
 377 Indian Journal of Orthopaedics | July 2012 | Vol. 46 | Issue 4

Tourniquets in orthopedic surgery

Jai Prakash Sharma, Rashmi Salhotra

AbstrAct
Tourniquets are commonly used in limb surgeries, be it orthopedic or plastic surgeries. But the inflation pressures, the duration, 
and release guidelines are still not clear. According to a survey, majority of orthopedic surgeons inflate the tourniquet to fixed 
pressures for the upper and the lower limbs without considering the baseline blood pressure of the patient on whom the tourniquets 
are being applied. This review was designed to recall and review the safe use of tourniquets and the various techniques that can 
be employed to minimize the complications of tourniquet use. Google, science direct, and pubmed were searched for appropriate 
literature and relevant articles were identified.
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IntroductIon

The word tourniquet was derived from the French word 
tourner which means “to turn.” Earliest known usage 
of tourniquet dates back to 199 BCE–500 CE. It was 

used by the Romans to control bleeding, especially during 
amputation. These were narrow straps made of bronze, 
using only leather for comfort.1 Clinicians previously used 
Esmarch tourniquet which was a type of rubber band that 
was wrapped around the extremity to exsanguinate the 
blood and tied it at the proximal end so as to facilitate 
relatively bloodless surgery in the distal extremity. But it 
was capable of generating very high pressures and shearing 
forces during application, leading to skin trauma, underlying 
nerve trauma, and even fatal complications like pulmonary 
embolism.2 All these complications led to the abandoning 
of its use.

To overcome these shortcomings, the pneumatic tourniquets 
were introduced in 1904 by Harvey Cushing.3 The problems 
with such tourniquets are less frequent if applied under 
direct supervision of experienced personnel and if proper 

inflation pressures and tourniquet times are observed. 
Tourniquet inflation leads to local effects due to compression 
and effects on all the organ systems. Tourniquet pain is one 
of the most intriguing pains for the anesthesiologist and also 
a cause of concern for the orthopedic surgeons.

This review article was aimed to discuss (1) physiological 
changes of tourniquet application, (2) complications of 
tourniquet use, (3) pre-application precautions, (4) proper 
application of tourniquet, (5) the safe duration and pressure 
for tourniquet use, (6) recommendations for the safe use of 
tourniquet, (7) tourniquet pain: its cause and management, 
(8) timing of tourniquet release, (9) the effects of deflation 
of tourniquet.

seArch strAtegy

A search of literature was done using pubmed, EMBASE, 
google, Cochrane databases, and science direct for the 
last ten years (2000–2010). Key words such as tourniquet 
orthopaedic surgery, physiological changes, tourniquet 
pain, intravenous regional anaesthesia and tourniquet pain, 
additives to relieve tourniquet pain, duration of inflation, 
local anaesthetics and tourniquet pain, tourniquet and 
complications, safe use of tourniquet, and deflation of 
tourniquet were used. Forty six randomized controlled 
trials were retrieved, out of which four were excluded from 
the review as they were conducted on patients undergoing 
plastic surgeries and three were excluded as they were 
conducted on animals. Out of the remaining 39, 25 were full 
text articles and the rest were abstracts. Three review articles 
on the subject were also included, along with case reports 
of complications of tourniquet use. Recommendations from 
the Association of perioperative Registered Nurses (AORN) 
practice committee and the AORN board of directors were 
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also included in the review process as these are updated 
from time to time according to the evidence collected 
over the last few years. Studies on antibiotic levels and 
prophylaxis were not included in the review process.

Physiological changes of tourniquet application
The limb should be exsanguinated by elevating and using an 
Esmarch bandage or tourniquet exsanguinators (S-MART)4 
for emptying the blood vessels from the distal end to the 
proximal end prior to tourniquet inflation. There are numerous 
advantages of this, including establishing a clear operating 
field, reducing overall blood loss, and reducing the risk of 
microemboli at the time of release.4 This exsanguination 
results in autotransfusion of blood from the peripheral 
circulation into the central circulation.5 The optimal timing 
and angle of elevation for maximal exsanguinations of arm6 
has been shown to be 5 min at 90° and the same for leg7 is 
5 min at 45°. There is progressive cellular hypoxia, acidosis, 
and cooling in the occluded limb. Muscle is more susceptible to 
ischemic damage than nerve. Histological evidence of muscle 
damage is evident 30–60 min after tourniquet inflation. 
Decreased pH (<6.5),8 decreased pO2,

9 increased pCO2, 
increased K+, increased lactate,5 occur progressively. These 
changes are generally mild and well tolerated. Tourniquet 
pain develops in up to 66% of patients, 30–60 min after 
cuff inflation.10 Tourniquet-induced hypertension occurs in 
11–66% of cases. The onset is analogous to the onset of 
tourniquet pain.10 Tissue edema develops if the tourniquet 
time exceeds 60 min.11 After deflation, the return of circulation 
leads to the development of the reperfusion injury.12

Complications of tourniquet
Nerve injury is the most common complication.13 
Although the pathophysiology of nerve injury associated 
with tourniquet use remains unclear, it is likely that both 
mechanical compression and neural ischemia play an 
important role.14 It can range from mild transient loss of 
function to irreversible damage and paralysis.

Intraoperative bleeding may occur due to an under-
pressurized cuff, insufficient exsanguination, improper 
cuff selection, loosely applied cuff, calcified vessels or too 
slow inflation or deflation.13 Compartment syndrome, 
pressure sores, chemical burns, digital necrosis,15 deep 
venous thrombosis leading to pulmonary or venous 
embolization,5 tourniquet pain, thermal damage to tissues, 
and rhabdomyolysis16 are the other potential complications. 
High pressures and forgotten digital tourniquets can lead 
to severe ischemic injuries of the digits.15,17

Massive pulmonary embolism has also been reported during 
inflation and patients with deep vein thrombosis (DVT) 
must be closely monitored during limb exsanguination.18

“Post-tourniquet syndrome” may occur in patients who 
have had tourniquets applied for prolonged times.13 The 
presenting features of the syndrome are swollen, stiff, pale 
limb with weakness but no paralysis usually after 1–6 weeks 
of tourniquet application.5 Postoperative edema is the main 
etiology.5

Pre-application precautions
The pressure source, cuff, regulator, tubing, and connectors 
need to be checked before use and as wide a cuff as 
possible should be used. Wider cuffs provide better 
transmission of tissue compression and lower cuff pressures 
are required to compress the artery and hence minimize 
potential pressure-related complications.19 In a cross-
over volunteer study of 20 patients, all the patients were 
subjected to wide as well as narrow cuffs and it was found 
that wider cuffs (14 cm) were less painful than narrow 
cuffs (7 cm) if inflated at lower pressures and they were 
still effective at occluding blood flow.20 The cuff should not 
directly overlie bony prominences like the head of fibula 
or malleoli as there is risk of direct nerve compression.21 
Hence, it is recommended that the edge of the tourniquet 
should be at least 2 cm distal to the head of fibula and 
2 cm proximal to the malleoli in case of calf cuffs.21 It is 
recommended that tourniquets be avoided in fixation of 
simple isolated fractures of fibula as it may increase the 
time of recovery and postoperative complications.22 The 
length of the cuff should be individualized, according 
to the size and circumference of the patient’s limb. It is 
recommended that the shape should allow a snug fit at 
both proximal and distal edges. The width should be 
the widest possible but it should not encroach upon the 
surgical site. The length should be the minimum that 
assures overlap around the limb sufficient to fully engage 
the fasteners.23,24 The cuff should overlap at least 3 inches, 
but not more than 6 inches as it may cause generation of 
high pressures.25

Limbs with severe infection, patients with poor cardiac 
reserve, and traumatized limbs are relative contraindications 
to tourniquet use.5 Peripheral neuropathy, DVT in the limb, 
Reynaud’s disease, and peripheral vascular disease should 
be ruled out before considering tourniquet application.5 
Tourniquets have been used in patients with sickle cell 
disease and trait, and a complication rate of 12.5% was 
observed in four studies included in a review article, which 
included 96 patients.26 Uneventful use of the tourniquet in 
such cases has been reported by other investigators.27-29 
Extra caution in the perioperative period should be 
practiced in such patients.

Proper application of tourniquet
The tourniquet should be applied very carefully to the 
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proximal part of the limb at the greatest circumference 
because the muscle bulk at that site is the greatest, and 
hence it affords a greater protection against nerve injury. 
The tourniquet should be first deflated and smoothened out. 
Adequate padding should be done at that site. Various types 
of skin protection padding are available such as the Soffban 
skin protection (BSN Medical, Melbourne, Australia), 
Atlantech skin protection drape (Atlantech Medical Devices, 
Harrogate, UK), Velbands, etc. Velbands were found to 
be safe and cost-effective skin protection beneath the 
tourniquet.30 Soffban and Atlantech skin protection drapes 
have been found to decrease the rate of skin complications 
as compared to direct application of tourniquet on the 
skin.31 Stretched sleeves made of two-layer tubular elastic 
material and matched to the specific tourniquet cuffs 
produced significantly lesser and less severe pinches and 
wrinkling of the skin as compared to other limb protection 
devices studied in 55 different trials using five types of 
limb protection devices.19 Any solution applied to the skin 
must not be allowed to run underneath the tourniquet as it 
may lead to skin burns. A circumferential adhesive backed 
plastic drape applied just distal to the tourniquet can help in 
preventing this. The tourniquet should be inflated after the 
limb has been exsanguinated and prepared for surgery.32

The safe duration and pressure for tourniquet
Safe duration and pressure for tourniquet use remains a 
controversy. No strict guidelines have been laid down. 
A safe time limit of 1–3 h has been described.33 Horlocker 
et al. (2006) have found a strong correlation of nerve injury 
with prolonged total tourniquet time with an approximate 
threefold increase in risk of neurological complications for 
each 30 min increase in tourniquet inflation. The duration 
of uninterrupted tourniquet inflation also increased the 
likelihood of neural dysfunction.14 Use of tourniquet for >2 h 
and pressures of >350 mm Hg in lower extremity and >250 
mm Hg in upper extremity increases the risk of compression 
neurapraxia. If >2 h is required, the tourniquet should be 
deflated for 5 min for every 30 min of inflation time.34

Orthopedic surgeons generally practice fixed inflation 
pressures (typically 250 mm Hg for upper arm and 300 mm 
Hg for thigh) or fixed amount of pressure above systolic 
arterial pressure (typically +100 mm Hg for upper arm and 
100–150 mm Hg for thigh).35 These practices should not be 
followed as these do not take into account the age in both and 
the blood pressure (BP) of the patient in the former technique. 
As it has been hypothesized by Horlocker et al. (2006), 
younger patients have lower systolic blood pressures (SBP), 
and hence inflating the tourniquets to fixed pressures leads 
to a larger difference between tourniquet inflation pressure 
and arterial pressure, leading to excessive compression.13 Use 
of lowest effective inflation pressure has been advocated to 
minimize tourniquet-related nerve injury.36

Limb occlusion pressure (LOP) has been utilized to calculate 
the tourniquet inflation pressure by the AORN. It is the 
pressure in the tourniquet at which the distal arterial blood 
flow, as assessed by a Doppler probe held over a distal 
artery, is occluded. This value is generally higher than the 
SBP. The AORN guidelines recommend that the tourniquet 
be inflated intraoperatively to a pressure higher than the 
LOP. A safety margin is added to cover intraoperative 
fluctuations in arterial pressure. If LOP is <130 mm Hg, 
the safety margin is 40 mm Hg; for LOP 131–190 mm Hg, 
the margin is 60 mm Hg; and if LOP is >190 mm Hg, 
the margin is 80 mm Hg.37 For pediatric patients, adding 
50 mm Hg has been recommended.38 Studies have shown 
that cuff pressure based on LOP measured immediately 
prior to surgery is generally lower than the commonly used 
cuff pressures and is sufficient to maintain a satisfactory 
surgical field.39 Shaw et al. (1982) recommend that lowest 
tourniquet pressure that maintains a bloodless field should 
be used.40 Levy et al. (1993) found that the mean calculated 
tourniquet pressure was 202.3 ± 34.2 mm Hg for adequate 
hemostasis in the upper limb, which was well below the 
250–300 mm Hg previously recommended and frequently 
employed.41 Clonidine has been found to exacerbate the 
reduction in mean arterial BP and delayed BP recovery 
following tourniquet deflation probably associated with 
clonidine-induced inhibition of noradrenaline release.42 

Tourniquet release allowing a reperfusion interval of 
10–30 min, followed by re-inflation is recommended to 
extend the duration of total tourniquet time.43 Since the 
deflation for 5 minutes after every 30 min seems impractical 
from the surgical point of view, so for all practical purposes 
it should be deflated for at least 10 minutes if the surgical 
time is more than 2 hr. This is also supported by a survey 
by Odinnson et al. wherein it has been shown thatmost 
of the orthopedic surgeons felt that a 15-min deflation 
time after 2 h tourniquet time was safe. The incidence of 
reported complications in this survey was 26 in 63,484 
cases. Fifteen out of these were neurological in nature, 
out of which two were permanent.44 Longer duration of 
deflation has been associated with a modest decrease in 
frequency of neurological complications.14 It is concluded 
that the tourniquet should be inflated according to the LOP 
and should be deflated after 2 h for the lower limb and after 
1½ h for the upper limb for at least 10 minutes.

Recommendations for the safe use of tourniquet
The AORN board of directors has approved the following 
practices for the safe use of tourniquets.24 These are effective 
from January 1, 2007.

Patient safety should be the primary consideration in 
evaluation, selection, purchase and use of the pneumatic 
tourniquet and accessories. The tourniquet and its 
accessories should be inspected, tested and maintained 
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according to manufacturers’ written instructions. The 
perioperative nurse should assess the patient preoperatively 
for risks and report potential contraindications to the 
surgeon. The pneumatic tourniquet should be connected to 
the appropriate power/gas source, the components should 
be handled and the cuff applied in a manner to minimize the 
risk of patient injury. The extremity should be exsanguinated 
before inflation of the tourniquet. Tourniquet inflation 
pressure should be kept to the minimum effective pressure. 
Inflation time should be kept to a minimum and deflation 
managed to minimize risks to the patient. The patient should 
be monitored continuously with special consideration to 
parameters like hypertension and tachycardia as a surrogate 
of tourniquet pain and temperature of the limb while the 
tourniquet cuff is inflated. The perioperative registered 
nurse should evaluate the outcome of the patient care at 
the end of the procedure. Additional care should be taken in 
procedures involving tourniquet control on two extremities 
because the risk of complications and the systemic effects of 
tourniquet use may be increased. Potential patient injuries 
and complications associated with intravenous regional 
anesthesia (IVRA, Bier’s block) should be identified and 
safe practices established. The tourniquet user should 
have a very clear understanding as to the sequence of 
inflation and deflation when using a dual bladder cuff 
or two single bladder cuffs. Allergies to local anesthetic 
solutions should be ruled out before hand. Severe injuries 
and even deaths have been reported when the wrong cuff 
was deflated.45 The tourniquet and accessories should be 
cleaned after each use. Patient assessments, plan of care, 
interventions implemented, and evaluation of care related 
to use of a pneumatic tourniquet should be documented. 
Education, competency assessment, and validation should 
be conducted before the perioperative registered nurse 
manages the care of a patient using a pneumatic tourniquet. 
Policies and procedures for pneumatic tourniquets should 
be developed, reviewed periodically, revised and updated 
as necessary and should be available for ready reference in 
the practice setting. The health care organization’s quality 
management program should include investigation of 
adverse events and near misses associated with the use of 
a pneumatic tourniquet.

The Association of Surgical Technologists (AST) has also 
recommended that the surgical team members should 
complete training to demonstrate the knowledge and 
competency in proper use of the pneumatic tourniquet. 
Documentation of the use of tourniquet should be included 
in the patient’s operation theater records.23

Thigh tourniquet should not be inflated with the knee in the 
flexed position followed by leg straightening as this fixates 
the sciatic nerve to the femur and causes extreme traction 
on the nerve.46

Bruner had laid down 10 rules for the safe use of tourniquet, 
which have been modified by Braithwaite and Klenerman 
and are given in Table 1.47

Digital tourniquets in the form of rolled glove, Penrose 
drain, or catheters have been shown to generate wide 
ranges of pressures.48 Hence, safe use guidelines were 
laid down by Shaw et al. by measuring physiological 
pressures.48 Tourniquets have also been used in fixation of 
closed fractures and intramedullary nailing,49 diabetic foot 
amputations50 and trauma and war situations in the absence 
of shock,51 reimplantation, and microvascular procedures.52

Tourniquet pain: Its cause and management
The clinical syndrome of tourniquet pain consists of several 
components and is not just due to the pain and pressure under 
the tourniquet.53 The smaller unmyelinated C-fibers are more 
resistant to local anesthetic (LA) induced conduction block as 
compared to the larger myelinated A-fibers.54 After intrathecal 
administration of an adequate dose of LA, conduction in 
both A- and C-fibers is blocked. But as the concentration of 
LA in the cerebrospinal fluid (CSF) decreases, the C-fibers 
start conducting impulses before the A-fibers, resulting in a 
dull tourniquet pain in the presence of an anesthetic, which 
when assessed by pin prick appears adequate.35

Eutectic mixture of local anesthetic (EMLA) cream 
application,55,56 LAs given via the neuraxial route with 
or without opioids,57-62 or IVRA63,64 have been used to 
attenuate tourniquet-induced pain. Magnesium sulfate,65,66 
ketamine, and ketorolac66 have also been used as 
adjuvants in IVRA, with variable results.66,67 Clonidine has 
also been successfully used.68-70 Various agents including 
dexmedetomidine and ketamine67-68 have also been used 
intravenously to attenuate this pain.

Table 1: Bruner’s ten rules for the safe use of tourniquet 
(Modified by Barithwaite and Klenerman)47

Application Only to a healthy limb or with caution to 
an unhealthy limb

Size of tourniquet Arm 10 cm; leg 15 cm or wider in large legs
Site of application Upper arm; mid/upper thigh
Padding At least two layers of orthopedic wool
Skin preparation Occlude to prevent soakage of wool
Pressure 50–100 mm Hg above systolic for the 

arm; double systolic for the thigh; or arm 
200–250 mm Hg; leg 250–350 mm Hg 
(large cuffs are recommended for larger 
limbs instead of increasing pressure)

Time Absolute maximum 3 h (recovers in 5–7 
days), generally not to exceed 2 h

Temperature Avoid heating (e.g. hot lights), cool if 
feasible and keep tissues moist

Documentation Duration and pressure
Calibration and 
maintenance 

At least weekly against mercury 
manometer or teat gauge; 3-monthly 
maintenance
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Alternative techniques like electropuncture71,72 and 
meditation72 have also been used for tourniquet pain.

Timing of tourniquet release
There are different schools of thought regarding the 
timing of release of tourniquet. Three studies on timing 
of tourniquet release were found including 120 knees 
(80 patients with unilateral procedures and 20 patients 
with bilateral total knee arthroplasty) and 18 patients 
for bilateral carpel tunnel release. The study group was 
divided into two equal groups (40 patients in each group 
in one study and 20 patients in the second study with 
20 knees where tourniquet was released before and 
20 knees where tourniquet was released after the closure). 
In one group, the tourniquet was deflated before wound 
closure, and in the other, after wound closure. There 
are no significant differences in complications like pain 
or ecchymosis in patients in whom the tourniquet was 
released prior to or after skin closure. Hemostasis control 
was better if it was released after wound closure and it also 
helped decrease the operative time by reducing the time 
lost in achieving hemostasis if the tourniquet was released 
prior to skin closure.73-75

The effects of deflation of tourniquet
Deflation leads to a decrease in mean arterial BP 
significantly, partly owing to the release of metabolites from 
the ischemic limb into the circulation and the decrease 
in peripheral vascular resistance. A transient increase in 
EtCO2, decrease in temperature, and central venous oxygen 
tension are seen.

The re-establishment of blood flow following deflation of 
tourniquet can induce a paradoxical extension of ischemic 
damage12 mediated by oxygen free radicals and is known 
as the “reperfusion syndrome.” There is interaction 
between the activated neutrophils and the surface 
adhesion molecules on the vascular endothelium.76-78 
Leukocyte infiltration begins,79 and the expression of 
isolated neutrophils CD11b, CD18, endothelial cell 
adhesion molecule-1 (CAM-1) occurs.80 This has local 
and widespread systemic effects.81 Acute Respiratory 
Distress Syndrome (ARDS), renal and cardiac injuries 
may occur and may lead to other severe and often fatal 
complications.81,82 Reperfusion injury also occurs during 
organ transplantation, aortic cross clamping, cardiac 
bypass, tissue grafting, and intestinal resections. Treatment 
with hydrogen sulfide83 and l-arginine,84 and pre-treatment 
with individual monoclonal antibodies85 has been shown 
to limit the ischemia reperfusion injury.

Venous embolization is another complication reported after 
deflation of tourniquet, especially of the lower limbs.86

conclusIon

Tourniquets are useful aids for limb procedures as they 
decrease the blood loss during surgery and provide a 
relatively bloodless field for the surgeon if used properly. Safe 
use of tourniquets by implementation of proper padding 
underneath the tourniquet, not exceeding the safe limit of 
tourniquet pressure and duration, deflating the tourniquet 
for short intervals of 10–15 min if the safe tourniquet time 
has elapsed, and providing adequate analgesia by blocks, 
regional techniques, or LA drugs or creams, IV opioids, or 
analgesics can go a long way in reducing the complications 
associated with tourniquet use. Pre-determination of LOP 
and inflating tourniquets accordingly can help reduce the 
complications associated with the use. It should be avoided 
in patients with DVT, peripheral neuropathies, peripheral 
vascular disease, sickle cell disease, and Reynaud’s disease, 
or in small surgeries of fibula. Proper patient monitoring 
and care after deflation and careful search for neurological 
deficit postoperatively, if any, can definitely minimize the 
complications associated with tourniquet usage. All these 
measures to reduce the complications of tourniquet need to 
be proved by conducting large-scale randomized controlled 
clinical trials. More number of randomized controlled trials 
and prospective studies need to be done to evaluate the 
differential nerve injuries after tourniquet use. The newer 
tourniquet deflation devices like S-MART have recently 
come in the market and larger trials and studies need to 
be done to prove their efficacy.
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