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Background: Intravenous regional block, called the Bier's block, refers to an analgesic technique applied for soft tissue surgeries and 
closed bone manipulations of the limbs. There are a number of complications in traditional method of block, including pain in tourniquet 
site, immediate return of pain after tourniquet deflation, wound hemostasis and some others.
Objectives: The aim of this study was to assess the outcomes and complications of our new method of blockage.
Patients and Methods: In this experimental study, twenty-five patients undergoing hand surgery were prospectively studied. Induced 
anesthesia was a modification of the Bier's block with two concurrent changes including insertion of the intravenous cannula at the 
antecubital region rather than distal and the proximal anesthetic direction by an elastic band wrapped tightly around the proximal 
forearm distal to the cannulation site. The pain relief was measured by the verbal descriptive scale at intervals after block, during the 
operation, after deflation of the tourniquet and one hour after the operation.
Results: This study showed the presence of analgesia at surgical and tourniquet sites during the operation in 96% of patients, as well as 
considerable pain relief at surgical site during one hour after deflation of the tourniquet.
Conclusions: The study indicated advantages of this modified Bier's block compared to the traditional one including ability to perform 
surgery on upper limb bones and considerable pain relief at surgical and tourniquet sites during the operation until one hour thereafter.

Keywords:Nerve block; Upper Extremity; Anesthesia

Copyright © 2015, Iranian Society of Regional Anesthesia and Pain Medicine (ISRAPM). This is an open-access article distributed under the terms of the Creative Com-
mons Attribution-NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/) which permits copy and redistribute the material 
just in noncommercial usages, provided the original work is properly cited.

1. Background
Intravenous (IV) regional block was first reported by a 

German surgeon, August Bier, in 1906 (1), by which the re-
quired analgesic state was achieved allowing to perform 
the surgery (1-4). This method of anesthesia is easy to per-
form (1, 4, 5). In this method, after preparing patient and 
performing veni-puncture at the distal end of the limb, 
a double tourniquet is applied to the proximal area (1). 
An Esmarch bandage is twisted around the limb, from 
the tips of the fingers to the tourniquet site. Tourniquet 
is then inflated up 100-150 mmHg over the patient’s sys-
tolic blood pressure and the local anesthetic is injected 
through the distal vein (1, 2, 6). Yet it consists of disadvan-
tages including pain at the tourniquet site, accidental 
deflation of the tourniquet, local anesthetic toxicity, and 
instant recurrence of pain at surgical site following tour-
niquet deflation, especially when the operation requires 
hemostasis prior to wound closure (4, 7).

2. Objectives
Since 1970, studies considered the efficacy of changing 

the cannulation site from the conventional method to 
forearm and antecubital. In a study conducted on 100 
patients undergoing surgery under the Bier block, 50 pa-
tients with the traditional technique involving distal IV 
cannulation were compared to 50 with antecubital can-
nulation and no significant difference was observed be-
tween the two methods with a success rate of 98%. Other 
studies (8, 9) reported 98% success rate for this anesthetic 
method of limb operation. As far as the site of IV cannula-
tion was the only change made in previous studies, (9-12), 
we added a distal venous block in the present study to 
evaluate the efficacy of this modified Bier’s block by pain 
assessment during tourniquet placement and through-
out the procedure until one hour post-deflation.

3. Patients and Methods
In this study, twenty-five patients candidate for elective 

or emergent open bone fixation of the forearm, carpus 
and/or hand referred to Hazrat Rasul Hospital, Tehran, 
Iran, were recruited. The operation should be performed 
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in 90 minutes. Exclusion criteria were patients’ refusal 
to undergo the experiment, history of allergy to local 
anesthetics, presence of severe heart disease, severe hy-
potension, seizure, drug addiction, psychiatric diseases, 
use of antidepressants or anxiolytics, multiple trauma 
or other organs’ involvement and underlying disease in 
which tourniquet application is contraindicated (such 
as the Raymond’s disease and sickle cell disease or trait). 
The study received ethics committee approval from Iran 
University of Medical Sciences. All participants were in-
formed about the type and method of anesthesia and 
pain measurement individually by the anesthesiologist 
and written informed consent was obtained from them. 
To overcome some of traditional method’s disadvantages, 
two changes were made as: 1) The IV cannula was insert-
ed into an antecubital vein; 2) an elastic band was firmly 
wrapped around the proximal forearm distal to the can-
nulation site. Lidocaine 0.5% (at least 4 mg/kg totally in 50 
mL) (1, 3, 4) was carefully administered via the IV cannula 
in less than 90 seconds. The forearm was held perpen-
dicular to the elbow, above the local anesthetic injection 
site, for five minutes. Then it was fastened with the elastic 
band distal to the cannulation site to keep the anesthetic 
agent in the proximal arm and prevent its distal spread. 
Tourniquet pressure and other details were the same as 
the traditional method. If pain was present at the tourni-
quet site, the distal tourniquet would be first inflated and 
the proximal one deflated. At the end of operation, the 
tourniquet was totally deflated. The pain was measured 
and recorded based on the standard verbal descriptive 
scale of 0-5 scores, presented in Table 1 (13). Data including 
pain at surgical site before the operation, five minutes af-
ter the block, every five minutes during the operation, be-
fore and after tourniquet entire deflation and then every 
ten minutes until one hour after the tourniquet deflation 
were recorded. For each patient pain at the tourniquet site 
was measured at ten minutes intervals separately after in-
flating the proximal tourniquet, after inflating the distal 
tourniquet and after deflating the proximal one through-
out the operation. Anatomic site of upper extremity bone 
undergoing the operation was lower forearm and hand, 
distal radius or ulna, carpus, metacarpus and phalanges. 
The type of bone surgery consisted of drilling in associa-
tion with applying pins, plates and screws. The operation 
length was individually recorded for each patient. Prior 
to the operation, an 18-gauge intravenous cannula was 
inserted on the contra lateral limb for fluid administra-
tion. Shortly after the cannula insertion, 1 µg/kg fentanyl 
and 0.015 µg/kg midazolam were administered for all 
patients. The tourniquet was carefully deflated following 
bone fixation to obtain surgical site hemostasis. Consid-
ering the side effects of local anesthetic toxicity, patients 
were evaluated during the operation as well as the first 
hour of operation (1, 4, 9). All patients with mild pain (< 
1 on the pain score) following tourniquet deflation re-
ceived an extra dose of fentanyl (1-1.5 µg/kg). The protocol 
was to induce general anesthesia if intolerable pain was 

experienced or if the operation took longer than 90 min-
utes. Throughout the first 24 hours of the operation, the 
site of operation was checked for thrombophlebitis, Volk-
mann ischemic paralysis and cellulitis every four hours 
and every 12 hours during the next 48 hours. Statistical 
analysis was performed using SPSS 13 for windows. The 
quantitative data was expressed as mean ± standard de-
viation (SD), while the qualitative data as frequency.

4. Results
The present study was conducted on 25 patients, includ-

ing 18 men (70%) and 7 women (30%), aged 21 to 70 years 
(37.4 ± 8.2). In total, 52% of the operations were emergent 
and 48% elective. Fixed bones were radius (28%), ulna 
(20%), carpus (8%), metacarpus (12%), phalanges (12%), ra-
dius and metacarpus (8%), dual metacarpi (8%) and ulna 
plus metacarpus (4%). Types of surgeries included drill-
ing and applying one pin (12%), drilling and applying 
more than one pin (36%), drilling and applying screws 
and plates (36%) and drilling and applying a screw (16%). 
The mean duration of operation was 57.3 minutes (25-90 
minutes) with no surgical complications. Table 2 shows 
pain at the site of operation after entire deflation of the 
tourniquet, when hemostasis was achieved (at the first 
20 minutes, every five minutes) and the pain at the site of 
operation, when the operation was already finished and 
no further manipulation was performed (within the last 
30, 40 and 60 minutes). As shown in Table 2, during the 
operation after the block at the first five minutes, 24 pa-
tients (96%) had no pain, one (4%) had mild pain and no 
patient experienced discomforting, distressing, horrible 
and excruciating. Within the initial 10 minutes, 22 (88%) 
patients felt no pain and only two (8%) had mild tourni-
quet pain. At the 20th minute, the frequency of patients 
with no pain was decreased to 64%. At the 30th, 40th and 
60th minutes after the operation, 13 (52%), 10 (40%) and 
3 (12%) patients experienced no pain, respectively and at 
60th minute, 16% experienced horrible pain. No signs of 
systemic toxicity were observed. Two patients felt light-
headedness during the first 1-3 minutes. One patient com-
plained of mild tongue numbness for 90 seconds and 
another for 2.5 minutes. One patient had 15% decreased 
heart rate for 3.5 minutes and 8% decrease in his mean 
arterial pressure. Since the symptoms were transient, no 
intervention was required.

Table 1.  Verbal Descriptive Scale (VDS)

Score Description

0 no pain

1 mild pain

2 discomforting pain

3 distressing pain

4 horrible pain

5 excruciating pain
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Table 2.  Pain Score at the Operation Site During 60 Minutes After Complete Deflation of Tourniquet a

Interval No Pain Mild Discomforting Distressing Horrible Excruciating

5 Minute 24 (96) 1 (4) 0 0 0 0

10 Minute 22 (88) 2 (8) 1 (4) 0 0 0

15 Minute 19 (76) 2 (8) 3 (12) 1 (4) 0 0

20 Minute 16 (64) 4 (16) 2 (8) 3 (12) 0 0

30 Minute 13 (52) 6 (24) 5 (2) 1 (4) 0 0

40 Minute 10 (40) 8 (32) 5 (20) 2 (8) 0 0

60 Minute 3 (12) 4 (16) 9 (36) 5 (20) 4 (16) 0
a Data are presented as No. (%).

5. Discussion
Disadvantages of the traditional method of intravenous 

regional anesthesia include pain at the tourniquet site, 
accidental deflation of the tourniquet, local anesthetic 
toxicity and instant recurrence of pain at the surgical site 
following tourniquet deflation (4, 7). To overcome some 
of these problems we made two changes in this tech-
nique, as discussed before, and assessed patients’ pain 
with this modified method and found that no patients 
had excruciating or horrible pain. As Harmatz stated, in 
most countries the dosage of lidocaine used was 200-300 
mg, which is compatible to our study, and defined the 
recommended dosage of lidocaine in adults as 7 mg/kg 
and the toxicity rate as 4 mcg/mL (11). Mohr used 0.5% so-
lution of lidocaine in a dosage of 1.5-3 mg/kg according 
to physician’s preference (3). He compared pain at the 
tourniquet site between traditional and modified meth-
ods of blockage. The comparison showed that pain relief 
at tourniquet site in the modified method was overall 
5% less than traditional (3). In the studies of evaluating 
tourniquet pain, pain was assessed in the two above-
mentioned separate steps. Inflation of distal tourniquet 
as well as deflation of the proximal one was reported to 
lessen pain at the site of tourniquet. In the present study, 
pain at the tourniquet site was evaluated independently 
in two steps. The reason for significant decrease in tour-
niquet pain in the second step may be attributed to in-
travenous cannula insertion site in the antecubital area 
as well as placing an obstacle behind the insertion area 
to force more diffusion of the anesthetic agent in veins 
of the elbow and arm. In some articles, efficacy of chang-
ing the IV cannula insertion site was studied to improve 
analgesia during the operation (2, 4, 8-12). Blyth et al. 
randomized 100 patients into two groups, comparing 
injection into the dorsum of the hand and the antecu-
bital fossa and reported no difference in anesthesia (14). 
No study has already assessed simultaneous use of the 
two measures, as far as we are concerned. Intravenous 
cannula insertion in the elbow and placing an obstacle 
distal to the venous line to let the local anesthetic agent 
diffuse in the elbow and lower arm immediately below 
the tourniquet. The overall success of the method men-

tioned in this study in relieving pain during the opera-
tion was 96%, while published studies, which included 
only inserting an intravenous cannula in antecubital or 
forearm areas, reported 98-100% success rates (8, 9, 12). In 
previous studies, analgesia was induced to perform an 
operation on soft tissues; however, in the present study 
all patients underwent bone surgery, in which the pain is 
more severe, due to vast and deep incision as well as pain-
ful manipulations and stimuli. Analgesia at the surgical 
site was evaluated independently during the operation; 
while two changes were applied in the block. In a study 
by Brown et al. performed on 1816 patients, insufficient 
analgesia was reported in 0.28% of patients (4). In anoth-
er study, inserting an IV cannula was assessed by tradi-
tional method in the forearm region in 30 patients with 
dislocated radius bone and no significant difference was 
reported regarding pain and side effects (5). In the last 
two studies, only the place of intravenous cannula inser-
tion to administer local anesthetic was changed. Yet the 
two simultaneous changes were made to induce anesthe-
sia to perform an open surgery on the bone in our study. 
In reliable references immediate recurrence of pain has 
been reported in most patients around 3-5 minutes after 
entire deflation of the tourniquet (1, 14, 15). In this study, 
tourniquet was completely released to allow wound he-
mostasis, although all the operations performed on bone 
were open. Subsequently patients felt generally less or no 
pain (Table 2).

As mentioned after 20 minutes, the operation site had 
no external painful stimulation, and there was a pain at 
the site of operation experienced by all patients. Com-
pared to the traditional method of the Bier’s block, in 
which the pain was usually severe 3-5 minutes after 
complete deflation of the tourniquet, (1, 4, 10, 16). It was 
significantly less in our patients under study. In other 
studies, there was no report of precise measuring pain 
at the site of operation following tourniquet release 
(3-5, 7, 8, 14, 15). The increasing score of pain observed 
in our patients may be partly due to natural course of 
pain, which increases over time. Another study showed 
that peripheral nerves endings of the limbs are fed with 
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tiny vessels, and injecting a local anesthetic agent in the 
venous system makes the local anesthetic diffuse to the 
nerve endings and brings about analgesia afterwards. 
This hypothesis is under complementary study by the 
researchers (12, 14, 15); therefore, using scientific and di-
agnostic methods in an independent project is notewor-
thy. The high duration of analgesic effect maintenance 
in this study may be due to penetration of analgesic 
agents to major nerve in the elbow and arm. According 
to our results, this method of block with two abovemen-
tioned changes is recommended for open surgeries on 
bones, in addition to surgeries on soft tissues of the 
limbs and/or bone closed manipulations. Furthermore, 
complementary studies are suggested to demonstrate 
the penetration of anesthetics through pooling of the 
veins located in elbow and arm, with two applied chang-
es in this method.

Acknowledgements
The authors would like to thank Dr. Tamannaie and Ms. 

Pishgahroudsari for their great help in drafting and re-
viewing this manuscript.

Authors’ Contributions
Study concept and design: Dr. Jafarian, Shariatzadeh, 

Javaheri, Hassani and Jesmi; acquisition of data: Dr. Ra-
mezani; analysis and interpretation of data: Dr. Jafarian, 
Shariatzadeh, Javaheri, Hassani and Jesmi; drafting of 
the manuscript: Dr. Ramezani, Jafarian, Shariatzadeh, Ja-
vaheri, Hassani and Jesmi; critical revision of the manu-
script for important intellectual content: Dr. Jafarian, 
Hassani and Jesmi; statistical analysis: Dr. Ramezani and 
Jafarian; administrative, technical, and material support: 
Dr. Jafarian, Shariatzadeh, Javaheri and Hassani; study su-
pervision: Dr. Jafarian and Hassani.

References
1.       Miller RD. Textbook of Anesthesia.Philadelphia: Churchill Living-

stone Elsevier; 2010.
2.       Datta S, Pai U, Bridenbaugh PO, Walia A. Seizures after a Bier block 

with clonidine and lidocaine: is clonidine really the culprit? 
Anesth Analg. 2005;101(3):923–4.

3.       Mohr B. Safety and effectiveness of intravenous regional anes-
thesia (Bier block) for outpatient management of forearm trau-
ma. CJEM. 2006;8(4):247–50.

4.       Brown EM, McGriff JT, Malinowski RW. Intravenous regional an-
aesthesia (Bier block): review of 20 years' experience. Can J An-
aesth. 1989;36(3 Pt 1):307–10.

5.       Chong AK, Tan DM, Ooi BS, Mahadevan M, Lim AY, Lim BH. Com-
parison of forearm and conventional Bier's blocks for manipula-
tion and reduction of distal radius fractures. J Hand Surg Eur Vol. 
2007;32(1):57–9.

6.       Ahmad Malik J, Nasir M, Latif K. Bier`s block: comparison of lig-
nocaine vs lignocaine + ketorolac. Prof Med J . 2008;15(1):1–4.

7.       Guay J. Adverse events associated with intravenous regional an-
esthesia (Bier block): a systematic review of complications. J Clin 
Anesth. 2009;21(8):585–94.

8.       Davies Nicholas JH, Cashman Jeremy N. Lee's Synopsis of 197 Anaes-
thesia. 13th ed: Butterworth - Heinemenn; 2006.

9.       Dunlop DJ, Graham CM, Waldram MA, Mulligan PJ, Watt JM. 
The use of Bier's block for day case surgery. J Hand Surg Br. 
1995;20(5):679–80.

10.       Tham CH, Lim BH. A modification of the technique for intra-
venous regional blockade for hand surgery. J Hand Surg Br. 
2000;25(6):575–7.

11.       Harmatz A. Local anesthetics: uses and toxicities. Surg Clin North 
Am. 2009;89(3):587–98.

12.       Barash Paul G, Cullen Bruce F, Stoelting Robert K. Clinical Anes-
thesia. Lippincott Williams and  Wilkins. 2006:730–1.

13.       Burckhardt CS, Jones KD. Adult measures of pain: The McGill Pain 
Questionnaire (MPQ), Rheumatoid Arthritis Pain Scale (RAPS), 
Short-Form McGill Pain Questionnaire (SF-MPQ), Verbal Descrip-
tive Scale (VDS), Visual Analog Scale (VAS), and West Haven-Yale 
Multidisciplinary Pain Inventory (WHYMPI). Arthritis Care Res. 
2003;49(S5):S96–S104.

14.       Blyth MJG, Kinninmonth AWG, Asante DK. Bier's block: a change 
of injection site. J Trauma Inj Infect Crit Care. 1995;39(4):726–8.

15.       Berger Richard A, Weiss Arnold Peter C. Hand Surgery.: Lippincott 
Williams & Wilkins; 2003.

16.       Waldman Steven D. Pain Management.Philadelphia: Saunders El-
sevier; 2007.


