CORRECTION OF THE UNFAVOURABLE EFFECTS OF
VASOPRESSIN BY NITROGLYCERIN INFUSION
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ABSTRACT

Nitroglycerin was administered with vasopressin to prevent adverse effects. Vasopressin
0.25U-70kg™! - min~" was infused intravenously in four dogs for 40 minutes, when a

venous infusion of nitroglycerin 1.2 pg-kg™! - min~

! was added for 20 minutes. Nitro-

glycerin 1.2 pg-kg™" - min~" alone was infused intravenously in another four dogs for 40
minutes. The venous blood pressures (mesenteric and central) and artcrial pressurcs
(mesenteric and femoral), the electrocardiogram and arterio-venous difference were
recorded. Nitroglycerin was shown to annul the unfavourable effects of vasopressin with-

out altering its efficacy upon portal pressure.
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A GREAT DEAL of literature has been published
proving the effectiveness of vasopressin (VSP)
in the treatment of upper gastrointestinal haem-
orrhage in cirrhotic patients with portal hyper-
tension. It is known that the use of this drug is
often limited by the appearance of undesirable
side effects,! the frequency and severity of
which do not seem to be affected by selective
infusion into the superior mesenteric artery
which has been used instead of intravenous
administration.?

Some interest has recently been shown in the
proposal for simultancous administration of va-
sopressin with either isoproterenol,’ dopamine, *
sodium nitroprusside,® or glucagone,” to neu-
tralize the undesirable effects of vasopressin
without altering its effectiveness. With this aim
in mind we chose nitroglycerin to counteract the
side effects of vasopressin, since it is well known
that it has beneficial vasoactive properties on the
central and splanchnic haemodynamics in man,
without causing toxicity and tachyphylaxis.®’

MATERIAL AND METHODS (Table 1)

Eight dogs weighing between 18 and 22 kg
were used in our experiment. The animals had
been kennelled in identical conditions and had
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not been fed for 12 hours. They were brought
into the operating theatre and were given intra-
venous preanaesthetic medication with fentanyl
1.2 pg'kg™" and atropine 10 pgkg™', which
were injected into a vein of a front leg,

The dogs were then anaesthetized with thio-
pentone 5mg-kg~! for induction, the trachea
was intubated and ventilation was controlled
using pancuronium bromide 70 pg-kg™' for
muscle relaxation. Anaesthesia was maintained
with a gaseous mixture of 6 1-min~" of F1,,0.35
and Fiy, 0.65, given in a non-rebreathing
system, with a ventilatory frequency of 18 per
minute. Additional doses of pancuronium bro-
mide 14 wg-kg™! allowed controlled ventilation
to be maintained with satisfactory relaxation.

After midline laparotomy a 1.0 mm catheter
3cm long was introduced into the superior
mesenteric artery and through the right femoral
vein, previously isolated, the right atrium was
reached by means of a 1.2mm polyethylene
catheter 75 cm long; the correct placement of the
atrial catheter was confirmed by an intracavity
electrocardiogram usng the liquid electrode
technique® (Figure 1); the mean venous blood
pressures were measured with a water manome-
ter, while the mean arterial pressures were
measured with mechanical transducers (Pressur-
veil Concept); zero level for all pressure re-
cordings was chosen 10 cm dorsal to the sternal
angle.

All connections were kept patent by periodic
washing with a 0.9 per cent saline solution
containing heparin (1250 U-17!), of which
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Pus = Systemic acterial prossure.
Pam = Meseateric arterial pressure.
CVP = cential venous pressae,
PVm = mesentetic venous pressure,

Figure 1 Right strium localization by means of
the electrocardiogram. The arrow ihdicates whers the:
catheter has earered the atrium,

50.mi bad been administered by the time the
experiment had been concluded.

Vasopressin (0.25 U-70 kg~ -min ™y wias ad-
ministered to four animals (Group 1)-for 40
minutes, by infusion of 0.9 per cent saling
solution wmammg Wuef E—iysm vagopressin
{Sandoz) in 250 mb. At 40 minutes nitroglycerin
{L2pgke* ~min™'y was added for 20 minutes,
using ‘1.75mg of tnaitroglycerin: (Venitim
Simes) riilutc»d i 100:ml of 0.9 per cent saling
sofution.

In contrast only nivoglycerin was adminis-

tered to the other Tour animals (Group 2) for 40

winutes, all stherarrangements being similar to
the first group. Mean meseateric and systemic
arterial and venous pressires were fecorded
gvery 10 minites in both groups, fora total of 60
minutes in group 1, and for 40 minntes in group
2. An electrocardiogram lead 1), was dong in the
first group at zero, forty and sixty minutes and in
the second group at zero and forty minwes; at
these same times a blood sample was taken from
the right atrium: and anoOther one second later
fromn the femoral arfery.

The haemoglobin concentration {eyanometh-
aemoglobin method) and $os (Magrorefiectom-
ster oxymeter-Optical Corporation) were deter-
mined in-order to estimate the content and the
arteriovenous difference of oxygen: C {a-vjey.

C{a-v)o; was determined by the integration of
the differentis! equation:

}’ (d(Canm = C¥e,)
dt
J K {(Cap,T =~ Cig) ~ (Cagm ~ C¥p )1

and by calcnlation of the Hme constant (1) of the
exponential growth function; Cagm — C¥, =
{Cag, T — C¥,,5 (1-6") from which the previous
differential equation derives.

I both expressions:

Cagm = arierial content of oxygen (measud)
Ca{,ﬂ‘ theoretical afterial content of oxygen
{8a,, 100 per cent) for the blood being
examined.
9, = mixed vemous content of oxygen
{rucasured)
=. ] gecond.
“The resuits oheained were subjected 1o statistical
atialysis (SD, paired test); p = 0,05 was chosen
as the lowest leve] of significance.

RESULYS

Svstemic arterial pressure (Figure 2, Table 1}
G‘rmcp I:the infasion of vasopressin cansed a
gradual increase of the systemic arterial preswre
which reached 19.9 & 1.5kPa at 20 minutes.
fromabaselineof 18.2 % 1.5kPa, and stabilized
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FIGURE2 Arterial systemic pressure (Pas) above;
central venous pressure (CVP) below.

— A = vasopressin: O - - - O = vasopressin
+ nitroglycerin: A —+— A = nitroglycerin.

at 40 minutes at 19.7 = 1.8 kPa at 40 minutes
being an increase of 8 = 1 per cent compared to
base value. The infusion of vasopressin and
nitroglycerin, begun at forty minutes, caused a
gradual decrease of systemic arterial pressure
which had reached 16.9 * 1.5kPa at sixty
minutes, being a decline of 13 + 7 per cent (p =
0.05) compared with 40 minutes and of 6 % 6 per
cent in comparison to base line.

Group 2. the administration of only nitroglyc-
erin caused the usual fall of systemic arterial
pressure which was 10.9 * 0.2kPa at 40
minutes compared to the base line of 17.3
+ 1kPa, adecline of 35 + 5 per cent (p < 0.01)

Central venous pressure (Figure 2, Table I)
Group 1: the central venous pressure de-
creased after the infusion of vasopressin from an
initial value of 0.39 * 0.13kPa to 0.29 =+
0.09 kPa at forty minutes, being a decrease of 22
+ 5.5 per cent. The combined administration of
vasopressin and nitroglycerin had little influence
on these changes in central venous pressure; in
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fact it was 0.29 * 0.07 kPa at 60 minutes, an
increase of 1 * 11 per cent, compared to 40
minutes but a decrease of 19 £ 9 per cent in
comparison to base values.

Group 2: the infusion of nitroglycerin caused
a reduction of 20 * 3 per cent in central venous
pressure which reached 0.29 = 0.05kPa at 40
minutes from 0.37 £+ 0.07 kPa at control.

Mesenteric arterial pressure (Figure 3, Table 1)

Group 1: The mesenteric arterial pressure
followed the same pattern as the systemic arterial
pressure on administration of vasopressin; in
fact, from a base value of 17.9 = 1.5kPa, it
reached 19.9 * 1.5kPa at 20 minutes, and 19.3
=+ 1.3 kPa at 40 minutes, an increase of 7 = 2 per
cent. The combined infusion of vasopressin and
nitroglycerin produced a decrease of the mes-
enteric arterial pressure which had stabilized at
16.6 + 1.5kPa, at 60 minutes, a diminution of
13 = 8 per cent (p < 0.05) compared with the
pressure at 40 minutes and a reduction of 6 = 8
per cent in comparison with baseline.
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FIGURE 3 Mesenteric artieral pressure (Pam)
above; mesenteric venous gressure (PVm) below.
A - = vasopressin: O - - - O = vasopressin
+ nitroglycerin: & —+— A = nitroglycerin.
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TABLE 1II
HEART RATE (Beats per minute), ARTERIOVENOUS OXYGEN DIFFERENCE (mmol-17"), TIME CONSTANT (1)
{seconds) OF THE FUNCTION Cag,m — C¥,, = (Cag, T — C¥,,) (1 ~ €) AND PERCENTAGE VARIATION.

A% A% A%

Time (Minutes) 0 40 60 0-40 40-60 0-60

HR Group | 192 £ 15 144 = 34 168 + 22 —22x16% +15%x15 -13%10
Group 2 196 + 4 193 £ 4 ~1x2

C(a-v)c;, Group! 133206 1604 1742075 +22%21 +1%19 +23x29
Group2 193049 1.69 % 0.49 1127

T Group1  0.61 £0.1 0.51+0.05 056+006 —13=12 +9%x12 -4x14
Group2 047006 0.54=zx0.07 +24 x 45

*p < 0.05.

Group 2: The administration of nitroglycerin
caused a considerable fall of mesenteric arterial
pressure which declined from 17.3 = 1kPa to
10.7 = 0.2 kPa at 40 minutes, a decrease of 36
5 per cent (p < 0.01) compared with the base
value.

Mesenteric venous pressure (Figure 3, Table I)

Group [ After the infusion of vasopressin, a
fall of mesenteric venous pressure was observed
from the base value of 0.98 = 0.3kPa, t00.56
0.01 kPa at 20 minutes and to 0.51 + 0.01 kPa at
40 minutes. Compared with the base value, the
reduction at this time was 46 * 3 per cent (p <
0.01). The combined infusion of vasopressin and
nitroglycerin, begun at 40 minutes, caused a
negligible elevation of mesenteric venous pres-
sure which reached 0.05 * 0.03kPa at 60
minutes, an increase of 2 * 12 per cent
compared with 40 minutes, a reduction of 45 +
5 per cent (p < 0.01) in comparison with base
values.

Group 2: Nitroglycerin caused a reduction of
10 = 3 per cent of the mesenteric venous
pressure which went from0.94 + 0.05t00.83 *
0.07 kPa after 40 minutes.

Variation of heart rate (Figure 4, Table IT).

Group 1: Bradycardia occurred during the
infusion of vasopressin; in fact the heart rate fell
by 22 + 16 per cent (p < 0.05), going from base
values of 192 = 15/min to 144 % 34/min at 40
minutes.

The combined administration of vasopressin
and nitroglycerin brought the heart rate back to
the normal values which had reached 168 +
22/min at 60 minutes an increase of 15 = 15 per
cent compared with the rate at 40 minutes and a
decrease of 13 % 10 per cent compared to base
values.

Group 2: The isolated administration of nitro-
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FIGURE 4 Heart rate above; Time constant of
Cag,m — C¥q, = (Ca,, T — C¥,,) (1-e™¥) below
A = A = vasopressin: O - - - = vasopressin +
nitroglycerin: A ~ - — A = nitroglycerin.

glycerin did not produce any important varia-
tions of heart rate which went from a base value
of 196 = 4/min to 193 * 4/min at 40 minutes, a
decrease of 1 = 2.5 per cent. In neither group
were electrocardiogram changes noted.

Arterio-venous oxygen difference (Table II)

Group 1. An increase of arterio-venous oxy-
gen difference was seen during the administra-
tion of vasopressin; it went from a base value of
1.33 £ 0.6 mmol-1-! to 1.6 = 0.4 mmol-1-! at
40 minutes, a rise of 22 * 21 per cent.

The association of vasopressin with nitro-
glycerin brought the arterio-venous oxygen dif-
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ference to 1.74 mmol- 17!, an increase of 1 * 19
per cent, compared to 40 minutes and of 23 = 29
per cent in comparison with base values.

Group 2: During the infusion of nitroglycerin
there was a fall of arterio-venous oxygen differ-
ence from a base value of 1.93 * 0.49 mmol-1~!
to 1.69 = 0.49 mmol-17! after 40 minutes
of administration. The registered decrease was
11 = 7 per cent.

Time constant of the function (Caom — C¥,, =
(CVo,T — C¥,)(1 — e™). Figure 4, Table LI)

Group I: The time constant (1) of the ex-
ponential growth function used to analyze the
variations of the arterio-venous oxygen differ-
ence showed a diminution of 13 x 12 per cent
during the infusion of vasopressin, decreasing
from an initial 0.61 £ 0.1sect00.51 £ 0.05 sec
at forty minutes.

During the infusion of vasopressin and nitro-
glycerin the time constant increased, reaching
0.56 * 0.06 sec at 60 minutes, a rise of 9 = 12
per cent compared to 40 minutes, and a reduction
of 4 + 14 per cent against base value.

Group 2: During administration of nitroglyc-
erin there was an increase of the time constant.
From the initial value of 0.47 * 0.06 sec it
reached 0.54 + 0.07 at 40 minutes, a rise of 24
+ 45 per cent compared to base line.

DISCUSSION

The hypertensive effects of vasopressin were
offset by nitroglycerin; the combination of the
two agents reduced the rise of pressure registered
after the administration of vasopressin alone by
13 £ 7 per cent (p = 0.05) and brought it back to
base levels. This demonstrates how easily this
combination can restore the arterial balance with
the doses we have used. This becomes more
evident when one considers the results of the
isolated infusion of nitroglycerin, which caused
areduction of systemic arterial pressure of 35 +
5 per cent (p < 0.01) as opposed to a decrease of
only 6 x 6 percent produced by the combination
of vasopressin and nitroglycerin, though the
doses of nitroglycerin were the same in both
groups.

These considerations are also valid for the
mesenteric arterial pressure which registered
similar variations.

The effects of vasopressin and nitroglycerin
on venous pressure are particularly interesting.
During the administration of vasopressin alone
central venous pressure registered a decrease of
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22 = 5 per cent and combined infusion of
vasopressin and nitroglycerin did not substan-
tially alter this reduction, which was still 19 = 9
per cent at 60 minutes compared to base values.

This result, if considered together with the
decrease of 20 = 3 per cent in central venous
pressure during the infusion of only nitroglycer-
in, shows that vasopressin and nitroglycerin
administered separately have a similar effect on
the central venous pressure, without synergism
when the two drugs are combined. This phe-
nomenon can be explained when one considers
that vasopressin and nitroglycerin, if adminis-
tered separately, can induce a reduction in the
venous return and in cardiac out;Jut, but have a
different effect on after-load:"""® vasopressin
increases peripheral resistance, whereas nitro-
glycerin reduces it. The balance of the pressure
effects observed for systemic and mesenteric
arterial pressure could therefore explain the
absence of synergism of action of vasopressin
and nitroglycerin on central venous pressure.
However, central venous pressure data show no
statistically significant difference (p = 0.1).

The 46 * 3 per cent (p < 0.01) reduction of
mesenteric venous pressure by vasopressin was
not influenced by the administration of nitro-
glycerin. The association of vasopressin with
nitroglycerin showed adrop in mesenteric venous
pressure of 45 + S percent (p < 0.01) in group 1
as compared with control values, whereas in
group 2 the infusion of nitroglycerin alone
produced a reduction of mesenteric venous
pressure of 10 = 3 per cent, which is modest and
statistically not significant (p < 0.1) considering
that, at the same time, there was a decrease of 36
= § percent (p < 0.01) of the mesenteric arterial
pressure.

In a few dogs, double or triple doses of
nitroglycerin were added after vasopressin.
Compared to group 1 there was significant
reduction in venous mesenteric pressure besides
the important decrease of arterial systolic pres-
sure. Nitroglycerin proved also to have a posi-
tive effect on the heart rate, which was reduced
by 22 = 16 per cent (p < 0.05) in group 1, 40
minutes after vasopressin administration. Twen-
ty minutes after nitroglycerin and vasopressin an
increase of the heart rate, albeit not significant,
was seen, with simultaneous return to normal of
the arterial systemic pressure. This could be
ascribed to a reduction of the carotid sinus reflex,
given that the administration of nitroglycerin
alone had not produced any change of heart rate
in group 2.
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The changes in arterio-venous oxygen differ-
ence observed during the experiment can be
better understood by examining the time con-
stant () of the exponential growth function:

Cagm — CV,, = (Ca,,T — C¥,,) (1 — e™

which, k being 7~!, indicates the time used by
the blood being examined to reach 63 per cent of
the arterio-venous difference for arterial oxygen
content with saturation of 100 per cent, taking
into account the mixed venous oxygen content
and measured arterial oxygen content. This is
related to changes of pulmonary flow and the
haemoglobin dissociation curve, since the varia-
tions of ventilation can be supposed to have a
negligible effect because the animals were sub-
jected to controlled ventilation. During the ad-
ministration of vasopressin a reduction of T was
noted, partially corrected by the infusion of
nitroglycerin which, administered separately in
group 2, produced an increase of 7.

This phenomenon could be ascribed to a
redistribution of blood caused by nitroglycerin,
with reduced pulmonary flow to the benefit of
splanchnic flow and consequent reduction of
pulmonary oxygenation, however negligible,
the values of oxygen saturation being compar-
able in both groups.

These considerations are supported by the
observation that the ischaemic colour of the
intestinal loops with vasopressin infusion disap-
peared during the administration of nitroglycer-
in.

Although the clinical use of the combination
of vasopressin and nitroglycerin needs further
examination it would appear, to judge from our
results, that nitroglycerin might be a suitable
drug to prevent the side effects from the adminis-
tration of vasopressin: nitroglycerin did not alter
the portal hypotensive effects of vasopressin,
contrary to other drugs such as isoproterenol,
dopamine or glucagon which, in experiments by
others, significantly reduced its efficacy when
associated with vasopressin. Moreover, the low
toxicity of nitroglycerin and the absence of
tachyphylaxis make the combination of vaso-
pressin and nitroglycerin preferable to that of
vasopressin with sodivm nitroprusside.® Al-
though Gelman and Ernest® report that this

CANADIAN ANAESTHETISTS SOCIETY JOURNAL

combination is efficacious in preventing the
disadvantages inherent in the use of vasopressin,
it requires a concentration of red cells and of
rodanase for its metabolism,’® which are not
always present in the cirrhotic patients for whom
the infusion of vasopressin might be destined.
Also the fatal accidents reported in patients with
hepatic insufficiency during the administration
of sodium nitroprusside'! make the use of this
hypotensive drug dangerous in cirrhotic pa-
tients.
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RESUME

De nombreuses publications ont faite état de I’efficacité de la vasopressin dans le traitement
des hémorrhagies digestives supérieures survenant chez les cyrrhotiques présentant une
hypertension portale. Les effets indésirables de cet agent limitent fréquemment son usage.
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Ceci nous a amené & étudier 1'association nitroglycérine-vasopressine. Le travail a ét€
effectué chez le chine. Une perfusion de vasopressine, 2 raison de 0.25 U-kg ™' -min ™' était
d’abord administrée durant quarante minutes, puis on ajoutait une perfusion de nitro-
glycérine  la dose de 1.2 pg-kg™!*min~!. Ce protocole a été utilisé chez quatre chiens.
Quatre autres chiens ont regu uniquement la perfusion de nitroglycérine (2 la méme dose).
Les parametre étudiés étaient les pressions viemeuses centrales et mésentériques, les
pressions artiérielles fémorales et mésentériques, I’électrocardiogramme et les différences
artério-veineuses. La nitroglycérine a éliminé les effets indésirables de la vasopressine sans
modifier I'efficacité de cet agent contre [’hypertension portale,
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