THE EFFECTS OF ASPIRIN AND METHYSERGIDE, SINGLY AND IN COMBINATION,

ON SYSTEMIC HAEMODYNAMIC RESPONSES TO PULMONARY EMBOLISM*
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ABSTRACT

Pretreatment of anaesthetized rabbits with aspirin (A), 250 mg-kg™!, methysergide (M)
3Img-kg™! or a combination of both (A + M) was done before pulmonary embolism with a
1.0 ml autologous blood clot and compared with no pretreatment (C). Experiments were done
until 10 survivors were present in each group. Mortality rate in controls (C) was 55 per cent
(death in less than 30 minutes) compared to zero in (A) and (A 4 M) and nine per cent in (M).
Arterial blood pressure fell to 60 per cent of pre-embolism values two minutes after embolism
in (C) but had returned to 85 per cent of pre-embolism values after 60 minutes. This compares
with a drop to 82 per cent at two minutes and 83 per cent at 60 minutes in (A), a drop to 70 per
cent at two minutes and 90 per cent at 60 minutes in (M) and a very small drop to 92 per cent at
two minutes which was unchanged at 60 minutes in (A + M). Right ventricular pressure
increased by 75 per cent after two minutes compared to pre-embolism values in (C) and was
still elevated by 37 per cent after 60 minutes. This compares with increases at two minutes and
60 minutes respectively of 58 and 23 per cent in (A), 65 and 35 per cent in (M) and 55 and 18 per
cent in (A + M). Heart rate did not show any significant changes in any of the groups after
embolism.

These results show a dramatic reduction in mortality from pulmonary embolism with
aspirin or methysergide pretreatment, which is associated with significant attenuation of the
hypotensive response seen in controls. These agents may act by inhibiting the actions of a
release of prostaglandins and serotonin. The additive effects of the combination used suggests
that both mediators may play a role in the haemodynamic responses to pulmonary embolism.
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PuLMoONARY EMBOLISM contributes to 20 per
cent of hospital deaths' and 66 per cent of
patients who suffer a massive pulmonary embo-
lism die within the first hour.? If the blockage of
the pulmonary vasculature is sudden and exten-
sive, death may quickly follow due to the inability
of the right ventricle to maintain cardiac output.?
Acute systemic hypotension results, and death
has been attributed to reduced coronary flow* or
failure of the respiratory centre due to an insuf-
ficient blood supply.® The aim of immediate
therapy following severe pulmonary embolism is
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to stabilize the cardiorespiratory system, im-
prove left ventricular filling and increase pul-
monary blood flow.® Several factors may contri-
bute to the reduced pulmonary blood flow:
mechanical obstruction by the embolus, local
release of humoral pulmonary vasoconstrictor
substances and reflex vasoconstriction. Some
workers have attributed the pulmonary vascular
effects solely to mechanical obstruction by the
embolus.!7-# Others have commented on the
discrepancy between the degree of abstruction
and the resulting haemodynamic outcome, both
in man® and in experimental animals.'® These
observations may be accounted for in part by
pulmonary vasoconstriction resulting from the
release of humoral mediators.

Humoral substances which may be responsible
for the pulmonary vasoconstriction include pros-
taglandins, histamine and serotonin.!'='3 Inhibi-
tors of the synthesis of prostaglandins have been
shown to decrease the pulmonary vascular pres-
sor response following embolization with a small
blood clot introduced into a lobar pulmonary
artery.!'* In addition, pretreatment of animals
with high doses of aspirin reduced the mortality
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following massive pulmonary embolism.'S The
role of histamine is not clear since experiments
using mepyramine have yielded conflicting re-
sults'? and injected histamine does not invoke
pulmonary hypertension.'¢ Serotonin, however,
appears to be released following embolization
since a reduction in the synthesis or release of
serotonin is accompanied by smaller pulmonary
haemodynamic changes and induced mortali-
ty.'718 Several factors including mechanical ob-
struction, prostaglandins and serotonin appear to
be implicated in the responses produced follow-
ing pulmonary embolism, but the relative contri-
butions or site of action of the humoral mediators
is not clear. Experiments in which animals have
been pretreated with single antagonists suggest
that a considerable proportion of the response
due to embolization results from mechanical
obstruction of the pulmonary vasculature. Pre-
treatment of animals with a combination of a
prostaglandin synthesis inhibitor and an antag-
onist of serotonin, however, almost completely
abolishes the pulmonary pressor response pro-
duced by a relatively small embolus.'* If similar
effects were produced following massive pul-
monary embolism a combination of these two
antagonists would be more effective than each
agent administered singly in reducing the sys-
tematic haemodynamic changes.

These experiments were designed, therefore,
to investigate the effects of aspirin and methyser-
gide, given singly and in combination, on the
haemodynamic responses and on mortality re-
sulting from severe pulmonary embolism.

METHODS

Male New Zealand white rabbits weighing 2.6
to 3.2kg were anaesthetized with intravenous
sodium pentobarbitone. The treachea was cannu-
lated and animals breathed spontaneously. Poly-
ethylene cannulas, PE20S, were inserted into
the aortic arch through the right common carotid
artery and into the right ventricle through the
right external jugular vein. Aortic and right
ventricular blood pressures were measured with
Statham P23dB transducers and, together with
heart rate which was derived electronically from
lead II of the electrocardiogram, were displayed
on a Hewlett-Packard recorder. A stabilization
period of 30 min was allowed before measure-
ments were made. Aortic blood pressure, right
ventricular pressure and heart rate were mea-
sured 30 sec before and 1, 2, 5, 10, 30, and 60 min
following embolization with 1.0 ml of blood clot
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injected into the lungs through the right ventricular
catheter. The blood clot was prepared 20 min
before embolization by removing 1.0 ml of blood
from a donor rabbit, adding 1.0 unit of thrombin
and injecting this clotting blood into a siliconized
polyethylene tube PE280, 22cm long. This re-
tracted blood clot was injected into the lungs
through the right ventricular catheter 20 minutes
later.

Rabbits were divided into four pre-treatment
groups. Saline, aspirin 250 mg- kg™', methyser-
gide 3mg-kg™', and a combination of aspirin
250mg-kg™' and methysergide 3mg-kg~!'.
These drugs were administered intravenously
20 min before embolization. Animals were as-
signed randomly to the pretreatment groups.
Responses for each haemodynamic variable
within each group were compared with the pre-
embolism value or pretreatment values by Stu-
dent paired t-test. Equivalent pre-embolism and
post-embolism values between groups were com-
pared by the Mann-Whitney U-test. Sufficient
animals were used from each pretreatment group
so that there were 10 survivors in each group.

At the end of the experiment the animals were
killed and the heart and lungs were removed.
The main pulmonary artery and its branches to
each lobe of the lung were carefully dissected out
and the position of the clot was recorded.

RESULTS

Embolization of control animals with 1.0 ml of
autologous clot resulted in a mortality rate of 55
per cent. There were appreciable differences in
the haemodynamic responses of survivors and
non-survivors, therefore the results from these
two groups have been analyzed separately.

In the survivors (n = 10) embolization pro-
duced immediate increase in right ventricular
pressure, an increase in heart rate and a decrease
in aortic pressure (Figure 1). Systolic and dias-
tolic right ventricular pressure increased by 1.86
+ 0.8kPa (14 + 6 mm Hg)and 0.67 £ 0.266 kPa (5
+ 2 mm Hg) respectively. At the same time aortic
systolic pressure fell by 4.92 £ 2.53kPa (37
19 mm Hg) and 5.05 + 2.39kPa (39 + 18 mm Hg)
respectively. Heart rate increased significantly (p
< 0.05) by 10 12 beats per min one minute after
embolization but returned to control values with-
in two minutes. In contrast the increase in right
ventricular pressure and the drop in aortic pres-
sure were longer lasting and 60 min following
embolization had not returned to pre-emboliza-
tion values (Figure 1).
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pressure, right ventricular pressure and heart rate
induced by pulmonary embolization in the ten surviving
control animals. Data from the 12 non-surviving ani-
mals (Figure 2) were excluded from all comparisons
between control and pretreatment groups.

There were 12 non-survivors in the control
group and of these, 11 died within five minutes of
embolization; however one animal survived until
30 minutes following embolization. Right ven-
tricular pressure and aortic pressure changes
were qualitatively similar to those observed in
the control group. However the heart rate did not
increase following embolization but dropped, so
that two minutes after embolization there was a
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significant (p < 0.001) decrease in heart rate by 44
+ 23 beats per min. Immediately after emboliza-
tion there were no significant differences between
survivors and non-survivors so that at 30sec
systolic right ventricular and aortic pressures
were 5.19 + 0.53kPa (39 £ 4mmHg) and 5.45
1.46kPa (41 £ 11 mm Hg) in non-survivors, com-
pared with 4.12 £ 1,06kPa (31 £ 8 mm Hg) and
7.85 + 2.66kPa (59 + 20mm Hg) in survivors.
Two minutes later, however, quantitative differ-
ences were apparent as systemic blood pressure
in the non-survivors fell (Figure 2).
Pretreatment of animals with aspirin 250
mg - kg~!, increased right ventricular and aortic
pressure but did not affect heart rate. Right
ventricular systolic and diastolic pressure in-
creased significantly (p < 0.005) by 0.53 %
0.226 kPa (4 & 2 mm Hg) and 0.266 + 0.133 kPa (2
+ 1 mm Hg) respectively and aortic, systolic and
diastolic pressures by 1.46 £ 0.8kPa (11 £ 6 mm

Hg) and 1.6 £ 0.93kPa (12 £ 7mm Hg). These
responses were relatively transient and were not
present 20min later. Embolization resulted in
increased right ventricular pressure and de-
creased aortic pressure but none of these animals
died (Figure 3). Following embolization right
ventricular systolic and diastolic pressures in-
creased by 1.73 £ 0.8kPa (13 £ 6 mm Hg) and
0.53 £ 0.266 kPa (4 + 2 mm Hg) respectively two
minutes following embolization and aortic, sys-
tolic and diastolic pressures fellby 2.53 £ 2.0kPa
(19 15mm Hg)and 2.93 £ 2.39kPa (22 + 18 mm
Hg) respectively. There was a significant de-
crease in the magnitude of the aortic pressure (p
< 0.001) and heart rate (p < 0.001) responses
following embolization between control animals
and animals which had been pretreated with
aspirin. However, 60 min after embolization the
aortic blood pressure was still significantly (p <
0.005) below pre-embolization values (Figure 3).
The right ventricular pressure changes were not
significantly different from those observed in
control animals.

Administration of methysergide 3 mg - kg™! re-
sulted in an increase in aortic pressure, a de-
crease in heart rate, but had no effect on right
ventricular pressure. Heart rate and aortic pres-
sure were still affected 20 min later. Aortic
systolic and diastolic pressures were reduced by
0.8 + 0.4kPa (6 = 3mm Hg) and 0.8 + 0.53kPa
(6 £ 4mm Hpg) respectively and heart rate was
decreased by 25 + 13 beats per minute. Embol-
ization resulted in increased right ventricular
pressure, increased aortic pressure but no sig-
nificant effect on heart rate (Figure 4) and one



376

I
)
I
E
£
&
g oo
4
&
=]
° a
o o
2
o Y .
E
> N
n
0 ) " )
Embolisation 20 40
TIME {min}
m -
o
I
E
£
w
g o
2 “r : .
w o
E o
© 0o
g o
35
o o
3
£ 2
w
>
=
z
Fis
P S —— 4 ! J
] Embolisation 20 40
TIME {min)
w —
."E' o
£ 00} »
B tooe
a
E
X
] L I —
Embalisation 20
TIME (min)

FIGURE 2 Mean value (£ 1 SD) of systemic blood
pressure, right ventricular pressure and heart rate
induced by pulmonary embolism in the 12 non-
surviving control animals.
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FiGure 3 Mean value (£ 1 SD) of systemic blood
pressure, right ventricular pressure and heart rate
induced by pulmonary embolization in ten animals
pretreated with aspirin 250 mg - kg™'.

animal died. Following embolization right ven-
tricular systolic and diastolic pressures increased
by 1.86 £ 0.67kPa (14 = 5mm Hg) and 0.53 +
0.266 kPa (4 = 2 mm Hg) respectively and aortic
systolic and diastolic pressures fell by 2.79 +
2.39kPa (21 + 18 mm Hg) and 2.53 £+ 2.0kPa (19
+ 15 mm Hg). There was no significant difference
between the increase inright ventricular pressure
induced by embolism in control animals and in
those animals pre-treated with methysergide.
There was, however, a significant (p < 0.005)
difference in the magnitude of the aortic blood
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FIGURE 4 Mean value (£ 1 SD) of systemic blood
pressure, right ventricular pressure and heart rate
induced by pulmonary embolization in ten animals
pretreated with methysergide 3mg- kg™'.

pressure response to embolization between con-
trol animals and those which had been pretreated
with methysergide. In addition the recovery of
aortic blood pressure following embolization was
more rapid than in the control or aspirin treated
animals so that 60 min following embolization the
systolic aortic pressure was not significantly
different from pre-embolization values (Figure
4).

Administration of a combination of aspirin and
methysergide increased right ventricular pres-
sure, increased aortic pressure and decreased
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heart rate. Systolic and diastolic right ventricular
pressure increased by 0.56 + 0.27kPa (4 £ 2mm
Hg) and 0.40 * 0.133kPa (3 + [ mm Hg) and
increased aortic systolic and diastolic pressures
by 2.26 + 1.73kPa (17 + 13 mm Hg) and 1.60 +
1.20kPa (12 £ 9 mm Hg) and increased heart rate
by 30+ 15 beats per minute. The right ventricular
and aortic pressures and heart rate had, however,
returned to pre-administration values 20 min
later. Embolization resulted in an increase in
right ventricular pressure, a small reduction in
aortic pressure and an increase in heart rate and
none of the animals died (Figure 5). Following
embolization right ventricular systolic and dias-
tolic pressures increased by 1.60+ 0.53kPa (12 +
4mm Hg) and 0.27 = 0.27kPa (2 £ 2 mm Hg).
There was no significant difference between right
ventricular pressure responses in control animals
and in those animals pretreated with aspirin and
methysergide. Heart rate increased by 14 + 15
beats per min, an effcct which also occurred in
control animals but not in animals pretreated with
aspirin or methysergide alone. There was a
significant difference in the aortic blood pressure
response following embolization between control
animals and those animals pretreated with a
combination of aspirin and methysergide. In ani-
mals pretreated with this combination, the aortic
pressure following embolization fell by only 0.80
% 0.80 kPa (6 = 6 mm Hg) compared with the fall
of 4.92 £ 2.53kPa (37 £ 19 mm Hg) in surviving
control animals and 7.71 £ 3.19kPa (58 + 24 mm
Hg) in non-survivors.

Aortic pressure which fell following emboliza-
tion, did not return towards pre-embolisation
values and 60 min following embolization aortic
pressure was still significantly (p < 0.001) lower
than pre-embolization values.

Examination of the distribution of the embolus
post-mortemn revealed two major patterns of
distribution. The majority of emboli (60 per cent)
obstructed the right main pulmonary artery and
were labelled ‘‘saddle’” emboli. In the second
group the embolus was more fragmented and did
not obstruct the main pulmonary artery but
obstructed major portions of both the left and
right lobar pulmonary arteries. This group was
labelled “‘broken’’ emboli. The clot position was
not related to the increase in right ventricular
pressure, the decrease in aortic pressure, or
death in control animals or in any of the pretreat-
ment groups.

DISCUSSION

The responses to pulmonary embolism which
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FIGURE 5 Mean value (+ 1 SD) of systemic blood
pressure, right ventricular pressure and heart rate
induced by pulmonary embolisation in ten animals
pretreated with a combination of aspirin 250 mg- kg™*
and methysergide 3mg- kg.™!

were observed in these experiments, increased
right ventricular pressure, decreased aortic pres-
sure with little effect on heart rate, are in accord
with observations in other species using blood
clot emboli.?'*~2' These responses have been
investigated intensively by others who have
shown that the obstruction to blood flow in the
pulmonary arterial tree produces an increased
right ventricular pressure, reduced cardiac out-
put and systemic hypotension.?*? Consequently
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these experiments were not designed to analyse
the mechanisms involved in the cardiovascular
responses to pulmonary embolism, but to inves-
tigate whether a combination of agents which
have been shown to be effective in reducing the
pulmonary pressor responses would alter the
systemic hypotensive response following mas-
sive embolization.

Pretreatment of animals with aspirin raised
systemic and pulmonary arterial pressures, due
to an increased force of cardiac contraction.?®24
These effects were transient and not present
immediately before embolization. Methysergide,
however, produced longer lasting direct effects
which are due to a serotonin-like effect and which
persisted throughout the pretreatment period,
altering the pre-embolization values. These ef-
fects of methysergide were not evident when
aspirin and methysergide were administered in
combination. A decrease in the mortality rate in
all the pretreatment groups was accompanied by
a reduction in the systemic hypotension which
followed embolization. This effect was only
moderate in the groups treated singly with aspirin
or methysergide but extremely striking in the
aspirin and methysergide group, in which some
animals exhibited no change in systemic blood
pressure after embolization. Since only methys-
ergide produced any cardiovascular depression,
the reduction in mortality in animals pretreated
with aspirin, methysergide or a combination of
both, was not due to prior cardiac stimulation.
These results suggest that a moderate reduction
in systemic hypotension may reflect a significant
improvement in vital organ perfusion. The in-
creases of right ventricular pressure were not
significantly reduced in any of the pretreatment
groups as compared with controls. These results
can be explained on the basis that the right
ventricular output quickly rises to a maximum if
there is massive obstruction of the pulmonary
vasculature.® An increase in pulmonary blood
flow in these circumstances, due to blockade of
vasospasm, need not be reflected in a drop in
right ventricular pressure, since it may still be
maximally increased.

Although there has been controversy concern-
ing the importance of vasospasm following pul-
monary embolism, it is generally accepted that
pulmonary vasospasm does occur.''® The mech-
anisms responsible for this effect are not clear
but they include hypoxia;' hypocapnia;?® release
of prostaglandins?® or serotonin.'® The role of
any one of these factors or the interplay between
them is also not clear, but our experiments
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suggest that agents which interfere with either
prostaglandin synthesis or serotonin action have
additive effects in reducing the hypotension
which occurs following embolism. Although the
doses of aspirin used in this study are high
compared with those used to block prostaglandin
synthesis in the platelet?” we have previously
demonstrated that doses of aspirin in excess of
100 mg - kg™! are required to produce a significant
decrease in mortality following pulmonary em-
bolism.'* This latter study was confined to the
measurement of pulmonary vascular responses,
but showed that high doses of prostaglandin
synthesis inhibitors reduced or abolished the
normal pulmonary vascular hypertensive re-
sponse to pulmonary embolism.

These experiments demonstrate that aspirin
and methysergide produce an additive effect and
virtually abolish the hypotension and mortality
which accompany clot-induced pulmonary em-
bolism. The site of action of these substances
may be on the pulmonary artery itself due to
antagonism of serotonin and prostaglandin re-
lease. Although there is some question as to the
role of serotonin in human pulmonary embolism,
there is no doubt that prostaglandins produce
pulmonary hypotension in man, and a dis-
turbance in the balance of synthesis and metabo-
lism of prostaglandins has already been impli-
cated in some types of pulmonary hypertension.?8
It is interesting to speculate whether relatively
high doses of aspirin within the clinical dose
range may produce the kind of beneficial effects
observed in this animal model when given over
long time periods.
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RESUME

Le pré-traitement a l'aspirine 250mg-kg™! et au méthysergide 3mg-kg™' ou a une
combinaison des deux a été administré au lapin anesthésié avant embolisation pulmonaire
provoquée par |'injection d’un caillot de sang autologue de 1.0 ml ¢t comparé a un groupe sans
pré-traitement. L’expérience fut continuée jusqu'a ce que chacun des groupes atteigne le
nombre de 10 survivants. La mortalité du groupe controle a été de 55 pour cent (morts en
moins de 30 minutes) comparé a aucun chez les groupes de lapins traités a ’aspirine et a la
combinaison aspirine-méthysergide et a 9 pour cent a la méthysergide seule. La pression
artérielle est tombée a 60 pour cent de sa valeur pré-embolique deux minutes aprés
embolisation dans le groupe controle mais s'est rétablie & 85 pour cent des valeurs
pré-emboliques aprés 60 minutes. Par contre dans le groupe pré-traité a I’aspirine la baisse a
été de 82 pour cent A la deuxiéme minute et 83 pour cent aprés 60 minutes. de 70 pour cent &
deux minutes et 90 pour cent a 60 minutes dans le groupe méthysergide, et une trés petite chute
de pression a 92 pour cent a deux minutes qui est demeurée inchangée a 60ieme minute dans le
groupe oll la combinaison avait été employée. La pression ventriculaire droite augmentade 75
pour cent aprés deux minutes si on compare aux valeurs pré-emboliques dans le groupe non
traité mais était toujours élevée de 37 pour cent aprés 60 minutes. En comparaison des
augmentations a deux et 60 minutes respectivement de 58 pour cent et 23 pour cent dans le
groupe aspirine, 65 pour cent et 35 pour cent dans le groupe méthysergide et 55 pour cent et 18
pour cent dans le group combinaison aspirine-méthysergide. La fréquence cardiaque n’a pas
changée de fagon significative dans aucun des groupes aprés embaolisation.

Ces résultats nous montrent une réduction dramatique du taux de mortalité par embolie
pulmonaire lorsque les sujets sont traités a I’aspirine ou au méthysergide, réduction
dramatique associ€e avec une atténuation significative de la réponse hypotensive que |'on
trouve chez les lapins contréle. Ces agents peuvent agir par inhibition de libération des
prostaglandines et de la sérotonine. Les effets additifs: de la combinaison aspirine-
methysergide employée porte a croire que les deux médiateurs peuvent jouer un rdle dans la
réponse hémodynamique causée par I'embolie pulmonaire.



