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The Effects of Short Intravenous Infusions of
Thiopentone on Myocardial Function, Blood
Flow and Oxygen Consumption in Sheep
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SUMMARY

The cardiovascular effects of slow (over two minutes) intravenous infusions of thiopentone 750 mg in conscious
instrumented sheep breathing 100% oxygen were examined for 30 minutes following the start of the infusion.

The maximum rate of rise of left ventricular pressure (an index of myocardial contractility) decreased significantly
from 1 to 10 minutes, to a minimum of 45% of baseline. Heart rate increased by up to 33% above baseline from
0.5 min onwards. Both mean arterial pressure and cardiac output were decreased from between 1 and 7 min. Left
ventricular minute work was transiently decreased, but left coronary blood flow and myocardial oxygen consumption
showed little or no change from baseline.

We conclude that in vivo, thiopentone administered at a relatively slow rate caused large reductions in myocardial
contractility, and therefore cardiac reserve, in the absence of significant changes in myocardial blood flow or oxygen
consumption.
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The haemodynamic effects of intravenous bolus
doses of thiopentone have been widely studied'.
Venodilation and the subsequent peripheral pooling
of blood following thiopentone administration
generally results in a 10 to 20% reduction of mean
arterial pressure in patients with normal baroflexes®.
However, there is conflicting evidence regarding the
magnitude of its effects on myocardial contractility,
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coronary blood flow and myocardial oxygen con-
sumption®’. For example, a number of studies
reported that thiopentone decreased myocardial con-
tractility”® to varying degrees in animals anaes-
thetized with other agents. However, Turner et al’
reported that contractility remained unchanged after
thiopentone administration to initially conscious
dogs.

Some of the reported variability in the direct
effects of thiopentone on the heart may be attributed
in part to the variety of experimental preparations
used'. Isolated heart preparations have the dis-
advantage of not having normal autonomic control,
while whole animal preparations are often compli-
cated by concurrent anaesthesia with another drug.
Furthermore, the respiratory depression caused by
thiopentone'*" can potentially cause hypoxia in spon-
taneously breathing individuals, which can also cause
cardiovascular changes. The rate of administration of
thiopentone is also important as it has been proposed
that the reductions in mean arterial blood pressure
caused by thiopentone are a balance between the rate
of compensatory sympathetic increases in vascular
tone and its rate of injection"*". The combination of
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these factors can therefore contribute to the observed
cardiovascular effects of thiopentone in a given
experimental or clinical paradigm.

In a previous series of studies, we reported the
myocardial pharmacokinetics of thiopentone and its
relationship to the reductions in myocardial con-
tractility caused by thiopentone” in a chronically
instrumented sheep preparation'. The purpose of
this paper is to report cardiovascular measurements
made during these studies as they constitute a
detailed study of the cardiac effects of thiopentone
in a preparation which minimized many of these con-
founding factors discussed above. The initially con-
scious nature of this preparation obviated the need
for concurrent anaesthesia, while the administration
of 100% oxygen removed the potential cardiovascular
effects of hypoxia (but not hypercarbia). Thiopentone
was injected at a relatively slow rate (over two
minutes) to reveal any intrinsic effects of thiopentone
rather than the effect of rapid injection, which can
produce high transient concentrations of some drugs
in the myocardium” and does not allow time for
sympathetically mediated increases in vascular tone.

MATERIALS AND METHODS

The study protocol was approved by the insti-
tutional Animal Ethics Review Committee. Adult
merino ewes weighing approximately 50 kg were pre-
pared as described below with chronic intravascular
catheters and Doppler flow probes to allow drug
administration, cardiovascular function monitoring
and the measurement of blood flow. All animals had
free access to food and water and were housed in
metabolic crates throughout the study period.

Animal Preparation

The sheep were prepared in two stages as
described previously” and in brief below. Two weeks
before experimentation, sheep were anaesthetized
with sodium thiopentone 20 mg/kg and 1.5%
halothane in 40% oxygen; balance nitrogen. A left
thoracotomy at the fourth intercostal space and a
pericardiotomy were performed to expose the pul-
monary artery and the left main coronary artery.
Doppler flow probes (Titronics Medical Instruments,
Iowa City, Iowa, U.S.A.) were secured around the left
main coronary artery and pulmonary artery respec-
tively as described previously". One week later, the
sheep were re-anaesthetized for catheterization of
various blood vessels using a modification of the
method reported previously™. The right carotid artery
and jugular vein were exposed via a neck incision.
Using a modified Seldinger technique, two 7Fr (poly-

ethylene) and a 9Fr (William A. Cook, Sydney,
N.S.W., Australia) catheters were placed in the
ascending aorta, with their tips located approximately
2 cm above the aortic valves via the carotid artery.
Through the jugular vein a 7F polyethylene catheter
was placed in the inferior vena cava (IVC); a 7F
catheter (Multi-purpose B1 catheter, Cordis
Corporation, Miami, FL, U.S.A.) in the coronary
sinus; a flow-directed thermodilution catheter (Swan-
Ganz, Edwards Laboratories, Irvine, CA, U.S.A.) in
the pulmonary artery. Following surgery, the sheep
were housed in metabolic crates with free access to
food and water and the catheters were continuously
flushed with heparinized (5 IU/ml) 0.9% saline at
a rate of 3 ml/h using a gas powered system'.
Experiments were not started until one week later so
that the sheep could recover fully from surgery.

Cardiovascular Function and Blood Flow
Measurements

The Doppler frequency shifts from both Doppler
flow probes were amplified using a four-channel
Doppler Flowmeter (Bioengineering, The University
of Iowa, 56 M.R.F. Iowa City, Iowa, U.S.A.) and
recorded, together with the other haemodynamic
variables, using an analog to digital card (Metrabyte
DAS 16-G2) and a personal computer (486 based
IBM compatible) at a sampling rate of 1 Hz (except
LVP). Cardiac output was determined using the pul-
monary artery Doppler flow probes, which were cali-
brated in vivo against a thermodilution method as
described previously. Myocardial blood flow was
determined from the left coronary artery Doppler
probes, which were calibrated in vitro at the termina-
tion of the studies using the beaker and stop-watch
method™.

Mean arterial blood pressure (MAP) was
measured using a pressure transducer (Model
4-327-1, Bell and Howell Inc., Pasadena, CA, U.S.A.)
connected via polyethylene pressure tubing (PT 36,
Sorenson Research Co., Salt Lake City, UT, U.S.A.)
to one of the 7F arterial catheters in the ascending
aorta.

Immediately before an experiment, a 5F Millar
Mikro-Tip pressure transducer catheter (Millar
Instruments Inc., Houston, Texas, U.S.A.) was intro-
duced, using sterile technique, into the left ventricle
of the sheep via a Touhy-Borst adaptor (William A.
Cook, Sydney, N.S.W.) and the 9F catheter previously
placed in the aortic arch. The left ventricular pressure
measured using the Millar catheter was recorded at a
sampling frequency of 150 Hz using the data acqui-
sition system described above. The maximum rate of
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left ventricular pressure rise (LV dp/dt,,,,) was calcu-
lated numerically and was used as an index of
myocardial contractility. Heart rate at a given time
interval was obtained by multiplying the number of
LV dp/dt peaks recorded over six seconds by 10.
Stroke volume was calculated from cardiac output
divided by heart rate, and an index of left ventricular
minute work was calculated from the product of
cardiac output and MAP.

Arterial and coronary sinus blood samples were
taken at 0, 3, 10 and 20 minutes after the start of the
dose for blood gas analysis (Ciba-Corning
Diagnostics, Medfield, MA, U.S.A.) and oximetric
analysis of haemoglobin concentration and satura-
tion, and oxygen content (IL 482, Instrumentation
Laboratories Company, Lexington, MA, U.S.A.)
using absorption coefficients previously determined
for sheep blood . Myocardial oxygen consumption at
each time was calculated from the product of the
difference between the arterial and coronary sinus
oxygen contents and myocardial blood flow.

Study Design

The sheep were administered 750 mg doses of
thiopentone (Abbott Australasia, Kurnell, N.S.W,,
Australia) diluted with sterile water (20 ml) as a two-
minute IV infusion into the right atrium. During the
experiments, the sheep were breathing 8 l/min of
oxygen via a facemask, and were supported in a com-
fortable sling inside their metabolic crates in order to
minimize movement that would influence the haemo-
dynamic measurements. After the placement and the
calibration of the haemodynamic measurement
devices, sheep were allowed to “settle down” approxi-
mately 30 minutes before baseline measurements
of the haemodynamic variables were recorded.
Following the start of the thiopentone infusion, the
haemodynamic variables were continuously recorded
for the next 30 minutes.

Data Handling and Statistical Analysis

Six studies were conducted using a total of five
sheep. In one sheep the MAP measurements were
unreliable because of partial occlusion of the
measurement catheter, and in another sheep
measurements of myocardial blood flow and cardiac
output were not possible due to failure of the
Doppler flow probes. Due to the unavailability of the
necessary instruments, blood gas analysis was not
possible in one sheep and measurement of oxygen
content was not possible in two sheep. The total
number of studies analysed for each variable there-
fore ranged between four and six, as indicated in the
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legends to the figures. All times are referenced to the
time of the start of the infusion (t=0).

The haemodynamic variables were analysed as per
cent change from baseline, as only the thiopentone-
induced changes are of interest in this paper. There
are a variety of methods that can be used for the
statistical analysis of these types of data. We used a
two-way ANOVA to determine if there was an overall
statistically significant change in a variable through-
out the 30 minute study period. The mean data were
then plotted with their upper and lower 95% confi-
dence limits to examine the time-course of any
changes. In these plots, any mean that lies outside of
the confidence intervals of the baseline or time zero
data is statistically different from the baseline data
(P>0.95).

RESULTS

Respiratory depression but not hypoxia was
observed following thiopentone administration
(Table 1). Arterial carbon dioxide tension (P,CO,)
was significantly increased, and arterial pH was sig-
nificantly decreased, at 3, 10 and 30 minutes. Arterial
oxygen tension increased, and oxygen contents
decreased throughout the study (Table 1) due to a
reduction in the haemoglobin concentration, but the
haemoglobin saturation was greater than 98%
throughout the study.

TaBLE 1

The effect of thiopentone on blood gases and oxygen contents.
Data are expressed as mean and (SEM)

Arterial Coronary
Sinus
Min POy PCOy pH O3 Content O Content
(mmHg, (mmHg, (ml %, (ml %,
n=5) n=5) (n=5) n=4) n=4)
0 277 (45)  39.58 (0.72)  7.48 (0.00)  12.4(0.5)  3.7(0.5)
3 368 (28)* 5850 (2.30)* 7.35(0.02)* 11.6 (0.6) 3.8 (0.6)
10 469 (41)* 49.52 (1.95)* 7.40(0.02)* 11.1(0.04)* 4.1(0.05)
30 435(40)* 47.90 (3.13)* 7.40(0.02)* 11.2(02)* 4.4(0.4)

*Indicates a statistically significant difference from the time zero
measurement.

Mean arterial pressure (MAP) was significantly
decreased from baseline from 1 to 7 minutes (Figure
1), and the maximum rate of rise of left ventricular
pressure (LV dp/dt,,.,) decreased significantly from 1
to 10 minutes. The maximum depression was to 1988
mmHg/sec (45% of baseline) which occurred at 2.5
minutes (Figure 1).

Cardiac output (CO) was significantly decreased
from baseline from 1 to 7 minutes (Figure 2), while
heart rate (HR) was significantly increased from 0.5
minutes onwards (Figure 2). The net result was that
stroke volume was slightly decreased, but not to
statistical significance (Figure 2).
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Left ventricular minute work (LVMW) showed a
significant decrease from 2 to 4.5 minutes (Figure 3)
to a minimum of 51% of baseline. However, this cal-
culated value was highly variable in the later part of
the study, and its time-course after approximately
5 minutes cannot be stated with confidence. This
transient reduction in work by the heart was not of
sufficient duration to be reflected in statistically sig-
nificant changes in mean left coronary blood flow
(LCBF). However, myocardial oxygen consumption
(MVO,) was significantly below baseline at 30
minutes after the dose, which may reflect the
sedated state of the animal following recovery from
anaesthesia.
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FIGURE 1: Upper panel—The time-course of mean arterial pres-
sure (mean and upper and lower 95% confidence intervals). There
was a statistically significant reduction (P<0.05, 2 way ANOVA,
n=6) from 1 to 7 min. Lower panel—The time-course of the
maximum rate of rise of left ventricular pressure (LV dP/dtmax,
circles, mean and upper and lower 95% confidence intervals).
There was a statistically significant reduction (P<0.05, 2 way
ANOVA, n=6) from 1 to 10 min. The time-course of dP/dt at a
developed pressure of 40 mmHg is shown by the triangles.
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FiGURE 2: Upper panel—The time-course of cardiac output
(mean and upper and lower 95% confidence intervals). There was
a statistically significant reduction (P<0.05, 2 way ANOVA, n=5)
from 1 to 7 min. Middle panel—The time-course of heart rate
(mean and upper and lower 95% confidence intervals). There was
a statistically significant increase (P<0.05, 2 way ANOVA, n=60)
from 0.5 min onwards. Lower panel—The time-course of stroke
volume (mean and upper and lower 96% confidence intervals).
There was no statistically significant change (P=0.15, 2 way
ANOVA, n=>5). In each figure, the solid lines are the confidence
limits of the baseline or time zero data.
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FiGure 3: Upper panel—The time-course of left myocardial
bloodflow (mean and upper and lower 95% confidence intervals).
There was no statistically significant change (P=0.29, 2 way
ANOVA, n=5). Middle panel—The time-course of the calculated
left ventricular minute work (mean and upper and lower 95% con-
fidence intervals). There was a statistically significant reduction
(P<0.05, 2 way ANOVA, n=4) from 2 to 4.5 min. Lower panel:
The time-course of the calculated myocardial oxygen consumption
(mean and upper and lower 95% confidence intervals). There was
a statistically significant decrease (P=0.02, 2 way ANOVA, n=4)
at 30 min.
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DISCUSSION

A dose of 750 mg of thiopentone over 2 minutes
was used for studies of the cerebral pharmacokinetics
and dynamics of thiopentone in a similar experi-
mental preparation'. This dose produced loss of con-
sciousness for approximately 20-25 minutes in these
animals. This dose is also comparable to the dose
of 1000 mg routinely used for the induction of
anaesthesia in sheep in our institution.

As expected, a dose sufficient to cause anaesthesia
also caused respiratory depression. Gaudy" reported
barbiturates to be potent central respiratory depres-
sants, with a biphasic response (tachypnoea during
light anaesthesia and progressive bradypnoea as
anaesthesia deepens). In this study, we wished to
avoid the cardiovascular sequelae of hypoxia, which
was achieved by letting the animals breathe 100%
oxygen. However, some cardiovascular effects may be
attributed to the hypercarbia and acidosis produced
by this respiratory depression. These will be discussed
subsequently, and their occurrence in vivo is clearly a
function of whether or not respiration is supported
mechanically.

In the present study, the negative inotropic effects
of thiopentone lasted from 1 to 10 minutes. The
maximum decrease of dP/dt,,,,, which occurred at 2.5
minutes, was to 45% of baseline. The reductions
observed in initially conscious sheep were greater
than those observed previously in anaesthetized
animals. Chamberlain et al® reported only 15-17%
reductions of contractility in dogs, but in these studies
thiopentone was infused directly into only one of the
left coronary arteries, which suggests that not all of
the heart was exposed to thiopentone. In more con-
vincing studies, McGrath’ showed 40% reductions in
contractility in autonomically blocked rabbits.
Patschke et al’ reported a 34% reduction following
bolus administration of thiopentone to dogs. The pre-
sent study showed greater reductions than either of
these latter two studies, which may reflect species or
dose differences, or may be a result of the concurrent
anaesthesia used in these preparations already
depressing the myocardium. Interestingly, Turner et
al’ reported that contractility remained unchanged
after thiopentone administration to initially conscious
dogs. However, their preparation was profoundly
hypoxic, and we suggest that the negative inotropic
effects of thiopentone were counter-balanced by the
initial positive inotropic effects of hypoxia.

Early reports concluded that dP/dt,, is an un-
reliable indicator of myocardial contractility when
there are concurrent changes in heart rate, preload or
afterload" as observed in the present study. However,
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more recent work based on measurements in con-
scious, closed-chest animals have shown that dP/dt,,,
is well suited to the study of acute changes in
myocardial contractility, is not affected by changes in
afterload and is only affected by relatively large
changes in pre-load**. The effect of left ventricular
end diastolic pressure (LVEDP) changes over the
range 4 to 25 mmHg is removed by calculating the
dP/dt at a developed LV pressure of 40 mmHg
([dP/dt]/DP 40)*'. In the present study LVEDP
ranged from 4 to 12 mmHg and dP/dt/DP 40 had a
similar time-course to that of dp/dt,. after the
administration (Figure 1). Finally, increasing heart
rate exerts a positive inotropic effect, although this
effect is less prominent in intact conscious animals®.
In our study, HR was initially increased but was
constant for the period in which myocardial contrac-
tility was decreased. The observed reductions in
myocardial contractility are therefore not accounted
for by the altered heart rate. It can be concluded that
the observed decreases in LV dp/dt,,,, reflected true
reductions in myocardial contractility following
thiopentone.

It has also been speculated that the cardiovascular
depression caused by thiopentone can be the result of
a combination of centrally mediated vagal effects and
direct depression of contractility by thiopentone in
the heart**’. However, in vitro isolated perfused heart
preparations (with no vagal supply by definition)
from a number of species have shown significant
reductions in contractility with thiopentone®**. We
conclude that the large reductions in contractility
observed in vivo in our studies are accurate measure-
ments, and are probably a direct effect of thiopentone
on the heart and are related to the concentrations of
thiopentone in the myocardium®.

The implications of reductions in myocardial con-
tractility itself are essentially concerned with loss of
cardiac reserve. We have observed large reductions in
contractility following the administration of ligno-
caine and pethidine in this preparation with only
minor changes in MAP and cardiac output'* which is
consistent with the output of the heart being
maintained by raised central venous pressure in the
presence of cardiac dilatation®. In our study, both CO
and MAP were transiently decreased. This is con-
sistent, qualitatively, with the venodilatation caused
by thiopentone' but it is clear from the above discus-
sion that this venodilatation also negates the normal
compensatory mechanism of reduced myocardial
contractility. The observed reductions in CO and
MAP may therefore be due to both venodilatation
and the reduction in myocardial contractility.

The most prolonged change following the admini-
stration of thiopentone was an increase in HR.
Although the initial rise may be a baroflex response
to the initial reduction in MAP®, this was a transient
effect and cannot explain the sustained increases in
HR observed in the later stages of the study. These
latter effects could be due to thiopentone enhancing
sympathetic nerve stimulation’, or most likely due
to the slight cardio-stimulation caused by the hyper-
carbia and acidosis.

An analysis of myocardial blood flow and oxygen
consumption (MVO,) should consider the work done
by the heart, as these will be related in the absence of
a direct vasodilatory effect of thiopentone on the
heart. The calculated work of the heart was highly
variable from approximately five minutes onwards,
but was significantly reduced from 2 to 4.5 minutes.
However, this reduction in work was sufficiently
transient not to be reflected in changes in myocardial
blood flow and oxygen consumption. In contrast,
there are reports of increased MVO, in anaesthetized
dogs’, but decreased MVO; in isolated rabbit hearts®.
This reinforces the concept that the cardiovascular
response of a particular experimental paradigm to
thiopentone is highly dependent on the conditions of
the study and its methodology.

In conclusion, these data support the concept of
transient depression of the heart with substantial
reductions of cardiac reserve following thiopentone.
This would be of concern in cases where cardiac
reserve is already compromised, and importantly,
these effects are not ameliorated by a slower rate of
administration of thiopentone.
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