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EVALUATION OF THE TOURNIQUET LEAK 
DURING FOREARM INTRAVENOUS 

REGIONAL ANESTHESIA

- Manual vs Automatic Pump Injection -

Roshdi Roshdi Al-Metwalli*

Summary

Background: The present study was conducted to compare the effect of pump injection 
versus manual injection on the venous pressure, during forearm intravenous regional anesthesia 
(IVRA) and the incidence and the magnitude of lidocaine leak, .

Methods: A crossover randomized study of IVRA with a forearm tourniquet was conducted 
on 14 male healthy volunteers. This study was performed, once using manual injection of local 
anesthetic and once using automatic pump injection, on two separate sessions. In both techniques, 
0.3 ml/kg lidocaine 0.5% was injected over 90 seconds. The occlusion pressure, continuous venous 
pressure and the serum lidocaine two minutes at end of injection, were recorded.

Results: The mean occlusion pressure 161.6 (17.2) mmHg was always higher than the mean 
initial arm systolic blood pressure 131.711. The maximum venous pressure was significantly higher 
in the manual technique 176.7 (15.4) mmHg than in the pump technique 161.3 (12.3) mmHg (p 
= 0.04). The incidence of lidocaine leak was significantly lower (35.71%) in the pump technique 
compared to (78.5%) in the manual technique (p = 0.02). Moreover; the mean lidocaine plasma 
concentrations was significantly higher [0.86 (0.5) µg.ml-1] in the manual technique compared to 
[0.32 (0.4) µg.ml-1] the pump technique (p = 0.04).

Conclusion: The use of pump injection for forearm IVRA could significantly decrease the 
maximum venous pressure, and decrease the incidence and the magnitude of lidocaine leak past 
the tourniquet.

Keywords: Anesthetic technique: regional intravenous. Drug: lidocaine. Measurements: 
Venous pressure, Lidocaine plasma conc.
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approval and volunteer informed written consent, 
a prospective randomized study of IVRA with a 
forearm tourniquet was conducted on 14 male healthy 
volunteers, each volunteer acting as his own control. 
This study was performed, once using manual injection 
of local anesthetic and once using automatic pump 
injection, on two separate sessions. The sequence of 
the technique of IVRA (manual or pump technique) for 
each session, was allocated randomly and separated by 
at least one week.

For each session, immediately before the start of 
the procedure, arterial blood pressure was measured 
in the contra lateral arm with a standard adult cuff 
using a mercury sphygmomanometer. An 8 cm wide 
pneumatic tourniquet was placed over padding on 
the forearm 1 cm below the medial epicondyle of 
the humerus. An automatic pneumatic tourniquet 
machine (Zimmer A.T.S. 2000) was used for inflating 
the pneumatic tourniquet. The gauge on the machine 
was calibrated against a mercury column before each 
operating session.

“Occlusion pressure”, the tourniquet pressure 
required to occlude the radial blood flow was 
measured. This was determined by slowly lowering 
the tourniquet pressure from well above the systolic 
value and recording the tourniquet pressure at which 
the radial pulse first became palpable. Having found 
the occlusion pressures, the pneumatic tourniquet 
was removed and placed in a similar manner over the 
forearm to be operated on. A 20-gauge Teflon catheter 
was inserted in a dorsal vein of the hand and used for 
injection of local anesthetic. A similar cannula was 
inserted in a vein just distal to the tourniquet for venous 
pressure recording during the injection. The limb distal 
to the pneumatic tourniquet was exsanguinated by an 
Esmarch’s bandage, starting from the finger tips. The 
tourniquet was then inflated to a pressure equal to the 
occlusion pressure plus 50 mmHg (inflation pressure), 
and the Esmarch’s bandage was removed.

The calculated amount of 0.5 per cent 
preservative-free lidocaine solution (0.3 ml.kg-1 body 
weight) was injected over 90 second in all volunteers, 
by either the same anesthesiologist (manual technique) 
or by using automated infusion pump [Baxter Flogard. 
FAAM.3047K] (pump technique), through the 
intravenous cannula on the dorsum of the hand. Venous 

Introduction
Intravenous regional anesthesia (IVRA) is a safe 

and effective technique for providing anesthesia as well 
as a bloodless field during hand surgery, with published 
success rates ranging from 94% to 98%1,2. IVRA is 
easy to perform and the only necessary technical skill 
is inserting an intravenous (IV) cannula.

Traditionally, an upper arm tourniquet has been 
used for these procedures. However, the recommended 
doses of local anesthetics for upper arm IVRA do have 
the potential risk of systemic toxicity3,4.

Forearm IVRA, however, allows the dose of 
local anesthetic to be decreased by up to 50% without 
affecting the quality of analgesia5,6. In addition, the 
forearm tourniquet can be tolerated longer and was 
consistently rated as less painful when compared with 
the upper arm tourniquet7. However, this technique 
was unpopular in the past because it was thought that 
“compression forces of an inflated forearm tourniquet 
cannot obliterate the anterior and posterior interosseous 
arteries seated in the deep ‘valley’ between the 
prominent radius and ulna”8. It was therefore assumed 
that tourniquet leakage was inevitable, thus increasing 
the possibility of local anesthetic toxicity and block 
failure. A quantitative study showed that forearm 
IVRA results in tourniquet leakage comparable with 
upper arm IVRA9.

During intravenous regional anesthesia, leakage 
of local anesthetic agent past the tourniquet into the 
systemic circulation could occur if the tourniquet 
pressure was inadequate to maintain occlusion of the 
underlying vessels in the face of the venous pressures 
generated by the injection10. Previous studies had 
measured venous pressure during actual or simulated 
upper arm IVRA, at different injection rates and 
volumes. To my knowledge, limited data of using 
automatic pump injection for forearm IVRA are 
available.

The main objective of the present trial is to study 
venous pressure during lidocaine forearm IVRA, using 
manual versus automatic pump injection, and evaluate 
its effect on the possible leak past the tourniquet.

Methods and Materials
Following the Institutional Ethics Committee 
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plasma concentrations was 0.86 (0.5) µg.ml-1 in the 
manual technique and 0.32 (0.4) µg.ml-1 in the pump 
technique with significant difference between both 
techniques (P <0.04).

Venous pressure before exsanguinations, before 
and during injection is presented in Fig. 1. There was 
a significant difference between the maximum venous 
pressure in the manual technique 176.7 (15.4) mmHg 
and in the pump technique 161.3 (12.3) mmHg (p = 
0.02).

There was significant correlation between the 
maximum venous pressure and the lidocaine plasma 
levels in both manual (Fig. 2) and pump techniques 
(Fig. 3) (R2 = 0.82 and 0.68 respectively).

Discussion
The present crossover randomized study, showed 

a significant higher value of venous pressure during 
forearm IVRA when using manual injection than when 
using pump injection, with significant lower incidence 
and magnitude of the leak (lidocaine plasma level) in 
the pump group compared to the manual group.

One important factor affecting the success of 
IVRA is the tourniquet pressure. The present study used 
8 cm wide pneumatic cuff, which is much narrower 
than the standard adult sphygnomanometer cuff used 
for measuring blood pressure. As the narrow cuff is less 
able to transmit tourniquet pressure to blood vessels 
lying deep inside the limb11,12, this could explain why 
the occlusive pressure was always higher than systolic 
blood pressure. Similarly this could explain why the 
difference between them was smaller in the present 
study 29.6 (12.6) mmHg using 8 cm wide cuff than 
Chan, et al study 67 (25) mmHg using 5 cm wide 
cuff5.

In the present study, the highest venous pressure 
was observed at the end of injection in both techniques, 
with significant higher value in the manual injection 
technique. This could be expected, as the use of 
infusion pump for injection could induce a steady rise 
of venous pressure given a chance for the veins to 
distend over the time with a final lower pressure at the 
end of injection.

To my knowledge none of the previous studies 
had evaluated the effect of using pump injection versus 

pressure distal to the tourniquet was recorded every 10 
seconds during injection by another anesthesiologist 
using pressure transducer connected to the proximal 
venous catheter.

In all patients two venous blood samples were 
taken for estimation of lidocaine concentration from 
an indwelling intravenous catheter placed in the 
contra lateral upper limb, before and two minute after 
lidocaine injection. The tourniquet was deflated 15 
minutes after injection.

Statistics
The sample size was determined assuming a 

paired design in which forearm IVRA using different 
mode of injection would be applied to each volunteer 
on two separate occasions. To have an 80% probability 
of detecting 17% difference (from a pilot study) of 
maximum intravenous pressure, between the two 
techniques ([beta] = 0.2), and testing at the 0.05 level 
([alpha] = 0.05), the sample size was found to be 14 
patients. Data was analyzed using a paired t-test to 
compare venous pressure and lidocaine serum level. 
Fisher’s exact test was used to compare the incidence 
of leak. Statistical significance was assumed to be 
achieved at P <0.05.

Results
The mean age of the volunteers was 33.7 (7.7) 

yr, mean height was 172.3 (7.2) cm, mean weight was 
74.7 (5.1) kg and the mean forearm circumference was 
25.9 (3.2) cm.

The occlusion pressure 161.6 (17.2) mmHg 
was always higher than the initial arm systolic blood 
pressure 131.7 (11) mmHg and the difference between 
them which ranged from 5 to 50 mmHg (29 ± 12.6) did 
not show any correlation with either the initial systolic 
blood pressure measured over the upper arm, (R2

 = 
0.008), or the circumference of the forearm at a point 
1 cm distal to the medial epicondyle of the humerus 
(R2 = 0.03).

There was significant difference in the incidence 
of lidocaine leak past the pneumtic cuff into the 
systemic circulation prior to tourniquet release, 
between the manual technique 11/14 (78.5%) and the 
pump technique 5/14 (35.71%) p = 0.02. The lidocaine 
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Fig. 1
Evaluation of venous pressure for the 
manual (   ) and pump (   ) techniques 
during the 90 sec. of injection

Fig. 2
Correlation between the maximum venous 
pressure achieved at the end of injection 
and the lidocaine plasma level in the 
Manual technique

Fig. 3
Correlation between the maximum 
venous pressure achieved at the end 
of injection and the lidocaine 
plasma level in the pump technique
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venous pressure could exacerbate the unavoidable leak 
through the interosseous vessels which are assumed to 
be protected from the tourniquet pressure.

Limitations of this study consist of, First; this 
trial would be strengthened if it used different rates 
of injection as well as different levels of inflation 
pressure, but this necessitated multiple sessions which 
was refused by the volunteers. However; this could be 
an idea for further study. Second; the present study did 
not test the clinical efficacy of the performed block, 
this is because the clinical efficacy of forearm IVRA 
had been proven by many of previous studies5,17,19, as 
well as for ethical reason as this study was done on 
volunteers.

The present study concluded that the use of 
pump injection for forearm IVRA could significantly 
decrease the maximum venous pressure, and reduce 
the incidence and the magnitude of lidocaine leak past 
the tourniquet. This possibly will increase the duration 
of the block and further decrease the incidence of 
potential systemic toxicity.
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manual injection on the venous pressure during forearm 
IVRA. However, El-Hassan et al12 had compared the 
effect of different rates of infusion on the rate of rise 
of venous pressure on one volunteer during simulated 
Bier’s block. They reported that the slower the rate of 
injection the lower was the venous pressure.

It has been suggested that, the occurrence of 
convulsions during the performance of intravenous 
regional analgesia with the tourniquet in situ may be 
partly explained by the generation of exceptionally 
high pressures in the venous system of the arm. The 
pressures generated were greater than or equal to the 
occluding pressure of the tourniquet. This in turn may 
lead to flow of injectate under the tourniquet and into 
the systemic circulation14-16.

In the present study, although non of the volunteer 
in both techniques had a maximum venous pressure that 
exceeded the inflation pressure, leak of lidocaine had 
occurred in 11 out of 14 cases (78.5%) in the manual 
technique, and 5 out of 14 cases (35.7%) in the pump 
technique with a magnitude of 0.86 (0.5) µg.ml-1 and 
0.32 (0.4) µg.ml-1 respectively. This in agreement with 
Kalso et al13, and Chan et al5, who reported a lidocaine 
leakage rate of 55% and 67% respectively.

More interestingly, the present study reported a 
linear correlation between the magnitude of the leak 
and the maximum venous pressure in both techniques. 
The possible explanation is that, decrease in the 
pressure gradient between the inflation pressure and the 

EVALUATION OF THE TOURNIQUET LEAK DURING FOREARM INTRAVENOUS REGIONAL ANESTHESIA



276

References
1.	 Brown EM, McGriff JT, Malinowski RW: Intravenous regional 

anaesthesia (Bier block): review of 20 years’ experience. Can J 
Anaesth; 1989, 36:307-10.

2.	 Dunbar RW, Mazze RI: Intravenous regional anesthesia: experience 
with 779 cases. Anesth Analg; 1967, 46:806-13.

3.	 Heathm: Deaths after intravenous regional anaesthesia. British 
Medical Journal; 1982, 285:913-4.

4.	 Auroy Y, Narchi P, Messiah A, et al: Serious complications related 
to regional anesthesia: results of a prospective survey in France. 
Anesthesiology; 1997, 87:479-86.

5.	 Chan CS, Pun WK, Chan YM, Chow SP: Intranvenous regional 
analgesia with a forearm tourniquet. Can J Anaesth; 1987, 34:21-5.

6.	 Rousso M, Drexler H, Vatashsky E, et al: Low i.v. regional 
analgesia with bupivacaine for hand surgery. Br J Anaesth; 1981, 
53:841-4.

7.	 Ng ES, Ting JR, Foo SL, Akram SA, Fadzlina AA, Alywiah JS, 
Ahmad TS: The comparison of discomfort level between upper arm 
and forearm tourniquet. Med J Malaysia; 2006, 61 Suppl B:23-6-8.

8.	 Cotev S, Robin GC: Experimental studies on intravenous regional 
anaesthesia using radioactive lignocaine. Br J Anaesth; 1966, 
38:936-9.

9.	 Coleman MM, Peng PW, Regan JM, et al: Quantitative Comparison 
of Leakage Under the Tourniquet in Forearm Versus Conventional 
Intravenous Regional Anesthesia. Anesth Analg; 1999, 89:1482-6.

10.	Rosenberg PH, Kaw EA, Tuominen MK, Linden HB: Acute 
bupivacaine toxicity as a result of venous leakage under the 

tourniquet cuff during a Bier Block. Anesthesiology; 1983, 58:95-8.
11.	Shaw JA, Murray DG: The relationship between tourniquet pressure 

and underlying soft-tissue pressure in the thigh. J Bone Joint Surg; 
1982, 64A:1148-52.

12.	El-Hassan KM, Hutton P, Black AMS: Venous pressure and arm 
volume changes during simulated Bier’s block. Anaesthesia; 1984, 
39:229-35.

13.	Kalso E, Tuominen M, Rosenberg PH, Alila A: Bupivacaine 
blood levels after intravenous regional anaesthesia of the arm. Reg 
Anaesth; 1982, 5:81-4.

14.	Grice SC, Morell RC, Balestrieri FJ, et al: Intravenous regional 
anesthesia: evaluation and prevention of leakage under the 
tourniquet. Anesthesiology; 1986, 65:316-20.

15.	Davies JA, Hal UD, Wilkey AD, Smith JE, Walford AJ, Kale VR: 
Intravenous regional analgesia. The danger of the congested arm and 
the value of occlusion pressure. Anaesthesia; 1984, 39:416-21.

16.	Lawes EG, Johnson T, Pritchard P, Robbins P: Venous pressures 
during simulated Bier’s block. Anaesthesia; 1984, 39:147-9.

17.	Ploudre G, Barry PP, Tardif L, et al: Decreasing the toxic potential 
of intravenous regional anaesthesia. Can J Anaesth; 1989, 36:498-
502.

18.	Pun WK, Chow SP, Luk KDK, et al: Sequential forearm intravenous 
regional and infiltration anaesthesia: value for haemostasis. J Hand 
Surg Br; 1990, 15:115-7.

19.	Khuri S, Uhi RL, Martino J, Whipple R: Clinical application of the 
forearm tourniquet. J Hand Surg Am; 1994, 19:861-3.

Roshdi Roshdi Al-Metwalli




