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LABORATORY INVESTIGATIONS

The Effects of Local Anesthetics and Epinephrine
on Rat Sciatic Nerve Blood Flow

B. L. Partridge, M.D., D.Phil.*

The effects of topical application of local anesthetics on peripheral
nerve blood flow (NBF) were studied in the rat sciatic nerve. Sciatic
NBF was measured by laser doppler in 45 adult female Sprague-
Dawley rats (90 nerves) after topical application of 25 ul lidocaine
and epinephrine, alone and in combination (lidocaine plus epi-
nephrine), as well as bupivacaine, tetracaine, and normal saline,
and studied in a randomized, blinded experimental design. NBF
changes produced by lidocaine were dose-dependent. Compared with
that for saline, blood flow reduction for lidocaine 0.5% was not sig-
nificant, but it was significant for lidocaine 1.0% at 2-5 min and for
lidocaine 2.0% at all time periods after 1 min (P < 0.05). Maximum
reduction was seen at all concentrations by 5 min after application.
Average blood flow reduction at 5 min was 7% for lidocaine 0.5%,
12% for lidocaine 1.0%, and 18% for lidocaine 2.0%. Epinephrine
also produced dose-dependent changes in NBF. Epinephrine 2.5 pg/
ml produced a transient 20% increase in NBF lasting 2-3 min (P
< 0.05), followed by a return to baseline. Epinephrine 5.0 ug/ml
and epinephrine 10.0 gg/ml produced reductions of 20% and 35%,
respectively (P < 0.05), which lasted throughout the study. The effects
of each of the three concentrations were significantly different from
the others. The combination of lidocaine plus epinephrine resulted
in synergistic reduction of NBF for all drug concentrations (P
< 0.05). For example, although lidocaine 2.0% reduced NBF by 18%
and epinephrine 5.0 pg/ml reduced NBF by approximately 20%,
lidocaine plus epinephrine (2.0% plus 5 ug/ml) decreased NBF by
60% (P < 0.05). Although increasing concentrations of lidocaine
resulted in significantly greater reductions in NBF (P < 0.05), in-
creasing concentrations of bupivacaine resulted in progressively less
reduction (P < 0.05). NBF in bupivacaine- and lidocaine-treated
nerves was significantly lower than that in nerves treated with tet-
racaine or normal saline at all time periods after 5 min. In the doses
used, tetracaine did not produce any change in peripheral NBF at
any of the time periods measured. (Key words: Circulation: periph-
eral nerve blood flow. Local anesthetics: bupivacaine; lidocaine; tet-
racaine. Local anesthetic toxicity. Regional anesthesia.)

PERIPHERAL NERVE INJURY is an infrequent but some-
times devastating complication of regional and general
anesthesia. In the absence of direct surgical trauma or
use of tourniquets, neural ischemia has been suggested
as the cause of most nerve injuries during general anes-
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thesia. Ischemia may be caused by compression, stretch-
ing, edema, hypotension, or a combination of these.!-®
Nerve injury during regional anesthetics may occur by
these mechanisms, but it also may result from direct nerve
trauma from needles,* toxicity of local anesthetics,>® and
preservatives.” Additionally, ischemia might result from
changes in peripheral nerve blood flow (NBF) caused by
the local anesthetics or adjuvant vasopressors. Reduced
NBF has been reported in edematous neuropathies with
increased endoneurial fluid pressure®®? and in diabetic
neuropathies.!® Acute reduction of NBF has been asso-
ciated with centrifascicular fiber degeneration in human
and animal models.!" In addition, a recent computer sim-
ulation of endoneurial fluid pressure supports this effect
on NBF.!?

The effect of local anesthetics and vasoconstrictors ap-
plied directly to the nerve, as occurs during regional an-
esthetic techniques, has not been fully elucidated. To in-
fluence NBF, local anesthetics may act directly on the
smooth muscle of epineurial and endoneurial blood
vessels* or indirectly on the vaso nervorum supplying these
vessels.!®!* In previous studies, Myers and Heckman'®
demonstrated that lidocaine and epinephrine reduced
NBF when applied topically to the sciatic nerve in a rat
model.

Epinephrine is used commonly as an adjuvant to local
anesthetics to reduce systemic toxicity and extend the ef-
fective length of anesthesia produced, by reducing uptake
by the systemic circulation. Administration of an adjuvant
vasopressor to local anesthetics could affect peripheral
NBF significantly during regional anesthesia. Selander et
al.* have shown that the addition of epinephrine to local
anesthetics increases the nerve damage caused by direct
intrafascicular injection of local anesthetics. Topical ad-
ministration of epinephrine reduces peripheral NBF*!®
and may contribute to continued edema and permanent
injury after such injections. Local anesthetics, and perhaps
their preservatives, appear to be neurotoxic in a dose-
dependent fashion.”!®!” The mechanism for this appears
to be production of endoneurial edema, but the effect of
local anesthetics other than lidocaine on NBF as a prox-
imal cause of nerve injury has not been studied.

Evidence from studies of the effects of local anesthetics
on muscle blood flow (MBF) suggests that there may be
differences in the effects of various agents and that these
differences may be dose-dependent.'®- In this study, I
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examined the effects of three local anesthetics (lidocaine,
bupivacaine, and tetracaine) and an adjuvant vasocon-
strictor (epinephrine) on sciatic NBF in the rat.

Materials and Methods

After institutional Animal Care Committee approval,
sciatic NBF was measured in 45 adult, female Sprague-
Dawley rats (90 nerves), studied in a randomized, blinded
experimental design. Animals were fasted overnight and
then weighed and anesthetized with intraperitoneal pen-
tobarbital (50 mg/kg) and diazepam (20 mg/kg) in sa-
line.!'® After induction of anesthesia, the animals were
placed on a heating pad and covered with a Mylar® shield
to prevent convective heat loss. Rectal temperature was
monitored continuously (Yellow Springs Thermometer,
YSI), and core temperature was maintained between 35°
and 36° C. The hindquarters were shaved, and the sciatic
nerves were exposed bilaterally by reflection of the over-
lying muscles. Extreme care was taken to avoid trauma
to the epineurial circulation.

Nerve blood flow was measured with a TSI® Laser
Doppler Flowmeter (LDF; TSI model BPM 403A) 0.5-
mm probe placed in gentle contact with the sciatic nerve
by micromanipulator. The LDF probe was placed under
microscopic visualization, and care was taken to position
the probe so that it did not overlie visible epineurial vessels
directly. Thus, LDF measurements more accurately re-
flected average capillary blood flow in the tissue imme-
diately underlying the probe in an area that was approx-
imately 0.5 mm®.'5 A small amount of standard electrode
gel provided optical coupling between the laser and tissue.
Previous studies have demonstrated good correlation be-
tween NBF measured by LDF and other methods,?! and
work in this laboratory and others'® has demonstrated
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that reliable, steady-state recordings could be made in
this preparation. Blood pressure was not measured in
these experiments, avoiding the greater physiologic tres-
pass and time required for cannulation of the arterial cir-
culation. Therefore, the results are directly comparable
to those of previously published studies. As described by
Myers and Heckman,'® unpublished experiments in this
laboratory have demonstrated that blood pressure remains
stable with the intraperitoneal anesthesia used here. In
addition, studies in this laboratory performed before and
after the current study, in which both the common carotid
artery and the internal jugular vein were cannulated,
demonstrate physiologic stability of the preparation and
NBF recordings. For example, figure 1 shows stable blood
pressure and sciatic NBF recordings over 3 h in an animal
with anesthesia and NBF recordings made as described
above.

After exposure of the sciatic nerve and application of
the coupling gel and flow probe, the animal was allowed
to stabilize for 5—-10 min; then the LDF measurements
were begun. The TSI® LDF was set to provide a 5-s mov-
ing average of instantaneous NBF recordings. (Instanta-
neous recordings demonstrate respiratory and cardiac
variation.) Stable recordings for individual nerves were
defined as output ranges for an individual nerve of no
greater than £1 mV over a 5-min period. After 5 min of
stable recordings were obtained, 25 ul coded experimental
solution was applied 0.5 cm proximal to the recording
site, and NBF was recorded continuously for 40 min. At
that time, the nerve was washed with 2—3 ml normal saline,
and the recordings were continued for an additional
20 min.

Experimental and washout solutions were prewarmed
in a constant-temperature bath at 36° C. Experimental

FiG. 1. Mean arterial blood pressure and sci-
atic nerve blood flow remain stable over a 3-h
period in an anesthetized rat. Shown are tracings
from a single animal anesthetized as described
in Materials and Methods with, in addition, the
right common carotid and left internal jugular
vein cannulated. Mean blood pressure was re-
corded with Spectramed™ transducers and dis-
played on a Hewlett Packard™ strip chart re-
corder. Little change is noted over the 3-h re-
cording period. Time 0 refers to the time after
stable NBF recordings were obtained, approx-
imately 20 min after induction of anesthesia.
The animal received a second ip dose of anes-
thetic just prior to the recording at 90 min.
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solutions were applied by droplet from a microliter sy-
ringe. Washout was performed by gently dripping 2-3
ml nonpreservative saline (Lyphomed®) across the nerve
from a 3-ml syringe fit with a 22-g, blunt-tipped needle
and absorbing the excess solution with a cotton-tipped
swab placed nearby. The following were tested: lidocaine
(Astra Pharmaceutical Products, Westborough, MA)
0.5%, 1.0%, and 2.0%; epinephrine (Parke-Davis; Morris
Plains, NJ) 2.5, 5.0, and 10 pg/ml; lidocaine 0.5%, 1.0%,
and 2.0% with epinephrine 5 pg/ml (commercial prep-
aration, Astra); bupivacaine (Winthrop Pharmaceuticals;
New York, NY) 0.25%, 0.5%, and 0.75%; tetracaine
(Winthrop) 0.5% and 1.0%; and nonpreservative saline
(Lyphomed®) control. (See table 1 for drug formulations.)
Six nerves were tested per treatment. Lidocaine, lidocaine
plus epinephrine, bupivacaine, and normal saline were
stored at room temperature; and tetracaine was kept re-
frigerated until the morning of the experiment. Lidocaine
and bupivacaine were applied in commercially available
preparations. Epinephrine was diluted with normal saline
to the desired concentration on the morning of the ex-

periment, and tetracaine 0.5% was prepared similarly by

dilution of commercially prepared tetracaine 1.0% with
normal saline. Only one test solution was applied to any
sciatic nerve. Solutions were administered in random or-
der in a double-blind experimental design.

After readings were taken from one sciatic nerve, the
wound was closed, the animal turned over, the sciatic
nerve on the opposite side exposed, and a second test
solution applied after a minimum of 1 h from the end of
the original recordings (and 2 h after the initial application
of study drug to the opposite side). Before the second
nerve was dissected, a second injection of pentobarbital
(25 mg/kg) and diazepam (10 mg/kg) in saline was ad-
ministered intraperitoneally.

Although some evidence suggests that NBF can be read
directly from the laser doppler readings,*' in this study
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NBF data were recorded as millivolts (table 2) and ex-
pressed as percentage of control for each nerve. Direct
calibration of laser doppler flow measurements has been
attempted,?? with flow reported in milliliters per gram
per minute, but this has not been done for NBF, so data
are reported here as proportions of control flow. Thus,
percentage changes in NBF are shown, but no represen-
tations are made regarding absolute values of flow. Tech-
niques such as hydrogen polarimetry and microsphere
determination of blood flow provide only intermittent
measurements. Laser doppler flowmetry presents a dis-
tinct advantage over other more quantitative methods of
NBF measurement in that it allows continuous recording
of NBF, and one need not guess in advance when the
maximum responses will occur to allow these to be mea-
sured.

The extremely small quantities of study drugs admin-
istered (less than 0.5 mg local anesthetic and /or less than
0.25 ug epinephrine) make it unlikely that systemic uptake
of local anesthetics or epinephrine contribute to the results
seen here; nonetheless, medications were administered in
a randomized, blinded fashion so that any effects of order
or interaction of local anesthetics/epinephrine should be
distributed randomly among treatment groups. As stated
previously, the flow probe was placed with microscopic
guidance to avoid epineurial vessels. Because starting val-
ues of NBF still varied between nerves by as much as
40%, presumably as a result of the vasculature underlying

the flow probe, analysis was performed on NBF as a func- .

tion of control values for individual nerves. Data were
analyzed by repeated-measures analysis of variance, with
significant interactions investigated by Neuman-Keuls. A
P value less than 0.05 was considered significant.

Results

No difference in NBF was observed between groups
before application of the study drugs (table 2). Table 2

TABLE 1. Characteristics of Experimental Solutions

Sodium
Metabisulfite Methylparaben
Experimental Drug Concentration Manufacturer mg/ml mg/ml

Lidocaine 0.5% Astra 0 1.0

1.0% Astra 0 1.0

2.0% Astra 0 1.0
Lidocaine + epinephrine 0.5% Astra 0.5 1.0

1.0% Astra 0.5 0.0

2.0% Astra 0.5 0.0
Epinephrine 2.5 ug/ml Parke-Davis 0.0025

5.0 ug/ml Parke-Davis 0.005

10.0 pg/ml Parke-Davis 0.01
Bupivacaine 0.25% Winthrop 0 1.0

0.50% Winthrop 0 1.0

0.75% Winthrop 0 1.0
Tetracaine 0.5% Winthrop 2.0 0

1.0% Winthrop 2.0 0
Saline 0.9% Lyphomed 0 0
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TABLE 2. Laser Doppler Flow Values
Time (min)

Drug Concentration 0 (Control) 5 10 20
Saline 0.9% 28.7 £2.9 303+23 30.6 £2.9 302 £ 2.7
Lidocaine 0.5% 27.9+23 26.5 + 3.8 26.6 £ 3.5 26.6 = 3.7
Lidocaine 1.0% 27.8+2.4 25.6 £ 2.2 25.3 £ 2.6 25.8 £ 2,5
Lidocaine 2.0% 33313 27428 27.3 +27 27.4+29
Epinephrine 2.5 ug/ml 324+ 1.7 346+ 1.9 33.7 £ 2.0 316 £2.8
Epinephrine 5.0 ug/ml 322+ 1.2 26.9 + 3.8 26.56 + 4.4 26.8 + 4.3
Epinephrine 10.0 pg/ml 28.0 + 1.3 19.5 + 2.9 19.6 + 2.6 16.8 + 3.6
Lidocaine/epi 0.5% 28.3 + 1.6 19.5 % 3.6 21.1+£3.9 20.6 = 4.2
Lidocaine/epi 1.0% 31.3£3.8 22,6 £ 7.2 22.1+£7.1 21773
Lidocaine/epi 2.0% 29.5 £ 1.7 12,3+ 2.8 1156+ 25 11.2+ 25
Bupivacaine 0.25% 38.7+3.3 24.7+£2.2 26.0 = 2.1 255+ 2.3
Bupivacaine 0.50% 28.7 £ 1.6 20429 21.0+23 20.7 £ 2.6
Bupivacaine 0.75% 309+£1.6 28.0 £3.2 26.8 £ 3.5 23.9 + 4.7
Tetracaine 0.5% 31424 32023 31426 33.8 + 2.7
Tetracaine 1.0% 30.7%x1.2 31.9+0.8 319x14 326+ 1.3

Flow values are millivolts, mean * SEM.

shows the mean NBF values (+ standard error of the
mean) in millivolts for each of the 15 study groups before
and at 5, 10 and 20 min after topical application of study
drugs. Application of nonpreservative saline produced no
significant changes in NBF in the experimental animals.
The average NBF readings were 28.7 &= 3 mV before and
30.3 + 2 mV 5 min after application of control solutions.
Placement of the LDF probe over the sciatic nerve pro-
duced NBF outputs of 28-45 mV in the control situation.
As described above, comparisons between treatments
were made on the basis of proportional changes in NBF.

Comparison of NBF from first and second nerves tested
in each animal produced no systematic differences (P
= 0.65), suggesting that there was not a significant order
effect in the application of local anesthetics or epinephrine
to the sciatic nerves. Because of this, data from the six
replications of each experimental treatment were aver-
aged, and the figures follow. Statistics were calculated for
individual experimental replications.

Changes in NBF produced by lidocaine appear to be
dose-dependent (fig. 2). Compared with that for saline,
reduction in blood flow for lidocaine 0.5% was not sig-
nificant, but flow reduction was significant for lidocaine
1.0% at 2-5 min (P < 0.05) and 2.0% at all time periods
after 1 min (P < 0.05). Maximum reduction was seen at
all concentrations within 5 min after application. NBF
returned to control values in the 1.0% group by 10 min.
Values for 0.5% and 1.0% were not significantly different
after 5 min. Blood flow reduction was small but consistent.
Average blood flow reduction at 5 min was 7% for lido-
caine 0.5%, 12% for lidocaine 1.0%, and 18% for lido-
caine 2.0%—a significant trend with concentration (P
< 0.01). No recovery was seen in the 2.0% group after
60 min, despite washout with normal saline at 40 min

(fig. 2).

Epinephrine produced dose-dependent changes in NBF
that were much larger than those produced by lidocaine
alone (fig. 3). Topical application of 25 ul epinephrine
2.5 ug/ml (1:400,000) resulted in a transient 20% increase
in NBF lasting 2-3 min (P < 0.05), followed by a gradual
return to baseline over 10 min. NBF was not significantly
different from the control values of each nerve or the
values of the saline control group after 5 min. Epinephrine
5.0 ug/ml and 10.0 ug/ml produced NBF values signif-
icantly less than control for all time periods after 3 min.

= Lido 0.5% Saline washout

—O— Lldo 1.0% l

== Lldo 2.0%

NBF (Proportion of Control)

Time (min)

F1G. 2. Effect of topical lidocaine (Lido) on sciatic nerve blood flow
(NBF) in the rat. Results shown are the mean values (+SEM) for blood
flow for six animals for each treatment, expressed as a function of
control values. Time 0 represents the time of application of 25 pl test
solution (saline, lidocaine 0.5%, lidocaine 1.0%, or lidocaine 2.0%) to
the sciatic nerve. NBF is not significantly different from control in the
0.5% group but reaches significance at 2-5 min for the 1.0% group
and for all time periods after 1 min for the 2.0% group. The 2.0%
group also showed significant reductions compared to the 0.5 and 1.0%
groups for all time periods after 5 min. NBF reductions continue for
1 h, even with attempts to *“‘wash out” the local anesthetic at 40 min.
n = 6 nerves per treatment.
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F1G. 3. Effect of topical epinephrine (Epi) on sciatic nerve blood
flow (NBF) in the rat. A dose-dependent reduction in mean NBF is
apparent. Epinephrine 2.5 ug/ml resulted in a transient but significant
increase in NBF, lasting approximately 2-3 min, followed by a gradual
return to baseline. No difference between experimental and control
nerves is seen after 5 min. Administration of epinephrine 5.0 or 10.0
ug/ml resulted in reduction of NBF of approximately 20 and 35%,
respectively. Differences from control were significant for all time pe-
riods after 3 min. Differences between treatments became significant
after 5 min. No recovery was seen with washout. n = 6 nerves per
treatment.

Epinephrine 5.0 ug/ml (1:200,000) and epinephrine 10.0
pg/ml (1:100,000) produced NBF reductions of 20% and
35%, respectively (P < 0.05), which lasted throughout
the study. As with lidocaine, described above, the maxi-
mum effect of epinephrine was observed within 5 min
and remained fairly stable for the next 55 min of record-
ing. Washout at 40 min produced no significant recovery
for either group, although there was a slight trend toward
recovery in the 10.0 ug/ml group (fig. 3). Each of the
three concentrations was significantly different from the
others for all time periods after 5 min (P < 0.05).

The combination of lidocaine plus epinephrine (5.0 ug/
ml) resulted in the synergistic reduction of NBF for all
drug concentrations (P < 0.05, fig. 4). For example, al-
though NBF was not significantly different from the saline
control after topical application of lidocaine 0.5%, and
topical application of epinephrine 5.0 ug/ml reduced NBF
by approximately 20%, the combination of lidocaine plus
epinephrine (0.5% plus 5 ug/ml) resulted in a transient
but significant increase in NBF lasting approximately 3
min, followed by a reduction to approximately 70% of
control (P < 0.05, fig. 4). Similar synergistic results are
seen for lidocaine 1.0% and 2.0% (P < 0.05, different
from control and from lidocaine alone for all time periods
after 5 min). With greater concentrations of lidocaine,
the transient increase in NBF was not observed. Significant
reductions in NBF were seen for the lidocaine—epineph-
rine combinations of 1.0% and 2.0% within 1 min after
application and continued for more than 60 min. The
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maximal reductions in NBF, observed with lidocaine 2%
plus epinephrine 5.0 ug/ml, were 60% for periods after
5 min. Saline washout at 40 min did not affect the re-
duction in NBF.

Significant differences were observed between local
anesthetics in their effects on NBF. Like lidocaine, bu-
pivacaine caused significant dose-dependent reductions
in NBF compared with control saline (fig. 5). Increasing
concentrations of lidocaine resulted in significantly greater
reductions in NBF; (P < 0.05) however, increasing con-
centrations of bupivacaine resulted in progressively less
reduction (P < 0.01). Thus, bupivacaine 0.25% produced
the greatest reduction in NBF (approximately 35%) at b
min, whereas bupivacaine 0.5% was followed by reduc-
tions of 25% and bupivacaine 0.75% was followed by re-
ductions of 15% (at 10 min) to 20% (from 15 to 40 min).
NBF values for 0.25% and 0.5% were significantly dif-
ferent at 5 and 10 min (P < 0.05) but not significantly
different after that. Unlike the situation for lidocaine,
epinephrine, or the combination of the two, washout of
bupivacaine with saline at 40 min resulted in significant
increases in NBF, to approximately 90% of control (a
value that still was significantly different from saline con-
trols, however [P < 0.05]; fig. 5).

In the doses used, tetracaine did not cause a significant
change in peripheral NBF at any of the time periods mea-
sured (fig. 6). As in saline-treated nerves (also shown in
figure 6), mean NBF increased slightly (6-8%) but not
significantly (P < 0.23). The NBF in bupivacaine-treated
nerves was significantly lower than for those treated with
tetracaine or saline at all time periods after 5 min, until

== Lido/Epi 0.5% Saline washoul

—®— LIdo/Ep! 1.0%
10 —®—  Lido/Epi 2.0% l

0.4 -

NBF (Proportion of Control)

0.2 T T T v T T 1
0 10 20 30 40 50 60

Time {min)

FIG. 4. Synergistic effect of topical application of lidocaine and epi-
nephrine (Lido/Epi) on nerve blood flow (NBF). Lidocaine (0.5, 1.0,
and 2.0%) plus epinephrine 5 ug/ml (1:200,000) resulted in significant
augmentation of the reduction seen with either lidocaine or epinephrine
alone. A transient but significant increase in NBF is seen with the
lowest concentration of lidocaine, followed by reduction of NBF of
approximately 20%. Significant differences between treatments and
between treatments and control are seen for all time periods after 2
min. No recovery was seen with washout. n = 6 nerves per treatment.
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|
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Fi16. 5. Effect of topical application of bupivacaine (Bupiv) on nerve
blood flow (NBF). A dose-dependent reduction in NBF is apparent.
Unlike lidocaine (fig. 1), however, the lowest concentrations of bupi-
vacaine resulted in the greatest reductions in NBF. Bupivacaine 0.25%
resulted in reduction of NBF by 20% at 2 min (P < 0.05, compared
to control) and 35% at 5 min (P < 0.05 compared to control and to
bupivacaine 0.5 and 0.75%.) All three concentrations of bupivacaine
resulted in significant reductions at all time periods after 5 min. Wash-
out of the nerve preparation with saline at 40 min resulted in immediate
increases in NBF, with return to approximately 90% of control values.
n = 6 nerves per treatment.

the time of attempted washout (P < 0.05; see fig. 7); and
the NBF for lidocaine-treated nerves (1.0% and 2.0%)
was significantly less for all time periods up to 60 min (P
< 0.05).

Discussion

Small but significant reductions in NBF were seen after
topical application of lidocaine to rat sciatic nerve. Greater
reductions were seen with epinephrine, and the combi-

Saline washout

o,g-‘ —O— Telra 0.5%
—O0— Tetra10%
vl Saline

NBF (Proportion of Control)

0.7 T T T T T 1
0 10 20 30 40 50 60

Time (min)

FIG. 6. Effect of topical application of tetracaine (Tetra) and non-
preservative normal saline on nerve blood flow (NBF). No significant
change in NBF was observed after topical application of tetracaine 0.5
and 1.0%. Similarly, no significant change is noted after application
of normal saline. n = 6 nerves per treatment.

Epinephrine 5.0
Epinephrine 2.5

(I .
DR A

Buplvacaine 0.25
Bupivacaine 0.50 D: * 1
Bupivacalne 0.75 | ‘ *|
Lidocalne 2.0 T ¥
Lidocaine 1.0 |'
Lidocaine 0.5 I I
Tetracaine 1.0 I
Tetracaine 0.5
Saline
¥ T A et LA A A |
0.25 0.50 0.75 1.00 1.25

Mean Nerve Blood Flow at 5 min
(proportion of control + stdev)

FIG. 7. Mean nerve blood flow (+:SD) for all treatments at 5 min
after topical administration. Significant changes from control are
marked by an asterisk. All treatments except lidocaine 0.5% and tet-
racaine 0.5 and 1.0% produced significant reductions in NBF at 5 min.
The greatest reductions were observed for treatment with lidocaine
2.0% plus epinephrine 5.0 ug/ml. n = 6 nerves per treatment.

nation of lidocaine 2.0% plus epinephrine 5.0 ug/ml re-
sulted in a synergistic reduction totaling 60%. Small,
transient increases in NBF were observed with a lower
concentration of epinephrine (2.5 pg/ml). Bupivacaine
produced dose-dependent reductions in NBF, with the
lowest concentrations (0.25%) producing the greatest re-
duction and the highest concentrations (0.75%) producing
the least. Tetracaine 0.5% and 1.0% did not produce a
significant change in NBF. Figure 7 summarizes the results
obtained at 5 min in these experiments.

In a nonblinded study, Myers and Heckman'® reported
decreases in NBF after topical application of 200 ul 1.0%
and 2.0% lidocaine solutions. Although the amount of
lidocaine applied to the nerve was eight times greater
than that used here and resulted in considerable bathing
of the surrounding tissue, the results were similar. They
showed greater reductions in NBF at the two concentra-
tions studied than those reported here, however—pre-
sumably because of the greater dose of medication given
(as opposed to simply the concentration of the solutions).
This leaves open the question of the optimal volume of
local anesthetics to be applied in this model. On the one
hand, greater reductions of NBF may be seen with larger
volumes, but, on the other hand, significant amounts of
drug will spill off the nerve preparation and onto nearby
muscle. Application of larger doses of local anesthetics
might have altered the picture seen, because there appear
to be both concentration and dose effects. The interaction
between dose and concentration remains to be more fully
elucidated, particularly with respect to issues of nerve
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toxicity.5” It is interesting that maximal reductions in NBF
observed in the two studies were similar, suggesting an
absolute minimum that can be produced by vasomotor
responses. Such a finding suggests a ceiling effect of local
anesthetic and adjuvant drugs and argues for minimizing
doses used to those that only produce the desired anes-
thetic effect.

In the studies described here, tetracaine caused no sig-
nificant change in NBF, whereas topical application of
bupivacaine and lidocaine produced dose-dependent
changes in NBF. Whether addition of epinephrine to tet-
racaine or bupivacaine would produce greater or lesser
effects than its addition to lidocaine is not known. It is
possible that the tetracaine solutions used in this study
had lost potency, but that is unlikely because they were
refrigerated until just before use. The relationship be-
tween NBF and nerve function is not yet well established.
Dramatic reductions in NBF seen after topical epinephrine
may explain in part the clinical finding that epinephrine
reduces systemic uptake of local anesthetics,?** thereby
increasing their potency and duration.?® Although the
concentration of local anesthetics was similar to that of
anesthetics used clinically, the amount of drug applied
was considerably less that that usually used for regional
nerve blocks. The amount of drug used here was sufficient
to completely abolish compound nerve action potentials
from rat sciatic nerves exposed as in the current study
(M. Kalichman, unpublished results). This suggests that
very small amounts of local anesthetic are sufficient to
completely block nerve transmission—if the anesthetic is
applied directly to the nerve—and that the much greater
volumes used clinically allow the drug to diffuse toward
the nerves if the needle is not placed directly adjacent to
them. Larger injected volumes, however, must carry a
greater risk of systemic as well as local toxicity.

In the absence of a preexisting nerve abnormality or
altered blood flow, the reduction in NBF after single ap-
plications of local anesthetics in clinical practice seems
unlikely to be the cause of significant, long-lasting pe-
ripheral nerve damage. In healthy patients, differences
between local anesthetics in their effects on NBF thus
may not matter a great deal. Addition of epinephrine as
an adjuvant, however, may present a greater risk, because
the effects of epinephrine on NBF are considerably
greater than those produced by local anesthetics. For
people with preexisting nerve abnormalities and altered
peripheral blood flow, such as might occur in patients
with diabetic neuropathies, smaller incremental changes
in peripheral NBF produced by local anesthetics and ad-
juvant vasopressors may be important.

The anesthetic effects of the local anesthetics used here
last only a few hours. (Tourniquets that completely elim-
inate blood flow are applied routinely for similar periods).
The rate of recovery of NBF is not known, however. In
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the experiments reported here, NBF remained depressed
at 1 h after topical application of local anesthetics.

Local anesthetics might be expected to increase pe-
ripheral NBF if they acted only on the smooth muscle of
epineurial arterioles, causing vasodilatation. On the other
hand, at least two factors may decrease NBF: reduction
of metabolic needs of the nerve after blockade®**” and
local anesthetic blockade of the vaso nervorum supplying
the epineurial circulation. Evidence that each of these
mechanisms may be occurring is seen with the dose-de-
pendent effects of lidocaine, bupivacaine, and epineph-
rine, each of which may increase or decrease NBF, de-
pending on the concentration and dose. Competing effects
on NBF with initial vasodilation followed by vasoconstric-
tion may result from two types of biphasic response—one
concentration dependent and the other time dependent.
The latter response may result in transient increases in
NBF, followed by decreases as the anesthetic takes effect,
or may result from opposing results of multiple effects of
local anesthetics. Concentration- and time-dependent ef-
fects of local anesthetics on NBF may result from opposing
consequences of blockade of the vaso nervorum (resulting
in vasoconstriction), blockade of receptors located on the
epineural blood vessels (resulting in vasodilation), and,
possibly, Ca-channel-blocking properties of local anes-
thetics affecting arteriolar muscle directly.?® These effects
must be differentiated from the effects of blocking the
sympathetic innervation either centrally or more periph-
erally. For instance, at low concentrations, lidocaine and
bupivacaine potentiate the effects of sympathetic stimu-
lation to produce vasoconstriction of isolated blood vessels
from rabbit ear, whereas at high concentrations they in-
hibit the effects of sympathetic stimulation.?® In the ab-
sence of hypovolemia, central sympathectomy should
produce vasodilation and increase NBF.

As in the previous study by Myers and Heckman, data
presented here support the idea that responses for lido-
caine may be biphasic; they observed an initial increase
in NBF with low concentrations of lidocaine, followed by
a decrease in NBF.!® We observed similar effects in some
animals, but no significant effect was seen in the group as
a whole for the blinded study described here.

A significant biphasic response to low concentrations
of epinephrine and to the combination of lidocaine 0.5%
plus epinephrine 5 ug/ml was observed, however. It is
interesting that, although epinephrine 5.0 ug/ml did not
produce a transient increase in NBF, the combination of
5.0 pg/ml with lidocaine 0.5% did so. Epinephrine pre-
viously has been shown to decrease NBF through adren-
ergic vasoconstriction of epineurial vessels.'* Meisheri and
Van Breeman have demonstrated beta receptors in the
smooth muscle of rabbit aorta,?® and these may be present
in the adrenergic supply to the epineurial vessels or the
vaso nervorum supplying them. The observation that 2.5
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ug/ml epinephrine produced a transient increase in NBF
suggests that beta effects predominate at the low dose. At
higher epinephrine doses, alpha effects appear to pre-
dominate, reducing NBF. Authors previously have men-
tioned adrenergic nerve terminals located along epineurial
and perineurial but not endoneurial blood vessels.'®'*
These are presumably susceptible to control by agents
such as epinephrine, whereas the endoneurial circulation
is not.

Johns et al. reported results similar to those in this study
for blood flow in arterioles of a rat cremaster muscle
preparation.'®!® At low concentrations of a local anes-
thetic (1.0-1,000 pg/ml lidocaine), they observed a re-
duction in cremaster MBF, but they observed an increase
in MBF at higher concentrations of lidocaine correspond-
ing to those used clinically (10,000 ug/ml or 1%). Similar
results were observed with bupivacaine.!® Increasing con-
centrations of bupivacaine from 1072 to 10® ug/ml re-
sulted in progressive vasoconstriction, whereas even
higher concentrations (1.0-2.5+ 10 ug/ml) resulted in
vasodilation of precapillary arterioles in the rat cremaster
muscle preparation.

By contrast, in two other studies, skin capillary blood
flow (SBF) increased after administration of lidocaine and
bupivacaine in concentrations similar to those investigated
here.} When local anesthetics were injected subcutane-
ously or intradermally in human volunteers, the lowest
concentrations of bupivacaine and highest concentrations
of lidocaine had the greatest effects.**® SBF increases in
response to a needle stick or injection of saline; local an-
esthetics appear to increase the response, whereas epi-
nephrine decreases it.}

The effects of local anesthetics on spinal co'rd and dural
blood flow were investigated by Kozody et al.**-*% They
found that spinal cord blood flow was increased by lido-
caine and tetracaine but decreased by bupivacaine (20 mg
0.4% solution). Addition of epinephrine prevented the
vasodilation produced by tetracaine and lidocaine but had
no effect on the decrease in blood flow produced by bu-
pivacaine.?0-32

Dissimilarities in lipid solubility between agents (with
tetracaine significantly more lipid soluble than lidocaine
or bupivacaine) do not account for the different effects
seen in various tissues, although they may affect the la-
tency of onset, especially in studies of spinal cord blood
flow.? The significant difference of the results reported
here for peripheral NBF in comparison with those for
spinal cord blood flow, MBF, and skin blood flow points
to the difficulty in generalizing about the effects of local
anesthetics from one organ to another. Thus, the frequent

1 Carpenter RL, Morell RC: Bupivacaine and lidocaine are more
potent vasodilators than mepivacaine: Effects determined by anesthetic
concentration (abstract). ANESTHESIOLOGY 69:A873, 1988.
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use of centrally acting vasopressors or production of a
“sympathectomy” to increase peripheral perfusion after
reimplantation or grafting may have quite different effects
on NBF than on MBF and SBF. Additional studies are
indicated to address the effects of centrally acting vaso-
active drugs on peripheral NBF.

‘The author thanks D. Kon, B.S., for assistance with the experiments,
and R. Myers, Ph.D., and M. Kalichman, Ph.D., for providing assistance
and encouragement with this project.
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