Effects of Propranolol on the Cardiovascular Response
to Cyclopropane and Halothane

N. W. B. Craythorne, M.B., B.Ch.,” and Paul E. Huffington, M.D.}

Five dogs were anesthetized with cyclopropane
and five with halothane. Cardiac output, stroke
volume, arterial blood pressure, myocardial con-
tractility, myocardial scgment length and pe-
ripheral resistance were measured before and
alter the administration of propranolol, 0.2 mg./
kg. In the cyclopropanc group, peripheral re-
sistance increased, but cardiac output, stroke vol-
ume and contractility decreased markedly. Seg-
ment length and mean blood pressure were not
significantly altered. In the halothane group, the
only significant change after propranolol was a
decrease in heart rate.

Tue vse of beta receptor antagonists for re-
versal of digitalis toxicity and for the correc-
tion of cardiac arrhythmias during anesthesia
has been reported.’-* Recently propranolol,®
a new beta adrenergic blocking agent with
minimal side effects has been introduced.”
However, the effect of this drug upon the
response of the cardiovascular system to ancs-
thetic agents has not been studied. Edmundo-
wicz et al.® reported marked deterioration of
the circulation following the administration of
propranolol to dogs subjected to the inhalation
of cigarctte smoke or intravenous administra-
tion of 0.1 mg./kg. of nicotine. In these dogs
blood pressure increased markedly because the
vasodilatation caused by the action of catechol-
amines on the beta receptors of the vascular
wall was prevented, cardiac output fell mark-
edly as the positive inotropic effects of cate-
cholamines were inhibited and a profound
bradycardia occurred.
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It has been shown that cyclopropane anes-5
thesia is accompanied by significant catecholag
mine release, whereas halothane is nnl.’v’ﬁ
Etsten ¢! al® have suggested that h:xlotlmm%
may even inhibit release of catecholaminesd
from the myocardium. It seemed re:lmnublé.
therefore to study the effects of propranolog
on the cardiovascular response to cyclopropane3
and halothane. g

5
(0]

&

Methods El

2

Ten unpremedicated mongrel dogs mngingg
in weight from 11 to 19 kg. were studiedg

/

Five were anesthetized with 20 per cent c_\'c]o‘“;
propane in oxygen and 5 with 1 per cenf
halothane in oxygen. After induction of anesy;
thesia, the trachea was intubated with a cuffed®
Magill tube and the animal’s lungs were ven~
tilated with the anesthetic mixture. In thé
cyclopropane group, the anesthetic mixturd
was delivered from a Heidbrink machine aE
a two liter flow rate through a semiclosed cird
cle system with a soda-lime absorber using amw
Ohio Respirator. In the halothane group,
halothane was vaporized in a calibrated FluoQ
tec vaporizer included in the inspiratory sidg
of a Harvard Animal Respirator and ox)’ger['g
was delivered at a 10-liter flow rate to th@
gas inlet of the respirator. A nonrcbrcalhin@
system was employed. Intramuscular suceinylS
choline (10 mg.) was given every 30 to 4B
minutes so that ventilation could be com3
pletely controlled. The lungs were ventilated®
at the minute volume which maintained PagoS
around normal levels (40 mm. of mercury)2
Ten ml. samples of arterial blood were drawfg
intermittently and analyzed in an Instrumenta
tion Laboratory blood gas apparatus. The
CO, electrode was kept at 37° C. in a wategs
bath and calibrated with 4 per cent and &
per cent CO, in oxygen mixtures which ha
been analyzed in a Scholander nppamlus§
s
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Pco, readings were reproducible to =1 mm,
of mercury.

Cardiac output was measured by the dye
dilution method.  Indocyanine green dye was
injected high in the inferior vena cava about
the level of the right atrium through a poly-
ethylene catheter passed through the femoral
vein, and arterial sampling was made through
a catheter placed in mid-aorta via the femorl
artery.  Arterial blood was drawn at a con-
stant rate by a Harvard withdrmwal pump
through the cuvette of a Gilford densitometer
and the resulting dye curve was recorded.
The cardiac output was computed from the
area under the curve.®  Cardiac output de-
termination was made from duplicate dye
curves and the average used. The diflerence
between duplicates was less than 10 per cent.

A polycthylene catheter was placed in mid-
aorta via the other femoral artery and blood
pressure was monitored using a Statham P23
transducer.

The left chest was opened and the heart
exposed. A modified Cushny myocardiograph
(fig. 1) was sutured to the wall of the left
ventricle along the axis of maximal shortening,
care being taken to aveid damage to coronary
vessels. End-diastolic segment length (EDL)
was measured and then by stretching the seg-
ment of myocardium between the feet of the
myocardiograph, tension at various lengths
could be recorded. Tension was plotted against
percentage increase in length presented as:
Increase in length X 100/EDL and the tension
at 10 per cent increase in length was measured
from this graph.

After the animal had been ventilated with
the anesthetic mixture for two hours to achieve
a steady circulatory state, control heart rate,
length-tension relation and cardiac output
were measured. The tension measurements
were made before the injection of dye. Pro-
pranolol 0.2 mg./kg. was then administered
intravenously, and 20 minutes later these pa-
rameters were measured again.  All recordings
were made on a Sanborn Model 565 Oscillo-
graph.

Mean blood pressure was derived from
the formula: Mean BP = (diastolic pressure +
(systolic — diastolic}/3). Heart rate was
measured from the blood pressure tracing
immediately before the injection of dye. Stroke
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Fic. 1. (az Fixed leg, (b) movable leg, (¢} &
strain gauge, (d) strain gauge, (e) movable stop, &
(f) bmted screw, g) support. Feet (n) N
are When

slo& (e) is at the left, leg b) is frce to movew

shortening of the muscle. O
is recorded by strain uge {;‘): \Vhen stnp (e§
is brought to the ri p leg (b) in
resting position then as e contracts k g
{b) cannot move and the resul!mg tension is re-
corded by strain gauge (d). One turn of lh
screw {f) moves stop (e) 1 mm. to the right and
lengthens muscle segment by 1 mm.
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volume was caleulated by dividing the cardiac
output (CO) by the heart rate. Peripheral S
resistance (PR) was calculated from the for—_
mula: PR = (mean BP X 1,333/CO in ml. per g
sec.) dynes. sec. cm.-3, o

Each dog acted as its own control. Bccnusez
of variation in the size of the animals nndm
therefore in their cardiac outputs, and because o )
the length of the strip of myocardium used 2
to determine length-tension relationship varied, 2 >
all data are presented as percentage change§
from control, i.c., (Experimental- Control/m
Control) % 100. The mean of these \1lucsN
for each parameter was recorded as “percent-
age change” in table 1.
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Sept.-Oct. 1966
TapLe 1 g

e S = S
Cyelopropane Halothane o

gl

| i 'r. 5 . 2
Controlt 1l'm,.mm.h,n] Difference | TEErBaEe | Contrult (‘l'r..m....x.,n Difference { ICE’:::L'::‘%
Systolic B.P. 157 ' wa - oa | o—22se] o 134 o =
(mm. Hg) L + 4.1 + 82 F

i e

Diastolic B.P. 107 w3 I - 12 \ =116 105.4 1016 - 38 — 169
(mm. Hg) b 89 + 31
NMean B, gum. Hg) 134 ! i - PA ‘ —13 a6 o4 -2 — 3.0 %
| | %65 + 213
o S
e g

Heart Rate 132 | 17 — 15 —-11.0 113.4 100.0 =134 =100
(beats/min.) | + 5.6 + 3.4 g
Cardiac Output 3041 64 | 1877 1878 + 8 103
(ml./min.) ‘ +167 8
| ) ?I:
Stroke Volume (ml) | 3181 192 t — 1zel -2 168 l w2 |+ 24 ’ 125 &,
%= 4.7 + 078

! | 3
Contractility (grams) 83.4 5540 | — 275 —4.0° 67,4 50.0 — 8.4 - 7.15
S K] £164 2
5

Peripheral Resistance | 3603 6177 +2574 | +41.7* | 5315 HEER! +499 0.6
(dynes-sce./em.d) } + 7.9 +125 S
N
~
EDL (mm) 219 ms [+ 1el  7a | 243 268 | + 25 15 &
! [ + 37 £248
] o
> . - R
* Significant P < 0.05. >
1 Mean values. 1S
t Mean = standard error of the mean. @
S
S
S
The results in each group were subjected animal and increased in the other four anif

to statistical analysis to determine whether the mals (mean increase 7.5 per cent). This \alu@
changes after propranolol were significant. was not statistically significant.

This was done by assuming that when the In the halothane group, the only sxgmﬁmngg
95 per cent confidence interval of the mean finding was a reduction in heart rate of 10 peg
(CI), calculated from the formula, C.I.= cent after the administration of propranololS
Mean == (tg g5 X Standard Error of the Mean) c
does not include zero, the result is significant.1t Discussion

'80000

With the exception of a mild bradycardiag
Results propranolol did not produce significant carg
In the cyclopropane group, propranolol diovascular changes in the dog anesthetized
caused a statistically significant decrease in  with halothane. On the other hand, in th
cardiac output (47.4 per cent), stroke volume animal anesthetized with cyclopropane, the
(41.2 per cent), myocardial contractility (27.5 changes following propranolol were marked?
per cent), systolic blood pressure (22.8 per Cardiac output and stroke volume were re®
cent), and increase in peripheral resistance duced by more than one-third. Myocardis
(41.7 per cent). Changes not significant at contractility was also decreased mmldembly N
the 5 per cent level were a fall in mean and  The increase in peripheral resistance was pmb.\;
diastolic blood pressure and in heart rate. End-  ably duc to the absence of the vasodilating
diastolic segment length was unchanged in one  effect of catecholamines on beta receptors



Valume 27
Number 5

(probably in muscle) while the vasoconstrict-
ing effect on the alpha receptors remained un-
altered.?®  The decrease of systolic blood pres-
sure, despite an inerease in peripheral resis-
tance, was probably secondary to the decrease
in cardiac output.

We were unable to find a significant increase
in the end-diastolic scgmental Tength.  If left
ventricular end-diastolic volume had increased,
onc would expeet a significant increase in
EDL. Our data certainly suggest that perform-
ance capability of the heart was decreased
markedly in the cvelopropane gronp.  In the
absence of a significant increase in EDL, it is
unlikely that this had progressed to failure.
However, if the function of the myocardium
were impaired by ischemia or disease, it is
quite possible that the administration of pro-
pranolol could lead to acute cardiac failure.
It is therefore suggosted that  propranolol
should not be used in paticats with heart dis-
ease for the treatment of cardiac arrhythmias
during eyclopropane ancesthesia.

The lack of significant changes in the halo-
thane group is consistent with reports that
propranolol is a pure beta receptor antagonist
with minimal side effects.’®

This work supports the findings of Bagwell
et al.® that in dogs, cyclopropane releases
catecholamines. This results in increased car-
diac output and blood pressure in the lighter
planes of anesthesia. The degree to which the
circulation is supported by the action of cate-
cholamines on beta receptors during cyclo-
propane anesthesia is demonstrated. The data
also confirm the lack of significant sympatho-
adrenal response to halothane anesthesia.

Summary

The response of the cardiovascular system to
propranolol in the ancsthetized dog varies with
the type of anesthetic used.

Marked changes in cardinc output, stroke
volume, systolic blood pressure, peripheral re-
sistance, and myocardial contractility occurred
when the animals were anesthetized with eyclo-
propane. When halothane was used, the only
significant change was a mild bradycardia. In
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this experiment, change in end-diastolic seg-
ment length was not significant.
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