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Abstract 
Background: Pneumatic arterial tourniquet is a very commonly used tech-
nique in limb surgeries to provide bloodless field to facilitate dissection and 
decrease blood loss. However, arterial tourniquet has many deleterious effects 
including hemodynamic changes, serum lactate and potassium level changes 
and tourniquet-induced pain which sometimes can be severe and intolerable. 
Aim of the study: To evaluate the effect of different regional blocks: femoral- 
sciatic, spinal and epidural blocks on serum lactate and potassium levels and 
the degree of arterial tourniquet-induced pain in patients undergoing lower 
limb orthopedic surgeries. Methods: 60 patients underwent lower limb or-
thopedic surgery with application of tourniquet for duration not more than 90 
minutes. Patients were assigned randomly to one of three groups (20 each) 
Group I had sciatic-femoral block, Group II: patients had spinal anesthesia 
and Group III: patients had epidural anesthesia. Intraoperative hemodynam-
ics, changes in serum potassium and lactate levels and tourniquet pain after 
tourniquet inflation & deflation, were recorded. Results: There was no statis-
tically significant difference among the three groups regarding tourniquet 
pain after tourniquet inflation (p = 0.872) and deflation (p = 0.902), and re-
garding serum levels changes of potassium (p = 0.067) and lactate (p = 
0.051). However, each group showed statistically significant increase in post 
deflation tourniquet pain (p = 0.003, 0.002, 0.003, in groups F, S, E respec-
tively) and serum potassium (p = 0.004, 0.006, 0.000, in groups F, S, E re-
spectively) and lactate levels (p = 0.004, 0.000, 0.000, in groups F, S, E re-
spectively) when compared to the pre-deflation values, and the increase was 
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directly proportional to the duration of tourniquet. Conclusion: the three 
different types of anesthesia (femoral- sciatic, spinal and epidural block) have 
the same effect on serum lactate and potassium levels and the degree of tour-
niquet pain, which were related to the duration of tourniquet inflation. 
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1. Introduction 

Pneumatic tourniquets are widely used in limb surgeries to provide a bloodless 
field and to facilitate surgical dissection. However, it is important to appreciate 
their potential complications, e.g., tourniquet pain, limb ischemia, nerve injury 
and reperfusion injury, which may be minimized by understanding the proper 
technique of tourniquet, careful patient evaluation to exclude contraindications 
and by using modern pneumatic tourniquets which are designed to minimize 
the incidence of these potential complications [1]. 

Tourniquet usage is involved with metabolic changes and reperfusion injuries 
that related to the tourniquet phase [inflation (ischemia) & deflation (reperfu-
sion)], the duration of tourniquet inflation, and the anesthetic technique [2]. 
Application and release of the extremity tourniquet causes anaerobic metabol-
ism and several metabolic changes resulting in acidosis with hypoxemia, hyper-
capnia, hyperkalaemia and formation of free radicals [3]. 

Tourniquet pain is one of the complications that is very disturbing to patient, 
surgeon & anesthetist, which sometimes necessitates conversion to general 
anesthesia, as tourniquet pain can complicate spinal or epidural anaesthesia, de-
spite apparently adequate anaesthesia of the sensory dermatome underlying the 
tourniquet [4]. After tourniquet inflation, patients usually experience a vague, 
dull pain in the limb, which is thought to be via cutaneous neural mechanism. 
The average pain tolerance duration is 31 min [5] which can be increased to 45 
min with sedation [6]. It’s found that the tourniquet pain incidence is more 
common in lower limb surgery and associated with increasing patient age and 
the surgery duration [7]. Many theories state that tourniquet pain is predomi-
nantly mediated by unmyelinated, slowly conducting C-fibres which are affected 
to a less extent by the compression of tourniquet inflation than larger fibres [8].  

This randomized control study (RCT) was designed to assess the effect of dif-
ferent regional anesthetic techniques; combined femoral-sciatic block, spinal 
block & epidural block, on arterial tourniquet consequences. The primary out-
come variables were 1) metabolic changes (serum potassium & lactate levels 
changes after tourniquet deflation), 2) degree of pain induced by arterial tour-
niquet inflation under the effects of these three different regional blocks. The 
secondary outcome variables were intraoperative hemodynamic changes (blood 
pressure and heart rate) during applying arterial tourniquet. 
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Aim of the Study 

This study is to evaluate the effect of different regional blocks: femor-sciatic, 
spinal and epidural blocks on the arterial tourniquet-induced metabolic chnges 
and pain in patients undergoing lower limb orthopedic surgeries. 

2. Patients and Methods 

After approval of the Ethics Committee of Kasr El-Aini Hospital, Faculty of 
Medicine, Cairo University and obtaining informed written consent from each 
patient, this prospective randomized study was conducted at Kasr El-Aini Hos-
pital from May 2015 till September 2015, on sixty patients scheduled for differ-
ent lower limb surgeries using arterial tourniquet were enrolled in this study. 
Included patients were those aged between 20 - 60 years old and classified by 
the American Society of Anesthesiologist (ASA) physical status as class I or class 
II, and Maximum tourniquet time was 90 minutes. Exclusion criteria were pa-
tients’ refusal of regional block, history of allergic reactions to local anesthetics, 
coagulopathy and severe cardiac, respiratory, hepatic or renal disease. 

On arrival to the operating room, the patient was attached to routine moni-
tors i.e. electrocardiogram (ECG), pulse oximetry & non-invasive blood pressure 
monitor was applied and set to measure blood pressure every 5 minutes . 18 G 
IV cannula was inserted; all patients received intravenous (IV) premedication 
with 0.03 mg/kg of midazolam, followed by a 10 mL/kg infusion of lactated Rin-
ger's solution. 

Then, 60 patients were randomly allocated using computerized generated 
random tables and the random numbers were concealed in closed opaque 
envelope into 3 groups (20 patients in each group): 

Group F: patients had combined femoral and sciatic block using a mixture 
of 20 mL of lidocaine 2% plus 20 mL of bupivacaine 0.5%. (20 ml of the mixture 
was injected in each block) with the aid of nerve stimulator connected to a 21- 
gauge 100-mm Stimuplex block needle (B. Braun Medical Inc, Melsungen, Ger-
many). Stimulation frequency was set at two Hz, whereas the intensity of the 
stimulating current was 0.3 to 0.5 mA. 

Group S: patients had spinal anesthesia, dural puncture was performed at 
interspace L3-L4 with a 29 gauge spinal needle after infiltration of the skin at the 
site of lumbar puncture with 2 cm of lidocaine 1%., then 2.5 ml of 0.5% heavy 
bupivacaine are injected intrathecally 

Group E: patients had epidural anesthesia, as epidural catheter was inserted 
in the sitting position at the level of L3-L4 intervertebral space, using the loss of 
resistance technique. Then test dose of 2-3ml lignocaine with epinephrine 
1:200,000 after negative aspiration for blood and CSF was given, 5 minutes later 
15 ml of bupivacaine 0.5% was injected as induction then continuous infusion by 
5 ml /hour till the end of the surgery. 

Then, Sensory block was evaluated in all patients by loss of sensation to pin-
prick in the midline using a 22 gauge blunt hypodermic needle. Motor block was 
evaluated using a modified Bromage scale from 1 to 3 (1 = lack of hip flexion, 2 
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= loss of knee extension, 3 = loss of ankle dorsiflexion). 
Patient discomfort was treated with a bolus of IV fentanyl 1 - 2 μg/kg. If more 

than 2 μg/kg of fentanyl was required to maintain patient comfort, the regional 
anesthesia technique was considered a failure, and general anesthesia was in-
duced. 

For applying the tourniquet after complete sensory block, the limb was ex-
sanguinated by elevating for 1 minute and using an Esmarch bandage or tour-
niquet exsanguinators for emptying the blood vessels from the distal end to the 
proximal end prior to tourniquet inflation. The optimal timing and angle of ele-
vation for maximal exsanguinations for the leg is 5 min at 45˚. Pressure of infla-
tion is 100 mm hg above the systolic blood pressure. 

Intraoperatively, the following parameters were recorded: 
 Systolic and diastolic blood pressure and heart rate at (0, 5, 15, 30, 60, 90 mi-

nutes). 
 Potassium and lactate levels immediately before inflation of the tourniquet 

and 5 minutes after tourniquet deflation. 
 Tourniquet time. 
 Tourniquet pain using Wong-baker faces (Figure 1), which is a pain rating 

scale, 10 minutes after tourniquet inflation and after tourniquet deflation. 
Postoperative follow up: 
Patients were followed up for immediate post-operative pain which was as-

sessed using “Wong baker faces”. 
Sample size: 
Based on a pilot study, sample size was calculated according to the difference 

between preoperative and postoperative level of lactate in the three studied 
groups (0.15 ± 0.08; 0.12 ± 0.07 and 0.16 ± 0.08, respectively) which leads to 
detect approximately 12.5% clinical significant difference between them with an 
effect size of 0.41. Assuming α = 0.05, power of 80%, so a sample size of 20 pa-
tients per group would be required (GPower 301  
http://www.psycho.uni-duesseldorf.de).   

Statistical analysis 
Data were coded and entered using the statistical package SPSS version 21. 

Data was summarized using mean and standard deviation. Comparisons be-
tween groups were done using analysis of variance (ANOVA) with multiple 
comparisons post hoc test in normally distributed quantitative variables while  
 

 
Figure 1. Wong-baker faces pain scale [9]. 

http://www.psycho.uni-duesseldorf.de/
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non-parametrical kruskal-Wallis test and Mann-Whitney test were used for 
non-normally distributed variables .Correlations were done to test for linear re-
lations between quantitative variables by Spearman correlation coefficient. P- 
values less than 0.05 were considered as statistically significant. 

3. Results 

60 (out of 67) included in the study. Three patients were excluded due to failure 
of regional anesthesia followed by induction of general anesthesia, while the 
other four were excluded due to their lengthy operations (exceeded 90 minutes). 

All patients were comparable regarding demographic data including age, sex, 
ASA & weight (Wt) (Table 1). 

Intraoperative hemodynamics 
There were statistically significant differences between the three groups values 

in systolic and diastolic blood pressure at the following time intervals 5, 15 & 30 
minutes, and in heart rate at the following time intervals 5 & 15 minutes (p ≤ 
0.05), where there was statistically significant decrease in systolic and diastolic 
blood pressure and increase in heart rate in the spinal group more than the epi-
dural group and the epidural group more than the femoral-sciatic block group in 
these time intervals (Table 2). 

In the femoral-sciatic block group (the most hemodynamically stable), there 
were no statistically significant changes in systolic and diastolic blood pressure 
in different time intervals compared to the baseline value and heart rate showed 
statistically significant increase in time interval 90 compared to the baseline val-
ue. While in the spinal block group, systolic and diastolic blood pressure showed 
statistically significant decrease compared to the baseline value at most time in-
tervals (5, 15, 30, 60 minutes) and heart rate showed statistically significant in-
crease compared to the baseline value at time intervals 5, 15, 30 minutes. How-
ever in the epidural block group, blood pressure showed statistically significant 
decrease compared to the baseline value at time intervals 15, 30, 60 minutes and 
heart rate showed statistically significant increase compared to the baseline value 
at time intervals 15 & 30 minutes (Table 2). 

Serum potassium and lactate levels 
There was no statistically significant difference between the three groups re-

garding preoperative and post tourniquet deflation levels of both serum potas-
sium and lactate (Table 3). However, each group showed statistically significant  
 
Table 1. Demographic data & ASA. 

 Group F (n = 20) Group S (n = 20) Group E (n = 20) P value 

Age (years) (mean ±S.D) 38.25 (±10.19) 36.90 (±10.67) 37.05(±11.72) 0. 91 

Sex (male no) 11 13 11 1.00 

ASA (no of ASA I) 15 13 11 0.32 

Wt (kg) (mean ±S.D) 67.00 ±4.87 65.80 ±5.97 68.35 ±6.67 0.42 
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Table 2. Hemodynamic changes (pressure in mm hg & HR beat/min) in the three study 
groups and their p values compared to baseline. 

 

Group F (20) Group S (20) Group E (20) 

P value 
Mean ± SD 

P value 
from  

baseline 
Mean ± SD 

P value 
from  

baseline 
Mean ± SD 

P value 
from 

baseline 

systolic  
BP (0) 

135.80 ± 14.13  132.50 ± 12.64  131.00 ± 12.31  0.497 

systolic  
BP (5) 

133.80 ± 13.50 0.056 120.30 ± 14.13 0.000* 128.30 ± 12.76 0.062 0.009* 

systolic  
BP (15) 

132.70 ± 13.07 0.086 118.00 ± 13.86 0.000* 123.40 ± 12.73 0.000* 0.003* 

systolic  
BP (30) 

131.50 ± 10.29 0.072 119.70 ± 10.77 0.000* 121.60 ± 13.43 0.000* 0.004* 

systolic  
BP (60) 

129.85 ± 11.03 0.061 126.55 ± 8.94 0.007* 123.70 ± 12.04 0.005* 0.203 

systolic  
BP (90) 

130.55 ± 10.85 0.060 127.05 ± 8.85 0.019 126.65 ± 11.02 0.014 0.424 

Diastolic 
BP (0) 

81.80 ± 6.57  78.40 ± 7.2  82.85 ± 4.68  0.072 

Diastolic 
BP (5) 

81.70 ± 5.57 0.915 71.40 ± 7.50 0.000 * 82.05 ± 5.37 0.399 < 0.001 

Diastolic 
BP (15) 

80.45 ± 4.94 0.210 68.95 ± 7.05 0.000* 78.20 ± 6.53 0.002* < 0.001 

Diastolic 
BP (30) 

78.30 ± 4.82 0.115 72.30 ± 4.74 0.003* 76.40 ± 5.84 0.000* 0.002 

Diastolic 
BP (60) 

79.00 ± 5.04 0.061 76.15 ± 4.83 0.214 76.50 ± 6.21 0.000* 0.199 

Diastolic 
BP (90) 

78.90 ± 5.08 0.025 75.70 ± 6.53 0.158 76.70 ± 5.09 0.011 0.191 

HR (0) 76.75 ± 9.66  81.15 ± 13.41  81.90 ± 15.07  0.401 

HR (5) 76.90 ± 9.48 0.829 89.90 ± 15.19 0.000* 85.70 ± 15.37 0.027 0.012 

HR (15) 78.80 ± 9.69 0.022 91.75 ± 14.61 0.000* 84.85 ± 12.63 0.004* 0.007 

HR (30) 79.35 ± 9.03 0.018 88.10 ± 12.73 0.000* 83.95 ± 12.24 0.003* 0.062 

HR (60) 81.25 ± 8.17 0.030 84.65 ± 11.74 0.019 82.65 ± 10.78 0.703 0.582 

HR (90) 80.55 ± 9.38 0.002* 82.05 ± 11.99 0.573 84.35 ± 12.63 0.199 0.573 

*Data are presented as mean & ± SD; *(0) is pre-operative measurement; *(5, 15, 30, 60, 90) minutes after 
induction of anesthesia. *P value is significant when (P < 0.05). 

 
Table 3. Potassium and lactate level changes (mmol) pre-operative & 5 minutes post- 
deflation in the three study groups. 

 

Group F (20) Group S (20) Group E (20) 

P value 
Mean ± SD 

P value  
from  

baseline 
Mean ± SD 

P value 
from  

baseline 
Mean ± SD 

P value  
from  

baseline 

K (pre operative) 3.88 ± 0.51  4.07 ± 0.55  4.04 ± 0.52  0.487 

K (post deflation) 4.09 ± 0.61 0.004* 4.24 ± 0.60 0.006* 4.23 ± 0.56 0.000* 0.067 

Lactate  
(pre operative) 

1.18 ± 0.59  1.09 ± 0.44  0.92 ± 0.23  0.054 

Lactate  
(post deflation) 

1.31 ± 0.61 0.004* 1.17 ± 0.47 0.000* 0.94 ± 0.28 0.000 * 0.051 
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increase in post deflation levels of both serum potassium and lactate when com-
pared to the pre-operative values of each group, and the increase was directly 
proportional to the duration of tourniquet (Table 3). 

Tourniquet pain: 
There was no statistically significant difference between the three groups re-

garding tourniquet pain neither intraoperatively nor post operatively (Table 4). 
However, each group showed statistically significant increase in postoperative 

tourniquet pain sensation when compared to the intraoperative values of each 
group, and the increase was directly proportional to the duration of tourniquet 
(Table 4). 

4. Discussion 

In the current study, we evaluated the consequences of the arterial tourniquet 
and reperfusion injury by assessing intraoperative hemodynamics, serum potas-
sium & lactate levels changes, and tourniquet pain under the effect of three dif-
ferent regional blocks, femoral-sciatic, spinal & epidural blocks. And the study 
revealed that there is no relation or effect of the block on the degree of the me-
tabolic, hemodynamic changes tourniquet-induced pain, and it is only affected 
by the tourniquet duration irrespective to the type of regional block.  

Reperfusion of ischemic tissue results in potentially harmful pathophysiologi-
cal reactions, such as production of oxygen free radicals which are released into 
the circulation after tourniquet deflation causing cellular injuries involving li-
pids, proteins & DNA leading to increase in serum potassium and lactate levels 
[10]. Some studies showed less hemodynamic and metabolic changes resulted 
from tourniquet application in patients undergoing regional anesthesia com-
pared with general anesthesia [11]. In addition, local anesthetics were found to 
inhibit migration, enzyme release and superoxide anion formation of polymor-
phonuclear leukocytes involved in cellular injury [12].  

A study done in 2002 by H. lawama et al. [13] who evaluated the effect arterial 
tourniquet on the 12 patients underwent total knee arthroplasty using tourni-
quet and received epidural anesthesia with propofol infusion and laryngeal 
mask. They found significant metabolic changes after tourniquet release, as the 
arterial blood PH and base excess were decreased at 1, 3 & 1, 3, 5 min respect- 

 
Table 4. Intra-operative and directly post-operative tourniquet pain (using “Wong-baker faces”) in the three study groups. 

 

Group F (20) Group S (20) Group E (20) 

P value 
Mean ± SD 

P value Intra & 
post-operative 

Mean ± SD 
P value Intra & 
post-operative 

Mean ± SD 
P value Intra & 
post-operative 

Intraoperative  
tourniquet pain 

0.30 ± 0.73  0.20 ± 0.62  0.30 ± 0.73  0.872 

Post-operative  
tourniquet pain 

0.60 ± 1.12 0.003* 0.60 ± 1.31 0.002* 0.1 ± 1.23 0.003* 0.902 

tourniquet  
time (minutes) 

50.00 ± 14.78  44.00 ± 17.67  53.50 ± 13.77  0.156 
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tively after tourniquet release. For serum lactate the levels were increased all 
time after the release of tourniquet. While serum potassium readings were in-
creased at 1, 3, 5, 15 minutes after tourniquet release. 

Kosucu et al. [10] assessed the reperfusion injury of the arterial tourniquet on 
60 patients underwent knee surgeries and divided into 3 groups received spinal 
anesthesia (S group), sevoflurane for induction and Maintenance (I group), and 
the third group received propofol for total intravenous anesthesia (T group). 
Metabolic status was assessed using different markers; ischemia modified albu-
min and malondialdehyde. They concluded that TIVA with propofol has more 
protective effect than inhalational and spinal anesthesia in tourniquet related 
ischemia-reperfusion. This is in agreement to our results regarding spinal & re-
gional anesthesia in general, as we found that different types of regional anesthe-
sia, including spinal anesthesia, showed statistically significant rise in the meta-
bolites we measured between pre-inflation and post-inflation values. 

Tourniquet pain can still be felt with spinal and epidural anaesthesia, despite 
adequate sensory anaesthesia, which is determined by pinprick, this is because 
that, inadequate concentrations of local anaesthetic may not block the larger 
nerve fibres carrying pressure-pain sensation. In spinal anaesthesia, the loss of 
sensation to touch is slower in onset and regresses more rapidly than the loss of 
sensation to pinprick, this may be due to differential block of different nerve fi-
ber types and that differential block is greater during regression of anesthesia 
which occurs at the end of the surgery [14].  

C-fibres are inhibited by fast pain impulses conducted through myelinated 
A-delta fibres. Mechanical compression leads to loss of conduction in nerve fi-
bres and large A-delta nerve fibres are blocked first before small C-ibres. And It 
is suggested that after ≈  30 min of tourniquet inflation, the larger A-delta fibres 
will be blocked, leaving the uninhibited C-fibres still-functioning [8]. Another 
theory is introduced through the in vitro finding that smaller unmyelinated C- 
fibres are more resistant to conduction block which induced by local anaesthetic 
than larger myelinated A-fibres. After intrathecal injection of a sufficient dose of 
local anaesthetic, conduction in both A- and C-fibres is blocked. However, by 
time as the concentration of local anaesthetic in the cerebrospinal fluid decreas-
es, C-fibres start to conduct impulses before the A-fibres, resulting in a dull 
tourniquet pain although the presence of an apparently adequate anaesthesia 
which assessed by pinprick [15]. 

Tetzlaff et al. [16] studied the effecte of three different regional anesthetic 
techniques (spinal block, lumbar epidural block, and the third was the same as 
the second group but the solution was alkalinized with bicarbonate) on the inci-
dence of lower extremity tourniquet pain on 60 patients performing orthopedic 
procedures on lower extremity using pneumatic tourniquet for more than 60 
minutes duration. Their study showed a lower incidence of tourniquet pain with 
spinal anaesthesia compared with epidural anaesthesia to the same sensory level. 
However, this difference didn’t occur when the epidural was done using alkali-
nised local anaesthetic solution, suggesting increased penetration of the larger 
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nerve fibres by the alkalinized local anaesthetic. 
Fuzier et al. [17] assessed thigh tourniquet tolerance using different ap-

proaches of sciatic block, a Labat’s and a posterior popliteal in 120 patients with 
below-knee surgery. No statistically significant difference was observed between 
groups regarding tourniquet tolerance & they conclude that despite the complete 
sensory block of the posterior femoral cutaneous nerve in almost all patients, 
Labat’s approach of the sciatic nerve didn’t provide better tolerance to thigh 
tourniquet t than the popliteal approach.  

5. Recommendations 
Our recommendations are to increase the sample size to conduct the study on 
larger group of population and to widen the criteria of patients’ selection as ASA 
III, IV, obese patients and elderly and to conduct other studies using different 
adjuvants to the local anesthetic drug used in the block to evaluate if these agju-
vants are effective or not in reducing tourniquet pain. 

6. Conclusion 

We conclude that the effects of three different types of anesthesia (femoral-sci- 
atic, spinal and epidural block) are the same regarding the degree of tourniquet 
pain which is related to the duration of tourniquet inflation. 
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