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ABSTRACT

Depression of left ventricular function by the combination of halothane anaesthesia and
increased ventricular afterload may undesirably reduce stroke volume and increase myocar-
dial oxygen consumption by increasing ventricular wall stress.

To investigate this possibility we studied six dogs instrumented to measure systemic and
left ventricular pressures, ascending aortic and left anterior descending coronary artery flows
and external left ventricular diameters. We sampled arterial and coronary sinus blood gases
and oxygen contents.

During morphine anaesthesia (4mg-kg™' intravenously with hourly supplements of
0.1 mg- kg™") and during added halothane anaesthesia (1.5 per cent end tidal) we measured
systemic pressure, heart rate, stroke volume, stroke work, cardiac output, left ventricular end
diastolic pressure and diameter and myocardial oxygen consumption. After infusing
phenylephrine (0.02 mg/ml) to increase systolic pressure to 23.28 kPa (175 torr) we repeated
measurements in both groups.

We found that added halothane depressed systemic pressures (52 per cent), stroke volume
(30 per cent), and myocardial oxygen consumption (46 per cent) compared to morphine alone.
When afterfoad was increased with phenylephrine, stroke volume (20 per cent), cardiac
output (25 per cent) and myocardial efficiency (47 per cent) were further depressed during
added halothanc anaesthesia compared to control halothanc anaesthesia. Left ventricular end
diastolic diameter (5 per cent) and pressure (320 per cent) were significantly increased by
added afterload, compared to the control added halothane state. Conversely, increased
afterload produced few changes during morphine anacsthesia alone. However, at comparable
systemic pressures, myocardial oxygen consumption was similar during both anaesthetic
states. We conclude that during added halothane anaesthesia increased afterload decreases
stroke volume and myocardial efficiency. Cardiac output is reduced without increased
myocardial oxygen consumption compared to morphine anaesthesia at comparable afterload
states. In patients with already compromised cardiac output, further depression of stroke
volume by increased ventricular afterload during halothane anaesthesia may be deleterious.

IN AWAKE MAN, Ross and Braunwald showed
that increased left-ventricular afterload does not
decrease left-ventricular stroke volume, pro-
vided ventricular contractility is not depressed. !
In 18 patients, they raised systemic blood pres-
sure with angiotensin to mean pressures of
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100-110 torr, (13.3-14.63 kPa), and constructed
ventricular function curves. Stroke volume was
maintained only in the absence of myocardial
dysfunction. In an animal study, Sonnenblick and
Downing? similarly report no change in left-
ventricular stroke volume over a mean systemic
pressure range of 75-120 torr (3.98-15.96 kPa).
Halothane depresses ventricular contractile
performance in dogs and primates,®> and stroke
volume and cardiac output at clinical concentra-
tions in man.® Despite this depression of pump
function, evidence suggests that cardiac output is
adequate for a reduced peripheral oxygen re-
quirement.’ However, if ventricular afterload is
increased during halothane anaesthesia, the de-
pressed ventricular function produced by
halothane may cause further depression of stroke
volume similar to the reduced stroke volume seen
by Ross and Braunwald in patients with de-
pressed ventricular performance.! This depres-
sion of stroke volume might render cardiac out-
put inadequate for peripheral tissue require-
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time-related effects of halothane. Instrumenta-
tion took an average of three hours and measure-
ments a further four hours. In those animals
where morphine measurements  followed
halothane measurements, we waited for end-tidal
halothane concentrations to be less than 0.1 per
cent before proceeding. To increase ventricular
afterload, a phenylephrine infusion (0.02 mg/ml)
was administered until systolic blood pressure
rose to 175torr (23.28kPa). After a stable 5-
minute period at this pressure, measurements
were repeated during each anaesthetic state.
Where halothane measurements were madc first,
we waited until end-tidal halothane concentra-
tions were less than 0.1 per cent before making
measurements during morphine anaesthesia.
There was no apparent difference between mor-
phine measurements made before or after
halothane (P > 0.05, unpaired “*t’’ test).

From the data obtained, we calculated oxygen
consumption as the product of coronary blood
flow and the aortic-to-coronary sinus oxygen
content difference. 1t is assumed that coronary
sinus oxygen content represents that of the
effluent from the region perfused by the left an-
terior descending coronary artery and the calcu-
lated mV o0, represents the oxygen consumption
of the region perfused by that artery. This mea-
sured parameter is proportional to total mVo,,
assuming flow in the left anterior descending
coronary artery varies as the total flow. We cal-
culated cardiac output as the product of stroke
volume and heart rate and myocardial efficiency
as the ratio of minute work (stroke work x heart
rate) to mVo,. External left ventricular end-
diastolic diameter (LVEDD) was calculated as
the product of the speed of sound in tissue
(1.55mm/psec) and the transit time between
crystals at end-diastole.

Data were analyzed by repeated measures
analysis of variance for the four conditions of the
experiment.” F ratios for variance during the four
experimental states were calculated and Fisher's
protected *‘t"” testing conducted where F ratios
were significant. In this manner, significant dif-
ferences between the four states were detected.
Analysis was conducted using an Exidy micro-
computer with 16K memory programmed in
BASIC.

REsuULTS

Results are summarized in Table I, and their
significance is summarized in Table II.

CANADIAN ANAESTHETISTS' SOCIETY JOURNAL

Comparisans between morphine and added
halothane anaesthesia

Under control conditions, adding halathane 1.5
per cent to morphine anaesthesia decreased mean
blood pressure, stroke volume and mVoz
significantly and increased heart rate, but did not
significantly change LVEDD or pressure, cardiac
output or cardiac efficiency. When ventricular
afterload was increased by raising systemic pres-
sure with phenylephrine, added halothane
anaesthesia depressed stroke volume, stroke
work, cardiac output and cardiac efficiency
significantly,  while LVEDP  increased
significantly. Mean blood pressure, heart rate,
mVo0,, and LVEDD were not significantly differ-
ent.

Effects of increased ventricular afterload

During morphine anaesthesia the increase in
peripheral resistance produced by phenylephrine
did not significantly change any variable with the
exception of mean blood pressure and mVo,.

During added halothane  anaesthesia,
phenylephrine increased peripheral resistance,
increased systemic pressure, LVEDD, LVEDP,
and mVo, significantly, while decreasing
myocardial efficiency, stroke volume and cardiac
output. Stroke work did not change significantly
with increased afterload during added halothane
anaesthesia, since stroke volume decreased as
systemic pressure increased.

Figure 2 shows no difference between LVEDP
under control morphine and added halothane
conditions. However, over a range of mean pres-
sures, added halothane anaesthesia is associated
with higher LVEDP at any given mean systemic
pressure. Figure 3 shows cardiac output de-
creasing with increased systemic pressure during
added halothane, but not during morphine
anaesthesia. This decreased cardiac output
causes decreased myocardial efficiency during
added halothane anaesthesia, but efficiency re-
mains unchanged during morphine anaesthesia
(Figure 4). However, added halothane depresses
left-ventricular stroke work significantly when
compared to morphine anaesthesia at all levels of
aortic pressure (Figure 5). Interestingly, Figure 6
demonstrates that mVo, is similar for both mor-
phine and added halothane anaesthesia provided
that mean pressures are (he same, despite their
different effects upon the determinants of mVo,.
Figure 7 shows that the relationship between
stroke work and LVEDP is depressed during
halothane anaesthesia. While not a true ven-
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ments. In addition, halothane-induced increases
in ventricular volume and diameter might in-
crease oxygen consumption, since wall tension is
increased by increased size. This increased oxy-
gen cost of decreased stroke work might be de-
letertous.

Increased ventricular afterload occurs com-
monly from the increased systemic pressure seen
during vascular surgical procedures. Examples
are supra-renal and infra-renal aortic cross-
clamping, causing increased systemic pressures,
and vasopressor infusions to maintain cercbral
perfusion during carotid artery surgery.
Halothane anaesthesia for these procedures
might be associated with depressed myocardial
performance, increased myocardial oxygen con-
sumption (mV0,) and inadequate perfusion of
peripheral tissues.

In seven dogs, we have examined myocardial
performance and haemodynamics during mor-
phine anaesthesia and added halothane anaes-
thesia after increasing aortic pressure with an
infusion of phenylephrine. We found that the ad-
dition of halothane depresses contractile perfor-
mance significantly and reduces myocardial effi-
ciency without increasing mVo,. During added
halothane anaesthesia stroke volume is de-
creased by increased peripheral resistance and
large increases in filling pressures occur.

METHODS

In seven mongrel dogs (20.1 £ 1.0kg), we ad-
ministered basal anaesthesia with morphine sut-
phate 4 mg- kg™ after induction with intravenous
thiopentone 10mg-kg-!. We supplemented
anaesthesia with morphine sulphate 0.1 mg - kg™’
at hourly intervals. The tracheae were intubated
and the lungs were ventilated with a Harvard
animal respirator. A succinylcholine infusion
(2mg/ml concentration) was administered at a
rate just sufficient to prevent spontaneous res-
piration. Blood gases were maintained with
Paq, between 4.66 and 5.99kPa (35 and 45 torr)
and Pao, greater than 13.3 kPa (100 torr). Calcu-
lated base deficits greater than five were cor-
rected by administration of sodium bicarbonate.
Figure 1 shows the instrumentation employed.

After attaching electrocardiographic limb
leads, we measured central aortic pressure using
a catheter inserted through a femoral artery cut-
down. We inserted a catheter tip transducer
(Millar) into the left ventricle through a carotid
artery cut-down. Through a left lateral
thoracotomy incision we attached calibrated flow
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tation used.

Schematic representation of instrumen-

probes (Carolina Medical Electronics, King, NC)
around the ascending aorta and left anterior de-
scending coronary artery. We attached ultrasanic
dimensioning crystals across the external an-
teroposterior diameter of the left ventricle.
Through an external jugular cut-down, a coro-
nary sinus catheter was inserted into the coro-
nary sinus.

The catheter tip transducer was calibrated by
comparison with a mercury manometer before
insertion. Zero coronary flow was obtained by
occlusion of the vessel beyond the probe. Ul-
trasonic crystal separation was calibrated by
comparison with an internal reference source.
Using an analog computer (Mini AC, EAI, West
Long Branch, NJ), we obtained stroke volume by
integrating the aortic flow signal. Stroke work
was processed similarly as the integral of the
product of left ventricular pressure and aortic
flow.

We measured left ventricular end-diastolic
pressure (LVEDP). End-tidal halothane concen-
trations were measured using an ultraviolet
halothane meter (Cavitron) attached to a sam-
pling tube inserted through the tracheal tube.
Blood gases were measured (Model BGM2, The
London Company, Cleveland, OH) and cali-
brated before each determination. Oxygen con-
tent was determined wusing a modified
Klingenmeier method.®

Control morphine measurements were made
randomly before or after control halothane (1.5
per cent ET) measurements to minimize the
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TABLE 1
SummARY OF RESULTS (7 dogs)
Control Increased Afterload
Variable Morphine + Halothane Morphine + Halothane
X+ 8D. X +8.D. X+ SD. X + S.D.
Mean blood pressure kPa (torr) 15.39 + 2.00 7.50 + 0.64 19.54 + 1.48 18.05 + 0.89
(115.7 + 15.1) (56.4 + 4.8) (146.9 + 11.1) (135.7 + 6.7)
Heart rate (beat/min) 102.4 + 17.1 119 + 11.0 97.3 + 12.9 109.1 + 16.6
Stroke volume (ml) 15.1 + 5.1 10,6 + 2.3 15.6 + 4.3 8.5+ 1.8
Stroke work (g-m) 18.1 + 7.4 6.4 + 1.6 21,5+ 7.1 9.7+ 2.6
Left ventricular end diastolic 1.54 £ 0.52 1.41 + 0.81 2.34 + 1.28 4.39 + 1.16
Pressure kPa (torr) (11.6 + 3.9) (10.6 + 6.1) (17.6 + 9.6) (33.0 + 8.7)
Cardiac output (litres/min) 1.5+ 0.45 1.2+ 0.21 1.7 +£ 0.50 0.90 + 0.15
Myocardial O, consumption 276 + 714 150 + 20 353 + 66 314 + 69
{ml/min)
Efficiency (percent) 6.7 + 2.1 5.5+ 1.6 6.7+ 2.9 3.5+ 1.0
Left ventricular end diastolic 47.7 + 2.5 48,0 + 1.2 49.4 + 2.5 50.4 + 2.2
Diameter (mm)
Base deficit (before correction) 10,1 + 2.1 10.0 + 3.0 8.7+1.3 9.9 + 2.1
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FiGure 2 In 7 dogs, left ventricular end diastolic
pressure increases with increased mean blood pressure.
At any given mean blood pressure, halothane is as-
sociated with greater end diastolic pressures.
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FiGure 3 Cardiac output is significantly depressed
by increased meun blood pressure in 7 dogs, during
halothane anaesthesia.

tricular function curve, since end-diastolic pres-
sure was increased by changing systemic pres-
sures, this figure suggests that ventricular func-
tion is depressed by the addition of halothane.

DiscussionN

Morphine is associated with less cardiovascu-
lar depression than halothane, when systemic
pressures are increased by raising peripheral re-
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FIGURE 4 Myocardial efficiency is decreased when
mean blood pressurc is increased during halothane
anaesthesia. Control halothane efficiency is not
significantly different (p > 0.05) from either morphine
slate.

25- me-
+ afteriood
Control —
20t / /
Stroke Mowﬂx_‘
work
(gmml gl l
Halothon:
10 Contral . ettaroud
Halothans
sl X Morphina ¢ .0
#Halothane* 5D,
. . . . "
40 60 80 100 f20 90 150 180
Macn Blaod Prassure [tore]
FIGURE 5 In 7 dogs, stroke work is depressed dur-

ing halothane anaesthesia compared to morphine
anaesthesia. Stroke work does not significantly in-
crease (p > 0.05) during either anaesthetic state when
mean blood pressure is increased.

sistance with phenylephrine. During added
halothane anaesthesia, the increased afterload
associated with raised peripheral resistance de-
presses stroke volume and cardiac output
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TABLE 1I

SIGNIFICANCE MATRICES FOR REPEATED MEASURES ANALYSIS OF VARIANCE AND FISHER’S
PROTECTED “‘t” TESTING (* = p < .05, ** = p < .01)

Control MS + H +
Parameter Measurement period H  Afterload Afterload

Mean blood pressure Control MS b * **
Control H ** *x

MS + Afterload —

Heart rate Control MS * — —
Control H * —_

MS + Afterload —

Stroke volume Control MS ** — A
Control H *x —

MS + Afterload o
Stroke work Control MS ** — A
Control H ** —

MS + Afterload b

Left ventricular Control MS — — b
end diastolic pressure Control H — o
MS + Afterload e

Left ventricular Control MS — — —
end diastolic diameter Control H — *
MS + Afterload —

Myocardial O, consumption Control MS ** b —
Control H b e

MS + Afterload —

Cardiac output Control MS — — ki
Control H b b

MS + Afterload **

Efficiency Control MS — — b
Control H — **

*k

MS + Afterload

Measurement period Control MS = control morphine, Control H = control halo-
thane, MS + Afterload = morphine + afterload, H + Afterload = halothanc + after-
load.

The table is used in the following manner. To determine the difference between mean
blood pressure at measurement periods “Control MS” and “H + Afterload”, enter the
table at the row marked “Control MS”. The two asterisks at the intersection with column
“H + Afierload” indicate that measurement periods ‘‘Control MS” and “H + After-
load” are significantly different p < .01.
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FiGURE 6 In 7 dogs, myocardial oxygen consump-
tion is depressed by halothane when compared to mor-
phine. However, at comparable mean blood pressures,
myocardial oxygen consumption is similur during both
anaesthetic states.

FIGURE7 In7dogs, the relationship between stroke
work and left ventricutar end diastolic pressure is de-
pressed during halothane anaesthesia, suggesting de-
creased contractile performance.
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significantly. While the oxygen cost of generating
this reduced cardiac output is not increased by
added halothane, it is not proportionally reduced,
and myocardial efficiency is decreased. When
compared to morphine anaesthesia, stroke vol-
ume, cardiac output and stroke work during
added halothane anaesthesia arc depressed
significantly during both control and increased
systemic pressure states.

Ross and Braunwald have shown that stroke
volume is maintained when afterload increases in
awake man, provided there is no associated de-
pression of cardiac contractile performance.! In
their study, pressures were raised by angiotensin
infusions, and systolic pressure did not exceed
170torr (22.61kPa) in the majority of cases.
Similar results and conclusions were made in an
animal study by Sonnenblick,? and increased
ventricular volume (preload) in response to in-
creased mean systemic pressure is probably the
mechanism responsible for the maintenance of
stroke volume in these circumstances.®® In-
creased systemic pressure only increased exter-
nal ventricular diameter by approximately 5 per
cent in our study. However, when diameter is
related to volume by the cubic law, this change
produces a |5 per cent increase in ventricular
volume.

Similar changes occur when ventricular vol-
ume is directly increased by changing preload,
rather than afterload. The magnitude of the
Frank-Starling effect, or increase in stroke work
and stroke volume in response to increased pre-
load, is dependent upon the inotropic state of the
left ventricle; depressed ventricular function
means that a given increase in preload will pro-
duce a smaller increase in strokc volume and
stroke work. Figure 6 shows that depression of
veatricular function produced by halothane, re-
sulting in decreased stroke volume and cardiac
output in our experiment. While due to changing
afterload, this depression is similar to that ob-
served by others when preload is changed during
halothane anaesthesia.

In any study involving extensive cardiovascu-
lar instrumentation, one wonders what role the
instrumentation itself plays in the results. Graoss
surgical trauma, blood loss, and increased
catechol secretion might invalidate the results
observed. In addition, these factors might pro-
duce an unstable preparation with time-
dependent effects. While these effects are hard to
exclude, we do not believe that they were
significant in this study. No dog died before com-
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pletion of the experiment, and the normal ven-
tricular function apparent in dogs anaesthetized
with morphine would suggest little effect of in-
strumentation alonc. To minimize time-
dependent effects, the order of halothane and
morphine administration was randomized and,
since each dog served as its own control, the
effects of instrumentation are minimized. How-
ever, the base deficit present in all four measure-
ment states {Table I) indicates some degree of
generalized metabolic acidosis, perhaps as a re-
sponse to the stress of instrumentation.

When halothane is added to morphine anaes-
thesia, stroke volume, cardiac output, and stroke
work are depressed significantly at both afterload
states. This depression must be interpreted rela-
tive to total body oxygen and metabolic demands.
If these demands are reduced to the same degree
as stroke volume and cardiac output, adequate
perfusion of the body has still occurred. The only
measure of the adequacy of total body perfusion
in this study is base excess. Table 1 shows no
significant difference between calculated base
deficits at any of the four measurement intervals.
However, this is a crude measure, not reflecting
individual organ requirements. Mixed venous
oxygen content has also been used to assess the
adequacy of total body oxygen supply and de-
mand,’ but also does not refiect the adequacy of
individual organ bed perfusion. Some organs may
be under-supplied and others over-supplied, yet
the mixed venous oxygen content remains within
normal limits.

When aortic pressure is increased to compar-
able values during both anaesthetic conditions,
mVo, associated with halothane does not exceed
that measured during morphine anaesthesia (Fi-
gure 5), despite a greater systolic wall stress,
since LVEDP and LVEDD were significantly
elevated during halothane anaesthesia. While this
increase in wall stress might increase mVo,, the
decreased mVo, due to reduced left-ventricular
contractile performance may have offset this, re-
sulting in similar mVo, for both anaesthetics at
any given mean systemic pressure.

It is interesting to speculate on the quantitative
effects of concurrent changes in contractility and
diastolic volume upon wall stress and mVo,.
Graham'? demonstrated that changes in both
contractile performance and wall tension had
quantitatively similar effects upon mVo,. Vatner3
showed that two per cent halothane anaesthesia
produced 68 per cent depression of contractile
performance in dogs and primates. On the basis
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of these two observations, one may speculate
that halothane (end-tidal 1.5 per cent) might pro-
duce a 50 per cent reduction in mVo, in the ab-
sence of any change in wall tension or heart rate.
Conversely, in our study, we saw a small 5.2 per
cent increase in LVEDD and hence left-
ventricular wall stress. by the law of Laplace.
Since mVo, is not different between the two
anaesthetic conditions at high systemic pres-
sures, it is possible that the reduction in con-
tractility was at least comparable to the increase
in wall stress. However, when ventricular vol-
ume increases 300 to 400 per cent in the presence
of cardiomyaopathies or valvular heart disease,'?
wall stress due to increased heart size will have a
significant effect on mVo,, and perhaps addi-
tional increases due to anaesthetic agents will
have significant effects.

Myocardial oxygen supply may be com-
promised by the high LVEDP during the combi-
nation of added halothane anaesthesia and in-
creased systemic pressure. Buckburg and as-
sociates have shown that proximal aortic con-
striction resulting in elevated ventricular end-
diastolic pressure caused significant reduction in
subendocardial blood flow.!? We did not measure
subendocardial flow and cannot comment on this
point.

While halothane added to morphine anaes-
thesia does not significantly decrease myocardial
efficiency at normal aortic pressures, increased
systemic pressures during halothane anaesthesia
do depress myocardial efficiency significantly as
compared to control halothane and to both mor-
phine anaesthetic states. The myocardium re-
quires additional oxygen to generate a given car-
diac output during the combination of increased
afterload and added halothane anaesthesia. In the
presence of reduced myocardial oxygen delivery
produced by anaemia or ischaemic heart disease,
these changes might be deleterious. Myocardial
oxygen consumption in this study includes only
oxygen consumed by the major portion of the left
ventricle, since right coronary and left circumflex
coronary flow was not measured. However, in
the absence of increased afterload, the values
obtained for calculated efficiency are in accor-
dance with those measured by others for
halothane anaesthesia.!!

Insofar as our results can be extrapolated to
man, they suggest that increased systemic pres-
sures during halothane anaesthesia depress
stroke volume and cardiac output and increase
LVEDP and LVEDD. The increase in LVEDD
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and the associated increase in left-ventricular
wall stress, while theoretically tending to in-
crease mVo,, are offset by the oxygen sparing
effect of decreased contractile performance.
Myocardial oxygen consumption is unchanged,
but myocardial efficiency is decreased, since car-
diac output is depressed. In addition, the in-
creased LVEDP may threaten subendocardial
perfusion, thus upsetting the balance of myocar-
dial oxygen supply and demand. Conversely,
during morphine anaesthesia, stroke volume,
cardiac output and stroke work were maintained
with lower LVEDP at similar levels of mVo,.
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RESUME

L’atteinte de la fonction ventriculaire gauche 2 la suite d’une augmentation de la post-charge
sous anesthésie a [’halothane peut se traduire par une réduction indésirable du volume
d'éjection et une augmentation de la consommation d’oxygéne au niveau du myocarde,
secondaire & |'élévation de la tension intra-murale. Cette possibilité a été étudiée chez six
chiens préparés de fagon a pouvoir mesurer les pressions systémiques et ventriculaires
gauches, le débit sanguin dans ’aorte ascendante et celui de 'artére coronaire descendante
antérieure ainsi que le diametre externe du ventricule gauche. Un cathéter placé dans le sinus
coronaire permettait d'y effectuer des prélevements pour I'analyse des gaz artériels et 1’éta-
blissement du contenu en oxygeéne; ces mesures étaient également effectuées au niveau du
sang artériel.

Dans un premier temps, on mesurait sous anesthésic 2 la morphine intra-veineuse
(4 mg-kg™' + 0.1 mg-kg™! aux heures) les pressions systémiques, la fréquence cardiaque, le
volume et le travail d'éjection, le débit cardiaque, la pression et le volume externe au niveau
du ventricule gauche en fin de diastole ainsi que la consommation d’oxygeéne myocardique.
Les memes parameétres ont ensuite été étudiés aprés avoir ajouté de I’halothane a la concen-
tration de 1.5 pour cent (en fin d'expiration). Les mémes mesures ont été répétées sous
anesthésie a la morphine, de méme qu’aprés addition d’halothane aprés augmentation de la
post-charge au moyen d'une perfusion de phényléphrine jusqu'a élévation de la pression
systolique a 23.28 kPa (175 torr).

Nous avons trouvé que |'additon d"halothane abaissait les pressions sytémiques de 52 pour
cent, le volume d’éjection de 30 pour cent et la consommation d’oxygéne de 46 pour cent par
rapport aux valeurs trouvées sous anesthésie a la morphine seule. Des abaissements encore
plus marqués, de I"ordre de 20 pour cent pour le volume d’éjection, de 25 pour cent pour le
débit cardiaque et de 46 pour cent dans le cas de I'efficacité du myocarde, étaient observés
lorsque I'on augmentait la post-charge de fagon significative au moyen de la phényléphrine
sous halothane. De méme, sous halothane, en fin de diastole, les diamétres externes et les
pressions ventriculaires s'élevaient de fagon significative suite a I'élévation de la post-charge.
Une semblable modification de la post-charge produisait peu de changements sous morphine
seule. Les consommations d’oxygéne myocardique étaient cependant semblables & pressions
systémiques égales sous les deux formes d’anesthésie.

Nous concluons qu'une élévation de la post-charge diminue le volume d'éjection et
I'efficacité myocardique lorsque 'on ajoute une anesthésie a I’halothane a la morphine
intra-veineuse. Par comparaison & une anesthésie a la morphine seule, on observe sous
halothane une diminution du débit cardiaque sans augmentation de la consommation
d’oxygeéne a des post-charges semblables. Chez des malades dont la fonction ventriculaire est
déja déficiente. la dépression additionnelle du volume d’éjection par une élévation de la
post-charge sous halothane peut s’avérer dommageable.
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