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Vasodilatation associated with hepatocellular disease: relation to
functional organ failure

The patient with hepatocellular disease shows marked
vasodilatation, with opening of arteriovenous shunts in
almost all vascular territories including the skin, muscle,
kidneys, lungs, portal venous system and even the brain.
These circulatory changes can be related to general tissue
hypoxia, to functional renal and pulmonary failure, to portal
venous hypertension and perhaps to cerebral oedema. The
agents responsible remain unknown. Candidates include'
glucagon and prostaglandins: local tissue factors may
contribute.
The hyperdynamic circulation found in patients with

hepatocellular disease, particularly cirrhosis, is well known. '
The effect of these circulatory changes, and particularly the
profound vasodilatation has only recently been investigated
in detail.

This paper provides an overview ofthe general vasodilatory
state and its effect on various organs. It also discusses the
mechanisms and the various vasoactive substances that might
be responsible.

General circulatory changes
In patients with hepatocellular failure, whether acute or
chronic, the extremities are flushed, the pulses bounding,
the cardiac output increased and the blood pressure low.
Systemic vascular peripheral resistance is reduced as is the
arteriovenous oxygen difference. Chronic heart failure rarely
ensues. Vasomotor tone is decreased as shown by reduced
vasoconstriction in response to mental exercise, the Valsalva
manoeuvre and tilting from the horizontal to the vertical
position.23 The circulation resembles that found with
systemic arteriovenous fistulae. It may be that large numbers
of normally present, but functionally inactive, arteriovenous
anastomoses open up as a response to profound vasodilata-
tion.

In patients with cirrhosis, whole body oxygen consump-
tion is decreased and tissue oxidation is abnormal.4 This has
been related to the hyperdynamic circulation and to arterio-
venous shunting. Thus, the vasodilator state of liver failure
may contribute to general tissue hypoxia.

Skin and muscle
Blood flow is increased, particularly in the skin and to a lesser
extent in muscle.5 Finger blood flow, which is largely that
through the skin, is increased.6 Television microscopy has

shown marked capillary dilatation in nail beds.7 Cutaneous
spider naevi, so frequent in cirrhosis of the alcoholic, pulsate
but their presence seems to bear little relationship to the
increase in skin blood flow.7

Pulmonary changes
About a third of patients with decompensated cirrhosis have
reduced arterial oxygen saturation and are sometimes
cyanosed.8 This is probably caused by intrapulmonary
shunting through microscopic arteriovenous fistulae.

Injection studies of the pulmonary artery in cirrhotic
patients have shown marked arterial dilatation in fine
peripheral branches of the pulmonary artery both within the
respiratory parts of the lung and on the pleura where spider
naevi are sometimes seen.9 Reduction in diffusing capacity is
present without a restrictive ventilatory defect. This is
probably the result of dilatation of small pulmonary blood
vessels, a complication both of advanced cirrhosis and
fulminant hepatic failure.9' ' The pulmonary vasodilatation is
associated with a low pulmonary vascular resistance. The
dilatation is so marked that it is not further increased by
exercise," and there is reduced pulmonary vasoconstriction
in response to hypoxia.'2 In cirrhosis, the hypoxaemia with
intrapulmonary shunting and impaired lung perfusion has
been termed the 'functional hepatopulmonary syndrome'.'3

Kidney
The circulatory changes in the kidney of patients with
hepatocellular failure are extremely complex. Abnormalities
can be shown even before the development of ascites. In the
late stages, the intrarenal circulation is so disturbed that
functional renal failure develops (hepatorenal syndrome).
Renal blood flow is reduced because of generalised vasodila-
tation and diversion of blood to other parts such as skin and
muscle. Blood flow within the kidney is redistributed.
Increased preglomerular vascular resistance and arterio-
venous shunting divert blood away from the outer cortex to
the inner cortex and medulla. In the urine, the vasoconstric--
tive metabolites of arachadonic acid (thromboxane A2)
predominate over the vasodilator ones (prostaglandin E2). In
the early stages, however, general vasodilatation results in
increased vascular capacitance which is arteriolar, capillary
and venous. Secondary compensatory stimulation of the
humoral pressor (sympathetic) system attempts to maintain
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circulatory haemostasis in the presence of a tendency to
hypotension. '415 The importance of vasodilator substances in
the pathogenesis of renal dysfunction in hepatic failure is
supported by the improved renal function whch follows the
infusion of a vasoconstrictor agent, 8-ornithin vasopressin in
decompensated cirrhosis.16

Brain
There is little information on the cerebral circulation in
patients with liver disease but no hepatic encephalopathy. In
one study, mentally alert patients with cirrhosis showed an
increase of cerebral blood flow and cerebral vascular resist-
ance was reduced.'7 These changes became more marked
after portacaval shunt or in acute hepatic encephalopathy.
Another report referred to unpublished work in which
cerebral blood flow was said to be markedly increased in
grade IV coma.'8 The vasodilatation and increased cerebral
blood flow taking place within the rigid cranial vault, would
lead to an increased brain blood volume and a rise in
intracranial pressure. This would be followed by papil-
loedema and cerebral oedema. This is the usual terminal
event in patients dying in fulminant hepatic failure'89
although in the very late stages cerebral blood flow falls.

Portal circulation
It was thought that portal venous obstruction in a cirrhotic
patient was followed by the development of portal-systemic
collaterals which attempted to reduce the portal venous
pressure. The portal venous system became congested and
sluggish. This backward flow theory, however, proved false,
as non-invasive Doppler-ultrasound measurements have
shown increased flow in the portal vein of cirrhotic patients.20
Blood flow through the azygos system, which includes most
of the superior portosystemic collaterals, is increased and is
greater than can be explained by the rise in cardiac output
alone.2' This indicates vasodilatation of the collateral circula-
tion. Studies of the individual organs in the portal vascular
territory confirm the vasodilatation. Thus, splenic blood flow
is increased in cirrhotic patients.22 Red spots may be seen on
the gastric antrum of patients with portal hypertension at
endoscopy. These represent a congestive gastropathy due to
capillary vascular ectasia.23 In the rat model of portal
hypertension, gastric mucosal blood flow is increased and
gastric vascular resistance decreased. There is an impaired
acid secretory response to pentagastrin stimulation.24

Discussion
The patient with hepatocellular disease has a hyperdynamic
circulation and seems to be in a state of generalised vaso-
dilatation. This is independent of the cause of the liver
disease and is present in both cirrhosis and in acute,
fulminant liver failure2526 and is proportional to the degree of
hepatocellular failure. In cirrhosis the cardiac index and
reduced systemic vascular resistance correlate with the
Child's grade of liver failure.2' The hyperdynamic state is
proportional to the functioning hepatic mass as determined
by indocyanine green clearance.27 Limited observations show
that some of the circulatory changes are relieved by liver
transplantation. This is certainly true of the hepatopulmon-
ary syndrome,'328 and the hepatorenal syndrome.29 The
vasodilatation is so marked that in the lungs it reduces the
vasoconstrictor effects of hypoxia'2 and ameliorates arterial
hypertension in the spontaneously hypertensive rat.5`
The secondary events which follow the vasodilatation

include stimulation of the sympathetic nervous system which
becomes overactive in patients with chronic liver disease.3' 32
The peripheral vasodilatation and splanchnic venous pooling

reduce the effective blood volume so activating baroreceptors.
This serves to counteract the tendency to arterial hypo-
tension and probably contributes to renal hypoperfusion and
to the development of the hepatorenal syndrome.
The nature of the vasodilators concerned remains specula-

tive. They are likely to be multiple and the agent responsible
for the hyperdynamic portal system of cirrhosis is probably
not the same as that causing the systemic hyperdynamic state
of fulminant liver failure. Most of the observations to
determine their nature have been conducted on the rat model
of portal hypertension (ligated portal vein or cirrhosis).
In this model, the vasodilator responsible is presumably
humoral for blood from portal hypertensive rats increases
intestinal blood flow. Whatever its nature, the substance
might be formed by the sick hepatocyte, fail to be inactivated
by it or bypass it through intra- or extra-hepatic portal
systemic shunts.
Ammonia and endotoxin reduce intestinal vascular resist-

ance. In portal hypertensive rats, however, the administra-
tion of neomycin, which would reduce toxic substances
produced by intestinal bacteria, fails to influence the portal
hyperdynamic state.33 Any analogy to portal systemic en-
cephalopathy therefore seems unlikely.
Gamma aminobutyric acid (GABA), a potent inhibitory

neurotransmitter, is synthesised by the intestinal mucosa and
by anaerobic bacteria in the gut. In advanced liver disease,
hepatic clearance of GABA is impaired and thus might cause
hypotension by small muscle relaxation. GABA could play a
part in the circulatory changes of cirrhosis.34

Various gastrointestinal peptides such as VIP and sub-
stance P have little effect on the portal circulation.35 Glucagon
is a vasodilator and the plasma concentration increases in rats
with portal hypertension.35 In rats with a portacaval shunt,
the plasma glucagon concentration rises as the portal venous
flow increases and the portal circulation becomes hyper-
dynamic.36 Glucagon increases azygos blood flow in patients
with cirrhosis,37 but with no effect on cardiac index or renal
haemodynamics implying little effect on systemic vascular
resistance. Glucagon is unlikely to be the sole vasodilator
responsible.

Prostaglandins (PGE1, PGE2 and PG12) have vasodilatory
actions and prostanoids are released into the portal vein in
patients with chronic liver disease.38 In portal hypertensive
rabbits, prostacyclin (PG 12) is increased in the arterial blood
and the splanchnic hyperaemia is ameliorated by indometha-
cin which blocks endogenous prostaglandin formation.39 In
cirrhosis, circulation through the kidney depends on vaso-
dilatory prostaglandins and their inhibition by indomethacin
can have disastrous results. I It is possible, therefore, that
prostaglandins play a part in the vasodilatation of hepato-
cellular disease.
Reduced sensitivity of the vasculature to endogenous

vasoconstrictors must also be considered. In portal hyper-
tensive rats, this is so for noradrenaline.4' On the other hand,
the portal venous system of the rat model of portal hyper-
tension is hypersensitive to the vasoconstrictor action of
5-hydroxytryptamine,42 and ketanserin, a 5-hydroxytrypta-
mine-2 inhibitor, decreases portal pressure in patients with
cirrhosis.43 Complications, including portalsystemic en-
cephalopathy, preclude its general use as a portal hypotensive
drug. In patients with liver disease the vasodilatation and
hyperdynamic state and particularly the arteriovenous shunt-
ing are harmful as they contribute to tissue hypoxaemia, to
the development of oesophageal varices and probably
to ascites formation, functional renal failure and cerebral
oedema. The increase in portal venous blood flow can be
regarded as beneficial as it increases that fraction of portal
flow which overcomes the resistance of the cirrhotic liver to
supply the sick hepatocyte. The increased cardiac output
augments the delivery of oxygen to the tissues.
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When the vasodilatory factors have been identified it will
become clear whether their role is harmful or beneficial.
Improved prospects for medical control of portal hyper-
tension and the treatment of fulminant liver failure will
follow.
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