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The effect of alkalinization of lidocaine solution in brachial plexus block-
ade was evaluated in a double blind study. Commercial 1.5% lidocaine with
epinephrine 1:200,000 (pH 5.72) was compared with an alkalinized solution of
lidocaine (pH 7.12). 10 mg-kg " of each solution was administrated by the axil-
lary perivascular technique in 34 adult patients scheduled for elective surgery. The
onset and spread of sensory blockade and the intensity of motor blockade were
determined. An alkalinized lidocaine solution produced more complete sensory
blockade in all of four main nerves of the upper extremity as compared with the
control lidocaine solution. The onset of sensory blockade in the musculocutaneous,
radial, ulnar and median nerves was shortened 58%, 40%, 30% and 28%, respec-
tively, by employing the alkalinized lidocaine solution. Also the analgesic onset
in the radial and musculocutaneous nerves was significantly faster than the other
two nerves (P < 0.05 and P < 0.01). Furthermore, the intensity of motor block-
ade was greatly potentiated when alkalinized lidocaine solution was employed.
There was no significant increase in plasma concentration of lidocaine in patients
who were given alkalinized solution. (Key words: brachial plexus block, axillary
approach, lidocaine with epinephrine, alkalinization)

(Kanaya N, Imaizumi H, Matsumoto M, et al.: Evaluation of alkalinized
lidocaine solution in brachial plexus blockade. J Anesth 5: 128-131, 1991)

Increasing the pH of a local anesthetic
solution has been reported to potentiate
the quality of neural blockade in vitro1 ,2 .
Hilgier observed a rapid onset and a prolon-
gation of the action of bupivacaine by the
addition of sodium bicarbonate to a local
anesthetic solution resulting in an increase in
the pH of the solution", In addition, DiFazio
demonstrated that an incremental addition
of sodium bicarbonate into lidocaine caused
a more rapid onset of analgesia and a greater
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spread of sensory blockade",
Based on these reports, the current study

was initiated to determine if an increase
in the pH of lidocaine with epinephrine
(1:200,000) by the addition of sodium bicar-
bonate would result in a more rapid onset
of brachial plexus blockade. The effect of pH
on vascular absorption of lidocaine was also
evaluated.

Method

This double blind study included 34 adult
patients subjected to elective surgery of
the upper extremity. The protocol was re-
viewed and approved by the committee of
Sapporo Medical College and Hospital on
medical ethics, and informed consent was
obtained from each patient prior to anes-
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Table 1. Onset of sensory blockade (minutes)

129

Median nerve

Ulnar nerve

Radial nerve

Musculocutaneous
nerve

I (control)

12.14 ± 0.74

3.21 ± 0.31

22.57 ± 0.80
22.54 ± 0.82

II (alkalinized lidocaine)

8.68 ± 0.53

2.24 ± 0.07

13.75 ± 0.52*

9.55 ± 0.41**

All values are given as mean SEM.
*P < 0.05, as compared with group I
**P < 0.01, as compared with group I

thesia. The patients were randomly divided
into two groups. The control lidocaine so-
lution (pH 5.72) contained 1 ml of nor-
mal saline in 10 ml of 1.5% lidocaine with
1:200,000 epinephrine. The alkalinized lido-
caine solution (pH 7.12) contained 1 ml of
7% NaHC03 in 10 ml of 1.5% lidocaine with
1:200,000 epinephrine.
All blockades were performed by the axil-

lary perivascular technique. The injection of
local anesthetic was carried out over 1 min.
Thirty to 40 ml of either control lidocaine
solution (Group I) or alkalinized lidocaine
solution (Group II) was given so that the
total dose of lidocaine was 10 mg-kg"! of
body weight.
The sensory blockade was evaluated every

30 second after the injection using pinprick
technique until analgesia was established.
Analgesic effect was evaluated in the follow-
ing four nerve areas, i.e. median (M), ulnar
(U), radial (R) and musculocutaneous (MC).
The evaluation of sensory blockade was con-
tinued until 30 min after the injection.
The degree of motor blockade was as-

sessed by measuring the gripping force 5 min
after the injection.
Arterial blood was sampled to determine

the concentration of plasma lidocaine 30 min
after administration.
Statistical analysis was performed with

the aid of a non-parametric method and chi-
square method. Differences were considered
to be statistically significant when P-values
were less than 0.05.

Results

Both groups had similar demographic
characteristics in terms of age and sex. All
patients showed sensory blockades of two or
more main nerves in the upper extremity.
Thirteen patients (75%) in group II showed
a complete sensory blockade of the axillary
nerves, whereas only 4 patients (29%) in
group I demonstrated the same effect. The
difference observed in the two groups was
statistically significant (P < 0.05).
The onset of sensory blockade in the two

groups is shown in table 1. In both of the
groups, the order of analgesic onset was
ulnar, median, musculocutaneous and then
followed lastly by radial nerves. The onset
of sensory blockade in the musculocutaneous
and radial nerves was significantly later than
that of the ulnar and median nerves in the
control group (P < 0.05). The onset of anal-
gesia was significantly shortened in the radial
(P < 0.05) and musculocutaneous (P < 0.01)
nerve areas when alkalinized solution was
employed. In contrast, there was not as sig-
nificant on effect of shortening the onset
of analgesia in the ulnar and median nerve
areas in the alkalinized lidocaine group.
In terms of motor blockade (fig. 1), the

gripping force of group II decreased from
23 to 4 kg five minutes after the injection.
In group I, the gripping force decreased
from 17.4 to 7.7 kg. Thus the difference
between the two groups on motor blockade
was significantly great (P < 0.05).
The average plasma concentrations of li-



Kanaya et al

Discussion

Fig. 1. Graphic comparison of the decrease
of gripping force 5 min after performing the block
in the two groups.
Values expressed as mean (± S.D.); *Signifi-

cantly different (P < 0.05) from control values.

docaine in group I and group II were 1.3
and 2.0 pg·ml 1 thirty minutes after the
injection. There was no significant difference
between the concentrations of the two groups
(fig. 2). No patient showed any symptoms of
local anesthetic toxicity in either group.
There was no case of either motor paral-

ysis or other persistent deficit of the nerves
in both groups, when the analgesia disap-
peared.
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Fig. 2. Graphic comparison of
the plasma lidocaine concentration
30 min after performing the block
in the two groups.
Values expressed as mean (±

S.D.); p=NS.

added to 0.5% bupivacaine solution with
epinephrine (1:200,000)3. He also reported
the onset of analgesia was shortened by
about one-half and the duration of surgi-
cal analgesia was prolonged more than two
fold when alkalinized solution was used. Bed-
der et al. demonstrated that alkalinization
of bupivacaine 0.5% solution did not con-
fer any added clinical advantage in subcla-
vian perivascular brachial plexus blockade
when compared with commercially available
bupivacalne!".
However, none of these reports demon-

strated, which nerve's onset time was af-
fected by using pH adjusted local anesthet-
ics. In this study, we found different effects
on each of the four main nerves of the
upper extremity. In control, the onset of
analgesia in both the radial and musculocu-
taneous nerve areas were delayed compared
with that of the ulnar and median nerve
areas. The slow onset for the radial and mus-
culocutaneous nerves is due to their greater
distance from the site of injection. Alkalin-
ized lidocaine solution significantly shortened
the onset of sensory blockade for the more
distant radial and musculocutaneous nerves.
Hilgier has suggested that an increase of the
pH of bupivacaine solution would appear a
more rapid diffusion through nerve sheaths,
and this should insure a more rapid onset
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There are numerous investigations which
report that local anesthetics can be poten-
tiated by adjusting their pH. Ritchie et al.
reported that the percentage of the nonion-
ized form could be increased by elevating the
pH of the local anesthetic in vitro5 - 7 • Hille
demonstrated that the activity of local anes-
thetic was dependent on the rate of nerve
membrane penetration by the nonionized lo-
cal anesthetic''.
In a recent clinical report, Galindo in-

dicated that an addition of sodium bicar-
bonate (pH 7.0-7.4) could shorten the on-
set of neural blockade in humans", DiFazio
reported that pH-adjusted lidocaine solu-
tion produced a more rapid onset and a
greater spread of sensory blockade in epidu-
ral anesthesia", In brachial plexus blockade,
Hilgier demonstrated that shortening of the
onset time of analgesia was brought about
when sodium bicarbonate (0.1 mM) was
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of action". We similarly suggest that the
alkalinization of lidocaine solution will pro-
vide a more rapid diffusion not only in the
nerve but also in the connective tissues as
compared to commercial lidocaine.
Motor blockade was determined by mea-

suring the gripping force which mainly co-
incided with forearm muscles corresponding
to the median nerve. Winnie et al, reported
that the onset of motor blockade preceded
sensory blockade because of the somatotopic
arrangement of fibers in nerve bundles; mo-
tor fibers located more peripherally than
&,ensory fibers!", Tn our study complete mo-
tor blockade preceded the sensory blockade
of the median nerve in group I, however
sensory blockade preceded motor blockade in
group II. This fact may be related to the
accelerated intraneural diffusion of lidocaine
solution by alkalinization. It is known that
the minimal effective concentration (Cm) of
motor fibers is approximately twice that of
pain fibers. Therefore, the Cm of sensory
fibers will be reached faster than that of mo-
tor fibers by employing alkalinized solution.
If alkalinization of local anesthetics en-

hances the diffusion of the drug, absorption
of anesthetics is also affected. However, there
was no significant increase of the plasma con-
centration of lidocaine by alkalinization in
our .study.

In conclusion, alkalinized lidocaine solu-
tion which is employed in axillary brachial
plexus blockade can hasten the onset of anal-
gesia and confer a wider spread of analgesia
as compared with the same dose of commer-
cial lidocaine. Moreover, a low concentration
of lidocaine in plasma is maintained.
(Received Oct. 30, 1989, accepted for publi-

cation Sep. 4, 1990)
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