THE CHRONOTROPIC AND INOTROPIC EFFECTS OF HALOTHANE

A Comparison of Effects in Normal and Chronically Cardiac Denervated Dogs
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BrapycarDIA is commonly produced by halo-
thane anesthesia, but the mechanism responsi-
ble for this negative chronotropic effect has
not been clearly defined. Many clinical re-
ports 1-¢ have stated that the bradycardia pro-
duced by halothane in man is antagonized by
atropine, and this finding suggests that it may
be, at least in part, of vagal origin. Others,
however, have reported that halothane may
produce a decrease in heart rate even after
the administration of effective doses of atro-
pine.® 3 This latter observation implies that
halothane may have a non-vagal, direct car-
diac, negative chronotropic effect.

oxygen at 5 l./minute total flow on a semi-
closed circle absorption system utilizing a
Jefferson controller., The arterial blood pres-
sure was continuously recorded from a catheter
in the femoral artery attached to a Statham
pressure transducer and direct-writing oscillo-
graph. The heart rate was measured from
either the blood pressure record or from lead
2 of the electrocardiogram. Myocardial con-
tractile force was measured with a Walton-
Brodie strain gauge arch ¢ sutured to the right
ventricle, Halothane in concentrations ranging
from Y, to 3 per cent was administered to the
animals before and following atropine, 2 mg.

The present experimental study was de-
signed to determine the role of cardiac inner-
vation in the mechanism of halothane-induced
bradycardia. The chronotropic effect of halo-
thane was determined before and after large
doses of atropine in intact dogs and in dogs in
which complete cardiac denervation had been
previously performed. In addition, the in-
otropic effects of this agent under these con-
ditions was assessed by measurement of
myocardial contractile force.

MEeTHOD

Seven healthy mongrel dogs averaging 11.5
kg. in weight were studied. Four were normal
animals and 3 had previously been subjected
to ablation of all extrinsic sympathetic and
parasymphathetic neural structures within the
mediastinum resulting in total cardiac denerva-
tion as described by Cooper and associates.’
These denervations were carried out at least
seven days prior to the present studies. Each
animal was anesthetized with chloralose 100
mg./kg., and following endotracheal intubation,
respiration was maintained with 100 per cent
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ResuLTs

Heart Rate. Halothane in concentrations
up to 1.5 per cent had a variable effect upon
heart rate; 1 per cent produced a 34 and 38
per cent increase and a 4 and 25 per cent de-
crease in heart rate in 4 normal dogs. Halo-
thane concentrations greater than 1 per cent
produced a dose-dependent decrease in heart
rate in each of these same dogs. The maximal
decreases in heart rate produced by 214 per
cent halothane in the 4 normal dogs were 21,
26, 27 and 29 per cent below control levels.
Atropine, 2 mg., had no effect on these dose
effect relationships (fig. 1). In each of 3
chronically cardiac denervated dogs, halothane
in concentrations greater than 1 per cent de-
creased heart rate to levels indistinguishable
from those seen in the normal dogs and which
were unaffected by atropine administration
(fig. 2).

Mpyocardial Contractile Force. In 3 normal
dogs halothane in all concentrations studied
produced decreases in myocardial contractile
force. In the 3 dogs with denervated hearts
quantitatively similar responses were observed
(fig. 3). The administration of atropine
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COMMENT

The present observations demonstrate that
halothane, in concentrations used clinically,
produces a clear-cut, dose-dependent negative
chronotropic effect on the heart of the intact
dog, and that this effect is not abolished by a
large dose of atropine. This finding suggests
that the decrease in heart rate produced by
halothane in normal dogs is not dependent
upon an intact vagal system. This is con-
firmed by the persistent negative chronotropic
effect of halothane seen in the dogs with totally
denervated hearts.

However, in man, the effectiveness of atro-
pine in the treatment of halothane-induced
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Fic. 1. Percentage change in heart rate from
control of normal dogs with halothane administra-
tion before and after atropine (2 mg.).

(2 mg.) to both groups had no effect on the
observed decreases in contractile force pro-
duced by halothane.

Systemic Arterial Pressure. Halothane pro-
duced similar dose-dependent decreases in
the mean arterial blood pressure in 4 nor-
mal dogs and in the 3 cardiac denervated
dogs (fig. 4).
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F1G. 2. Percentage change in heart rate from
control of chronically cardiac denervated dogs with
halothane administration before and after atropine

{2 mg.).
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Fic. 3. Percentage change from control of
heart contractile force of normal and chronically
cardiac denervated dogs with the administration
of halothane.

bradycardia is well established and is evidence
that reflex vagal activity is important. These
two observations, in man and dogs, are not
inconsistent with each other since atropine
would be expected to increase the heart rate
of any patient by releasing tonic vagal activity.

The negative inotropic effect of halothane
observed in the denervated dogs was quanti-
tatively indistinguishable from the decrease in
myocardial contractile force observed in the
normal dogs. This indicates that the absence
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of stored myocardial catecholamines, which
are known to be depleted by cardiac denerva-
tion,* and which may affect myocardial con-
tractility,” does not increase the sensitivity of
the dog heart to the negative inotropic effect
of halothane. This observation may be of
clinical significance in view of the increased
use of drugs, such as the Rauwolfia alkaloids &
and guanethidine,® which are known to pro-
duce myocardial catecholamine depletion.

SUMMARY

The effects of halothane on heart rate, myo-
cardial contractile force and systemic arterial
pressure were studied in normal dogs and dogs
which had been previously subjected to total
chronic cardiac denervation. This agent, in
concentrations ranging from 14 to 3 per cent,
produced essentially identical decreases in all
these parameters in both the normal and car-
diac denervated animals. The administration

EFFECTS OF HALOTHANE
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Fic. 4. Mean arterial blood pressure changes
in normal and chronically denervated dogs with
halothane administration.

of 2 mg. of atropme mtravenously did not
affect the responses. These observations indi-
cate that the negative chronotropic effect of
halothane, in the dog, is a direct cardiac effect
rather than of vagal origin and that myocardial
catecholamine depletion produced by chronic
cardiac denervation does not increase the
sensitivity of the heart to the negative in-
otropic effect of halothane,
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