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KEY POINTS

e The hepatopulmonary syndrome (HPS) is a pulmonary complication of cirrhosis and/or
portal hypertension that occurs in up to 30% of patients and results in arterial hypoxemia.
e The degree of hypoxemia does not correlate with the severity of liver disease, but patients
with cirrhosis with HPS have a higher mortality than do patients with cirrhosis without HPS.
e There are no therapeutic options for HPS aside from liver transplantation.

HISTORICAL PERSPECTIVE

The coexistence between chronic liver disease and alterations in lung function has
long been recognized by physicians, with the first report of cyanosis and finger club-
bing in patients with cirrhosis appearing in the medical literature in 1884." This clinical
association was followed by confirmation that some patients with cirrhosis develop
arterial hypoxemia.?® However, the vascular changes that can occur in the lung
with liver cirrhosis was not recognized until 1966 when physicians from the Royal
Free and Brompton Hospitals in London performed a postmortem examination of
the lungs from 13 patients with cirrhosis and described widespread vasodilatation
of the precapillary pulmonary arterioles, even commenting on the appearance of
“lung spider nevi” along the pleural surface.” A few relevant findings from the arteriog-
raphy and histologic analyses were that (1) there was an increase in the number of ves-
sels along the alveolar wall compared with patients without cirrhosis, especially in
vessels measuring less than 35 um, caused by widespread precapillary arteriole vaso-
dilation; and (2) the primary lung structures (alveoli and connective tissues) were
normal. However, a direct correlation with the degree of vasodilatation and severity
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of hypoxemia could not be established. The recognition of the hepatopulmonary syn-
drome (HPS) as a pathologic entity in cirrhosis came 12 years later when the concept
that intrapulmonary vasodilatation (IPVD) could cause hypoxemia was accepted.®

PATHOPHYSIOLOGY
Animal Model of HPS

Understanding of the pathogenesis of HPS is limited, and derives almost entirely from
a rat common bile duct ligation (CBDL) model that uniquely recreates the features of
human HPS.®"'® In this model, proliferating cholangiocytes in the liver produce and
secrete endothelin-1 (ET-1),°'® whereas other animal models of portal hypertension
that do not result in bile duct proliferation and subsequent biliary cirrhosis do not
develop HPS (Fig. 1).'* Sheer stress results in upregulation of the endothelin B recep-
tor (ETgR) in the pulmonary vasculature that subsequently binds the increased circu-
lating ET-1 and augments pulmonary nitrous oxide (NO) production via endothelial
nitrous oxide synthase (eNOS).>'%16-21 |n addition, CBDL rats with HPS also have
increased pulmonary intravascular monocytes caused by increased pulmonary NO
levels and bacterial translocation resulting in increased blood levels of tumor necrosis
factor alpha (TNF-«).?22® These pulmonary monocytes then contribute to IPVD by
increasing levels of NO (via inducible nitric oxide synthase [iNOS])'"-2°2° and carbon
monoxide (via heme oxygenase-1 [HO-1]).""%" Blood levels of vascular endothelial
growth factor (VEGF)3%-*2-34 are also increased. The complimentary effects of ET-1,
pulmonary monocytes, and VEGF on the pulmonary vasculature not only contribute
to IPVD but also to pulmonary angiogenesis, which in turn contributes to the underly-
ing oxygen impairment.’ 303234 The role of angiogenesis in HPS is supported by the
presence of neovascularization in the lungs of CBDL rats with HPS®*%3* and the
improvement in oxygenation with the antiangiogenesis therapy, sorafenib.®?*® The
CBDL model has provided a possible mechanism for IPVD and HPS (Fig. 2), but these
pulmonary vascular abnormalities in humans are not exclusive to cholestatic liver dis-
ease and biliary cirrhosis because IPVD and HPS occur in cirrhosis of any cause.

Human Disease

Understanding of the pathophysiology of HPS in humans is limited. Nitric oxide has
been implicated as a mediator of IPVD in cirrhotic patients with HPS because they
have higher exhaled levels of NO compared with patients without HPS, and exhaled
NO levels normalize after liver transplantation (LT).*>-3” However, attempts to inhibit
NO production pharmacologically have given discrepant results.*®** Pulmonary
angiogenesis has also been implicated in humans because single nucleotide polymor-
phisms that regulate angiogenesis are associated with the presence of HPS in patients
with cirrhosis.*® Adding to the angiogenesis hypothesis is the observation that resolu-
tion of hypoxemia from HPS after LT is not immediate and may take up to 1 year,
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Fig. 1. Outcomes in 3 animal models of portal hypertension. Only the rat CBDL model with
accompanying bile duct proliferation and portal hypertension develops hypoxemia.
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