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A Comparison between Single and Double Tourniquet 
Technique in Distal Upper Limb Orthopedic Surgeries 

with Intravenous Regional Anesthesia

Abstract

Background: Several studies have put an effort to minimize the tourniquet pain and complications after conventional 
double tourniquet intravenous regional anesthesia (IVRA). We expressed in our hypothesis that an upper arm single 
wide tourniquet (ST) may serve a better clinical efficacy rather than the conventional upper arm double tourniquet (DT) 
in distal upper extremity surgeries.

Methods: In this randomized controlled trial, 80 patients undergoing upper limb orthopedic surgeries were randomized 
into two groups. IVRA was administered using lidocaine in both groups. Tourniquet pain was recorded based on visual 
analogue scale (VAS). In case of pain (VAS>3) in the DT group, the proximal tourniquet was replaced with a distal 
tourniquet while fentanyl 50µg was injected in the ST group. The onset time of tourniquet pain, time to reach to maximum 
tourniquet pain and the amount of fentanyl consumption were compared between the two groups.

Results: No significant difference was seen in demographic characteristics. The onset time of tourniquet pain (VAS=1) 
in the ST group (26.9±13.2 min) was longer than that of the DT group (13.8±4.8 min) (P<0.0001). The median of time to 
reach to maximum tourniquet pain (VAS>3) in DT and ST groups were 25 and 40 minutes, respectively; indicating that 
the patients in ST group reached to pain level at a significantly later time (P<0.0001). The total opioid consumption in 
the DT group (61 µg) was significantly lower than the ST group (102 µg) (P<0.0001); however, both groups were similar 
regarding fentanyl consumption before 40 minutes of surgeries. 

Conclusion: It seems that in upper limb orthopedic surgeries with less than 40-minute duration, a single tourniquet 
may serve as a proper alternative opposed to the conventional double tourniquet technique.

Level of evidence: II
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Introduction

August Bier, a German surgeon, introduced 
intravenous regional anesthesia (IVRA), known as 
the Bier block, in 1908 (1, 2). The method involves 

the injection of a local anesthetic into the venous system 
in the upper or lower extremities, which is isolated from 
the blood circulation by a double tourniquet (1, 3). Few 
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Materials and Methods
The IRB and ethics committee approved the conduct of 

this randomized parallel controlled trial and the study 
was registered in the Iranian registry of clinical trials 
(IRCT2013041111898N4). The study was conducted 
during June 2013-November 2014 in accordance with 
ethical standards of Helsinki and the patients were 
briefed about the study design and signed the informed 
consent forms prior to enrolment. The inclusion criteria 
comprised of patients between 20-50 years old; ASA 
physical status I; and orthopedic surgery times between 
40 to 60 minutes. Obesity (BMI>30); peripheral vascular 
disease; Reynaud’s phenomenon; scleroderma; epilepsy; 
sickle cell anemia; met-hemoglubinemia; history of drug 
allergies; underlying diseases such as cardiovascular 
disease; hypertension; coagulopathy disorders; renal 
failure; drug abuse; lack of patient’s cooperation; and skin 
infections in axillary region were defined as the exclusion 
criteria. Patients would be excluded if high doses of opioids 
(>3µg/kg fentanyl) were needed while blocking the limb 
or during the operation. Patients were randomized using 
random block method into the Single Tourniquet (ST) and 
Double Tourniquet (DT) groups. An anesthesiologist who 
was blinded to the patient allocation performed the block 
and concealed the tourniquet site with a sterile drape. 

In accordance with a previous study and considering 
the clinical differences in VAS scores, the sample size 
was calculated as 40 patients in each treatment group 
with a power of 90% and confidence interval of 95%. In 
this per-protocol study among 113 eligible patients, 12 
patients were excluded from the study and 21 patients 
were disqualified during the surgeries; therefore, a total 
of 80 patients were randomized into the DT (Double 
Tourniquet) or ST (Single Tourniquet) groups [Figure 3].

Two peripheral i.v. lines were placed on both operative 
and non-operative hands in the operating room. ECG, NIBP 
and pulse oximeter monitoring were established for all 
patients. All patients underwent monitoring for vital signs, 

studies suggest that intravenous injection of a retrograde 
local anesthetic may cause high tissue concentrations 
of the local anesthetic by increasing the filtration and 
permeation (4). Some advantages of this technique could 
be convenience and speed of analgesia, feasibility to 
perform in various operation theatres, and hindering the 
operative site from bleeding (5-11).

Several studies have modified this technique; each 
one attempted to find a way to postpone the onset of 
tourniquet pain, decrease the local anesthetic dose to 
nontoxic levels, and improve the quality of anesthesia 
(1, 3-7, 12-14). Application of an additional forearm 
tourniquet in several studies have resulted in need for 
smaller amounts of local anesthetic as well as faster onset 
of sensory and motor block; However, the additional 
forearm tourniquet may disturb and obstruct the surgical 
field especially in wrist surgeries (1, 9, 12, 15-17). 

Almost all studies on modified cuff techniques and IVRA 
were attributed to placing an additional or temporary 
forearm cuff while few studies were performed on cuff 
size and double- vs single- arm tourniquet (1, 3, 4, 6, 12, 
13, 15, 20, 22). Estebe et al. examined a wide (14 cm) 
and a narrow cuff (7 cm) tourniquet with regards to the 
occlusion pressure and the resulting pain (23). They 
found that pain was developed later and slower in all 
cases using wide tourniquet, and that the wide cuffs were 
much more effective than the narrow cuffs with respect 
to occlusion pressure. The rationale was that as the cuff 
provides compression (sagittal forces) and stretching 
(axial forces), it may damage the soft tissue including 
nerves and vessels by mechanical pressure. On the other 
hand, it was also suggested that a narrower tourniquet 
cuff results in more pain (21, 23). We have aimed to 
compare the single upper arm tourniquet with double 
one for open reduction and internal fixation of distal 
radius fracture. We hypothesized that in such surgeries, 
a single arm tourniquet may have more effective pain 
control rather than the double tourniquet technique.

     Figure 1. Single tourniquet. 
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blood pressure, heart rate and respiration throughout the 
whole operation. Patients’ MBP (Mean Blood Pressure) 
and HR (Heart Rate) were recorded pre-operatively, and 
then every 5 minutes until the end of the procedure. 

Intravenous midazolam (2 mg) and fentanyl (50 μg) 
were injected prior to commencing the IVRA. The hand 
was placed above the heart and blood was allowed to drain 
using an Esmarch bandage in order to prepare the patient 
for the block. A 12cm-width tourniquet in the ST group 
and two tourniquets (6cm each) in the DT group were 
placed in the arm zone [Figures 1; 2]. The tourniquets were 
inflated until the radial artery pulse as well as the pulsed 
oxy-meter waves were both faded. This was symptomatic 
for proper tourniquet pressure. Lidocaine 3mg/kg (~40cc 
Lidocaine 0.5% for an average 70 kg person) was injected 
in both groups in order to perform the block. Patients were 
monitored during the infusion for signs and symptoms 
of local anesthetic toxicity. The time when a complete 
block was achieved after the injection was considered as 
time zero. Patients with hemodynamic instability and/or 
changes in consciousness or those who failed to achieve 
a complete sensory block after 5 minutes were excluded 
from the study. Also, patients with operation times less 
than 40 minutes or more than 60 minutes were excluded 
from the study. The anesthesiologist assistant recorded 
the vital signs and level of tourniquet pain (based on visual 
analogue scale: VAS) every 5 minutes by asking the patient 
to point out the severity of their pain on a 10-centimeter Figure 2. Double tourniquet.

Figure 3. Patients’ flow diagram.
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ruler based on a 0-10 score. VAS is an 11-point numeric 
scale with zero representing no pain and 10 representing 
the worst imaginable pain.

The time was recorded for all patients in both groups, 
when the intensity of the tourniquet pain reached one 
(VAS=1). When the intensity of tourniquet pain reached 
more than three (VAS>3) in the DT group, the distal 
tourniquet was inflated and the proximal tourniquet was 
deflated; however if the pain was persistent, Fentanyl 
50µg was re-administered. In cases of pain with VAS>3 
in the ST group Fentanyl 50µg was also administered 
intravenously. Additional Fentanyl was subsequently 
given if necessary when the VAS score remained >3. 
Fentanyl consumption rates were recorded and compared 
in both groups. The time to reach VAS>3 was considered 
as the primary outcome and Fentanyl consumption as the 
secondary outcome. Vital signs, time of tourniquet pain, 
rate of opioid consumption and local anesthetic toxicity 
were measured in all patients in both groups. 

SPSS software version 21 (Chicago, IL) was used 
for statistical analysis. The response variables were 

evaluated for normal distribution according to the 
Kolmogorov-Smirnov test before comparing the two 
groups. Independent t-test was used to compare the 
opioid consumption between the two groups. The Kaplan 
Meier Survival Analysis as well as the Tarone-Ware test 
were used to evaluate and compare the “time to reach 
to VAS>3” and the opioid consumption between the two 
groups. The significance level was set two-sided at P<0.05.

Results
The demographic characteristics including age, gender, 

BMI and duration of surgery were homogeneous in 
both groups (P>0.05) [Table 1]. The time to reach to the 
tourniquet pain level (VAS=1) in the ST group (26.9±13.2 
min) was significantly longer than that of the DT group 
(13.8±4.8 min) (P<0.0001). The median of the time to 
reach to (VAS>3) was shorter in the DT group, since it 
reached at 25 minute postoperatively and it declined after 
switching the proximal tourniquet with the distal one; 
while it was longer in ST group and reached to VAS>3 after 
40 minutes [Figure 4]. According to repeated measure 

Table 1. Demographic characteristics

DT ST P-value

Gender: Male/Female (n) 32/8 30/10 0.59

Surgery Duration: Mean±SD (min) 57.2±3.2 56.3±4.1 0.14

Weight: Mean±SD (kg) 73.2±9.6 71.6 0.46

BMI: Mean±SD 24.9±3 24.4±2.9 0.45

Tourniquet pneumatic pressure 258±35 207±42 .0001

Age: Mean± SD 42.85±8.71 41.42±8.69 0.46

Block onset: Mean± SD(min) 4.18±0.42 4.35±0.44 0.76

DT: double tourniquet; ST: single tourniquet; Std Dev: standard deviation; BMI: body mass index

Figure 4. Changes in pain intensity (VAS) in both groups.
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analysis and the Greenhouse-Geisser Test, the trend of 
VAS changes was significantly different between the two 
groups (P<0.0001). The Kaplan Meier diagram illustrated 
that the survival of reaching to VAS>3 (Critical Pain Point) 
was longer in the ST group compared with the DT group 
(42.0±1.7 vs 26.8±1.0, P<0.001) [Figure 5; Table 2]. 

The total Fentanyl consumption in the DT group (61 
µg) was significantly lower than the ST group (102 µg) 
(P<0.0001), indicating a lower need for pain control 
medication in patients in ST group (P<0.001). The mean 
arterial pressure showed no significant difference 
between the two groups until 40 minutes [Table 3].

Discussion 
The mechanism of tourniquet pain is still poorly 

understood, but is probably multifactorial. Cole 
suggested that tourniquet pain had both a superficial and 
a deep component and maybe caused by compression or 
possibly ischemia of large nerves (24). Nerve compression 
was classically thought to be mediated by unmyelinated 
slow-conducting C fibres normally inhibited by earlier 
arriving fast impulses conducted by myelinated A-δ 
fibers. Mechanical compression would block the large 
A-δ fibers, leaving uninhibited C fibers still functioning 
(25, 26). Pressure-related injuries to the underlying skin, 

Figure 5. Kaplan Meier Diagram of the survival time of reaching VAS>3 (Critical Pain Point).

Table 2. Comparing the survival of reaching to VAS>3 (Critical Pain Point) in the two studied groups

Mean Median

Estimate Std Err CI-95% Estimate Std Err CI-95%

DT 26.8 1.0 24.7 - 28.7 25 1.3 22.4 - 27.6

ST 42 1.7 38.7 - 45.3 40 2.1 35.9 - 44.1

Total 34.4 1.3 31.8 - 36.9 35 1.7 31.7 - 38.3

DT: double tourniquet; ST: single tourniquet; Std Err: standard error; CI-95%: confidence interval 95%

Table 3. Intra-operative opioid (fentanyl) consumption (µg)

Total fentanyl Before 40min fentanyl

Mean± SD P Mean± SD P

DT (n=40) 61±18
<0.0001

53±13
>0.05

ST (n=40) 102±23 59±16

DT: double tourniquet; ST: single tourniquet; Std Dev: standard deviation
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nerve, muscle and blood vessels are dependent on both 
the duration and pressure of tourniquet inflation. These 
result from tissue compression under the tourniquet and 
from ischaemia beneath and distal to the device (27).

In our study, surgeries with durations between 40 to 60 
minutes were analyzed. The results of our study showed that 
the median time to reach tourniquet pain (VAS>3) in the ST 
group was longer than the DT group. It shows that the single 
tourniquet can be a more proper alternative for upper limb 
surgeries that span less than 40 minutes. One may suggest 
that if the orthopedic surgeon estimates the operation 
duration to be less than 40 minutes, the anesthetist could 
prefer the single tourniquet rather than double one. 

Our study demonstrated that in distal upper extremity 
surgeries, single tourniquet patients tolerated the 
tourniquet pain for a longer duration rather that double 
tourniquet group; however, the mean total Fentanyl 
consumption was significantly higher in the single 
tourniquet group. If we categorize the surgeries by the time 
duration, in less than 40min operations, single tourniquet 
not only provided a longer time to reach to tourniquet 
pain but also the opioid consumption was similar to 
the double tourniquet group. Longer time of tourniquet 
tolerance may provide anesthesiologist with better post-
op pain management and better patient recovery. To our 
knowledge, there has been no similar study comparing 
single with double tourniquet in the IVRA setting for 
distal upper extremity orthopedic surgeries and it could 
be considered as a pilot study for further ones.

Using a forearm single tourniquet instead of an arm 
double tourniquet in previous studies was attributed to 
less intraoperative pain (1-3). In a study by Hutchinson and 
McClinton, it was shown that the time of tourniquet analgesia 
in the single forearm tourniquet was 45% longer than the 
upper arm tourniquet technique (28). Applying forearm 
single tourniquet instead of forearm double tourniquet may 
induce less pain (1, 4-7, 12-14, 18). However, there are some 
studies with controversial opinions (17, 19). We applied the 
tourniquets in the upper arm instead of forearm; hence, 
operations in the proximal forearm could be performed. In 
the forearm tourniquet technique there is a less possibility 
of blockade in anterior and posterior intra-osseous arteries 
and consequently lesser leakage of local anesthetic into 
the blood circulation (1, 29). Since we needed to change 
the tourniquets in the conventional double tourniquet 
technique, the leakage of local anesthetic into the blood 
flow and creating symptoms of poisoning was probable. 
However, in the single tourniquet technique the possibility 
of local anesthetic leakage into blood flow was less than that 
of the previous techniques. 

The inflation pressure of the pneumatic tourniquets 
is disputable (30). Some studies advocate a standard 
increase of 100mmHg above thesystolic pressure. In 
Estebe et al. study, fading the radial pulse was considered 
as the sign of maximum tourniquet insufflation (instead 
of inflating tourniquet at 100mmHg above the systolic 
pressure) and it provided less pain and longer tourniquet 
tolerating time (23). We applied the same protocol in our 
study in both groups as well. Also, mechanical trauma 
under the cuff can be minimized by reducing the pressure 
per unit area. The force required to occlude the artery is 

a product of the inflation pressure and the area under 
the cuff. Therefore, a wider cuff enables a lower inflation 
pressure to be used to achieve arterial occlusion (29). The 
optimal dose of lidocaine for IVRA is not clearly defined; 
however, it should not exceed 300mg (31). We injected 
the lidocaine dose based on references of 3mg/kg (0.5% 
solution) in both groups (28) and we did not detect any 
signs of local anesthetic toxicity in either of both groups. 

There are several limitations in this study. Firstly, we 
ought to inform patients in both groups about both single 
and double tourniquet techniques so the patients were 
aware of the group allocation and the blindness of the 
study was compromised; so we could not set a blinded 
study design. However, we did what we could to blind the 
assessor anesthesiologist (by concealing the tourniquet 
site with a drape) and the statistical analyzer. To perform 
a randomized clinical trial, we suggest patient sedation 
prior to fixing the tourniquets. In this study, we only 
used lidocaine as a blocking agent; this could be another 
limitation of our study since by adding benzodiazepines 
and other additive sedatives, we may reduce local 
anesthetic complications. 

It seems that the use of single tourniquets in surgeries 
on upper limb orthopedics that span a time of less than 40 
minutes could be a good alternative to the conventional 
double tourniquet technique. 
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