
133 

John E. Tetzlaff MD, Michael Walsh MD, 
Helen J. Yoon MD 

p H Adjustment of 
mepwacalne decreases 
the incidence of 
tourniquet pain during 
axillary brachial plexus 
anaesthesia 

The effect o f  p H  adjustment o f  mepivacaine on the incidence 
of  tourniquet pain during axillary brachial plexus anaesthesia 
was studied. Thirty-nine patients scheduled for hand surgery, 
during which use o f  pneumatic tourniquet for longer than 60 
rain was planned, were randomized into two groups. Both re- 
ceived axillary brachial plexus block with 40 ml, L4% mepi- 
vacaine, 1:200,000 epinephrine. The study group had 4 ml so- 
dium bicarbonate (I mEq" m1-1) added (final p H  7.31), and 
the control group had 4 ml saline added (final p H  5.6). The 
incidence of  tourniquet pain was determined from cases for 
which tourniquet inflation lasted longer than 60 min. Tour- 
niquet; pain was defined as poorly localized and distinct from 
an inadequate axillary block by a blinded observer. More tour- 
niquet pain occurred in the control group. The authors conclude 
that alkalinization of  mepivacaine for axillary brachial plexus 
anaesthesia may be indicated in cases where use o f  pneumatic 
tourniquet for long periods is planned. 

Ce travail dtudie les effets de l'adjustement du p H  de la mdpi- 
vacai'ne sur Hncidence des douleurs caus~es par le garrot pen- 
dant l'anesth~sie du plexus brachial par vole axillaire. Trente- 
neuf patients programm~s pour une chirurgie de la main au 
cours de laquelle un garrot gonflO pourrait dire en place pour 
plus de soixante minutes, sont r~partis au hasard entre deux 
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groupes. Les patients des deux groupes refoivent un block axil- 

laire rdalis~ avec 40 ml de m@ivacagne 1,4% adr~nalin~e h 
1:200,000. Pour le groupe d~tude, on ajoute ~ cette solution 
du bicarbonate de soude 4 ml (1 mEq" ml -t) pour obtenir 
un p H de 7,31; pour le groupe contr6le, du solutd physiologique 
4 mlpour un p H  de 5,6. L~ncidence des douleurs caus~es par 
le garrot est d~termin~e clans les cas oft l~nsufflation du garrot 
dure plus de 60 min. Un observateur neutre d~finit la douleur 
du garrot par une douleur real localisde et distincte de celle 
d'un block sensoriel incomplet. La douleur du garrot est plus 
intense dans le groupe contr61e. Les auteurs concluent que l'al- 
calinisation de la m~pivaca~ne pour le block axillaire pourrait 
~tre indiqu~e lorsqu'on pr~voit des dur~es d~nsufflation de gar- 
rot ddpassant soixante minutes. 

The use of pneumatic tourniquets to provide a bloodless 
field for upper extremity surgery is common. As with 
lower extremity use, the duration of use of arm tour- 
niquets is limited by surgeons based on the potential for 
injury to underlying nerves, blood vessels, and muscle. 1-3 
However, even within safe intervals, use of a pneumatic 
tourniquet can be associated with severe pain, refractory 
to treatment, during otherwise satisfactory regional anaes- 
thesia. Tourniquet pain is known to occur during spi- 
nal, 5-1~ epidural, I I and regional anaesthesia of the upper  

extremity: ,n It occurs despite sensory and motor block 
adequate to allow skin incision, tissue dissection, and 
bone manipulation. 6 The incidence of tourniquet pain 
is higher during lower extremity surgery than during 
u p p e r  extremity procedures.4 Nevertheless, upper extrem- 
ity surgery with the use of pneumatic tourniquet under 
brachial plexus anaesthesia can be complicated by a 
poorly localized pain which is often refractory to treat- 
ment. 

The incidence of tourniquet pain has been shown to 
be influenced by the regional anaesthetic technique and 
by the composition of the local anaesthetic solution. Spi- 
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nal anaesthesia is superior to epidural anaesthesia. H Bu- 
pivacaine is superior to tetracaine for spinal anaesthesia, 9 
and plain bupivacaine 7 but not plain tetracaine 13 is su- 
perior to the same solution made hyperbaric with the 
addition of glucose. Spinal anaesthesia is improved by 
the addition of epinephrine,* morphine, t4 and clonidine. 15 

Alkalinization of mepivacaine has been shown to in- 
fluence the behaviour of the agent in a variety of regional 
anaesthetic techniques. J6-~8 Recently, we demonstrated a 
decreased incidence of tourniquet pain during mepiva- 
caine epidural anaesthesia with the alkalinized solution 
compared with mepivacaine without pH adjustment. 19 
The present study was designed to determine whether 
a similar decrease could be demonstrated during axillary 
brachial plexus anaesthesia for hand surgery. 

TABLE Results 

Study Control P 

Sex(M/F) 7/12 11/9 NS 
Age (yr, mean/SEM) 53.1 (9.8) 43.9 (6.8) NS 
Weight (kg, mean/SEM) 72.1 (6.0) 71.2 (5.3) NS 
Duration of tourniquet inflation 

(min, mean/SEM) 104 (9.3) 115 (10.6) NS 
Time at tourniquet pain (min, 

mean/SEM) 120 (8.6) 91.6 (12) 0.001I" 
Number with tourniquet pain 2 9 < 0.05* 
Number requiring general 

anaesthesia 0 3 0.0011" 

*Fisher's exact P-value. 
tWilcoxon Rank Sum P-value. 

Methods 
After Institutional Review Board approval, written in- 
formed consent was obtained from 39 healthy patients 
scheduled for hand surgery during which pneumatic tour- 
niquet use for greater than 60 min was anticipated and 
who had agreed to axillary brachial plexus anaesthesia. 
A standard adult pneumatic tourniquet was used, cal- 
ibrated and inflated to 250 mmHg. All patients received 
axillary block, using a transarterial technique with in- 
jection posterior to the artery of 40 ml of 1.4% mepi- 
vacaine, 1:200,000 epinephrine. They were randomized 
into two groups by random card draw. The study group 
had 4 ml sodium bicarbonate (1 mEq-ml -j, final pH 
7.31) added to the solution prior to injection. The control 
group had the addition of 4 ml, preservative-free saline 
(final pH 5.6). The quality of the motor and sensory 
blocks was determined prior to incision, and partial or 
failed blocks were excluded from the study. Tourniquet 
pain was defined as a poorly localized upper extremity 
pain not associated with an inadequate, partial, or re- 
gressing axillary block; it was determined by an observer 
unaware of group assignment. Careful assessment of sen- 
sory and motor block was used to rule out block re- 
gression. Only non-narcotic sedation was used. If tour- 
niquet pain was identified, treatment with fentanyl was 
initiated. General anaesthesia was employed if agitation 
prevented completion of surgery. 

Data collected included sex, age, weight, duration of 
tourniquet inflation, incidence of tourniquet pain, length 
of tourniquet inflation at first detection of tourniquet 

*Gielen MJM, Meulman H, Van Beem H, Bridenbaugh PO 
Does the addition of epinephrine to hyperbaric bupivacaine 
0.5% in spinal anesthesia decrease the incidence of tourniquet 
pain (abstr). Proceedings of European Society of Regional 
Anaesthesia 1986, F3. 

pain, and use of general anaesthesia for refractory pain. 
Demographics were compared with Student's t test and 
incidence of tourniquet pain with Fisher's exact test. Sig- 
nificance was considered to be P < 0.05. 

Results 
All blocks resulted in complete anaesthesia and motor 
block prior to incision. There were no intraoperative 
block failures. The pH of the plain solution was 
5.56-5.60, saline added was 5.58-5.61, and bicarbonate 
was 7.30-7.34 in three determinations. The study group 
had more women than men and an older average age, 
although these differences were not statistically signifi- 
cant. The duration of tourniquet inflation was not dif- 
ferent. The time at which tourniquet pain occurred was 
later in the study group. The incidence of tourniquet pain 
was higher in the control group, as was the number of 
patients who required general anaesthesia (Table). 

Discussion 
The results of this study further confirm the different 
incidence of tourniquet pain during various regional an- 
aesthetic techniques. It is likely that those techniques 
which have a lower incidence of tourniquet pain must 
be more effective at interrupting whatever nociceptive 
cycle is involved in the aetiology of tourniquet pain. 

Unlike the sensory and motor pathways which are in- 
volved in somatic blockade or surgical anaesthesia with- 
out the use of a pneumatic tourniquet, the pathway as- 
sociated with tourniquet pain remains obscure. On a basic 
level, the pain mechanisms postulated by Melzack and 
Wall 2~ could apply if larger fibres in the central axis were 
postulated to inhibit the central effect of the small a- 
delta and c-fibres which are thought to carry nociceptive 
tourniquet impulses. If the progression of the block oc- 
curred such that the larger fibres remained blocked and 
the smaller fibres (a-delta, c) became unblocked, a no- 
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ciceptive impulse could be conducted. This is a plausible 
theory since conduction in a-delta and c-fibres has been 
shown to be increased by repetitive stimulation. 19-21. The 
repetitive stimulus may be the persistent inflation of the 
pneumatic tourniquet. 

Another theory relates to the idea that within an area 
of surgical anaesthesia, there may be differential degrees 
of blockade depending on nerve fibre types. Rocco et 
t/l. 22 evaluated the level of blockade during spinal anaes- 
thesia and compared the response to pinprick with that 
to light touch. There was no correlation between the level 
of anaesthesia to pinprick and onset of tourniquet pain 
of the lower extremity, but there was a good correlation 
between onset of tourniquet pain and a decreasing level 
of anaesthesia to light touch. They then postulated that 
these zones of differential blockade would be magnified 
more during regression of the block and that this mag- 
nification would correlate with the incidence of tourniquet 
pain being greater after 60-90 rain of inflation. It may 
be that after prolonged inflation of the tourniquet, nerve 
fibres normally involved in conducting only light touch 
(a-beta) could become nociceptive in the presence of re- 
petitive stimulus, z3 Chabe124 provided support to this the- 
ory with an animal experiment that demonstrated activity 
in nerve fibres after tourniquet inflation which was not 
present prior to inflation, although it was not clear 
whether conduction followed somatic or autonomic path- 
ways. 

Some support for these theories of tourniquet pain can 
be derived from clinical experiments that delineate the 
different incidences of tourniquet pain based on anaes- 
thetic technique. Concepcion et al. 9 postulated that the 
advantage of bupivacaine over tetracaine was related to 
the known superiority of bupivacaine for prolonged 
blockade of the slow conductance c-fibres. Differential 
sensitivity of tetracaine and bupivacaine in c-fibres was 
demonstrated in vitro by Gissen, 25 further supporting this 
idea. In the experimental preparation, tetracaine blocked 
small fibres (c) became active sooner than fibres blocked 
with bupivacaine. Frequency-dependent block in vitro is 
also less effective with tetracaine than with bupivacaine. 8 
With the tourniquet being postulated at the repetitive 
stimulus, an enhancement of frequency-dependent block 
would probably lead to more effective blockade of tour- 
niquet pain. 

Differential blockade and differential sensitivity of 
nerve fibres may also explain why the results of this study 
of mepivacaine and upper extremity tourniquet pain, as 
well as previous work ~9 demonstrate that pH-adjusted 
mepivacaine decreases the incidence of tourniquet pain. 
Alkalinization alters the clinical behaviour of mepiva- 
caine. Several studies have shown a decrease in latency 
to onset of blockade, tr, ls Candido et al. 17 demonstrated 

improved duration of anaesthesia, which could be pos- 
tulated to be related to improved diffusion into larger 
nerve fibres. This was confirmed by McMorland et al. 26,27 
using bupivacaine, who noted prolonged duration of epi- 
dural analgesia and anaesthesia with bupivacaine. The 
influence of alkalinization of local anaesthesia is thought 
to occur secondary to the considerable increase of the 
non-ionized form in the solution prior to injection. Also, 
the greatly increased concentration of carbon dioxide in 
the solution when exposed to the nerve cell membrane 
rapidly diffuses inside the cell. This rapid diffusion de- 
creases the intracellular pH which further increases the 
concentration gradient of the non-ionized form of the 
local anaesthetic molecule into the cell. The actual PCO 2 
of the solution influences this effect. 28 Enhanced diffusion 
may prevent dilution of the effective concentration of the 
local anaesthetic by mixing with extracellular fluid. This 
increase in relative concentration of the local anaesthetic 
may be involved in the differentially increased effective- 
ness of the alkalinized solution at providing the kind of 
blockade which later is more effective in preventing tour- 
niquet pain. Another possibility is that frequency- 
dependent block may be facilitated by the increased con- 
centration of the agent effectively delivered to the nerve 
fibres. 

In summary, the incidence of tourniquet pain during 
upper extremity surgery using axillary brachial plexus 
anaesthesia decreases when mepivacaine is alkalinized 
with bicarbonate. Because the incidence of tourniquet 
pain becomes high during upper extremity surgery when 
inflation with pneumatic tourniquet exceeds 60 min, pH- 
adjusted mepivacaine may be indicated in these cases. 
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