




ANESTH ANALG REGIONAL ANESTHESIA AND PAIN MANAGEMENT LIU ET AL. 699 
1995;81:697-702 LIDOCAINE SPINAL ANESTHESIA 

Table 1. Sensory Block to Pinprick After Spinal Anesthesia 

Measurement 

Lidocaine 
5% with 
dextrose 

Lidocaine 1.5% 

With Dextrose- 
dextrose free 

Peak dermatome (median t interquartile range) 
Time to 2-segment regression (min) 
Time to regression to dermatome Ll (min) 
Time to regression to dermatome S2 bin) 

T3 + 2” T4 + 3” T6 ? 4 
65 2 5b 39 2 5 56 2 5b 

109 2 6b 73 k 10 104 t 5b 
150 + gb 99 + 11 130 ? l@ 

Values are mean 2 SE unless otherwise noted. 
a Different from lidocaine 1.5% dextrose free (P C 0.005). 
b Different from lidocaine 1.5% with dextrose (P < 0.02). 

with the 5% and the 1.5% dextrose-free solution (Fig- 
ure 1 and Table 1). Onset of tolerance to electrical 
stimulation equivalent to surgical anesthesia occurred 
within 14 min and was unaffected by solution of lido- 
Caine. However, duration of tolerance to electrical 
stimulation at the umbilicus, hip, knee, and ankle was 
longest with the 5% solution (Table 2). Duration of 
toleration of tourniquet pain was also longest with the 
5% solution (Table 2). All subjects experienced pain 
prior to 2 h of tourniquet inflation. 

Motor block at both the quadriceps and gastrocne- 
mius muscle groups was more intense and longer 
lasting after the 5% with dextrose and 1.5% dextrose- 
free solutions (Figure 2 and Table 3). Onset of com- 
plete motor block occurred within 20 min and was 
unaffected by solution of lidocaine. 

One subject each required treatment for hypoten- 
sion with the 1.5% with dextrose and dextrose-free 
solutions. Two subjects required treatment for nausea 
with the 5% solution and one after the 1.5% with 
dextrose solution. No subjects suffered from bradycar- 
dia or respiratory depression. Two subjects previously 
reported symptoms of transient radicular irritation 
with the 5% solution, and one subject each had similar 
symptoms after the 1.5% with dextrose and the 1.5% 
dextrose-free solutions. Both subjects reported symp- 
toms of irritation after the first spinal anesthetic of the 
cross-over series. 

All subjects had significant amounts of urine in their 
bladders prior to attempting to void (range, 221-834 
mL). Duration of time to void was prolonged with the 
use of the 5% solution versus both the 1.5% with 
dextrose and the 1.5% dextrose-free solutions, respec- 
tively (154 + 7 min, 111 + 9, 130 2 8, P < 0.03). All 
subjects were able to void immediately after dermato- 
ma1 level to pinprick regressed to S2. 

Discussion 
Our results demonstrate that significant differences in 
sensory and motor block occur after the use of equal 
doses of various solutions of lidocaine for spinal an- 
esthesia. These differences may result from differences 
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Figure 1. Time course of dermatomal level of analgesia to pinprick 
after spinal anesthesia. Mean and SE are displayed. All three groups 
are different from each other (P < 0.05) as analyzed by repeated- 
measures analysis of variance followed with post hoc testing with 
Fisher’s protected least significant difference. 

in baricity or in concentration, and thus volume, of the 
local anesthetic solution. 

Peak dermatomal level to pinprick was more ceph- 
alad with both hyperbaric solutions (5% and 1.5% 
with dextrose) as compared to the essentially isobaric 
1.5% without dextrose solution (13). This finding of 
increased cephalad spread is consistent with previous 
studies examining solution baricity (14,151 and is 
thought to occur due to gravitational distribution of a 
hyperbaric solution to the lowest point of the thoracic 
curvature in the supine subject (14,16,17). Differences 
in regression to pinprick between the 1.5% hyperbaric 
and isobaric solutions may also have been due to 
baricity of solution. The faster regression observed 
with the 1.5% hyperbaric solution may be explained 
by greater spread and dilution of the hyperbaric solu- 
tion within the spinal sac, thus resulting in a more 
transient sensory block. We also noted a difference in 
regression of pinprick between the 5% and 1.5% hy- 
perbaric solutions (both with 7.5% dextrose) that has 
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Table 2. Duration of Tolerance to Electrical Stimulation 
Equivalent to Surgical Incision and of Pneumatic Thigh 
Tourniquet 

Dermatomal site 

Lidocaine 
5% with 
dextrose 

bin) 

Lidocaine 1.5% 

With Dextrose- 
dextrose free 

(min) (min) 

TlO 41? Yb 23 + 8 14 + 9 
T12 61 2 15”pb 29 t 10 20 + 13 
L2-3 (above knee) 103 t ab 58 ? 8 73 t 14 
L5-Sl (above ankle) 106 + 10b 50 ? 10 93 ? 9b 
Tourniquet 55 f lwb 40 ‘- 8 38 ‘- 4 

Values are mean k SE unless otherwise noted. 
a Different from lidocaine 1.5% dextrose free (P < 0.02). 
b Different from lidocaine 1.5% with dextrose (P < 0.02). 
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Figure 2. Time course of motor strength in the quadriceps and 
gastrocnemius muscles after spinal anesthesia as assessed by iso- 
metric force dynamometry. Values are expressed as percent of 
baseline (prior to spinal anesthesia) measurement. Mean and SE are 
displayed. Quadriceps: lidocaine 1.5% with dextrose is different 
from other groups (F’ < 0.05). Gastrocnemius: all three groups are 
different from each other (P < 0.05). Differences were detected with 
repeated-measures analysis of variance followed with post hoc test- 
ing with Fisher’s protected least significant difference. 

not been reported previously (2,16). There is a theo- 
retical basis for concentration-dependent effects on the 
block of neural conduction, as laboratory studies dem- 
onstrate greater conduction block in isolated nerves 

after exposure to 5% vs 1.5% lidocaine (3,5). In con- 
trast, most clinical studies examining sensory block 
after spinal anesthesia with solutions of different con- 
centrations have not observed significant differences 
in sensory block to pinprick (16). However, the major- 
ity of these clinical studies examined bupivacaine spi- 
nal anesthesia and had low statistical power to detect 
differences due to enrollment of relatively few sub- 
jects. No previous study has examined the effects of 
drug concentration on sensory block after lidocaine 
spinal anesthesia with paired human data. As the 
intersubject variability of sensory block after lidocaine 
spinal anesthesia is large (71, our use of a cross-over 
study design would allow greater sensitivity to detect 
such differences. 

Although measurement of dermatomal levels to 
pinprick is a commonly accepted measure of sensory 
block, the relevance of pinprick levels to surgical an- 
esthesia remains uncertain (8). TES has been shown to 
provide a stimulus equivalent to surgical incision dur- 
ing general anesthesia (10) and should be a more 
realistic measure of surgical anesthesia than pinprick. 
Solution baricity affected intensity of sensory block, as 
the isobaric 1.5% solution produced a greater duration 
of tolerance to TES at the ankle as compared to the 
hyperbaric 1.5% solution. We theorize that the isobaric 
solution kept a greater amount of lidocaine in prox- 
imity to the L5-Sl nerve roots, whereas the hyperbaric 
solution underwent greater cephalad spread and di- 
lution. The higher peak dermatomal level to pinprick 
after hyperbaric versus isobaric 1.5% supports this 
speculation. Solution concentration also affected in- 
tensity of sensory block, as the 5% solution produced 
consistently greater duration of toleration to TES 
equivalent to surgical incision at every site tested (um- 
bilicus, hip, knee, and ankle). This finding may again 
be due to greater ability of a more concentrated lido- 
Caine solution to block neural conduction. Overall, our 
data suggest that the 5% solution may provide the 
greatest duration of surgical anesthesia at the umbili- 
cus, hip, knee, and ankle, while the 1.5% isobaric 
solutions may be superior to the 1.5% hyperbaric so- 
lution in duration of surgical anesthesia at the ankle. 

Another clinically useful modality of sensory testing 
is the application of a pneumatic thigh cuff. Tourni- 
quet pain is a poorly understood phenomena that may 
result in intolerable patient discomfort during an oth- 
erwise satisfactory spinal anesthetic (18). Although 
previous studies suggest that use of an isobaric solu- 
tion may result in greater toleration of tourniquet pain 
after bupivacaine spinal anesthesia (19), our results 
found little difference between the isobaric and hyper- 
baric 1.5% solutions of lidocaine. An explanation for 
our findings may be that bupivacaine has intrinsically 
different effects on tourniquet pain than lidocaine (20), 
and may therefore be more affected by baricity. In 
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Table 3. Motor Block After Spinal Anesthesia as Assessed by Isometric Force Dynamometry 

Lidocaine 5% 
with dextrose 

(min) 

Lidocaine 1.5% 

With dextrose Dextrose-free 
(min) (min) 

Quadriceps muscle 
Duration of complete motor block 
Time until of motor strength recovery 

Gastrocnemius muscle 
Duration of complete motor block 
Time until of motor strength recovery 

65 t Bb 30 + 8 71 -c gb 
109 ? 7b 68 + 9 105 t 6b 

76 + 10b 21 2 7 68 i lib 
122 2 @ 65 k 8 99 k 9b 

Values are mean i: SE unless otherwise noted. 
a Different from lidocaine 1.5% dextrose free (P < 0.04). 
b Different from lidocaine 1.5% with dextrose (P < 0.04). 

contrast, toleration of tourniquet pain was prolonged 
with the use of the more concentrated 5% solution. 
Thus, it appears that concentration is a more impor- 
tant determinant of tolerance to tourniquet pain after 
lidocaine spinal anesthesia than baricity. 

The effects of baricity and drug concentration on 
motor block after lidocaine spinal anesthesia are con- 
troversial (2,6). Our data offer some insight into rela- 
tive effects of baricity and drug concentration on dif- 
ferent muscle groups. The 5% with dextrose and the 
1.5% dextrose-free solutions produced equivalent mo- 
tor block at the quadriceps muscles (innervated by 
spinal roots L2-4) that was greater than the 1.5% hy- 
perbaric solution. We theorize that the 1.5% hyper- 
baric solution lacked sufficient drug concentration for 
equivalent motor block after the extensive cephalad 
spread characteristic of hyperbaric solutions. Further 
effects of baricity and drug concentration may be seen 
at the more caudad gastrocnemius muscle (innervated 
by spinal roots Sl-2), where the 1.5% isobaric solution 
became less effective than the 5% hyperbaric solution. 
As the 5% solution consistently produced the most 
intense motor block, it appears that drug concentra- 
tion may be the overriding factor for motor block after 
lidocaine spinal anesthesia. 

An important yet infrequently investigated recov- 
ery variable is recovery of the ability to void. Spinal 
anesthesia inhibits both micturition reflexes and de- 
trusor function (21), and urination disorders com- 
monly persist for longer than 24 h after spinal anes- 
thesia (22). Effects of different solutions of spinal 
lidocaine on recovery of ability to void are controver- 
sial (2,6) and may reflect a lack of control of patient 
hydration and a lack of frequent, scheduled testing of 
this recovery. We standardized intravenous fluid ad- 
ministration, determined the presence of significant 
amounts of urine in subject bladders, and tested abil- 
ity to void every 15 min after regression of pinprick to 
S2. Although use of the 5% solution resulted in pro- 
longed time until able to void, all subjects were able to 
void immediately after regression of pinprick to S2. 

Thus, the delay in voiding may only reflect prolonged 
sensory block with the 5% solution rather than a delay 
in intrinsic ability to void. 

Side effects after spinal anesthesia were comparable 
between solutions and well tolerated. Recently, the 
use of 5% lidocaine has generated controversy regard- 
ing possible transient neurologic toxicity (23). Two 
subjects reported symptoms of transient radicular ir- 
ritation after the use of 5% and one each after the 1.5% 
with dextrose and the 1.5% dextrose-free solutions. All 
four subjects reported resolution of the symptoms 
within l-2 days. Although laboratory studies suggest 
that 1.5% lidocaine may be less toxic to isolated nerves 
than a 5% solution (3,5), it appears that a 1.5% solution 
is not entirely free of the potential for transient radic- 
ular irritation. This finding is consistent with prelim- 
inary results suggesting that the incidence of transient 
radicular irritation after spinal anesthesia does not 
differ between 5% with dextrose or 2% plain lidocaine 
and may be as high as 19% (24). However, our study 
was not designed to ascertain incidences or differ- 
ences in side effects, as such surveillance studies fre- 
quently require the enrollment of hundreds of patients 
(25) due to the relatively low incidences of side effects. 
Thus, conclusions as to relationships between lido- 
Caine solutions and side effects should not be drawn 
from our study. A final limitation in the interpretation 
of our results is the inclusion of some nonrandomized 
data in our study. All participants were aware that 
subjects had previously received 5% lidocaine with 
dextrose, and it is possible that this knowledge may 
have resulted in some systematic bias. 

In summary, the use of different solutions of lido- 
Caine for spinal anesthesia results in significant differ- 
ences in sensory and motor block and time until re- 
covery of micturition. The use of a 5% solution 
produces prolonged duration of anesthesia, but also 
prolongs the time until recovery of micturition. The 
1.5% isobaric solution provides greater sensory block 
at the ankle and greater motor block than the 1.5% 
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hyperbaric solution. Differences in solution concentra- 
tion and/or baricity may explain these findings. Fi- 
nally, a 1.5% solution of lidocaine does not eliminate 
the risk of transient radicular irritation. 

The authors wish to thank Andrew A. Chiu, MD, Bruce G. Bainton, 
MD, and J. C. Gerancher, MD, for assistance during the performance 
of this study. 
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