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Despite advances in cardiovascular medicine, the
endogenous mechanisms responsible for positive ino-
tropic state of the heart is poorly understood.  We have
assessed surgical transposition of the portal vein (por-
tacaval shunt) as a procedure providing total systemic
delivery of portal venous effluent in six dogs.  The ani-
mals recovered rapidly from the surgery maintaining
euglycemia.  Four days after surgery the serum en-
zymes such as alkaline phosphatase, alanine ami-
notransferase and gamma glutamyl transferase re-
turned to normal values, whereas all the animals had
significantly higher values of urine volume and left
ventricular dP/dt.  Pre and postoperative left ventricu-
lar pressure was unchanged.  Our results indicate that
portacaval shunt plays an endogenous role in the posi-
tive inotropic state of the heart, and suggest that this
surgical procedure may provide an insight into its ben-
eficial role in heart failure.

Key words —–—  Portacaval shunt, myocardial contrac-
tility, plasma insulin, heart failure

INTRODUCTION

The gut has many peptides which play a major
role in cardiac physiology.1,2)  However, the func-
tions of the gut peptides are limited by their entry
into the liver, which plays a crucial role in metabo-
lism.  Their systemic effects thus may be compro-
mised, confounding interpretation.  With systemic
diversion of portal venous effluent achieved by end-
to-side portacaval anastomosis, gut peptides includ-
ing pancreatic hormones can directly act on cardiac

muscle and can enhance the inotropic state of the
heart.3)  Accordingly, the experiments were carried
out to examine the effect of portacaval shunt on car-
diac contractility in dogs.  As a preliminary study,
the experiments were restricted to the control ani-
mals and the various parameters of the pre and post-
operative surgery were compared.  Our results sug-
gest that portacaval shunt plays an endogenous role
in the positive inotropic state of the heart.

MATERIAL AND METHODS

Animals and Operation —–— Six mongrel dogs
weighing 16–20 kg were used in this study.  The
animals were sedated with xylazine (0.3 mg/kg, im).
General anesthesia was maintained with halothane
(1.0–2.0 vol/100 ml in O2).  The dogs were venti-
lated with a respirator and laporatomy was per-
formed.  An end-to-side portacaval shunt was car-
ried out in each dog as described previously.4)  The
dogs were given standard medical therapy with i.v.
glucose and fluids and were observed and monitored
in their cages with frequent measurements of hema-
tological and biochemical parameters for four days.
Assay —–— Blood alkaline phosphatase, alanine
aminotransferase, gamma glutamyl transferase and
bilirubin were measured by computer-assisted vet
scan (California, U.S.A.).  The hemodynamic data
were recorded on a direct-writing oscillograph.  Left
ventricular pressure and dP/dt were obtained as de-
scribed earlier.5)  Insulin and glucagon were mea-
sured by radioimmunoassay.

RESULTS AND DISCUSSION

The effect of portacaval shunt on blood biochem-
istry is shown in Tables 1 and 2.  Table 1 shows the
effect of portacaval shunt on the blood level of alka-
line phosphatase, alanine aminotransferase, gamma
glutamyl transferase and bilirubin. Although these
biochemical parameters were elevated following
surgery, the levels were normal after 4 days.  Table
2 shows the level of insulin, glucagon and glucose
following portacaval shunt in dogs.  Both insulin
and glucagon levels were increased and the animals
remained euglycemic throughout the experiments.

The effect of portacaval shunt on hemodynamic
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parameters is shown in Table 3.  Left ventricular dP/
dt was significantly increased after portacaval shunt
(4 days) although left ventricular pressures remained
unchanged.  Table 3 also shows that these dogs had
increased urinary volume following this surgical
procedure.

The dogs in the present study resembled earlier
studies6) maintaining normal glycemia and liver
function.  The simultaneous increase in plasma in-
sulin and glucagon is likely to contribute to the
euglycemic state of these animals.  Although it is
difficult to explain positive intropic effect of porta-
caval anastomosis, various gut peptides may directly
act on cardiac muscle via systemic circulation and
thus provide a basis for systemic diversion of portal
blood in various pathophysiological conditions

where the functions of the cardiac muscle are com-
promised.  An endogenous diuretic function of the
portacaval shunt also can not be ruled out at the
present time.  These results are interpreted to mean
that portacaval shunt can be tested in congestive heart
failure requiring diuretics and inotropic agent.

Congestive heart failure is the result of damage
to the heart muscle, often triggered by myocardial
infarction or high blood pressure.7)  The damaged
heart muscle is unable to maintain normal blood cir-
culation through the body.  The blood flow from the
heart is reduced and backs up through the vein caus-
ing congestion in the tissues.  Although preventing
progression of heart failure is one of the main goals
in treating this disease, the treatment strategies are
now primarily aimed at understanding new concepts
in the pathophysiology of heart failure.

It is now believed that the development and pro-
gression of heart failure results from the interplay
of hemodynamic and neurohumoral mechanisms.8,9)

While both mechanisms tend to enhance the inotro-
pic state of the heart following an injury to the myo-
cardium, their ability to augment cardiac contractil-
ity is reduced in the long run. Although there is little
doubt that hemodynamic-neurohormonal models
have led to the development of vasodilators, as well
as neurohormonal antagonists which are known to
be beneficial in the treatment of heart failure, very
little attention has been paid to the surgical correc-
tion of this disease. In spite of the fact that many
more experiments are needed to reach a meaningful
conclusion, the present results may indicate the ben-
eficial role of portacaval anastomosis in congestive
heart failure.
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Table 1. Effect of Portacaval Shunt on Blood Biochemistry in Dogs

P-C Shunt

Before After

0 hr 5 hr 24 hr 2 days 4 days

Alkaline phosphatase (U/L) 58 ± 8 62 ± 6 110 ± 16∗ 80 ± 8∗ 68 ± 12

Alanine aminotransferase (U/L) 205 ± 22 280 ± 16∗ 400 ± 25∗ 350 ± 11∗ 180 ± 16

Gamma glutamyltransferase (U/L) 5.0± 0.6 6.3± 0.5 8.4± 1.0 8.0± 0.8 5.2± 0.7

Bilirubin (µmol/L) 7.3± 0.2 8.1± 0.4 8.2± 0.3 7.5± 0.4 7.4± 0.6
∗p < 0.05 based on 6 experiments.

Table 3. Effect of Portacaval Shunt on Hemodynamic Param-
eters in Dogs

P-C Shunt

Before After

Left ventricular systolic 114± 4 118± 5

pressure (mmHg)

Left ventricular end 9± 1 8± 1

diastolic pressure (mmHg)

Left ventricular dP/dt 2862± 130 3925± 124∗

(mmHg/S)

Hear rate (beat/min) 86± 5 102± 4∗

Urine volume (ml/day) 340± 50 800± 60∗
∗p <0.05 based on 6 experiments

Table 2. Effect of Portacaval Shunt on Blood Biochemistry in
Dogs

P-C Shunt

Before After

Insulin (µU/ml) 15± 1 28± 1∗

Glucagon (pg/ml) 160± 12 362± 16∗

Glucose (mg/dl) 95± 5 101± 6
∗p <0.05 based on 6 experiments
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