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ABSTRACT
Surgical tourniquets are commonly used in orthopaedic and trauma surgery, but these have their complications. 
Reperfusion injury following simultaneous release of  bilateral tourniquets is the most likely explanation of  cardiac arrest 
in this case. We describe an unusual complication experienced by a 40 year old, 65 kg healthy male who underwent 
surgery for trauma to the lower extremity (bilateral fracture tibia). Bilateral mid-thigh tourniquets (Esmarch bandage) 
were applied, which were simultaneously released after 90 min. After 5 min of  tourniquet release sudden severe 
hypotension occurred followed by cardiac arrest. Patient was immediately intubated and cardio pulmonary cerebral 
resuscitation (CPCR) was started. We conclude that bilateral tourniquet application can be hazardous within the safe 
limit of  tourniquet time (<2 hours) and their simultaneous release should be avoided. Moreover, Esmarch tourniquet 
may generate very high uncontrolled pressures and should be avoided.
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INTRODUCTION
Tourniquets are required in orthopedic surgery to facilitate 
surgical exposure and to reduce blood loss.1 Tourniquet 
application can lead to both local complications (like skin 
necrosis, direct neurovascular injury, ischemia of  tissue 
and muscle, thrombus formation as well as systemic 
complications like pulmonary embolism and reperfusion 
injury.2,3 Most of  these problems are transient but 
sometimes may be permanent or life threatening.

Bilateral limb surgeries using tourniquets is increasing 
now a days because of  advantages like limiting an invasive 
surgical procedure and anesthesia to a single event, 
promoting symmetrical rehabilitation of  both limbs, 
potentially reducing the length of  hospital stay and cost. 
However higher cardiopulmonary complications and blood 
transfusion requirement with simultaneous procedures 
questioned its true safety.4

The cases of  cardiac arrest have been reported following 
tourniquet release attributed to reperfusion syndrome,5 

pulmonary artery embolization6,7 and coronary artery 
vasospasm8.  

We report a case of  cardiac arrest that occurred 5 min after 
simultaneous release of  bilateral thigh tourniquets. The 
patient was resuscitated successfully. Possible mechanisms 
of  cardiac arrest, precautions and management are 
discussed.

CASE REPORT
A 40 year, 65 kg male (ASA grade I) had multiple fractures 
(both tibias and right ulna) due to road traffic accident. He 
was planned for proximal fixation of  left tibia and distal 
fixation with plating of  right tibia under spinal anesthesia. 
His history, physical examination and investigations were 
unremarkable. Patient was taken in elective operating room 
after overnight fasting. A multiparameter monitor with 
non-invasive blood pressure (NIBP), electrocardiography 
(ECG) and pulse oximetry (SpO2) was attached. Patient’s 
baseline BP was 130/84 mmHg, HR 96/min and SpO2 
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98% on air. He was preloaded with 500 ml of  Ringer’s 
lactate via 18G peripheral intravenous cannula. After 
taking full aseptic precautions lumbar puncture was done 
in L4-5 interspace using 25G Quincke spinal needle in 
sitting position and 3 ml of  0.5% hyperbaric bupivacaine 
(15 mg) was injected intrathecally for subarachnoid block 
and the patient turned supine. 

Exsanguination of  both limbs was carried out by elevating 
both lower limbs at 45 degrees for 5 minutes. Bilateral 
tourniquets with Esmarch bandage of  6 inch width 
were applied with three and a half  wraps simultaneously 
at middle of  thighs (pneumatic tourniquets were not 
available). Two surgical teams operated simultaneously 
and the surgery lasted for 90 min. Intraoperatively 2 lit of  
Ringers’ lactate was administered, urinary output was 400 
ml and vital parameters remained stable throughout. After 
completion of  the surgery, both tourniquets were released 
simultaneously with a tourniquet time of  1 ½ hours and 
rate of  intravenous infusion was increased. 

After 5 minutes of  tourniquet release sudden severe 
hypotension (systolic BP<70 mmHg) occurred, pulses 
becoming feeble, and SpO2 becoming unrecordable. Inj. 
mephentermine 15 mg was given and the patient was 
oxygenated but he went into cardiac arrest. Immediate 
cardiopulmonary resuscitation (CPR) was started (intubation, 
ventilation, chest compression). Inj. adrenaline, atropine, 
and dopamine, adrenaline and noradrenaline infusions, and 
sodium bicarbonate 50 ml were given. Ringer lactate and 
hydroxyethyl starch were pushed IV. Patient was revived 
after 30 minutes of  continuous CPR. After revival ECG 
showed atrioventricular re-entrant tachycardia (HR≥140 
bpm, undulating ST segment, wide QRS and intermittent 
ventricular premature beats (Figure 1). Arterial blood gas  
analysis showed metabolic acidosis and hyperkalemia (pH 
7.23, PO2 143 mmHg, PCO2 42 mmHg, base excess  9.7 

Figure 1: The trace of ECG of the patient

mmol/l, HCO3
─  17.2 mmol/l and potassium 5.6 mmol/l). 

He was unconscious but spontaneous respiration with 
inadequate tidal volume was present. BP was then 70/40 
mmHg and HR 140-150/min on vasopressor support (inj. 
dopamine, adrenaline and noradrenaline infusions)

He was shifted to ICU; vasopressor and ventilatory support 
(SIMV mode, tidal volume 500 ml, respiratory rate 15/min) 
were continued. Sodium bicarbonate 50 ml was repeated. 
Patient became conscious after 10 hours. Ventilatory and 
vasopressor supports were gradually weaned off  overnight, 
he was extubated the next morning (after 24 hours) and 
discharged after 7 days with complete recovery.

DISCUSSION
Tourniquets are useful aids for orthopaedic surgical 
procedures on extremities, as they provide a relatively 
bloodless surgical field and decrease the blood loss during 
surgery if  used properly.1 Tourniquet application on a 
muscular leg causes interruption of  blood supply and 
muscle ischemia which leads to cellular hypoxia, tissue 
acidosis, accumulation of  lactate, toxic metabolites, 
intracellular mediators, cytokines and free oxygen 
radicals. Muscle damage results in release of  myoglobin, 
creatinine phosphokinase and potassium.9,10 After 
release of  tourniquets these toxic mediators enter the 
blood circulation and may cause complications. Most 
of  the times, the changes in circulation are transient and 
unnoticeable but sometimes may result in reperfusion 
syndrome characterised by hypotension, metabolic acidosis, 
hyperkalemia, myoglobinemia, myoglobinuria, renal failure, 
arrhythmias and even cardiac arrest.5,8

Esmarch tourniquet which is a rubber band wrapped 
around the extremity to exsanguinate the blood and tied 
at the proximal end is capable of  generating very high 
pressures and shearing forces, leading to skin trauma, 
nerve injury, and even fatal complications like pulmonary 
embolism.11 To overcome these shortcomings, the 
pneumatic tourniquet was introduced in 1904 by Harvey 
Cushing.13 The complications with these tourniquets are 
less frequent if  proper inflation pressures and tourniquet 
times are observed. However, many centres in developing 
countries including ours still use Esmarch bandages 
as tourniquet because of  unavailability of  pneumatic 
tourniquets.

Orthopedic surgeons generally use fixed tourniquet 
inflation pressures (typically 250 mmHg for upper arm 
and 300 mmHg for thigh) or +100 mmHg for upper 
arm and 100-150 mmHg for thigh above systolic arterial 
pressure.14 But recently limb occlusion pressure (LOP) has 
been utilized to calculate the tourniquet inflation pressure 
by the AORN (Association of  Perioperative Registered 
Nurses).12 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.12 A safety margin is added to cover 
intraoperative fluctuations in arterial pressure. If  LOP is 
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<130 mmHg, the safety margin is 40 mmHg; for LOP 131-
190 mmHg, the margin is 60 mmHg; and if  LOP is >190 
mmHg, the margin is 80 mmHg.12 It is recommended that 
the tourniquet should be inflated according to the LOP 
and should be deflated after 2 hours for the lower limb and 
after 1½ hours for the upper limb for at least 10 minutes.

In the present case, occurrence of  hypotension and cardiac 
arrest approximately 5 minutes after tourniquet release 
coupled with the elevated serum potassium level and 
metabolic acidosis support the etiology to be reperfusion 
injury following simultaneous release of  bilateral thigh 
tourniquets. In this case tourniquet pressure could not 
be assessed since Esmarch bandages were in use. Use of  
Esmarch bandage as tourniquets may result in inconsistent 
or high pressure.15 Though tourniquet time was 90 min, 
not crossing the recommended time limit of  2 hours 
for lower limb but bilateral tourniquet application for 90 
min and their simultaneous release could have resulted in 
massive return of  toxic metabolites to circulation leading 
to reperfusion syndrome manifesting.

Haung et al ( 2012 )5 reported a case of  54 year old 
healthy male, in which cardiac arrest occurred  5 min 
after tourniquet deflation in tibial plateau fracture surgery 
under general anesthesia who was resuscitated successfully. 
In this case tourniquet pressure was 300 mmHg and 
inflation time was 2 hours and 12 min. Cardiac arrest was 
attributed to reperfusion injury due to tourniquet release 
after prolonged inflation time. Circulating mediators have 
also been implicated in causing a degree of  coronary 
vasospasm8 with ECG changes which can rapidly revert 
on resuscitation as observed in our case and also observed 
by others.5

Lynn et al16 assessed the hemodynamic and metabolic 
effects of  deflation of  pneumatic tourniquets in 15 
children, 7 of  which had bilateral tourniquet application. 
They observed that larger increase in lactate level was seen 
with longer tourniquet inflation times (>75 min) or with 
bilateral tourniquets. The greatest decrease in pH was 
seen with simultaneous deflation of  bilateral tourniquets. 
Caroline et al17 discussed about bilateral tourniquet use 
and reported that if  bilateral tourniquets are used, each 
tourniquet should be deflated 30-45 min apart to lessen 
the potential for adverse patient reaction. Inflation of  both 
tourniquets at the same time may considerably increase the 
afterload for the left ventricle and expose the patients to a 

significant upsurge of  procoagulants once the tourniquets 
are released.18 This potential complication can be avoided 
by doing the bilateral procedures without the application 
of  tourniquet or avoiding the simultaneous release of  
bilateral tourniquets.

In our case, simultaneous release of  bilateral tourniquet 
might have caused reperfusion syndrome and cardiac arrest. 
Aggressive management with CPR resulted in revival and 
complete recovery of  the patient. 

Tourniquets produce local rheologic changes resulting 
in venous thrombosis which subsequently embolise on 
tourniquet release8. It has been reported that there is 
100% incidence of  asymptomatic or non-fatal pulmonary 
emboli and 27% incidence of  grade 3 embolic (leading to 
cardiopulmonary impairment).19,20 Pulmonary embolism 
presents as pleuritic chest pain, dyspnea, and altered blood 
gases, and can be confirmed with pulmonary arteriography, 
a ventilation/perfusion scan or echocardiography.4 Cardiac 
arrest secondary to massive pulmonary embolism is rarely 
reversible by conventional resuscitative measures. Specific 
therapy like thrombolysis or surgical embolectomy might 
improve the prognosis.6 

In our hospital, facilities like transesophageal 
echocardiography (TEE) and portable transthoracic 
echocardiography are not available that could show 
evidence of  pulmonary embolism in this case. However 
absence of  any specific symptoms of  pulmonary embolism 
and rapid patient recovery without any specific treatment 
for embolism excludes the possibility of  pulmonary 
embolism in present case.

CONCLUSION
After ruling out other common triggers, the most likely 
explanation of  sudden hypotension and cardiac arrest in 
our case is reperfusion syndrome that occurred following 
simultaneous release of  bilateral tourniquets. Moreover, 
Esmarch bandages used in this case might have generated 
significantly high pressure, further contributing to the 
noticed complication.

We conclude that the use of  Esmarch bandages 
as tourniquets, especially on more than one limb 
simultaneously and their simultaneous release, may cause 
adverse cardiac events, hence must be avoided.
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