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INTRODUCTION

A Pneumatic tourniquet is an essential part of orthopaedic 
limb surgeries; it reduces blood loss and provides a blood-
less field during surgery.1 During inflation and deflation of 
tourniquet, hemodynamic changes occur, which needs at-
tention—many case reports of adverse outcomes published 
during tourniquet deflation.2,3 Most adverse effects dur-
ing the deflation period are related to a sudden increase in 
the volume of distribution, bleeding from the surgical site, 
circulation of toxic products originated due to prolonged 
limb ischemia, and release of cementing particles in knee 
arthroplasty, and associated comorbidities. The adverse 
events leading to cardiac arrest in literature were attributed 

to reperfusion syndrome,4pulmonary artery embolization,5,6 

and coronary artery vasospasm.7Only a few works of lit-
erature available where the impact of tourniquet release on 
haemodynamics is studied,8 where the mean arterial pressure 
(MAP) is seen to fall to the extent of 20% as compared to 
baseline. Fluid management is the key to counter the haemo-
dynamic alteration; however, it is mostly individualized 
during tourniquet release in the absence of much literature 
guidance. Preloading is used to reduce hemodynamic vari-
ation during spinal anaesthesia; however, there are conflict-
ing views regarding its effectiveness.9Analyzing the effect of 
preloading before tourniquet release can add to the literature 
the usefulness of such methods. This study contemplated the 
primary objective of assessing the impact of preloading of 
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ABSTRACT
Introduction: Tourniquet is an essential part of orthopaedic limb surgeries to limit blood loss and achieve a bloodless field dur-
ing surgery. Some case reports of life-threatening events at the time of deflating tourniquet prompted us to study the impact of 
tourniquet release on haemodynamics during knee arthroplasty surgery. This study intended to determine the effect of preload-
ing with 6% HES (130/0.4) on the haemodynamic parameters during tourniquet deflation.
Methods: This prospective randomized clinical investigation was undertaken at a tertiary care centre after obtaining written 
informed consent from ASA I&II patients scheduled for elective total knee arthroplasty under spinal anaesthesia, belonging to 
the age group of 18 and 60 years. The participants were randomized to two groups (group-1 and 2) of 30 each. In group-1 HES 
given at 5 ml/kg over 30 minutes before tourniquet deflation and in group-2 colloid infusion done based on haemodynamics 
after tourniquet release. Baseline vitals and tourniquet pre-release value(T0) compared with 1 minute (T1) to 11 minutes (T11) 
of post-release vitals.
Results: Post-deflation of the tourniquet, in group-1 there was a significant increase in heart rate for 3 minutes(P=0.023), while 
in group-2 it was high throughout the observation period up to T11(P=0.004). Incidences of 20% fall in MAP as compared to 
baseline (P=0.02) and 10% fall compared to T0(P=0.04) was significantly higher in group-2. The average MAP was significantly 
low at T3 in group-1 while it was significantly low through T1 to T5 in group-2, compared to T0.
Conclusions: Tourniquet release induced hypotension need attention. Preloading with colloids reduces overall hypotensive 
episodes.
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6% HES (starch,130/0.4) on hemodynamic parameters dur-
ing tourniquet release. The secondary purpose was to study 
the effect of tourniquet release on immediate hemodynamic 
stability and compare preloading and co-loading at the time 
of tourniquet deflation.

MATERIAL AND METHODS

This prospective randomized clinical investigation was un-
dertaken at a tertiary care centre from February 2019 to Au-
gust 2019. This study has the approval of the institutional 
ethics committee (EC/NIMS/2208/2018) and prospectively 
registered with the clinical trial registry of India (http://ctri.
nic.in/Clinicaltrials, CTRI/2019/01/016838). After obtaining 
written informed consent, sixty American Society of Anes-
thesiologist Physical Status І and ІІ (ASAPS-I and II) pa-
tients scheduled for elective total knee arthroplasty belong-
ing to both the gender aged between 18 and 60 years were 
recruited for the study. Patients with hypertension, long-
standing diabetes mellitus or on insulin, deranged renal pa-
rameters, antiplatelet drugs, altered coagulation profile, and 
heart rate control drugs like beta-blockers, alpha agonists, 
calcium channel blockers were excluded from the study. 
Instances where activation of epidural anaesthesia was re-
quired before tourniquet release was also planned to exclude 
after inclusion.

The recruited patients were randomly assigned to two groups 
(group-1 and group-2) of 30 patients each according to a 
computer-generated random number sequence and closed 
envelope method. Spinal anaesthesia is given with an ad-
equate dose of bupivacaine heavy after epidural catheteriza-
tion. After spinal anaesthesia, 15ml/kg Ringer lactate infused 
intravenous route (IV) over 30 minutes and 2 ml/kg/per hour 
as maintenance fluid. Mean arterial pressure (MAP) fall of 
more than 30% treated with a bolus of Mephenteramine 6mg 
IV, the total no of doses required were noted. Vitals before 
tourniquet release, 2, and 5 minutes after tourniquet inflation 
was recorded in both the groups. A test dosing of 10 ml HES 
given to exclude any possibility of an allergic reaction. At 
the end of the surgery, group-1 patients preloading done be-
fore tourniquet release and in group-2, co-loaded with 5ml/
kg of HES over 30 minutes. Vitals noted before tourniquet 
release (T0), 1 min post-tourniquet release (T1), and every 
2 minutes after that from 3rd minute to 11th minute in both 
the groups and named as per the minutes after the tourniquet 
release time as T3, T5, T7, T9, T11 respectively. Recordings 
with more than 20% fall in MAP compared to the baseline 
were treated with 1ml/kg of HES as slow intravenous infu-
sion. If the fall in MAP was more than 30% compared to 
baseline, then mephenteramine 6mg IV was given to main-
tain the MAP in a safe range. At the end of the study, the 
patients were shifted to the postoperative ward for observa-
tion and further management. For postoperative analgesia, 

continuous infusion of 0.125% of bupivacaine administered 
after activation of epidural space.

Statistical analysis was done using the Statistical Package for 
Social Science (SPSS17.0 Evaluation version). Qualitative 
data were compared with the chi-square test, and quantita-
tive data were compared within the group against baseline 
values using the paired t-test. The results were expressed as 
mean ± standard deviation, P <0.05 as significant and highly 
significant if <0.001. The maximum fall in MAP in the co-
loading group was 20% as per the literature data with a MAP 
of 80mmHg where no preloading was done,8 and we assumed 
preloading group MAP fall would be restricted to 5%. Con-
sidering a difference of 15%, post-deflation MAP in preload-
ing to be 92mmHg and standard deviation of 15, G*power 
(3.1.9.4) software was used for sample size calculation. With 
an alpha error of 5% and power of 80%, a sample size of 26 
was required in each group. Hence we recruited 30 in each 
group to account for possible exclusions.

RESULTS

We studied 30 patients in each group. Nine patients were ex-
cluded (4 Group1 and 5 Group2) from the study as epidural 
space activated during surgery (Figure-1). Both groups were 
comparable about demographic parameters (Table-1). Tour-
niquet (TQ) inflation did not produce any significant change 
in HR (P=0.082) or MAP (0.906) after 5 minutes of infla-
tion. Post-deflation of the tourniquet, increase in heart rate 
compared to T0 was at a statistically significant level for 3 
minutes (P=0.023) in group-1 while in group-2 it was high 
throughout the observation period to T11 (P= 0.004). The 
MAP was comparable in both groups throughout the obser-
vation period. The average maximum fall of MAP was found 
at T3 was 12% in group-1 whereas it was 17% in group-2 
compared to baseline. A significant relationship was found 
between the groups when the number of events of 20%fall in 
MAP compared to baseline or 10% fall compared to T0 was 
noted (Table-2). The average MAP was significantly low at 
T3 in group-1 while it was significantly low through T1 to 
T5 in group-2 when compared to T0 (Table-3). There were 
no incidences with a 30% fall of MAP, and no significant 
difference between or within the groups at 30 minutes of 
tourniquet release.

DISCUSSION

Our study outcome has shown that tourniquet deflation alters 
haemodynamic parameters which need attention. Our study 
assumption of maximum fall in MAP to the range of 20% 
was based on similar literature that further observed that the 
MAP almost reaches to T0 value at around 12 minutes of 
tourniquet release; hence we planned to monitor the vitals to 
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11 minutes.8The watched maximum fall of MAP was found 
at T3 in both groups were less as compared to the litera-
ture data,8 probably ongoing colloid resuscitations partially 
helped to maintain stable vitals. The maximum fall in MAP 
was more (12%) than our assumption of 5% in the preloading 
group; however, the fall was transient and recovered faster. 
The combined effect of redistribution and bleeding into the 
joints is the primary reason for this fall. Studies have prov-
en that the low blood pH and low base excess found at 1,3 
and 1,3, 5minute post tourniquet release respectively. The 
malondialdehyde (MDA) level,10 a marker of oxidative stress 
injury is high in 5 min post tourniquet release,11which almost 
correlates severity of the fall of MAP in both the groups. 

Preloading helped to attenuate the haemodynamic instability 
related to tourniquet release with an overall decrease in hy-
potensive episodes during the observation period (Table-3). 
During the early phase of 3 minutes of tourniquet release, 
the preloading group fared better with limited immediate fall 
(T1) and initial stabilization of MAP compared to the co-
loading group. (Table-2) As compared to T0, the maximum 
fall in MAP was almost 10% in group-2 while it was within 
the 5% range in group-1. Though MAP at T0 can be used as 
a guide to predict the probability of adverse outcome during 
tourniquet release however it is crucial to observe the rela-
tion to baseline values as a 10% fall from T0 after tourniquet 
release may not always be within the acceptable range. 

Older age group and patients with comorbidities are a vul-
nerable group of patients where deflation of tourniquet may 
cause significant alteration of haemodynamic parameters. 
One of the reasons for limited fall in MAP in our study par-
ticipants may be the exclusion of this sub-group of patients, 
however observing the magnitude of the impact of tourni-
quet deflation and benefit of fluid resuscitation, maintaining 
euvolemia and safe vitals before tourniquet release by judi-
cious use of intravenous fluids will prevent any untoward 
incident at the time of tourniquet deflation. 

We observed the maximum increase in heart rate in group-1 
and group-2 was in the range of 5% and 12% respectively 
compared to baseline, which was clinically insignificant. 
The mean values of vital parameters in both groups related 
to tourniquet release were clinically insignificant (Figure-2), 
which denote fluid therapy adequacy. The selection of col-
loid was always debatable for adverse effects on kidneys. 
However, studies have proven that in patients with normal 
renal parameters, the newer generation starch solutions are 
safe to use, 12,13 our selection of HES was part of institutional 
protocol and availability. 

Inflation of tourniquet was done after exsanguination by 
elastic wrap followed by elevating the limb as an institu-
tional protocol to minimize blood loss during the procedure. 
Usually, bilateral inflation of tourniquet in lower limbs ex-
pected to increase the circulating blood volume by 15%,14,15 

however in our study group inflation of the tourniquet did 
not have any significant impact when compared with pre-
inflation values. This substantiates the application of tour-
niquet in one limb in patients with adequate volume status 
has minimal impact on hemodynamic parameters. The dura-
tion of tourniquet inflation usually affects the hemodynamic 
stability during release, but in our study group, the course 
was uniform across the study group, leaving less evaluation 
scope.

Our study’s limitation was that immediate blood loss post-
tourniquet release was not taken into consideration, which 
could have affected the vitals, to add the haemodynamic 
change was not correlated with blood pH and postoperative 
hematocrit which could have given an added assessment.  

CONCLUSION

Tourniquet release induced hypotension needs attention. Pre-
loading with colloids before tourniquet release reduces over-
all hypotensive episodes. Pre-loading partially attenuates im-
mediate haemodynamic instability after tourniquet release.
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Table 1: Demographic Parameters
Group-1 Group-2 P-Value

Age 56±8 53±3 0.190

Height 157±20 164±6 0.64

Weight 66±4.6 67±7.6 0.09

Duration of TQ 101±14.9 104±14.6 0.206

Gender (M/F) 14/12 16/9 0.32

Table 2: Comparison of MAP before and after tourniquet release
MAP Group-1

( MAP)
P-value

(with T0)
Group-2 P-Value

(with T0)

T0 107±10 - 106±10 -

T1 102±11 0.085 96±10 <0.001

T3 100±9 0.010 96±10 <0.001

T5 104±11 0.239 101±13 0.03

T7 101±9 0.086 102±14 0.129

T9 105±9 0.224 103±15 0.427

T11 105±11 0.487 106±13 0.925

Table 3: Events related to tourniquet (TQ) release
Events Group-1 Group-2 P-value

As compared to T0 No of patients with >10%fall in the first 3 minutes 
of TQ release 

12 14 0.44

>10%fall total incidences 18 32 0.04

As compared to 
baseline

No of patients with >20% fall in the first 3 minutes 
of TQ release

8 9 0.53

>20% fall total incidents 10 23 0.02
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Figure 1: Consorted flow diagram.

Figure 2: Comparison of haemodynamic parameters after tourniquet release.


