One article recommends a 10-minute
interval at 2.5 hours of surgery, with further
reperfusion intervals at each additional hour.7

The concept of reperfusion as a means of pro-
tection seems to be supported by at least one
randomized controlled trial, in which patients
undergoing ankle surgery with a tourniquet
deflated at the end of the procedure were
compared with patients who underwent stag-
gered release (initial tourniquet release followed
by 2 cycles of reinflation/deflation, with each cy-
cle occurring over 3 minutes). The staggered-
release group experienced decreased metabolic
changes reflected in the lactate level and end
tidal carbon dioxide. These changes were
deemed to be protective to the soft tissues
because of less buildup of metabolites indi-
cating tissue damage.23

During deflation, it is important to monitor
for changes in oxygen parameters, particularly
during intramedullary nailing, cementing,
or prosthesis insertion. Deflation can release
Downloaded for Anonymous User (n/a) at University of British Colum
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large venous emboli, adding to the patients’
already increased clot burden.1 The surgeon
must also balance the need for decreased
tourniquet time with the risk of increased
bleeding if the tourniquet is released too
quickly. Investigators disagree on whether
release of the tourniquet before wound closure
is recommended.7

Cuff Width and Design
Much interest in the type and width of the tour-
niquet has surfaced in the last decade, particu-
larly with the increase of obesity in the United
States. Cuff design becomes important in this
population because of the relationship between
optimal pressure and limb circumference. A
study of healthy volunteers showed an inverse
relationship between the LOP and the ratio of
the cuff width/limb circumference, meaning
that for a given limb, a narrower cuff requires
much higher pressure to stop the blood flow.24

This pressure causes a higher gradient and pre-
disposes to nerve injury. Notably in this study,
the relationship of LOP and blood pressure pre-
dicts that the LOP will be subsystolic for normo-
tensive patients when the cuff width/limb
circumference ratio is greater than 0.3:1.0.
Another study of 26 volunteers explored the
concept of fitted tourniquets to account for the
conical shape of most human limbs. The investi-
gators found that the use of curved and wider
tourniquets resulted in lower occlusion pres-
sures: a mean of 183 mm Hg in the arm and
208 mm Hg in the leg. They recommended add-
ing 75 mm Hg to the LOP to account for changes
in blood pressure.25

With regard to design, the silicone ring tour-
niquet (SRT) has been introduced to the market
as a sterile alternative to the standard pneumatic
tourniquet. It consists of a silicone ring encased
within a stockinette; the ring is placed over the
fingers or toes and rolled up the extremity prox-
imally, achieving compression and exsanguina-
tion. A study of 536 patients, with 63% being
fracture cases, showed several advantages to
the silicone ring design, which was most
frequently used on the femur.26 These advan-
tages include sterility; the ability to access
places, such as the groin where a regular tourni-
quet would not be possible or practical; and a
one-step exsanguination process.27 Limitations
of the SRT include injuries that may hinder the
roll-on application, including open fractures
and the presence of external fixation.28 No
particular design, however, has been 100%
proven to be better than another; the choice re-
mains with the surgeon.7
bia from ClinicalKey.com by Elsevier on August 31, 2018.
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UPPER EXTREMITY
Tourniquet Use
The use of tourniquets in the upper extremity
has been gaining popularity, both in the hand
and trauma literature. One review of 505 pa-
tients with upper extremity tourniquets found
no immediate or delayed adverse events, even
in patients with medical comorbidities. Most of
these patients had pressures of 250 mm Hg or
less and a tourniquet time of about 30 minutes.
This study deemed tourniquets as safe to use in
commonly performed hand procedures.22 How-
ever, another study found some disadvantages.
In a randomized trial of closed forearm fractures,
the pressure ranged from 200 to 250 mm Hg;
the visual and verbal pain scores were assessed
in patients without a tourniquet, a tourniquet
used for less than 1 hour, and a tourniquet
used for 1 to 2 hours. The nontourniquet group
had less overall pain on postoperative days 1
and 2, particularly in older and male patients.29

Technique Points
The optimal position of the tourniquet on the
arm is controversial and was evaluated in a study
of patients undergoing carpal tunnel release.30

Either a forearm or upper arm cuff was placed,
and outcomes included surgeon assessment of
the bloodless field. No major differences stood
out in the groups, except the forearm tourniquet
often made fingers curl involuntarily and some-
times blocked the surgeon’s view. Based on
this, upper arm tourniquets were deemed pref-
erable in the study.

In the case of finger tourniquets, the applica-
tion can be with a rubber catheter held with a
hemostat or a finger of a glove rolled up onto
the base of the finger.31 However, such tourni-
quets provide variable, nonstandard pressures
and are often obscure enough to be left in situ
accidentally. All-purpose digital tourniquets pro-
vide a better option because of their bright
colors, but correct sizing is problematic.

The exsanguination method in the upper limb
has also been explored, particularly in healthy
volunteers. One randomized trial assessed 26
patients who had arm elevation versus esmarch
exsanguination before tourniquet inflation at
250 mm Hg for a maximum of 20 minutes.
Although there was no difference in recovery af-
ter deflation, the pain scores during the time of
inflation were in favor of exsanguination.32

Another randomized study in 100 patients evalu-
ated the elevation for 5 seconds, the squeeze
method (manually squeezing the blood out of
the limb from distal to proximal), and the
esmarch in effectiveness of stopping blood
Downloaded for Anonymous User (n/a) at University of British C
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flow. No difference was seen between the latter
two, but both were better than elevation.33 In
another study using labeled erythrocytes to
assess exsanguination in healthy volunteers, the
following reductions in blood volumes were
found: elevation 5 seconds, 44% and 4 minutes,
42%; esmarch 69%; gauze bandage 63%; pomi-
dor roll cuff 66%; squeeze method 53%; and
Urias bag 57%.34 This finding suggests that no
method is completely effective and that the
time of elevation may not be significant beyond
5 seconds.

The tourniquet choice in the upper limb in-
cludes the standard pneumatic cuff (PT) or the
SRT. The two options do not seem to differ
greatly in outcomes. One study of SRT versus a
forearm tourniquet in carpal tunnel surgery
showed that the mean final pain during the sur-
gery was higher and had a more rapid increase
with the conventional tourniquet.27 However,
another randomized study assessed areas of
nerve compression in SRT versus PT on the up-
per arm. Visual analog scale (VAS) pain scores
were obtained, and MRI of the radial and ulnar
nerves provided the basis for measuring nerve
diameters. No differences were found in the
two groups.28 The SRT may have smaller pres-
sure gradients at the cuff edges than the wide
tourniquet, causing less chance of nerve injury.
This finding seems to be confirmed by another
study, in which a wider cuff caused more severe
changes in nerve conduction (by 10%) than a
narrow cuff.35

Complications
Tourniquet nerve injury occurs 2.5 times more
commonly in patients with an upper rather than
a lower extremity tourniquet,36 likely because of
less soft tissue in that area, with the radial nerve
being most susceptible. Complications are
mentioned in several published case reports and
include arm paralysis lasting 5.5 months after a
digital amputation, possibly involving a malfunc-
tioning tourniquet pressure gauge.37 Posterior
interosseous nerve palsy has been known to
develop after a forearm tourniquet.38 Another
possible, though rare, complication is upper arm
deep venous thrombosis (DVT).18 Retaining adig-
ital tourniquet after a dressing is more common
and has pushed the need formore colorful tourni-
quets that are removed as part of the postopera-
tive checklist.39

LOWER EXTREMITY
Tourniquet Use
The use of tourniquets in the lower extremity
during elective trauma surgery has had support
olumbia from ClinicalKey.com by Elsevier on August 31, 2018.
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in the literature. One retrospective study of 603
patients undergoing ankle open reduction inter-
nal fixation (ORIF) with and without a tourniquet
looked at opioid use during the first day after
surgery. The tourniquet group had a 20% in-
crease in opioid consumption; but in reality,
the difference was only 3 mg of opiate, a
clinically insignificant amount.40 Another study
randomized 132 patients undergoing ORIF of
extra-articular tibia fractures into tourniquet
and nontourniquet groups. At the 1-year
follow-up, no tourniquet complications were
noted. The investigators noted less pain (by
one VAS point), less drainage (by 2 mL), and
longer OR time (by 6 minutes) in the nontourni-
quet group, all clinically negligible differences.41

A systematic review of 4 foot and ankle
articles also showed limited differences and
few complications with and without the use of
tourniquets.42

Other investigators, however, are less enthu-
siastic about tourniquet use in the lower extrem-
ity because of concerns about poor visibility of
blood vessels, the lack of a cooling effect of
circulating blood, time restriction, and other is-
sues.43 Wound healing problems and erythema
with a tourniquet have been documented in at
least 3 studies: one in a randomized trial of 54
patients undergoing ankle fixation,44 another in
a randomized trial of tibia fractures,43 and the
third in a randomized trial of distal fibula frac-
tures, which also noted a 1-week longer return
to work in the tourniquet group.45 Another study
of thigh tourniquets assessed electromyography
(EMG) changes and functional differences in the
leg at 6 weeks postoperatively, showing that
71% of patients in the tourniquet group had ev-
idence of denervation on EMG (vs none in con-
trol group) and functional capacity of 40% of
normal (vs 79% of normal in control group).
Interestingly, in the tourniquet group, pressures
were similar in patients with and without EMG
changes and thigh sizes varied; this suggests
that other tourniquet-related factors may be
responsible.46 Lastly, tourniquets in the lower
limb are associated with pulmonary morbidity.
In a retrospective study of 72 patients undergo-
ing reamed femoral nailing who also had tibia or
ankle fractures, patients were grouped accord-
ing to tourniquet use for the tibia/ankle injury
and matched for injury severity. Ventilator-
dependent days and intensive-care-unit days
increased with increasing tourniquet time. This
study suggests that the combination of reamed
femoral nailing and tourniquet ischemia may
cause increased susceptibility to pulmonary
events.47
Downloaded for Anonymous User (n/a) at University of British Colum
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Technique Points
Optimal pressure and the use of thigh tourni-
quets is contested. In a survey of 140 American
Orthopedic Foot and Ankle Society members,
common cuff pressures included 301 to
350 mm Hg for the thigh and 201 to 250 mm
Hg for the ankle. Only 11% of surgeons used
less than 250 mm Hg for the thigh, which, from
assessment of the LOP, would be enough for
most patients with a safety margin. Only 9% of
surgeons used LOP to set pressure. Forty-six
percent were concerned with hazards, especially
nerve injury, whereas 17% were not concerned
at all.48

One study attempted to use the LOP to un-
derstand optimal pressure in different thigh
tourniquets. In this randomized controlled trial,
standard versus wide cuffs were used, with
LOP set as the pressure in addition to a safety
margin. Outcomes included quality of the blood-
less field and were acceptable in both types of
cuff, although the surgeon was not blinded.
Mean pressures that achieved a good bloodless
field were 178 mm Hg and 142 mm Hg for nar-
row and wide cuffs, respectively, far less than
the usually used 300 to 350 mm Hg. Using the
LOP decreased the average pressure by 33%
to 42%. Systolic blood pressure did not correlate
well with LOP. The recommendations from this
study for the safety margin to be added to
LOP were 40 for LOP less than 130, 60 for 131
to 190, and 80 for greater than 190.49

Another area of research in leg tourniquets
deals with preconditioning of the extremity
before tourniquet inflation. This preconditioning
requires extra surgical time, but at least one
study has shown good results. A randomized
trial divided 30 healthy patients scheduled for
lower extremity surgery into 2 groups: a control
group who had a regular inflated tourniquet and
a preconditioning group who had 3 cycles of
5 minutes of ischemia and 5 minutes of reperfu-
sion before inflation of the tourniquet. The out-
comes were the levels of inflammatory markers
and oxygen exchange up to 24 hours postoper-
atively. No pulmonary complications occurred in
either group, but the preconditioning group had
less increase in inflammatory markers and less
change in arterial PO2 and alveolar-arterial oxy-
gen tension ratio. This finding suggests that
ischemic preconditioning may decrease pulmo-
nary morbidity in patients at risk.50

Complications
Complications specific to lower limb tourniquets
are similar to those in the upper extremity.
Nerve injury to the femoral51,52 and saphenous51
bia from ClinicalKey.com by Elsevier on August 31, 2018.
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nerves can occur. One study detailed a perma-
nent femoral palsy after patella fracture fixation
without prolonged tourniquet time or exces-
sively high pressure, suggesting that our under-
standing of this phenomenon is still limited.52

One complication that seems to be more preva-
lent in the lower limb is compartment syndrome
due to ischemia. A case report of 2 patients who
developed this complication after a tourniquet
warned that tourniquets should be used with
caution, particularly in obese and athletic pa-
tients. Notably, both patients in the report had
high tourniquet pressures, 350 mm Hg and
450 mm Hg.53 This finding underscores the
need for optimal guidelines to reduce excessive
pressure.
OTHER CONCERNS

Tourniquet problems not specific to a particular
extremity include nerve injury (both transient
and permanent),1 pain, and weakness defined
as “post-tourniquet syndrome,”2 metabolic
changes,54 muscle injury,2 Volkmann contrac-
ture,3 and systemic complications, such as pul-
monary embolism (PE).55 Fortunately, these
remain rare, with an incidence of 0.024% in
one Norwegian study.56

The highest concern for surgeons is for perma-
nent nerve injury and fatal PE. It is difficult to un-
derstand changes to nerves because much of the
data used to study nerve function are in animals
and uses pressures of 1000 mm Hg, much higher
than what is clinically used in humans.7 However,
certain basic science work has improved our
understanding of how tourniquets affect nerve
tissue. One study assessed conduction of periph-
eral nerves in baboons. The investigators found
that direct pressure on the nerve results in
displacement of the node of Ranvier with respect
to the Schwann cell junction. Maximal damage
occurs at cuff edges, greater at the proximal
edge. The study concluded that it is pressure,
and not nerve ischemia, that comprises the main
issue in nerve injury. Timing is also important, as
the number of total affected nodes decreases
with less tourniquet time.57

Multiple case reports of fatal PE in the
setting of tourniquet use have been pub-
lished,55,58–61 a rare but grave complication in
a routine procedure. A study of clot burden in
knee arthroscopy patients using a transesopha-
geal echocardiogram showed that PEs occur
within minutes of release and that their number
depends on tourniquet time.62 Another study
suggests that rolling and squeezing motions
to achieve exsanguination, as with an esmarch
Downloaded for Anonymous User (n/a) at University of British C
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or SRT, can release thrombi and potentially
result in fatal consequences.55 Examination of
several trauma case reports of fatal PE show
that, in many of these cases, the patients
were bedbound for a prolonged period,58,61

had no DVT prophylaxis55 or were off
their DVT prophylaxis,60 or were of advanced
age.61 When choosing to use a tourniquet,
the surgeon must be aware of this serious
complication and weigh the need for a blood-
less field against the risk of injury and possibly
death.
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