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ABSTRACT FOR REASONS that are not entirely clear, some

Portopulmonary hypertension, ie, pulmonary arterial
hypertension in a patient with portal hypertension,
affects transplant eligibility and has a poor prognosis. The
pathogenesis remains an area of active research, with
various mechanisms proposed. Diagnosing it requires a
detailed history, physical examination, laboratory tests,
and echocardiographic evaluation, followed by a careful
hemodynamic assessment.

KEY POINTS

Suspect portopulmonary hypertension in patients with
portal hypertension and chronic liver disease who have
dyspnea on exertion, chest pain, or exertional syncope or
near-syncope.

Patients awaiting liver transplant should be screened for
portopulmonary hypertension at least annually, although
the optimal interval is unknown.

Transthoracic echocardiography is the best screening
tool, but the diagnosis of portopulmonary hypertension
requires right heart catheterization showing precapillary
pulmonary hypertension in the context of increased
portal pressure.

Targeted pulmonary vasodilator therapy and liver trans-
plant are the main treatment options, and pulmonary
vasodilator therapy may make a patient eligible for a
liver transplant who might have been excluded owing to
elevated pulmonary vascular resistance.
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patients who have portal hypertension go on
to also have pulmonary arterial hypertension,
a grim but fortunately rare combination called
portopulmonary - hypertension.!  Portopulmonary
hypertension is important to recognize, both
because it has a poor prognosis and because it can
affect a patient’s eligibility for liver transplant.

This article reviews the key aspects of screen-
ing, diagnosis, and treatment of patients with
portopulmonary hypertension and highlights
the various pulmonary hemodynamic patterns
encountered in patients with liver disease.

I PORTAL AND PULMONARY
HYPERTENSION

Portal hypertension is characterized by a high
pressure gradient (> 5 mm Hg) between the
portal venous system and the hepatic veins.?
It is usually caused by liver cirrhosis, although
noncirrhotic causes such as congenital hepatic
fibrosis, sarcoidosis, and schistosomiasis are
occasionally seen. It can be recognized clini-
cally by its classic signs and sequelae such as
gastroesophageal varices, portal hypertensive
intestinal vasculopathies, ascites, spontaneous
bacterial peritonitis, hepatic hydrothorax, and
hepatorenal syndrome.’

Pulmonary arterial hypertension has a
specific hemodynamic profile called precap-
illary pulmonary hypertension, defined by the
following*:
® Mean pulmonary artery pressure greater

than 20 mm Hg
e Pulmonary artery wedge pressure 15 mm

Hg or less
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® Pulmonary vascular resistance at least 3 Wood
units (WU); in 2022, the European Society of
Cardiology and the European Respiratory Society’
lowered this to greater than 2 WU, but the clini-
cal implications of this change in portopulmonary
hypertension remain unclear.

I PORTOPULMONARY HYPERTENSION
IS UNCOMMON

The exact prevalence of portopulmonary hyperten-
sion in the United States is difficult to determine,
but it is not common.*® McDonnell et al’ reported
that patients with hepatic cirrhosis had a prevalence
of pulmonary arterial hypertension of 0.73%. In the
United States and Europe, the prevalence of pulmo-
nary arterial hypertension ranges from 15 to 50 per
million, with portopulmonary hypertension account-
ing for 5% to 15% of cases.!® In a prospective study
of 1,235 patients undergoing liver transplant in the
United States, approximately 5% met the criteria for
portopulmonary hypertension.'!

The incidence of portopulmonary hypertension
will likely increase as our population ages and as the
prevalence of cirrhosis increases. In North America,
the prevalence of cirrhosis has increased 1.5-fold to
2-fold over the past 2 decades.!

M MECHANISMS PROPOSED

The pathophysiology of portopulmonary hyperten-
sion remains unclear but may involve several factors,
including the following:

Genetic predisposition. Several genetic variants
are thought to play a role, including single-nucleo-
tide polymorphisms in the genes coding for estrogen
receptor 1, aromatase, phosphodiesterase 5, angiopoi-
etin 1, and calcium-binding protein A4.11*

Hyperdynamic circulation. Patients with chronic
liver disease and cirrhosis have high cardiac output
and low systemic vascular resistance. This hyper-
dynamic circulatory state may contribute to higher
pulmonary vascular shear stress (frictional force of
blood flow on the endothelium),” which may injure
endothelial cells and activate genes that participate
in vascular remodeling.

Inflammation. Bacteria can enter the portal cit-
culation through disruptions in the intestinal barrier.
Bacterial lipopolysaccharides can activate Toll-like
receptors on immune cells, causing them to release
inflammatory cytokines such as interferon gamma
and interleukin 6, which have been implicated in the
pathogenesis of pulmonary arterial hypertension.!>!¢

TABLE 1
Features suggesting portopulmonary
hypertension in patients with cirrhosis

History

Dyspnea, fatigue, chest pain

Syncope, presyncope

Weight gain

Lower-extremity swelling

Ascites

Clinical evidence of portal hypertension, eg, variceal hemorrhage,
portal gastropathy, hepatic hydrothorax, ascites

Physical examination

Jugular vein distention

Wide, split second heart sound, with loud pulmonic component

Tricuspid regurgitation murmur

Parasternal heave

Hepatomegaly, pedal edema, ascites

Signs of cirrhosis: spider angiomata, jaundice, gynecomastia,
caput medusa, palmar erythema, ascites, hepatosplenomegaly

Imaging and electrocardiography

Computed tomography: main pulmonary artery-to-ascending-
aorta ratio > 1, dilation of right atrium and ventricle

Electrocardiography: signs of right ventricular strain, right axis
deviation, right atrial abnormality (P pulmonale), incomplete or
complete right bundle branch block

Hepatic vein catheterization diagnostic of portal hypertension:
hepatic venous pressure gradient > 6 mm Hg

Echocardiography

Enlarged right atrial area (> 18 cm?)

Reduced right ventricular fractional area change (< 35%)

Flattened interventricular septum

D-shaped left ventricle

Right ventricular/left ventricular basal diameter > 1

Peak tricuspid regurgitation jet velocity > 2.8 m/s

Right ventricular systolic pressure > 45 mm Hg

Decreased tricuspid annular plane systolic ejection (< 18 mm)

Pulmonic insufficiency

Pulmonary artery diameter > 25 mm

Inferior vena cava diameter > 21 mm with decreased
respirophasic variation

Imbalance of vasoconstrictive and vasodilatory
mediators. Portosystemic shunts develop as a result
of portal hypertension.!” These shunts may allow
vasoactive substances in the blood to evade hepatic
metabolism and enter the pulmonary circulation,
causing vasoconstriction and endothelial remodel-
ing.’” In addition, levels of specific mediators such
as bone morphogenetic proteins 9 and 10, which are
responsible for maintaining vascular quiescence, have
been found to be lower in patients with portopulmo-
nary hypertension than in healthy controls.'®"”
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TABLE 2

Pulmonary hemodynamic patterns in patients with liver disease

Hemodynamic
abnormality

Mean pulmonary
artery pressure

Pulmonary artery
wedge pressure

Pulmonary vascular

Cardiac output resistance

Volume overload

Hyperdynamic state

pus
"

Portopulmonary hypertension

Lo 4

Volume overload and
hyperdynamic state

LE

Volume overload and
portopulmonary hypertension

3

Volume overload,
hyperdynamic state, and
portopulmonary hypertension

3333~

33313

333131

"

7= elevated; 7= very elevated; <> = normal; <>J = normal or low

I WHEN TO SUSPECT PORTOPULMONARY
HYPERTENSION

In general, portal hypertension precedes the develop-
ment of portopulmonary hypertension by several years.?
Suspect portopulmonary hypertension in patients with
portal hypertension and chronic liver disease who have
dyspnea on exertion, chest pain, or exertional syncope or
near-syncope (Table 1). Patients may also present with
signs suggesting right heart failure such as jugular venous
distention, edema, ascites, a second heart sound that is
wide and split, and a murmur of tricuspid regurgitation.’!

I SCREEN WITH TRANSTHORACIC
ECHOCARDIOGRAPHY

Patients with portal hypertension, particularly those
being evaluated for liver transplant, should be screened
for portopulmonary hypertension with transthoracic
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echocardiography.’ The right ventricular systolic
pressure as estimated by echocardiography can dif-
fer widely from that measured directly by right heart
catheterization.!! Patients awaiting liver transplant
should be screened for portopulmonary hypertension
with echocardiography at least annually, although the
optimal interval is unknown.’

Il DISTINCT HEMODYNAMIC PATTERNS
IN LIVER DISEASE

In patients with liver disease, 3 hemodynamic abnor-

malities can exist alone or in combination, and some

patients have all 3 (Table 2)":

e Hyperdynamic circulation due to splanchnic vaso-
dilation and low systemic vascular resistance

¢ Volume overload from secondary hyperaldosteronism

e Portopulmonary hypertension due to increased
pulmonary vascular resistance.
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Figure 1. Mechanism of action of pulmonary hypertension medications.

¢GMP = cyclic guanosine monophosphate; GMP = guanosine monophosphate; PDE-5 = phosphodiesterase type 5; sGC = soluble guanylyl cyclase

Right heart catheterization is essential for identi-
fying the predominant hemodynamic pattern.

Caveats

Although a hyperdynamic state is inherent in liver
disease, it can also be caused or exacerbated by con-
ditions such as anemia, obesity, thiamine deficiency,
systemic arteriovenous shunts, and hyperthyroidism.?
Similarly, a volume overload state can be present in
patients with concomitant renal disease or left heart
failure (systolic or diastolic, or both). And precapillary
pulmonary hypertension, suggestive of portopulmo-
nary hypertension, can also be seen in patients with
scleroderma, congenital heart disease, drug or toxin
exposure, lung diseases, hypoxia, chronic thrombo-
embolic disease, and sarcoidosis.’

Il IMPLICATIONS FOR LIVER TRANSPLANT

Patients with hyperdynamic circulation and volume
overload can undergo liver transplant without pul-
monary hypertension therapies. However, liver trans-
plant is contraindicated in patients with portopul-
monary hypertension who have persistently elevated
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pulmonary vascular resistance despite pulmonary
hypertension treatment. In 2021, the Organ Pro-
curement and Transplantation Network modified its
criteria and now allows liver transplants for patients
with portopulmonary hypertension with either of the
following 2 hemodynamic patterns after treatment:
e Mean pulmonary artery pressure less than 35 mm Hg
and pulmonary vascular resistance less than 5 WU
® Mean pulmonary artery pressure 35 mm Hg to 44

mm Hg and pulmonary vascular resistance less

than 3 WU.?

Although the 2019 World Symposium on Pulmo-
nary Hypertension decreased the mean pulmonary
arterial pressure threshold for the diagnosis of pulmo-
nary hypertension from 25 mm Hg or higher to higher
than 20 mm Hg,* and the 2023 guidelines lowered the
pulmonary vascular resistance threshold from 3 or more
WU to more than 2 WU ? inclusion criteria in studies of
portopulmonary hypertension were based on the older
definitions.?* The current hemodynamic criteria for por-
topulmonary hypertension remain the following:
® Mean pulmonary artery pressure greater than 20

mm Hg
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e Pulmonary artery wedge pressure 15 mm Hg or
lower
® Pulmonary vascular resistance 3 WU or greater.*

B MANAGEMENT

Important goals of therapy include symptom relief
and improvements in functional capacity and quality
of life. General management includes supplemental
oxygen for hypoxemia (resting, exercise-induced, or
nocturnal), diuretics for fluid overload, and an exer-
cise program. Specific treatment includes pulmonary
vasodilator therapy and, ideally, liver transplant once
the pulmonary hemodynamic profile is optimized.”

Medications for pulmonary arterial hypertension
Medications specifically for pulmonary arterial hyper-
tension help reduce pulmonary vascular resistance
while improving right ventricular function.

Importantly, these medications reduce pulmo-
nary vascular resistance more than they decrease
the mean pulmonary artery pressure because they
also increase cardiac output, which can partially off-
set the expected improvement in mean pulmonary
artery pressure.’® In the Portopulmonary Hyperten-
sion Treatment With Macitentan—a Randomized
Clinical Trial (PORTICO),?” patients treated with
macitentan had a decrease in pulmonary vascular
resistance of 37% at 12 weeks, while the mean pul-
monary artery pressure dropped 14% and the cardiac
index increased 19%.

A unique role of pulmonary arterial hypertension
therapies in patients with portopulmonary hyperten-
sion is to facilitate liver transplant. A meta-analysis of
26 observational and case-controlled studies in 1,019
patients showed that pulmonary hypertension therapies
in patients with portopulmonary hypertension improved
their pulmonary hemodynamic numbers, and more
importantly, 44% became eligible for liver transplant.?®

Current drugs for pulmonary arterial hypertension
belong to several classes (Figure 1)%:

e Prostacyclin agonists: treprostinil and epoprostenol

e Prostacyclin receptor agonist: selexipag

e Endothelin receptor antagonists:
ambrisentan and macitentan

e Phosphodiesterase type 5 inhibitors: sildenafil and
tadalafil

¢ Guanylyl cyclase stimulants: riociguat.

All the above PAH-specific drugs are metabolized
in the liver, except for epoprostenol, which is rapidly
hydrolyzed in blood. Individual medications in these
classes have different dosing requirements in patients
with cirrhosis. A detailed description of their use in

bosentan,
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the context of liver cirrhosis was previously published
by our group.”

Calcium channel blockers are generally not used in
patients with portopulmonary hypertension because
they can worsen hypotension and exacerbate portal
hypertension.*

In case reports and small case series, patients with
portopulmonary hypertension showed improvements
in their pulmonary hemodynamics with pulmonary
hypertension therapies. A prospective cohort study
examined 637 patients with portopulmonary hyper-
tension, of whom 90% were treated with pulmonary
arterial hypertension-specific therapies (74% received
monotherapy), resulting in significant improvement
in functional class and hemodynamic parameters.
Notably, 63 patients underwent liver transplant, of
whom 60 (95%) were on pulmonary hypertension
therapies as a bridge to transplant.’® Furthermore, a
retrospective study of 21 patients with portopulmo-
nary hypertension showed that early initiation of
parenteral epoprostenol therapy allowed 52% of them
to become eligible for liver transplant within 1 year.*?

Unfortunately, the side effects of pulmonary arte-
rial hypertension-specific therapies often overlap with
signs and symptoms of liver disease such as nausea,
vomiting, anorexia, and edema, limiting the aggres-
siveness of this treatment.”

Only a few studies have tested the impact of pul-
monary arterial hypertension therapies in patients
with portopulmonary hypertension (Table 3).2733-3¢
At the time of this writing, only 1 randomized
controlled trial in portopulmonary hypertension
(PORTICO)* has compared a pulmonary arterial
hypertension therapy (macitentan) and placebo.
The Pulmonary Arterial Hypertension Soluble
Guanylate Cyclase-Stimulator Trial 1** random-
ized patients with pulmonary arterial hypertension
to riociguat vs placebo and included a subgroup of
patients with portopulmonary hypertension.”** In
addition, there is an open-label observational trial in
portopulmonary hypertension using ambrisentan.*®
In general, patients with portopulmonary hyperten-
sion are excluded from trials in pulmonary arterial
hypertension owing to hepatic safety concerns and
unpredictable blood levels of medications in the
context of chronic liver failure.

Patients with suspected or known portopulmonary
hypertension should be referred to a pulmonary hyper-
tension center of excellence with multidisciplinary
care, as their care is complex. The medications are
poorly tolerated and need frequent changes in type
and dosage, and patients need serial evaluations and
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TABLE 3

Trials of treatment of portopulmonary hypertension

Portopulmonary Hypertension Treatment WIth Macitentan—a Randomized Clinical Trial (PORTICO)¥

Design: Multicenter, randomized, double-blind, placebo-controlled trial of macitentan 10 mg by mouth once daily (n = 43) vs placebo

(n = 42) for 12 weeks.

Inclusion and exclusion criteria: Adults age > 18 with portopulmonary hypertension, 6-minute walking distance > 50 m, pulmonary vascular
resistance > 320 dynes-sec-cm>; excluded patients with Model for End-stage Liver Disease score > 19 or Child-Pugh class C liver disease.

Results: 35% reduction in pulmonary vascular resistance in macitentan group compared with placebo.

Comments: No hepatic safety concerns; more adverse effects (such as peripheral edema) in the macitentan group.

Subgroup analysis from Pulmonary Arterial Hypertension Soluble Guanylate Cyclase-Stimulator Trial 1 (PATENT-1)

and PATENT-2%-5

Design: Multicenter, randomized, double-blind, placebo-controlled trial of riociguat up to 2.5 mg 3 times daily vs placebo for 12 weeks in
443 patients with pulmonary arterial hypertension (PATENT-1), of whom 13 had portopulmonary hypertension, with open-label extension in

396 patients who had no side effects (PATENT-2).

Inclusion criteria. Adults age > 18, pulmonary arterial hypertension due to any cause, never treated or treated with endothelin receptor

antagonist or prostacyclin analogue (except intravenous).

Results: Improvement in 6-minute walking distance (+ 48 meters with riociguat compared with +3 meters with placebo)
Secondary end point: Improvement in World Health Organization functional class

Sustained effect noted at the end of 2 years in PATENT-2.

Comments: No hepatic safety concerns, but dose adjustment needed; peripheral edema and headache were common adverse effects.

Open-label trial of ambrisentan

Design: Open-label comparison of ambrisentan 5 mg once daily (titrated up to 10 mg once daily at or after week 4 if tolerated) for 24
weeks (n = 23), followed by long-term extension for 24-28 weeks (n = 19).

Inclusion criteria: Adults age > 18 with portopulmonary hypertension, Child-Pugh class A or B, alanine aminotransferase and aspartate

aminotransferase levels less than 5 times the upper limit of normal.

Results: No change in 6-minute walking distance, improvement in pulmonary vascular resistance (7.1 5 vs 3.8 + 1.8 WU, P < .001).
Secondary end points: improvement in World Health Organization functional class, right atrial pressure, mean pulmonary artery pressure,

and cardiac index.

Comments: Peripheral edema and headaches were common side effects.

treatment optimizations to achieve or maintain eligi-
bility for liver transplant.

Il PORTOPULMONARY HYPERTENSION HAS
A POOR PROGNOSIS

The 5-year mortality rate exceeds 60% even with
treatment,’’ and many patients die of complications
of their liver disease.’® In the Registry to Evaluate
Early and Long-term Pulmonary Arterial Hyperten-
sion Disease Management, patients with portopul-
monary hypertension had lower survival rates than
those with idiopathic or familial pulmonary arterial
hypertension (67% vs 85% at 2 years, and 40% vs
64% at 5 years).”

In a multivariable model of portopulmonary
hypertension in patients from our institution, the

Model for End-stage Liver Disease-Na score, resting
heart rate, and hepatic encephalopathy were inde-
pendent predictors of death, while the severity of por-
topulmonary hypertension did not predict pretrans-
plant mortality risk.’” Similarly, other investigators
showed that severity of cirrhosis negatively affected
outcomes,® and that the prognosis for patients with
portopulmonary hypertension prognosis is poor if
they do not receive a liver transplant, despite the use
of therapies for pulmonary arterial hypertension.*
Patients with portopulmonary hypertension do better
after liver transplant, with improvement in hemody-
namics and decreased need for pulmonary vasodila-
tors.* Therefore, efforts should focus on facilitating
liver transplant whenever possible.?>

It is essential to differentiate portopulmonary
hypertension from other types of pulmonary hyper-
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tension, as postcapillary pulmonary hypertension does
not appear to have a negative impact on survival after
liver transplant.” [ |
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