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Context: A tourniquet is a device that is used frequently in most orthopaedic surgeries but this routine device can lead to serious
complications so we decided to review and declare it for safe instruction and use.

Evidence Acquisition: We searched the word “tourniquet” in PubMed and Google and reviewed all full text English articles and abstracts
of non-English articles. In addition, we read all the reference pages of articles to find the new references.

Results: The use of tourniquet in orthopedic surgery can lead to serious but rare complications that can be prevented by its correct

Conclusions: At present, there is not enough evidence to discontinue the routine uses of tourniquets.

1. Context

Tourniquet is a device that prevents blood passage in
the limbs and makes surgeries much easier. Its usage is
universal, but many controversies remain about it and
with passage of time some principles have changed. Tour-
niquet use may be dangerous and in some instances may
be contraindicated. In this review article we will have a
look at history and usage of this device.

2. Evidence Acquisition

We searched the word “tourniquet” in PubMed and
Google and reviewed all full text English articles and ab-
stracts of non-English articles. In addition, we read all the
reference pages of articles to find the new references. The
search for the word tourniquet resulted in 5254 results in
PubMed including 325 reviews and 23 free full text avail-
able papers. Finally we reviewed 150 papers that seemed
to be of importance for the topic.

2.1. History

The first recorded efforts to prevent arterial bleeding
has been ascribed to Sushruta, the father of surgical art
and science, in 600 B.C At that time, he pressed the arter-
ies with pieces of leather that he made himself and it is
said that he had used a device in which we now call the

tourniquet (1). The use of the tourniquet, which prevents
blood entrance and exit from the limb, has been histori-
cally close to amputation. The tourniquet was first used
in 200 BC and continued up to 500 A.C during Roman
emperors’ era (2). At that time, saving the life of soldiers
or patients with ignorance of the limb was the goal and
leather instruments or bronze rings were used for this
purpose. Archigenes and Heliodorus who used to prac-
tice in Ancient Rome at the time of Celsus used narrow
bands of cloth that were placed directly above and below
the lines of incision with each passing two or three times
around the limb (3). Galen, the most famous surgeon of
Rome, advocated against the use of tourniquet because
it increased bleeding and probably caused low blood
pressure that suppressed the venous return (4). It does
not seem that the situation changed over the next 1,500
years. Ambroise Paré, a French surgeon in 16th century,
proposed that the upper part of amputation location was
knotted by a long string "similar to what women tie onto
their hair". The use of a stick to twist the constricting
bandage has been ascribed to Hilden (1560 -1624), Morell
(1674), and James Yong (1679) (3). In 1718, Jean-Louis Petit
displayed his invention to the Royal Scientific Academy of
Paris and used the word “tourniquet a vis”, which was de-
rived from ‘turnere' a vis’, a French word that means turn-
ing (4). His invention was a pinned tourniquet formed
with aband and awooden ora tin pin. Lister probably was
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the first surgeon who used a blood free field created by a
tourniquet in a surgery other than for amputation. In his
case of a wrist excision, he declared that the limb must
be kept upright for three minutes before using a tour-
niquet for the blood to exit (5). The next tourniquet that
was commonly used was a flat rubber bandage, which
was first introduced by Johann Friedrich August von Es-
march, professor of surgery at Kiel University, in 1873. He
proposed that the rubber bandage be avoided if the soft
tissues contain pus as this was likely to spread the infec-
tion (3), which is now accepted as a rule. The next name
in this story belongs to Harvey Cushing who invented
the pneumatic tourniquet with inspiration from blood
barometer after dissatisfaction with the Esmarch band
because of its possible neurologic complications (6).
Then, this was improved upon by Kirschner. In 1908, Au-
gust Bier invented a new method to anesthetize the limb
by using a tourniquet placed above the site and injecting
the anaesthetic into the vein (7). In the next years, tour-
niquet designs improved and became safer. In 1984 Mac
Evan, a biotechnology engineer from Vancouver, invent-
ed a micro computerized tourniquet systems (8). These
newer systems have the ability to measure pressure and
tourniquet time continuously to prevent sudden drops
in tourniquet pressure because of a probable loss of the
electric supply or operator mistakes. It can also measure
the mean occlusion pressure for every patient (2).

2.2. ypes

Generally, there are two types of tourniquets: surgery
and emergency. Surgical Tourniquets are used in ortho-
paedic and plastic surgeries for creation of a bloodless
field, greater safety, better precision, and more conve-
nience for the surgeon. Another use of the tourniquet
is as a regional anaesthetic. Emergency tourniquets are
used to control bleeding in accidents or war. The tourni-
quet also can be of pneumatic (air use) or Esmarch types.
Nowadays, most tourniquets are of the pneumatic de-
sign. In this paper, we focus mainly on surgical and pneu-
matic tourniquets.

2.3. Utilization

In some cases the use of the tourniquet is a luxury while
in others, the surgery is impossible without it, such as
delicate surgeries in the hand. Bunnell statement should
be considered: "Hand surgery without tourniquet is like
repairing a clock in an ink container" (9). The use of the
tourniquet helps to create a bloodless field in surgery,
results in better surgeon visualization, and, theoretical-
ly, reduces the time of surgery (10). At least one study in
knee arthroscopy (11) and one systematic review on upper
limb surgery (12) concluded that the tourniquet does not
reduce the time of surgery. In the past, it was mentioned
that the tourniquet must be wrapped on the uppermost
part of the limb, but nowadays use of a forearm (13), leg
(14), wrist (15), and ankle (16) tourniquets has gained pop-

ularity. Some studies have reached the conclusion that
forearm tourniquets are more endurable in comparison
toarm tourniquets.Also,ankle tourniquets are more com-
fortable than leg tourniquets (14, 17, 18) while some have
concluded that in the upper limbs there is no difference
between the arm and forearm (19, 20). The skin beneath
the tourniquet must be protected by enough layers as a
protector. Tourniquet efficacy is reduced with increasing
the number of padding layers and it has been suggested
that the number should be no more than two (21). The
protector can be made of wool, cotton, stocking band, or
reconstructed material and there is no difference among
them (22). Stocking band maybe somewhat better for the
lower limb (23). Care should be taken to keep washing lig-
uid from penetrating beneath the tourniquet at the time
of preparation of the limb because it can lead to severe
dermal reactions (23) or loss of a partial or full thickness
area of the skin (24, 25). This risk is higher in children and
the elderly (26) and occurs mostly with alcohol contain-
ing solutions (27). To prevent this, a sterile towel, a piece
of plastic, a surgical glove, or premade instruments (28)
may be used under the tourniquet. To empty the limb
of blood, it is kept upright for two minutes or an elastic
band is used. One study concluded that the time of up
righting doesn't differ in 5, 15,30, 45 seconds, and 1-4 min-
utes (29). The methods of limb blood draining have been
compared to each other as well with the Esmarch meth-
od and blood sucking equal for surgeon convenience
in practice and were better than just up righting alone
(30). Lower pressure is needed with wider tourniquet
cuffs (31). Wide cuffs in association with automatic limb
pressure measurement systems have reduced tourniquet
pressure by 40% (32). Nowadays, with the appearance of
the concept of limb occlusion pressure, any single for-
mula for measuring tourniquet pressure may not be use-
ful. Limb occlusion pressure is the minimum pressure in
some special time with a special cuff to a special part of a
particular limb that results in the disappearance of limb
pulse (33). Advanced tourniquets have instruments for
measuring this pressure but a security border must be
added to be sure of its efficacy. Still some systems adjust
tourniquet pressure according to systolic pressure (34).
It has been suggested that in a healthy person less than
50 years old, it is better not to use a tourniquet for more
than two hours. Two hours has a logical basis, since after
this time of ischemia, progressive venous acidosis will oc-
cur in the region the tourniquet effects (35).

2.4. Some Methods Have Been Suggested to In-
crease the Safe Time of Tourniquet

1) If the operation is predicted to be more than 3 hours
long, then breathing time must be considered and after
2 hours, as a routine practice, the tourniquet is released
for half an hour (36). However, it takes 40 minutes for the
limb to return to the normal metabolic state. One study
reached the conclusion that the transient reperfusion
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course may not be useful (37).

2) By utilizing double tourniquet cuffs and intermittent
discontinuance of one, the safe time of the tourniquet
can be prolonged up to 4 hours (38).

3) Coldness reduces the effect of ischemia in tissues, so
it is justifiable that cooling the limb is along with an in-
crease in the safe time of the tourniquet, which has been
confirmed in animal (39) and human (40) studies but
making tissues cold during the surgery is not simple or
practical. Considering the role of antibiotics before the
surgery to control infections, it seems logical that they
should be prescribed before inflating the tourniquet and
the time of injection has been mentioned as 20 (41), 5
(42), 2 (43), and 1 (44) minutes before inflation. However,
another study concluded that antibiotic prescriptions
before inflating the tourniquet do not seem to have any
superiority to antibiotic injection after inflation (44). A
recent clinical trial compared prophylactic antibiotic
use before and after tourniquet inflation in lower limb
surgeries. They concluded that in the "before group" the
risk of infection and the time of complete healing of the
wound had increased and patient satisfaction was low-
ered (44).

3. Results

3.1. Complications

A famous complication is tourniquet pain that may be
the result of mechanical pressure and ischemia reperfu-
sion mechanism (37). Surely the central nervous system
may also be involved (45). One study concluded that pain
is not related to cuff width and tourniquet pressure (46)
but another still says that the use of lower width cuffs
results in milder pain, which is induced for a longer
time (47). Local anaesthesia with lidocaine may reduce
the pain and the efficacy of local 5% lidocaine; and pri-
locaine cream is the same as subcutaneous injection as
well as associated with less patient discomfort (48). Us-
ing lidocaine with edible gabapentin (49), ketamine (50),
dexamethasone, and ketorolac (51) may lead to more ef-
ficient pain reduction. Neural injuries are most often
reported in the upper limb but may occur in the lower
limb as well. Neural injuries consist of a spectrum from
simple paresthesia to permanent paralysis. These are not
common. In a large study, their incidence was reported
0.024% and from 15 reported injuries 13 resolved spon-
taneously after six months (52). Serious injuries may be
caused by improper function of the tourniquet gauge
(53) and some tourniquets have been found to apply even
500 (54) mmHg more pressure to the limb than what was
indicated. The inaccuracy of a tourniquet gauge is not a
rare event. On the contrary, it is common. In the above
mentioned studies (53, 54), 65% of tourniquet gauges
were inaccurate and in another study 35% were inac-
curate (55). Some cases of fatal pulmonary emboli have
been reported after the Esmarch band for draining the
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blood from the limb. Most of them were after trauma (56,
57) but it has been reported after elective surgeries (58).
Most arterial injuries occur after a tourniquet is used
in knee joint replacement surgery and are the result of
indirect injury and thrombosis, especially in the limbs
with previous blood flow problems (59). The tourniquet
has caused a compartment syndrome in some cases
(60-63). Pulmonary embolisms are a rare complication
after tourniquet use that may occur before (64) or after
(65, 66) deflation. Controversy exists about the role of
the tourniquet in causing deep venous thrombosis and
pulmonary emboli. Most studies had been about knee
arthroplasty. One group believes that this risk does not
increase (67) but other studies do not agree (67-70). The
mechanism of this injury by tourniquet has been pro-
posed to be venous stasis, endothelial injury, and platelet
aggregation (71-73). Tourniquets may increase blood pres-
sure, probably because of autonomous nervous system
changes (74) and, especially, in children, it may induce
hyperthermia. Pulmonary gas exchange disorder may oc-
cur a few hours after tourniquet deflation and in the safe
time limit of tourniquet time (75). After deflation pulse
and end tidal Co, increases to reach a peak after 5 min-
utes and after 15 minutes returns to the normal range.
These are usually benign changes but in patients with
cardiovascular or intracranial problems, they may be-
come important. In these cases with hemodynamic and
end tidal volume monitoring, quick liquid injection with
hyperventilation for 15-30 minutes after deflation is rec-
ommended (76). Since tourniquet use leads to ischemia
in the limb, though temporarily it is arguable that it can
affect the results of surgery for a fracture. One study on
tibia fractures treated with plate and screws did not show
any harmful effects from tourniquets (77). Another study
on the same topic in which statistical analysis was not
performed and did not show great differences between
the two groups except some skin blisters in the tourni-
quet group (78). Despite this, the authors recommended
against tourniquet use. Another study on fibula fractures
concluded that tourniquet use would increase the risk of
wound infection (79). A systematic review of the tourni-
quet in leg and ankle surgery showed that by avoiding
tourniquet use, postoperative pain, limb edema, infec-
tion, and deep vein thrombosis decreased (80). Actually,
with a high probability the postoperative pain would de-
crease if a tourniquet were not used (77, 81-84). Although,
this is not confirmed in all studies (12). Tourniquet use
when reaming the canal of the fractured tibia for plac-
ing intramedullary nails is absolutely contraindicated
(85), since it may lead to severe burning bone necrosis
(86, 87), though this has been questioned by at least one
study (88). One study concluded that in multiple trauma
patients, whose femur fracture was treated by intramed-
ullary nail, tourniquet use for other lower limb fractures
might increase pulmonary morbidity (89). Tourniquet
use with sickle cell anemia is controversial. Tourniquets
cause hemostasis, acidosis, and hypoxia in the tissues dis-
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tal to the tourniquet and all these situations are directly
related to sickling of blood cells in sickle cell patients.
This is not confirmed in practice and a new study review-
ing previous studies concluded that by taking precau-
tionary measures and prior readiness, a tourniquet can
be used in these patients with proportional safety (90). As
authors mention, this topic has not been studied largely
and many of the published articles were case reports.
Not many studies have been performed on tourniquet
use in children (91-93) (to the best of our knowledge). In
fact, the principles are not much different from adults.
A recent paper repeats adult recommendations (91) that
have already been mentioned previously (92). A recent
case report referred to the sudden and harmful effects of
tourniquet use in two children even with pressures only
50 mmHg higher than patient systolic pressure and em-
phasized the need for special criteria for children (93).
Peripheral vascular diseases in which end limb pulses
are not palpable are relative contraindications for tour-
niquet use. The use of tourniquets in patients who have
congenital susceptibility for nerve compression is contra-
indicated. Use of tourniquets in neuropathies, systemic
lupus erythematosus, underlying coagulation disorders,
and cachectic patients must be done with caution (94).

4. Conclusions

Tourniquet use in limb surgery is not without risk and
though very sophisticated devices have developed, the
risk has not been omitted. So its usage would take place
with extreme caution. At present there is no evidence for
discontinuation of tourniquet use in limb surgeries, but
in some instances like children and patients with sickle
cell anemia the need for further studies is obvious.
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