RESPONSE TO HYPERCAPNIA UNDER KETAMINE ANAESTHESIA

Macpi G. SoLimaN, G. FRED BRINDLE, AND GusTavo KUSTER

INTRODUCTION

KeraMing, a phencyclidine derivative, was introduced into clinical anaesthesia
following extensive investigation. Depression of respiration was reported to be
minimal provided excessive doses were not used.

Since ketamine is used mainly with spontaneous breathing the incidence of
hypercapnia might be expected to be high. To date, the only study assessing the
response to hypercapnia under ketamine anaesthesia was published by Kelly et
al! They demonstrated increase in respiratory rate and minute ventilation in
response to the inhalation of 5 per cent carbon dioxide. However, they limited
their observations of the change in the CO, response curve to a single measure-
ment, and no other effects of hypercapnia were reported.

This study was designed to investigate the effect in dogs of ketamine anaes-
thesia on the carbon dioxide response curve and the catecholamine response to
hypercapnia.

METHODS

Twenty-four mongrel dogs with a mean body weight of 21 kg were studied.
Depending on the type of premedication, the experiments were divided into three

groups:
Group I 14 dogs received atropine 0.4 mg IL.M.

Grour 11 5 dogs received atropine 0.4 mg + pentobarbitone 5 mg/kg I.M.
Grour III 5 dogs received atropine 0.4 mg + morphine 0.1 mg/kg I.M.

Anaesthesia was induced one hour after premedication with intramuscular
ketamine in a dose of 40 mg/kg. Maintenance was provided with a continuous
intravenous infusion of 0.5 per cent ketamine in 5 per cent dextrose through a
forelimb vein. The rate of infusion was adjusted to prevent reaction to tail
clamping.

The trachea was intubated, a canula was inserted into a carotid artery and a
catheter was placed into the right atrium through an external jugular vein. Lead
IT electrocardiogram was monitored continuously.

The tracheal tube was then connected to a closed anaesthetic circuit containing
an infra-red carbon dioxide analyser (“Capnograph-Godart”), a Douglas bag with
a 3-way stop-cock, a directional valve, and a Wright respirometer (Figure 1).
Minute volume was determined by collecting expired air in the Douglas bag and
determining its volume using a chain compensated gasometer.

Following completion of the surgical preparation, an inspiratory mixture of 30
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per cent oxygen in nitrogen was given for at least 15 minutes with the carbon
dioxide absorber turned on. When vital signs had stabilized, respiratory rate,
arterial blood pressure and central venous pressure were measured. Arterial blood
samples were drawn for blood gas measurements, determination of acid-base
status and measurement of catecholamine levels.

Following these measurements, the carbon dioxide absorber was turned off
and 100 per cent oxygen was given at a low flow to allow accumulation of endog-
enous carbon dioxide.

With the exception of plasma catecholamines all other parameters were
measured at intervals of 10 mm of increment during step-wise increases in the
Pago, from 25 Torr to 90 Torr. A total of six readings were made for each dog.

Catecholamine plasma levels were measured at the beginning, half way and at
the end of carbon dioxide accumulation in group I. Infusion of fluids was con-
trolled to maintain a constant central venous pressure. The carbon dioxide re-
sponse curve was obtained by linear regression analyses of the minute volume
changes in relation to changes in Pacy,.

REsuLTs

The Paco, levels of the three groups 15 minutes after the last surgical stimulus
are shown in Table I. Paco, is at or below the normal level in all groups. The
difference between the three groups is not statistically significant.

TABLE I

ARTERIAL Pgg, + SE 15 MIN AFTER
THE LAST SURGICAL STIMULUS

Group I 28 4 0.75*
Group 11 31 +£2.3*
Group 111 34.8 + 2.9*

*Statistically non significant.
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Ficure 4

Figure 2 shows the carbon dioxide response curve of group I dogs with the
95 per cent confidence limits for these measurements. The curve has a slope of
0.42 1/mmHg of Paco,. Only four determinations out of 81 are outside these
limits.

Figure 3 shows the changes of minute ventilation in response to the increases
in Paco, in group II (pentobarbitone premedication). These changes are plotted
against the response curve of group I with its 95 per cent confidence belt. All
points are located within the 95 per cent confidence limit.

Figure 4 represents the minute ventilation changes in response to the increases
in Paco, in group III (morphine premedication). These changes are plotted
against the curve of group I with its 95 per cent confidence belt. With the excep-
tion of two out of 30 readings all the points are within the confidence limits.

The above mentioned figures show that the ventilatory responses to increases
in Paco, are similar in all groups.

The changes in the heart rate, systolic, diastolic and the mean blood pressures
during the period of the study are shown in Figure 5. There is an initial pressor
response which gradudlly decreased by a variable degree from one point to
another,
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Figure 6 represents the changes in plasma levels of catecholamines during the
changes of Paco, in group I. The initial values are comparable to those of un-
anaesthetized dogs and there is significant augmentation with the increase in
Pacoz.

Table II records the pH and SE of the mean at various levels of increased
Pago,.

Table III shows the doses of ketamine used for induction and maintenance of
anaesthesia in the three groups. There was no significant difference.

Discussion

This study has shown that the respiratory response to hypercapnia was main-
tained during ketamine anaesthesia. In order to determine whether ketamine
produces respiratory stimulation or depression, the carbon dioxide response curve
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TABLE 11
ARTERIAL pH & SE AT VARIOUS SAMPLINGS OF Paco,

Paco, Group I Group II Group [11
<35 7.41 & 0.001 7.384-0.04 7.45 + 0.03
35-44 7.26 + 0.02 7.31 +£0.07 7.34 +£0.01
45-54 7.19+0.01 7.23 +0.02 7.26 +0.02
55-64 7.15+£0.01 7.18+0.04 7.20 £ 0.01
65-74 7.06 & 0.01 7.1 £0.01 7.17 £0.02
>75 7.0 £0.02 7.0 =0.02 7.08 +0.02
TABLE II1

Dosks oF KETAMINE USED FOR INDUCTION AND
MAINTENANCE OF ANAESTHESIA
(MG/KG/Hour MEAN + SE)

Group Group 11 Group 11

Induction 40 40 40
Maintenance 23.09+1.8 20.6 =1.73 21.24+1.65
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of group I was compared with the curve reported by Eisele et al.” in awake un-
premedicated dogs (Figure 7). The group I curve shows a shift to the left with
an increase in the slope from 0.22 to 0.42 1/mm Hg. This change suggests that
ketamine induces respiratory stimulation, an effect different from that of nar-
cotics and other intravenous anaesthetic agents. Although the data used for the
comparison are not our own, the method by which Eisele et al. obtained their
curve permits its use as representative of the normal carbon dioxide ventilation
response curve in dogs.

The respiratory stimulating effect of ketamine was not modified by morphine
0.1 mg/kg nor by pentobarbitone 5 mg/kg when these drugs were used as pre-
anaesthetic medication.

The mechanisms by which ketamine may produce respiratory stimulation in-
clude direct stimulation of the medullary respiratory neurones, or indirect stimu-
lation through peripheral chemoreceptors. Respiratory stimulation secondary to
stimulation of higher centres is another possibility. While the peripheral chemo-
receptors cannot be excluded, much evidence is in favour of direct stimulation.

Firstly, ketamine has a stimulating effect on the cortical and subcortical regions
and also on the brain stem reticular formation.'8:1%20 It is reasonable to suppose
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that ketamine has an action on the medullary centres similar to that on the higher
centres.

Secondly, the cardiovascular pressor response is probably due to stimulation
of the medullary cardio-pressor centre®~'” and since the cardiovascular and res-
piratory medullary centres are anatomically intimately related, it is conceivable
that the respiratory neurones might be similarly affected.

The stability of the cardiovascular parameters exclude respiratory stimulation
secondary to a reflex of cardiovascular origin.

Several reports have suggested the possibility of an increase in plasma catecho-
lamines secondary to ketamine administration. Studies?*3? in man and in dogs
have demonstrated such an increase and have shown it to be transitory.

The initial levels of catecholamines reported in this study were within normal
values and in agreement with these conclusions. Also our increases in plasma
catecholamines secondary to increases in Paco, were similar to those reported by
Millar? in dogs under light thiopentone anaesthesia.

SuMMARY

The respiratory response to hypercapnia in dogs anaesthetized with ketamine
was increased. This respiratory stimulation was most probably due to a direct
effect of the drug on the medullary respiratory neurones. This effect was not
modified by preanaesthetic medication pentobarbitone 5 mg/kg or morphine 0.1
mg/kg.

Catecholamine response to hypercapnia was essentially the same as that re-
ported by hypercapnic dogs anaesthetized with thiopentone.

ResumE

La réponse ventilatoire a I'hypercapnie provoquée chez des chiens anesthésiés
a la kétamine est augmentée. Cette stimulation respiratoire est, selon toute proba-
bilité attribuable a l'effet direct du médicament, sur les centres respiratoires
médullaires. Une prémédication au pentobarbitone (5 mg/kg) ou a la morphine
(0.1 mg/kg) n’a pas modifié cette réaction.

Le taux de catécholamines lié 4 'hypercapnie est essentiellement le méme chez
les chiens anesthésiés a la kétamine ou au thiopentone.
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