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Effects of halothane on
arrhythmias induced by
myocardial ischaemia

The effect of halothane on arrhythmias induced by ischaemia
was investigated in rats, isolated perfused rat hearts, and pigs.
Responses 1o the occlusion of the left anterior descending
coronary artery were determined in groups (n = 9) of
chronically prepared rats treated with no halothane, 0.5, or 1.0
per cent haloth Iy after ion; in i rat
hearts (n = 10) treated with no halothane, 0.5, 1.0, 2.0, or 4.0
per cent halothane for 15 min before and after occlusion; and
20-25 kg pigs(n = 11) hetised with halothane or pento-
barbital. The ECG, arrhythmias, blood pressure (BP), heart rate
(HR) and extent of infarction were determined in each model. In
pigs, left ventricular pressure, dpidt,,, and cardiac output were
also measured. In chronically prepared rats, halothane anaes-
thesia started after occlusion was antiarrhythmic and decreased
the incidence of ventricular fibrillation and resulting mortality.
In isolated rat hearts, 0.5 or 1.0 per cent halothane had little
effect on occlusion-ind . The highest concen-
tration of halothane increased the incidence of ventricular
fibrillation both before and after occlusion. Halothane de-
creased developed ventricular pressure in a dose-dependent
manner. In acutely prepared pigs, halothane pre-treatment had
no appreciable effect upon occlusion-induced arrhythmias when
compared with pentobarbital hesia. Thus, haloth is
antiarrhythmic when treatment is initiated after occlusion in the
rat but this action is not seen in isolated hearts or intact pigs.
The antiarrhythmic action of halothane is, therefore, species
and model dependent.
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This laboratory has previously reported that halothane
anaesthesia diminished ischaemia-induced arrhythmias
when compared with pentobarbital anaesthesia.'? Subse-
quently we showed that ischaemia-induced arrhythmias
were also reduced in incidence, severity, and duration by
halothane when compared with conscious rats or rats
receiving fentanyl anaesthesia.® This antiarrhythmic
action of halothane was dose-dependent, and was much
greater than other halogenated anaesthetics (methoxy-
flurane, enflurane, isoflurane, chloroform) thus demon-
strating that halothane reduced severe arthythmias inde-
pendently of the anaesthetic state.* Other workers have
demonstrated that halothane has antiarrhythmic actions
against ischaemic arrhythmias in dogs.**¢ However, the
mechanism of halothane’s antiarrhythmic action in rats
and dogs remains unknown and the clinical significance
of the findings uncertain.*’

To investigate the mechanism of action and the clinical
relevance of the antiarrhythmic actions of halothane, we
addressed the following questions.

(1) Does halothane have antiarrhythmic actions when
administered after coronary artery occlusion? If so,
similar compounds should be investigated as a possible
treatment for ischaemic arrhythmias, independent of their
anaesthetic actions, and to provide clues into the mecha-
nism of arrhythmogenesis. The time of onset of the
antiarthythmic action also helps to determine if the drug is
acting in the perfused, non-perfused or border regions of
the ischaemic zone.

(2) Does halothane have antiarrhythmic actions in
isolated perfused hearts? Answers to this question help
define mechanisms of antiarrhythmic action, i.e., does it
involve direct mechanisms, or indirect ones mediated by
the CNS, endocrine or cardiovascular systems.

(3) Is the antiarrhythmic action species dependent? By
testing for antiarrhythmic actions in the pig, a species with
a similar cardiovascular system to man, the experimental
findings can be better extrapolated to man.?

Methods

Study 1 Post-occlusion halothane in chronically
prepared rats
Under halothane anaesthesia rats were prepared with a left
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anterior descending coronary artery occluder, an aortic
cannula, and ECG leads.*® Seven days later, the artery
was occluded while blood pressure and ECG were
recorded. Rats with electrocardiograms showing arrhyth-
mias, myocardial ischaemia or infarction as a result of
surgery were discarded. The remaining rats were random-
ly assigned to receive one of three treatments groups: no
halothane, 0.5, or 1.0 per cent halothane in 100 per cent
oxygen. Each treatment group contained nine rats. The
coronary artery was occluded after a 30 min stabilization
period and the rat was placed immediately in a chamber
equilibrated with the assigned halothane concentration
administered through a Drager vaporizer and confirmed
by a Beckman LB-2 infra-red halothane analyzer. Rats
were left in the chamber for 4 h after occlusion and
monitored throughout. The hearts of rats which died in
this 4-h period were excised and perfused with cardiac
green dye at 100 mmHg pressure in order to determine the
extent of the occluded zone (OZ) i.e., that area not stained
with dye. Rats surviving 24 h were subjected to a further
30-min recording before they were killed and occluded
zones determined. Perfused hearts were then sliced and
incubated in tetrazolium to determine the infarcted zone.®
All arrhythmias were recorded for 4 h post-occlusion as
were BP, HR and ECG. Arrhythmias were recorded as
premature ventricular contractions (PVC), ventricular
tachycardia (VT), ventricular fibrillation (VF) and sum-
marized as an arrhythmia score based on the type,
duration, and severity of a rat’s arrhythmia history.® The
number of PVCs was expressed as log,o since our previous
studies have shown that this transform results in normally
distributed data suitable for parametric analysis.® Simi-
larly the arrhythmia score was chosen to result in a
normally distributed value for use in parametric statistics.

Study 2 Isolated rat hearts
Hearts were removed from Sprague-Dawley rats and
perfused with Krebs-Henseleit solution equilibrated with
five per cent carbon dioxide in oxygen by means of the
Langendorff technique.'®'? An occluder was placed
around the left anterior descending coronary artery.''
Ventricular pressure was measured with a compliant
ventricular balloon and the ECG recorded from the
surface of the heart using silver/silver chloride elec-
trodes.'? Halothane-free perfusate was used for 30 min
before switching to a perfusate equilibrated with either no
halothane, 0.5, 1.0, 2.0, or 4.0 per cent halothane in the
above gas. After 15 min of perfusion with the halothane-
containing solution, the preocclusion period was started.
The ECG, ventricular pressure and perfusate flow were
monitored for this 30-min period and for 30 min after
occlusion.

Halothane concentrations were set in a manner blinded
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to the experimenter and ten hearts were randomly as-
signed to each treatment group. The occluded zone was
determined as in intact rats.

Study 3 Acutely prepared pigs

Twenty-two 20-25 kg castrated male Yorkshire piglets
were randomly assigned to two groups; one anaesthetized
with pentobarbital 30 mg+kg™" intraperitoneally followed
by 2 mg-kg~! IV boluses as required, the other anaesthe-
tized with 1-1.25 per cent halothane. The tracheas were
intubated and the lungs ventilated with oxygen at 10
ml-kg™!, 10~12 times per min. Arterial blood gases were
determined using a Radiometer blood gas analyzer and
end-tidal carbon dioxide with a Beckman LB-2 infra-red
analyzer. The heart was exposed via a thoracotomy, 4th
intercostal space, and suspended in a pericardial sling. A
3-0 polyethylene suture was inserted through the heart
beneath the left anterior descending artery immediately
proximal to the first diagonal branch and passed through a
polyethylene tube so as to form a snare, as in the rat heart,
which was brought out through the chest wall.

A TF Edwards thermodilution Swan-Ganz catheter was
inserted through an apical stab wound. The proximal port
was used to monitor the left ventricular pressure, and
dp/dty,y, and the distal port was used to monitor aortic
pressure. Leads Il and V-3 of the EGG were monitored.
The chest was closed and the pigs were left for 30 min to
stabilize before occluding the artery by tightening the
snare. Observations were continued for 6 h after occlusion
and arrhythmias, ECG, BP, dp/dty,,, heart rate, end—
tidal CO., and cardiac output were monitored. Episodes
of ventricular fibrillation were cardioverted with a DC
defibrillator whenever possible. At the end of the 6 h
observation period, the hearts were removed and perfused
to determine the occluded zone. In a manner analogous to
our method in the rat, an arrhythmia score was used to
summarise an animal’s arrhythmic history. Statistical
analysis of parametric data was performed in our normal
manner® using ANOVA and Duncan’s multiple range
tests. This statistical package is valid for repeated
measures. Non-parametric data was tested by using con-
tingency tables based upon chi-squared statistics.

Results

Study 1 Post-occlusion halothane in chronically

prepared rats

Halothane started after coronary occlusion was antiar-
rthythmic over the 4 h observation period (Table I). The
incidence of VF in both the halothane-treated groups was
reduced particularly in the 0.5 per cent halothane group (P
< 0.05). There was also a decrease in mortality from four
out of nine in controls to one out of nine in the 0.5 per cent |
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TABLE 1 The effect of halothane begun after occlusion on arrhyth-
mias in chronically prepared rats

TABLE III  Effect of halothane begun before occlusion upon arrhyth-
mias in isolated perfused rat hearts

Incidence Incidence of major arrhythmias
Halothare e Arrhythmia score
(%) Log;o PVC VF VT (£ + SEM) VT VF
Haloth
. 23=x02 99 919 54x06
0s 14203 09 69 2305 ) LogoPVC  pre oo pre Pt
1.0 19202 6/9 89 46%05 0.0 1.1£0.2 0 2 0 0
0.5 1.0£03 0 5 0 0
Each group consisted of nine rats. Halothane was administered 1.0 1.2+0.3 0 s 0 0
immediately after occlusion and continued for 4 h. Arrhythmias are 2.0 1.7x0.2 2 T* 1 2
reported over this 4-h period. Premature ventricular contractions (PVC) 4.0 0.7x03 2 2 i 5+

are expressed as the normally distributed log,q values (see Methods).
*Qtatistical significance, P < 0,05 from control (0% halothane).

group. In this latter group, death resulted from hypoten-
sion and not from arrhythmias. As expected, halothane
decreased blood pressure and heart rate in a dose-
dependent fashion (Table II). This cardiovascular depres-
sion was reflected in an increase in the number of deaths
from non-arthythmic causes with increasing halothane
concentrations.

Study 2 Isolated rat hearts

Halothane did not reduce the incidence of ischaemia-
induced arrhythmias in isolated rat hearts (Table IIT).In
fact, four per cent halothane treatment resulted in ventri-
cular fibrillation before occlusion. Ventricular systolic
pressure decreased with increasing halothane concentra-
tions, at four per cent halothane, the developed pressure
was only 30—40 per cent of control values (Table IV). End
diastolic pressure was also decreased in a dose-dependent
manner. Halothane had no significant effect upon the rate
of the spontaneously beating heart. The apparent in-
creased variation in heart rate at higher doses was due to
the tachyarrhythmias induced by halothane.

The table shows the incidence of ventricular tachycardia (VT) and
ventricular fibrillation (VF) occurring in the 30-min periods before and
after occlusion of the LAD coronary artery.

Log,, values are given as mean = SEM of the post-occlusion values
minus the pre-occlusion values.

The number of hearts in each group was 10.

Halathane, in 95% Q, plus 5% Q, was bubbled through perfusate at
the % concentration indicated.

*Statistical significance, P < 0.05 from control (0% halothane).

Study 3 Acutely prepared pigs

As shown in Table V, halothane did not decrease the
incidence of ischaemia-induced arrhythmias in acutely
prepared pigs when compared with pentobarbital. Neither
arrhythmia score, nor the overall incidence of VT or VF
was decreased. The incidence of VF in the late arrhythmic
period (45 min-6 h) was reduced; however, this antiar-
rhythmic effect was nullified by an increased incidence of
VF in the early period (045 min). The incidence of PVC
in the late period was slightly decreased. Blood pressure
and heart rate in the pigs treated with halothane were
low'? (Table VI). The cardiac output post-occlusion was
slightly higher in the halothane group, while the dp/dt ..
was not significantly changed. The occluded zone size
was the same for the two groups.

TABLE 11 The effect of halothane begun after occlusion on mortality, occluded and

infarcted zones, HR and BP in the rat

%0 Ventricularwt  Morality Cardiovascular variables
(%) (274 1Z arr non-arr  BP (mmHg) HR (beats-min™')
0.0 361 36 49 09 104 = 3 377 £ 21
0.5 34+ 1> 30 09 19 81 = 7+ 374 £ 11
1.0 39=x1 35 19 39 63 5% 339 =7

Values are expressed as X £ SEM where n > 5. For mortality, the number of deaths is

expressed as a fraction of the group total.
An—refers to death resulting directly from an arrhythmia.
Non-ar-indicates death from causes other than arthythmias.

OZ and IZ refer to occluded and infarcted zones as determined by dye occlusion and

tetrazolium staining, respectively.
BP and HR are those recorded 30 min after occlusion.
*Statistical significance, P < 0.05 from control (0% halothane).
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TABLE IV Cardiovascular effects of halothane on isolated perfused rat hearts

Ventricular pressures

Systolic Diastolic Heart rate Coronary flow
Halothane +30 min —1 min +30 min -3 min +30 min
(%) —1 min (mmHg) +30 min (beats: min~" ) {ml-min~*)
0.0 125+ 14 9B x12 28=x4 240 £ 20 230 =20 125 = 10 920 =15
0.5 123=11 %0 =8 26%4 23010 210+ 10 "5 10 8515
1.0 115+ 10 857 16 + 5* 2405 200 = 20 125+ 15 100 £ 20
2.0 70+ 12% 72 £ 8% 13+ 4% 360 £ 90 220 =20 11515 8010
4.0 48 = 16* 44 + 9* 11 = 5% 420 = 210 180 £ 20 11525 85=20

The table summarizes as mean = SEM (n = 10) ventricular pressures, HR (usually sinus) and coronary flow at 1 min before and 30 min after

occlusion.

In the case of left ventricular diastolic pressures the values for all groups at — 1 min were not significantly different from 15 mmHg which was the

initial pressure set in the intra-ventricular balloon.
*P < 0.05 from control (0% halothane).

TABLE V  The effect of halothane begun before occlusion on arrhythmias in acutely prepared pigs

Log,, PVC VF VT Arrhythmia score
Anaesthetic 0-3/14 h 314-6 h 0-314 h 3146 h 0-3/4 1 3146 h 0-314 h 314-6h
Halothane 09+0.2 1.3£0.1* 4 0 4 5 37207 3.1x0.6
Pentobarbitone 07202 1.7x0.1 3 3 5 7 33208 3.6+05

Arrhythmias were analyzed in the manner used for rats in Table 1.

Except for incidence of VF, VT and mortality, all values are mean + SEM.
For VF and VT the number of animals in a group (n = [1) having one or more episodes of VF or VT is shown.
The time periods are the two arrhythmic periods, 0-3/4 and 3/4-6 h post-occlusion.

*P < 0.05, for differences from pentobarbitone anaesthesia.

Discussion

Previously we showed that, in chronically prepared rats,
halothane decreased the incidence, severity, and duration
of ischaemia induced ventricular arrhythmias. This pro-
tective effect was dependent upon the concentration of
halothane. It was present at subanaesthetic concentra-
tion, 0.25 per cent, rose to a peak at 1 per cent and then
decreased in importance as the animals died of decreased
cardiac output.** The present study demonstrated that
halothane treatment, initiated after occlusion, prevented
ischaemia-induced arrhythmias as effectively as when
treatment was begun before occlusion.* The differences
between the two studies in halothane’s efficacy as an
antiarrhythmic agent may well reflect the delay in
obtaining the desired concentration of halothane in the
present study, since it has been shown that 5 min after
starting halothane, the alveolar concentration in the rat is
half the inspired concentration.'® Although the rat heart
has no functional collaterals, it cannot be assumed that
halothane did not reach significant concentrations in the
ischaemic zone since we have found in this model that
verapamil given after occlusion gains ready access to the
ischaemic zone.'

Our investigation of the possible antiarrhythmic actions
of halothane in isolated hearts was complicated by a low
incidence of VF in such hearts. We feel that this may have
been due to our use of 5.9 mEq- 1~! potassium'® in the
perfusate in order to stabilize the heart. Ischaemic
arthythmias in rat hearts, in vitro and in vivo depend
critically upon the potassium concentration in the perfus-
ate or the serum.'®-!7 Nevertheless, not only was there no
reduction in ventricular tachycardia or PVCs with halo-
thane, there was an increase in the incidence of VF at the
highest concentrations. The pharmacological effective-
ness of halothane on the isolated hearts was confirmed by
halothane-dependent reductions in ventricular pressure.

The marked difference between the antiarrhythmic
actions of halothane in isolated hearts, compared with
intact rats, suggests that the antiarthythmic action of
halothane does not involve a direct action on the heart.
Therefore, halothane’s antiarrhythmic action would not
be due to its calcium antagonist actions on myocardial
cells as has been suggested.*-7-2122 Jschaemia-induced
arthythmias may be dependent upon neurological input, '®
since halothane reduces sympathetic nervous system
activity,'® this may be responsible for the reduction in



MacLeod ez al.: EFFECTS OF HALOTHANE ON OCCLUSION ARRHYTHMIAS 293

Table VI The cardiavascular effects of halothane pretreatment in acutely prepared pigs
BP (mmHg) HR co dpidt
Anesthetic Time % 0Z Mortality Sys Dias Beat-min™* L-min~! mmHg- sec™!
Halothane
=1 min Q 94 x4 34 %4 105 + 4 2801 1330 = 60
+30 min 3 4T+ 465 123 = 11 2401 925 * 145*
+4h 4 86+ 6* 50x3* 143 =10 23%0.1* 1120 % 50*
+6h 25517 5 5% 452 3% 162 £ 15 2405 1350 % 200
Pentobarbitone
—1 min 0 108 x5 683 117£5 2502 1490 = 50
+30 min 2 1026 Q5 124+4 2002 1610 = 105
+4h 4 12 =7 %£7 138 £ 10 1.8 0.1 1450 = 135
+6h 259+23 4 99 x5 60 + 4 165+ 9 20=x02 1575 + 100

Values are given as & = SEM for groups of 11 pigs. Occluded zone size was determined after death by dye occlusion.
All other values were calculated for the time periods pre- (—1 min) and post-occlusion (30 min, 4 h and 6 h).

The accumulated mortality for each time period is recorded.
The occluded zone (OZ) is the percentage of total ventricular weight.

*Statistically significant differences from pentobarbitone anaesthesia, P < 0.05.

ischaemic arrhythmias. In the intact rat, however, mecha-
nisms involving adrenergic activity are unlikely since we
have previously shown that $-blockade, a-blockade, or
sympathectomy, do not decrease the incidence of is-
chaemic arrhythmias.?°

Regardless of its mechanism of antiarrhythmic action,
it is important to consider the effect of halothane in
different animal models since each model may well
represent a different aspect of human disease. For
example, dog hearts generally have functional collaterals,
while pig hearts have none.?* Futhermore, the greater the
number of species in which an effect can be demonstrated,
the greater the chance that the effect can be extrapolated to
man. In acutely prepared pigs, halothane produced little
or no antiarrhythmic action. Certainly it was much less
antiarrhythmic than either chronically or acutely prepared
rats or dogs. The reasons for this are unclear. In pigs,
although halothane reduced blood pressure and heart rate,
the incidence of arrhythmias was not reduced. A reduced
incidence of arrhythmias might be expected if oxygen
demand was decreased. It is possible that the blunting of
the sympathetic response to surgery and coronary artery
occlusion by halothane was different in the pig from the
rat under the experimental conditions used. It must also be
noted that only one halothane concentration was studied
in the pig, unlike the studies in rats and dogs. However,
this concentration was within the expected effective range
without producing the marked cardiovascular depression
associated with death in the rat. The data from the pig was
complicated by the use of pentobarbital as a basal
anaesthetic. We are satisfied that the chronically prepared
rat model does not involve undue discomfort to the rat.
Unfortunately any attempt at producing myocardial is-

chaemia in the pig was met with such obvious distress that
we felt obliged to provide a background anaesthetic.

These studies demonstrate the possibility of both a
prophylactic and a therapeutic antiarthythmic action of
halothane against ischaemic arrhythmias in man as well as
other animals. The demonstration that this action is
species and model specific emphasizes that all such
observations in laboratory animals need to be tested in
man before clinical decisions can be based upon them.
The observations can only serve to guide the choice of
further laboratory animal or human experiments.
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Résumé

L'effet de I haloth induites par une
ischémie a été investigué chez des coeurs de rats isolés et
perfusés, et chez des cochons. Les réponses @ I"occlusion de
['artére coronaire descendante antérieure ont été déterminées
chez des groupes (n = 9) de rats préparés d’ une fagon chronique
et traités avec 0 halothane, 0.5, ou I pour cent d’halothane
immédiatement aprés I occlusion; chez des coeurs de rats isolés
(n = 10) traités avec 0 halothane, 0.5, 1.0, 2.0 ou 4.0 pour cent
d' halothane pour 15 minutes avant et aprés I occlusion; et des
cochons de 20-25 kg (n = 11) anesthésiés avec de I halothane
ou du pentobarbital. L' ECG, les arythmies, la tension artérielle
(BP), la fréquence cardiaque (HR) et I’ extension de I’ infarctus
ont été déterminé dans chague expérience. Chez les cochons, la
pression du ventricule gauche, dpidt... et le débit cardiaque
ont aussi été mesurés. Chez les rais préparés de fagon
chronigue, I hésie d I'halothane ayant c é aprés
I occlusion était antiarythmique et diminua Uincidence de la
fibrillation ventriculaire et de la mortalité. Chez les coeurs de
rats isolés, 0.5 ou 1.0 pour cent d' halothane n’ avait aucun effet
sur les arythmies induites par I'occlusion. Les concentrations
élevées d'halothane ont augmenté I'incidence de fibrillation
ventriculaire tant avant qu'aprés Uocclusion. L'halothane a

sur les ar

diminué la pression ventriculaire et cette diminution était
proportionnelle @ la dose administrée. Chez les cochons
t avec I'haloth

préparés d'une fagon aigué, le trai
n'avait aucun effet appréciable sur les arythmies induites par
P'occlusion comparativement I hésie au } barbital.
Ainsi, I'haloth
I'occlusion chez les rats seulement, mais cette action n'’est pas
observée chez les coeurs isalés ou les cochons intacts. L' action
antiar de I haloth

et du modéle utilisé.

si son administration suit

est antiarythmiq

est ainsi dépendante de I’ espéce



