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this mechanism. Although gravitational blood flow differen-
ces may conceivably be enhanced by the low pulmonary
vascular tone, causing diffusion-perfusion imbalance and
possibly increasing hypoxaemia in the upright position,
this hypothesis has been neither confirmed nor refuted.

What is the mechanism?
Whether the mechanism underlying the vascular abnor-
malities in the lung is related to failure of metabolism or
failure of production of one or several circulating vaso-
active substances by the damaged liver cells or to altered
metabolism of some of the recently discovered paracrine
factors synthesised by endothelial cells40 is unknown. Many
potential pulmonary vasodilating agents, including pros-
tacyclin,4' atrial naturiuretic factor,42 and platelet activating
factor,43 have been detected, thereby potentially contribut-
ing to depression of hypoxic pulmonary vasoconstriction.
Additional evidence has arisen from a recent experimental
study in a rat model of biliary cirrhosis;44 this concluded
that abnormalities of gas exchange induced by liver cir-
rhosis are related to a reversible attenuation of hypoxic
pulmonary vasoconstriction. Similarly, the finding that the
attenuated pulmonary vascular reactivity was restored after
an infusion of angiotensin II suggests that the depressed
hypoxic vascular response was partially reversible. The
authors postulated that long term effects of vasodilating
agents in cirrhosis may lead to accumulation of intracellular
cyclic guanosine monophosphate (cGMP) or adenosine
monophosphate (cAMP), or both, leading to vasodilation
and depressed hypoxic pulmonary vasoconstriction. The
latter could be restored in part by angiotensin II via
stimulation of hydrolysis ofcGMP and perhaps cAMP.
We may postulate therefore that a wide range of gas

exchange abnormalities may occur in patients with chronic
liver disorders.45 At one end of the range a few patients with
advanced liver dysfunction and numerous hepatic stigmata
may have pronounced systemic and pulmonary vasodilata-
tion with varying degrees of depressed hypoxic vasocon-
striction and of arterial hypoxaemia, caused mainly by
intrapulmonary shunt, perfusion to units with a low VA/X
ratio, and, possibly, some limitation of oxygen diffusion.
The response of Pao2 to 100% oxygen breathing may help
to determine the principal mechanism of hypoxaemia in
these patients. For instance, if Pao2 remains essentially
unchanged while the patient is breathing 100% oxygen,
then the predominant underlying mechanism of hypox-
aemia should be intrapulmonary shunting due to the
presence of truly (anatomical) arteriovenous communica-
tions. If, however, Pao2 increases moderately (less than
80 kPa), depending on the range of cardiac output and
arteriovenous oxygen difference,46 the presence of a true
arteriovenous communication still cannot be ruled out.
Alternatively, a substantial rise of Pao2 (above 80 kPa)
excludes the existence of anatomical intrapulmonary shun-
ting, and then VA/Q inequality emerges as the principal
cause of abnormalities of arterial blood gases. In contrast,
at the other end of the range, patients may have a normal
circulatory state and normal gas exchange. In between,
however, most of the patients would have, according to the
severity of liver failure, impaired systemic and pulmonary
haemodynamics and an abnormal hypoxic pulmonary
vascular response, leading to the deterioration in pulmon-
ary gas exchange. These individuals would have varying
degrees of arterial hypoxaemia induced by mild to
moderate VA/Q mismatching due to areas of low VA/Q
ratios but no shunt or limitation of oxygen diffusion. Thus
the intriguing question of whether blood flow through the
pulmonary capillary vessels equal to or greater than 50 um
in diameter, instead of in the normal range of 8-15 gm,
constitutes intrapulmonary shunting, VA/(2 mismatch, or

disequilibrium of oxygen diffusion may ultimately be
answered by saying that it is a bit of all three, at least in
those patients with more severe hypoxaemia.

What are the therapeutic implications?
Another way of confirming the hypothesis that abnormal
pulmonary gas exchange in patients with cirrhosis is, in
part, related to an inadequate pulmonary vasculature
would be to investigate gas exchange before and after liver
transplantation. If both pulmonary vasodilatation and
depressed hypoxic pulmonary vasoconstriction are related
to the severity of liver failure, hepatic transplantation
would be expected to improve overall gas exchange,
provided that the latter were not due to fixed pulmonary
vascular derangement. Indeed, there have been several
reports475' showing, in general, an improvement in pul-
monary gas exchange after liver transplantation. As early as
1968 it was reported that hypoxaemia was attenuated after
orthotopic liver transplantation in three children.47 More
recently, an improvement in both arterial blood gases and
control of breathing after liver transplantation was
documented.48 Further evidence came from Eriksson and
associates,49 who reported the effects ofliver transplantation
in six hypoxaemic patients with advanced liver disease and
moderate to severe VA/Q mismatch, as determined with the
multiple inert gas elimination technique; shunt was present
in two patients only (3% and 20% of cardiac output), but
there were no data suggesting limitation of oxygen dif-
fusion. After transplanation there was a pronounced
improvement in gas exchange, as shown by complete
resolution of the VA/Q abnormalities and shunt, and a rise
in Pao2 two to twelve months after the surgical procedure;
moreover, finger clubbing and cyanosis also disappeared.
Similarly, Stoller et al50 described a patient with primary
biliary cirrhosis and severe hypoxaemia in whom both
reduction of intrapulmonary shunt (measured in terms of
respiratory gases) and complete resolution of finger club-
bing had occurred by one year after liver transplantation.
Reversibility of the hepatopulmonary syndrome has also
been shown in three patients whose pulmonary problems
were reversed three to four months after liver transplanta-
tion." Current experience from Sweden52 suggests that
restoration ofpulmonary oxygenation takes longer (several
months) after liver transplantation if the prime cause of
hypoxaemia is intrapulmonary shunt, whereas gas
exchange is improved in a few weeks when the principal
determinant is VA/(2 mismatch. This would suggest that,
whereas VA/Q mismatch is an early cause of abnormal gas
exchange, the development of shunt indicates more severe
and advanced pulmonary vascular disease. There have also
been two reports showing spontaneous resolution of the
hepatopulmonary syndrome after recovery from severe
liver dysfunction (advanced severe hepatitis53 and parasitic
liver infection54).

If all these investigations after transplantation are con-
firmed in a larger series of patients, with both haemodyn-
amic and respiratory measurements, then arterial hypox-
aemia as an exclusion criterion for liver transplantation55 56
will need to be reconsidered. In the meantime an open
mind should be kept on whether vasoactive drugs have a
therapeutic role in modulating abnormal gas exchange.
Preliminary trials of drugs such as almitrine bismesilate
(which is a proved pulmonary vasoconstrictor in both acute
and chronic pulmonary disorders57)2958 and propranolol
(advocated for the treatment of portal hypertension)59 have
not so far been successful. Other possibilities, such as the
use of somatostatin, are under study.' The alternative of
invasive therapeutic procedures, such as embolisation of
peripheral small vessel arteriovenous fistulas and plasma
exchange, has also been disappointing.4 Very recently, the

900

 group.bmj.com on February 12, 2012 - Published by thorax.bmj.comDownloaded from 



Editorials

first case of dramatic improvement of shunt has been
documented.6' Medical treatment, with cyclophosphamide
and corticosteroids, was given for severe hypoxaemia
related to the hepatopulmonary syndrome, which was
caused by
non-cirrhotic liver damage (nodular regenerative hyper-
plasia with grade1 portal hypertension and mild liver
dysfunction).

Summary
On the basis of previous work,'9262149 52 58 our own
experience and findlings,253759 and the considerations dis-
cussed above, we propose a set offour diagnostic criteria for
the hepatopulmonary syndrome:
1 presence of chronic hepatic disease (alcoholic, post-
necrotic, or primary biliary cirrhosis or active chronic
hepatitis)-severe liver dysfunction may not be mandatory;
2 absence of intrinsic cardiopulmonary disease, with
normal chest radiograph or with nodular basal shadowing;
3 pulmonary gas exchange abnormalities-an increased
alveolar-arterial oxygen gradient( 20 kPa) with or with-
out hypoxaemia;
4 the extrapulmonary appearance of intravenous
radiolabelled microspheres or a positive contrast enhanced
echocardiogram, suggesting intrapulmonary vascular
abnormalities.
Although these four criteria appear straightforward,

there may be other features that are not always present-
namely:
1 low transfer factor (diffusing capacity);
2 shortness of breath, with or without platypnoea and
orthodeoxia;
3 increased cardiac output and reduced pulmonary vas-
cular pressures;
4 small (or no) increase in pulmonary vascular resistance
when the patient is breathing low oxygen mixtures.
From the physiological viewpoint, the hepatopulmonary

syndrome provides an excellent model for clinical research
in the pathophysiology of pulmonary gas exchange. So far
it has been possible to show that arterial hypoxaemia in this
condition is (1) partitioned into components resulting from
VA/0 mismatching, intrapulmonary shunt, and limitations
ofoxygen diffusion; (2) modulated by the interplay between
the intrapulmonary and the extrapulmonary determinants
of Pao2, such as cardiac output and minute ventilation; (3)
vulnerable to the influence of inadequate pulmonary vas-
cular tone; and (4) resolved when the injured liver is
replaced and hepatic function is restored to within normal
limits.
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old complexities.
The hepatopulmonary syndrome: new name,
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