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Abstract: Using an implanted Doppler crystal, we evaluated
hemodynamic changes induced by subconvulsive doses of
bupivacaine and lidocaine in awake and pentobarbital-
anesthetized rats. Low doses of lidocaine (2.0mg-kg™!) and
bupivacaine (0.5mg-kg™") changed hemodynamics minimally.
However, a high dose of lidocaine (8.0mg-kg~") reduced heart
rate, cardiac output, and regional myocardial wall thickening
for a short period with or without anesthesia. In contrast, a
high dose of bupivacaine (2.0mg-kg™?) increased mean arterial
pressure and did not change heart rate or regional myocardial
wall thickening in the awake state. Under pentobarbital anes-
thesia, a high dose of lidocaine reduced mean arterial pressure
significantly shortly after the injection, but bupivacaine did
not. Thus, it is unlikely that bupivacaine has more potent
cardiotoxicity than lidocaine in subconvulsive doses.
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Introduction

In 1979, Albright suggested that bupivacaine and
etidocaine are selectively more cardiodepressant than
agents such as lidocaine [1]. This report has led to a
considerable amount of animal experimentation in an
effort to clarify the mechanisms by which bupivacaine
may cause cardiodepression, ventricular arrhythmias,
cardiac arrest, and death. Some investigators have re-
ported that the degree of cardiovascular depression is
related to anesthetic potency [2-4], while others have
suggested that bupivacaine has a greater cardiovascular
toxicity and a smaller margin of safety [5-9]. This dis-
crepancy remains to be investigated.
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Many studies have been performed to determine the
circulatory changes caused by local anesthetics. How-
ever, acute preparation of the animal appears to inter-
fere with the circulatory response. To avoid the
negative effects of basal anesthesia and surgical stress,
we recently developed a long-term instrumented rat
model for the study of cardiovascular functions in the
intact animal [10]. Moreover, subconvulsive doses of
bupivacaine and lidocaine were used to minimize cen-
tral nervous system (CNS) effects because the direct
effects of local anesthetics on the heart are obscured by
sympathetic activation due to the CNS effects of these
drugs [11].

This study was designed to evaluate the hemody-
namic changes induced by subconvulsive doses of
bupivacaine and lidocaine in awake and anesthetized
rats, with a special focus on myocardial contractility in
vivo. Regional myocardial contraction was measured
with an implanted Doppler crystal. No other study has
directly compared these anesthetics in the same rat on
separate days. This method can reduce variability be-
tween animals.

Methods

Experimental preparation

This study was approved by the Baylor College of
Medicine Animal Protocol Review Committee. Details
of the basic model have been published [10]. Briefly,
eight rats (weight 290-370g) were anesthetized with
halothane. Following tracheal intubation, the rats were
ventilated with a small animal respirator with 30%
oxygen and 1.6% halothane. After a parasternal
thoracotomy, a 20-MHz pulsed Doppler flow probe
(size 2.6-3.0mm) was positioned around the ascending
aorta for measurement of cardiac output [12]. In addi-
tion, an epicardial Doppler crystal was sutured to the



S. Kashimoto et al.: Local anesthetics on cardiac function

left ventricle for measurement of the wall thickening
fraction [13,14]. An 18-gauge catheter was introduced
into the thoracic cavity to function as a thoracic drain
until closure of the thorax. A Tygon catheter (PE-50)
was inserted via a femoral artery into the abdominal
aorta for recording of arterial blood pressure. Another
catheter was inserted into an internal jugular vein for
drug administration. All wires and catheters were
threaded subcutaneously to the back of the neck where
they were secured in place. After surgery, the animals
were housed in individual cages to avoid damage to the
implanted instruments. The animals were allowed to
recover for more than 1 week and, for the first 5 postop-
erative days, they received gentamycin Smg-kg='. The
catheters were flushed with heparinized saline and filled
with concentrated sucrose every 3 days to prevent clot
formation.

Experimental protocol

Studies began no less than 7 days after surgery. The rats
were studied randomly on two occasions separated by
an interval of 2 days. In the awake condition, the rats
were kept in their cages during the experiment with
cages covered by a cloth to avoid undue disturbance.
In the awake state, a lower dose of bupivacaine
(0.5mgkg™") or lidocaine (2.0mg-kg™') was adminis-
tered intravenously. Hemodynamic variables including
mean arterial blood pressure (MAP), heart rate (HR),
cardiac output (CO), and percent thickening fraction
(%TF) were recorded before, 155, 30s, S5min, 10min,
20min, and 30min after local anesthetic injection. A
higher dose of bupivacaine (2.0mg-kg™") or lidocaine
(8.0mg-kg!) was then given. Hemodynamic variables
were also recorded 15s, 30s, 5min, 10min, 20 min, and
30min after high-dose administration. More than 30 min
later, the rats were anesthetized with intravenous
pentobarbital (30mg-kg~'). The same local anesthetic
was used and the same procedure followed under
pentobarbital anesthesia. A half dose of pentobarbital
was added if necessary. Arterial Po,, Pco,, and pH were
measured in the awake state and 30min after the higher
dose of local anesthetic injection.

Throughout the experiments, all rats spontaneously
breathed room air, and body temperature in the anes-
thetized rats was maintained at 37°C with a heating
lamp if necessary. At the end of the experiments the
animals were allowed to recover.

Blood gas measurements were performed with a stan-
dard blood gas analyzer (pH/blood gas analyzer 713,
Instrumentation Laboratory, Lexington, MA, USA).
Blood pressure was transduced (MP-20D, Micron
Medical, Los Angeles, CA, USA) from the femoral
catheter. CO and wall thickening wires were connected
to the 20-MHz ultrasonic flow/dimension system. Cali-
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bration of the Doppler microprobes was described in a
previous study [10]. The physiologic variables were re-
corded by a brush polygraph (Model-2800, Gould Elec-
tronics, Cleveland, OH, USA). The percent thickening
fraction {%TF) was calculated using the following for-
mula: %TF = 100 X (SE/R), where SE is the systolic
excursion through the range gate and R is the range-
gate depth [13]. Theoretical and animal experimental
validations have established the measurement of ven-
tricular thickening fraction as an index of regional myo-
cardial contractility [14].

Data analysis

Data were analyzed using analysis of variance
(ANOVA) with repeated measures and the modified
Bonferroni tests of Student’s #test for paired compari-
son. In addition, ANOVA and the Neuman-Keuls test
were used for comparisons of four different conditions.
Statistical significance was accepted when P < 0.05.
Data are presented as mean = SD.

Results

Incidence of convulsion, arrhythmia, or death

One of eight rats died after the lidocaine experiment
(before the bupivacaine study). Therefore, the number
of experiments with bupivacaine was 7 and that with
lidocaine, 8. In the awake state, 3 of 8 rats and 1 of 7
rats had very slight convulsions (but soon recovered
spontaneously) after high-dose lidocaine and bupiva-
caine injections, respectively. However, none of the rats
had cardiac arrhythmias such as sinus arrest, arterio-
ventricular (AV) block, or QRS widening.

Table 1. Blood gas analysis

Before Bupivacaine Lidocaine
pH
Awake 737 £0.04 740 =0.01 7.41 = 0.02
Pentobarbital 7.39 = 0.03 7.33 = 0.05%** 736 = 0.04*
Pao,(mmHg)
Awake 90.0 =53 962 * 46 9.4 = 5.1
Pentobarbital 86.0 = 6.4  89.0 = 11.7 89.0 = 8.2
Paco,(mmHg)
Awake 356 £37 326 =16 331 £23
Pentobarbital 37.5 =29  40.8 + 38 41.4 £ 4.1%
Base excess
{mmol/l)
Awake 3807 —-34=x12 —22=x1.7
Pentobarbital —1.8 +1.6 —4.1 % 1.8 ~22+22
Mean * SD.

P < 0.05 vs awake state; **P < 0.05 vs before.
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Fig. 1. Heart rate changes. Bupivacaine:
n = 7;lidocaine: n = 8. "P << 0.05 vs before
drug injection. SP < 0.05 vs awake state.
#P < 0.05 vs bupivacaine
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Blood gas analysis

There were no significant differences in Pao, and
base excess before and after drug administration with
or without anesthesia. However, there were significant
differences in pH and Paco, between the awake
state and pentobarbital anesthesia after drug injection
(Tabie 1).

Hemodynamic changes in the awake state

Although low doses of bupivacaine or lidocaine did not
change HR significantly, a high dose of lidocaine de-
creased HR only immediately after administration. In
addition, high-dose lidocaine reduced HR more signifi-

Before A15sec Msec Smin 10min 20 min 30 min AlSsec  30sec 5 min

10 min 20 min 30 min

Fig. 2. Mean arterial pressure changes.
Bupivacaine: n = 7; lidocaine: n = 8. "P <
0.05 vs before drug injection. P < 0.05 vs
awake state. *P < 0.05 vs bupivacaine

cantly than did bupivacaine 15s after injection (Fig. 1).
Both doses of bupivacaine increased MAP shortly after
injection but lidocaine did not do so significantly (Fig.
2). CO was reduced significantly by high doses of both
drugs, but recovered soon (Fig. 3). Although low doses
of local anesthetics did not change %TF significantly, a
high dose of lidocaine decreased % TF for a short period
(Fig. 4).

Hemodynamic changes under pentobarbital anesthesia

In anesthetized rats, low doses of bupivacaine and
lidocaine significantly decreased HR very shortly after
the injection and high doses of both drugs did so signifi-



S. Kashimoto et al.: Local anesthetics on cardiac function

41

[J Bupivacainc-awake [ Bupivacaine-pentobarbital [l Lidocaine-awake

Lidocaine-pentobarbital

=

(I

|

2

I

I

50-H

reece T

eI

SRR

=

Cardiac uutput (ml/ min)

B R

B RN SN O

25

Ll | pee) | | L |

3

15sec 30 sec

Before A

Time

Smin  10min 20 min 30 min AlSsec 30sec Smin 10min 20 min 30 min
High dose Fig. 3. Cardiac output changes. Bupiva-

caine: n = 7; lidocaine: n = 8. “P < 0.05 vs
before drug injection

[0 Bupivacaine-awake [J Bupivacaine-pentobarbital B Lidocaine-awake

Lidocaine-pentobarbital

£

=

g ' .

-2

P I

] = -

S° I % T Z Z P %

- 7 7 2z i 7 Z Z

2 s :/ / 75N EER QR HIR B

5 nmnm N mn

: :é MmN manm

= -% WA oAeonmon
/ A0 I AR AR ORE AR AN AN

IEE 7AR0 AAE HNE VAND EEE ANE ZANEAEE NS 7

Before A \IJNI.(

5 min

10min  20min 30 min A 30 sec 5 min
High dose

Time

cantly for Smin (Fig. 1). High doses of lidocaine
significantly decreased MAP shortly after the injection
(Fig. 2). High doses of two drugs reduced CO
significantly; however, CO recovered soon (Fig. 3).
%TF was significantly reduced for a short period with
both doses of bupivacaine and a high dose of lidocaine

(Fig. 4).

Differences between awake and pentobarbital
anesthesia

HR in rats receiving pentobarbital was decreased sig-
nificantly after both doses of local anesthetics (Fig. 1).
MAP in both groups was reduced significantly with
pentobarbital during the experiment (Fig. 2). However,

10 mi

R
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Fig. 4. Percent thickening fraction. Bupi-
vacaine: n = 7; lidocaine: n = 8. "P < 0.05
vs before drug injection

there were no significant differences in CO and %TF
between the awake state and pentobarbital anesthesia
(Figure 3, 4).

Discussion

In the present study, we administered single intrave-
nous doses of each agent separately to simulate the
clinical situation of inadvertent intravascular injection
and used subconvulsive doses to minimize the CNS ef-
fects since seizures affect the cardiovascular system
prominently [15]. However, 3 rats had slight convul-
sions with lidocaine, as did 1 rat with bupivacaine in this
study. The rat’s threshold of convulsion may be lower
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than that of other animals. For example, Chadwick [11]
has reported that the mean convulsive doses were
117 * 4.6mgkg™! lidocaine and 3.8 = 1.0mgkg™!
bupivacaine in cats. Even at low concentrations, local
anesthetics depress inhibitory pathways in the CNS and
cause mild sympathetic activation [16]. Therefore, the
effects of local anesthetics on the heart are difficult to
determine when the agents are administered intrave-
nously in vivo.

The findings of this study indicate that there were
a few differences in hemodynamic changes between
equianalgesic doses of bupivacaine and lidocaine or
between awake and anesthetized rats. Low doses of
lidocaine (2.0mgkg™!) and bupivacaine (0.5mgkg')
changed hemodynamics minimally. However, a high
dose of lidocaine (8.0mg-kg™) reduced HR, CO, and
regional myocardial wall thickening for a short period
with or without anesthesia, In contrast, a high dose of
bupivacaine (2.0mg-kg ") increased MAP and did not
change HR or regional myocardial wall thickening in
the awake state. Under pentobarbital anesthesia, a high
dose of lidocaine decreased MAP significantly 15s after
the injection but bupivacaine did not. These results
seem interesting because bupivacaine was not more
cardiotoxic than lidocaine.

It has been reported that the cardiovascular toxicity
of bupivacaine is either comparable to its anesthetic
potency [2-4,11] or stronger than that of lidocaine [5-
9]. In the isolated rat heart, Komai and Rusy demon-
strated that the ratio between bupivacaine and
lidocaine for slowing ventricular rate to 50% of control
was 14:1 [5]. Tanz et al. [6] concluded that 3ug-ml~" of
unbound bupivacaine was more cardiotoxic than
30ug-ml~! of unbound lidocaine in the isolated guinea
pig heart. Lynch [9] found a 10:1 (lidocaine:
bupivacaine) ratio for equal contractile depression in
isolated papillary muscles from guinea pigs. In the iso-
lated canine heart, the equal depression of contraction
ratio was 8.1:1 (lidocaine:bupivacaine) [17]. In an in
vivo study, Rosen et al. [8] demonstrated that
bupivacaine was more cardiotoxic than lidocaine, and
that in sheep this toxicity was enhanced by the prior
presence of hypercarbia, acidosis, and hypoxia.
Nancarrow et al. [18] have also reported the greater
cardiotoxicity of bupivacaine compared to lidocaine in
the sheep. These report support the evidence that the
cardiovascular toxicity of bupivacaine is stronger than
that of lidocaine.

In contrast, Nath et al. [2] studied anesthetized pigs
and found the drugs to exert a dose-dependent depres-
sion of the left ventricle in the same ratio as their anes-
thetic potency (bupivacaine:lidocaine = 4:1), aithough
comparable prolongations of the QRS interval with
bupivacaine and lidocaine were obtained at a dose ratio
of 1:16. Recent studies have also reported that the de-
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grees of cardiotoxicity of local anesthetics are related to
their anesthetic potencies [3,4].

These differences may result from several reasons.
First, bupivacaine is more likely to cause sodium
channel block [7], AV conduction block [5,19], and
ventricular arrhythmias {11,17,20,21], and to provide
easier access to the myocardial cell [22] than is
lidocaine. Secondly, cardiotoxicity may be attributed to
differences in species. For example, Kasten and Martin
[23] have demonstrated that sheep are more sensitive to
bupivacaine than are dogs. In contrast, bupivacaine
given intraperitoneally is less toxic than lidocaine in
mice [24]. Thirdly, it may result from the use of
nonblood perfusion medium in the isolated prepara-
tions, although Cronau et al. [25] have reported that
in the working rat heart model the acute depressant
effects of bupivacaine and lidocaine on the cardiac
function were exerted in a potency ratio of approxi-
mately 4.59, which is nearly anesthetic potency. Finally,
it has been suggested that the CNS is the primary
target organ for the toxic effects of local anesthetics
[26], and the CNS plays a role in mediation of the
cardiovascular system toxicity of local anesthetics [27].
Heavner [21] has provided evidence that actions of
bupivacaine, but not lidocaine, on the CNS of cats
can induce ventricular arrhythmias independent of
direct cardiac effects when injected into the cerebral
ventricle. However, Kotelko et al. [20] have indicated
that equivalent doses of lidocaine or bupivacaine
produced similar CNS toxicity when rapidly injected
intravenously in conscious sheep. In our study,
bupivacaine was not more cardiotoxic than lidocaine.
This result may be related to the differences in species
used, anesthetic doses, in vivo or m vitro studies, and
experimental design.

When comparing studies of local anesthetic agents
administered intravenously to intact animals, there
seem to be differences related to whether or not
the animal has been under general anesthesia. In the
present study, under pentobarbital anesthesia the
baseline of MAP was lower and high-dose lidocaine
decreased MAP, but bupivacaine did not, shortly after
administration. This finding is partially consistent with
the report that bupivacaine has a lesser hypotensive
effect than lidocaine in lightly anesthetized cats [11].
Moreover, pentobarbital anesthesia avoided the con-
vulsions, decreased HR and pH, and increased Paco,
under both conditions. These CNS effects and respira-
tory changes induced by anesthesia may have affected
the cardiac response to local anesthetics.

In summary, there was no evidence that the margin of
safety would be smaller after inadvertent intravascular
administration of bupivacaine than an equianesthetic
dose of lidocaine. Within the limits of extrapolation
from rats to humans, it is unlikely that bupivacaine
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has more potent cardiotoxicity than lidocaine in
subconvulsive doses.
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