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■ ABSTRACT

Pulmonary artery hypertension may develop in some
patients with liver disease and portal hypertension.
Although pulmonary artery hypertension may be
asymptomatic in its early stages, it should be looked for
especially if a patient is a candidate for liver
transplantation, as it may make transplantation riskier.

■ KEY POINTS

In portopulmonary hypertension, the pulmonary artery
pressures, pulmonary vascular resistance, and portal
venous pressure are all elevated.

All candidates for liver transplantation should undergo
echocardiography to screen for portopulmonary
hypertension. If the echocardiogram shows elevated
pulmonary pressures, right heart catheterization must be
performed to confirm the diagnosis.

The ideal medical regimen remains to be determined.
Although drug treatment may lower pulmonary artery
pressures in selected patients so that liver transplantation
can be safely done, morbidity and mortality rates remain
higher in patients with moderate to severe
portopulmonary hypertension.

Liver transplantation is not the treatment of choice for
portopulmonary hypertension.

ORTOPULMONARY HYPERTENSION poses
difficulties for patients with liver dis-

ease. The elevated pulmonary artery pressure
in this disorder makes liver transplantation
more dangerous and in fact may rule out the
procedure, although in a selected few patients,
medical treatment may enable transplantation
to proceed. In any event, portopulmonary
hypertension should be looked for in patients
with liver disease, especially if liver transplan-
tation is being considered.

In this article we discuss the definition,
pathophysiology, clinical features, diagnosis,
and management of portopulmonary hyper-
tension.

■ DEFINED BY HEMODYNAMIC CRITERIA

Portopulmonary hypertension—elevated pul-
monary artery pressure due to increased resis-
tance to blood flow in patients with portal
hypertension—is one of several pulmonary com-
plications of liver disease. A few others to be
aware of are pleural effusions (hepatic hydrotho-
rax), dilatation of the pulmonary vasculature
with shunting and hypoxemia (hepatopul-
monary syndrome), and elevation in pulmonary
pressures due to the high cardiac output usually
seen in liver disease (flow phenomenon).

The definition of portopulmonary hyper-
tension has evolved as the various hemody-
namic profiles that occur in liver disease and
their consequences have been described.
Currently, it is defined by the following crite-
ria (obtained by right heart catheterization) in
a patient with portal hypertension1:

P
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• Elevated mean pulmonary artery pressure
(> 25 mm Hg at rest, > 30 mm Hg with
exercise);

• Increased pulmonary vascular resistance
(> 240 dynes.s.cm–5; pulmonary vascular
resistance = [(mean pulmonary artery pres-
sure minus pulmonary artery occlusion
pressure) / cardiac output] times 80); and

• Normal pulmonary artery occlusion pres-
sure (< 15 mm Hg) or an elevated
transpulmonary gradient (the mean pul-
monary artery pressure minus the pul-
monary artery occlusion pressure; abnor-
mal is > 12 mm Hg).
The transpulmonary gradient sometimes

helps in further assessing the resistance to
blood flow in cases that do not meet the other
criteria.2 For example, how should we classify
a patient whose mean pulmonary artery pres-
sure is 45 mm Hg but whose pulmonary vascu-
lar resistance is only 432 dynes.s.cm–5 and
whose pulmonary artery occlusion pressure is
slightly high at 18 mm Hg? Although this
patient does not meet the hemodynamic crite-
ria for portopulmonary hypertension listed
above, intuitively, we should not exclude the
diagnosis, as the transpulmonary gradient is
high at 27 mm Hg.

■ FLOW PHENOMENON VS TRUE
PORTOPULMONARY HYPERTENSION

The cardiopulmonary hemodynamic profile is
different in patients with liver disease than in
those without liver disease. Understanding
the “normal” hemodynamics in liver disease is
paramount in understanding the abnormal
hemodynamics that occur in portopulmonary
hypertension. In general, patients with liver
disease have a high cardiac output at baseline
(high flow). They may also have an increased
blood volume due to fluid shifts (elevated pul-
monary artery occlusion pressure).

Right heart catheterization is necessary to
make the diagnosis of portopulmonary hyper-
tension, as pulmonary artery pressures may be
increased simply from increases in cardiac out-
put and blood volume without an increase in
pulmonary vascular resistance.

Consider, for example, a patient whose
mean pulmonary artery pressure is 38 mm Hg,
pulmonary artery occlusion pressure 14 mm

Hg, and cardiac output 8.8 L/minute. In this
case, the pulmonary vascular resistance is 218
dynes.s.cm–5. About 30% to 50% of patients
with cirrhosis have this type of hyperdynamic
pattern, with high cardiac output, low sys-
temic vascular resistance, and low pulmonary
vascular resistance.1,3,4 These patients typical-
ly have a much better prognosis than those
with portopulmonary hypertension and do
well with liver transplantation.

Right heart catheterization is also helpful
in assessing whether elevated pulmonary pres-
sures are due to increased volume (increased
pulmonary artery occlusion pressure), in
which case the patient might benefit from
more aggressive diuresis.

In true portopulmonary hypertension, the
pulmonary vascular resistance is increased due
to obstruction of arterial blood flow. Cardiac
output may be elevated initially and then
decline as pulmonary hypertension becomes
more severe. These hemodynamic patterns
have different treatment implications and are
important when liver transplantation is being
considered.5

■ HOW COMMON IS
PORTOPULMONARY HYPERTENSION?

The incidence and prevalence of portopul-
monary hypertension is difficult to assess, as
many of the estimates are in patients with
severe liver disease undergoing evaluation for
liver transplantation. Its prevalence in
patients with cirrhosis and refractory ascites
has been documented at 16.1%,6 while its
prevalence in patients with cirrhosis without
refractory ascites has been in the range of
0.25% to 4%.7–9

Overall, about 8% of candidates for liver
transplantation have portopulmonary hyper-
tension and are at risk of its complications.10

In view of this figure, screening for it should
be performed before proceeding with liver
transplantation.

■ VASOCONSTRICTION, REMODELING,
THROMBOSIS

The pathogenesis of portopulmonary hyper-
tension is not completely understood but like-
ly involves a complex interaction of several

In true
portopulmonary
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pulmonary
vascular
resistance is
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to arterial
obstruction
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mechanisms, including an imbalance of vas-
cular mediators favoring vasoconstric-
tion,11–13 endothelial damage with vascular
remodeling due to excessive pulmonary blood
flow,14,15 smooth muscle proliferation, and
microvascular thrombosis.16,17

The pulmonary endothelium is a com-
plex, dynamic organ capable of influencing a
variety of vascular mediators and adapting to
changes in pulmonary volume as necessary.

Endothelial dysfunction may initiate the vas-
cular changes seen in portopulmonary hyper-
tension.

Endothelin-1 (ET-1) is a potent vasocon-
strictor that has been implicated in the patho-
genesis of idiopathic pulmonary artery hyper-
tension. ET-1 levels are also increased in cir-
rhotic patients with refractory ascites.6

Other mediators favoring vasoconstric-
tion include serotonin, angiotensin II, and
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(B) Obstructive plexiform lesion with occluding
platelet-fibrin thrombi. Autopsy specimen from a 55-
year-old woman with cryptogenic cirrhosis. This high-
ly obstructive plexiform lesion is acutely occluded by
platelet-fibrin thrombi (pink homogenous material,
arrows). (Hematoxylin-eosin.)

(D) Fibrotic type. Post-liver-transplantation autopsy
specimen of the lung (day 9) from a 54-year-old
man with alcoholic cirrhosis and alpha-1 antitrypsin
deficiency (ZZ phenotype). The muscular pulmonary
arteriole is completely occluded by an old, dense,
fibrous plug.

(A) Plexogenic type. Lung explant from a 37-year-
old woman with stage IV primary biliary cirrhosis
who underwent combined heart-lung-liver transplan-
tation. The parent pulmonary artery (left) shows
medial hypertrophy, as well as intimal fibroelastosis
at the origin of the arterial branch. The branch (right)
is involved by two microaneurysms (arrows) that con-
tain plexiform lesions. (Verhoeff-van Gieson.)

(C) Thrombotic type. Post-liver-transplantation
autopsy specimen of the lung (day 7) from a 46-
year-old man with hepatitis C liver disease and cir-
rhosis. The muscular pulmonary arteriole is obstruct-
ed by a recanalized thrombus, showing two small
residual lumens (arrows). (Verhoeff-van Gieson.)

Portopulmonary hypertension:
Pathologic findings in the pulmonary vasculature

FIGURE 1
KROWKA MJ, EDWARDS WD. A SPECTRUM OF PULMONARY VASCULAR PATHOLOGY IN PORTOPULMONARY HYPERTENSION.

LIVER TRANSPLANT 2000; 6:241–242.
COPYRIGHT 2000. REPRINTED WITH PERMISSION OF WILEY-LISS, INC., A SUBSIDIARY OF JOHN WILEY & SONS, INC.
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norepinephrine. Whether these mediators
influence the development of portopulmonary
hypertension is not clear.

At the same time, production of vasodila-
tory mediators such as nitric oxide and prosta-
cyclin may be decreased in portopulmonary
hypertension, facilitating vascular remodeling
and a proliferative vascular response.
Prostacyclin is a potent vasodilator normally
found in high concentrations in the lungs.
Prostacyclin synthase is the precursor enzyme
for the production of prostacyclin and is
decreased in the lungs of patients with por-
topulmonary hypertension.18

Another way that portal hypertension may
influence lung vascular tone is that endotoxin,
cytokines, or both, released from the splanch-
nic circulation, may bypass the liver and get
into the lungs.19 Evidence in support of this is
that patients with portosystemic shunting can
develop similar pathologic changes in the pul-
monary vascular bed that normalize when the
shunt is reversed. To date, however, no sub-
stance has been definitively identified.

Yet another proposed mechanism is shear
stress on the pulmonary endothelium from the
hyperdynamic cardiac output, with resultant
vascular remodeling; however, other mecha-
nisms must be involved, as not everyone with
liver disease develops portopulmonary hyper-
tension (see below).

On autopsy, the small pulmonary arteries
of patients with portopulmonary hypertension
show various combinations of medial hypertro-
phy, endothelial and smooth muscle cell prolif-
eration, fibrosis, and thrombosis (FIGURE 1).14,20

The thrombotic lesions are not due to abnor-
malities in coagulation but rather, possibly, to a
combination of endothelial cell injury, platelet
aggregation, and impaired blood flow.

These changes are identical to those in
idiopathic and familial pulmonary arterial
hypertension,21 and indeed, the World Health
Organization now classifies portopulmonary
hypertension in the same category as these
primary forms of pulmonary hypertension
rather than in the secondary forms.3

Why doesn’t everyone with liver disease
develop portopulmonary hypertension?
The severity of liver disease or degree of portal
hypertension does not appear to correlate with

the severity of pulmonary hypertension,4 and
portopulmonary hypertension does not devel-
op in all patients with portal hypertension.
Therefore, it is likely that some patients have
a genetic or environmental susceptibility or
suffer a “second hit” that triggers dysregulated
pulmonary vascular proliferation and con-
tributes to the development of pulmonary
hypertension.

Whether genetic mutations play a role
in portopulmonary hypertension remains
unknown. Such a mutation could be similar
to the one identified in the bone morpho-
genetic protein receptor type 2 gene
(BMPR2) in familial pulmonary artery
hypertension or the mutation in the activin-
like kinase gene (ALK1) seen in pulmonary
hypertension in patients with hereditary
hemorrhagic telangiectasia.22

Current studies are investigating the role
that bone-marrow-derived progenitor cells
might play in the pathogenesis of portopul-
monary hypertension.

■ CLINICAL FEATURES MAY NOT
BE OBVIOUS AT FIRST

In the early stages of portopulmonary hyper-
tension, patients may have no symptoms or
only symptoms of liver disease, so it is impor-
tant to have a high index of suspicion and
screen for pulmonary hypertension. As its
severity increases, symptoms may include
fatigue, dyspnea, abdominal bloating, palpita-
tions, chest pain or pressure, and syncope. The
most common presenting symptom is dyspnea
on exertion.

Similarly, the findings on physical exami-
nation also depend on the severity of pul-
monary hypertension. Patients with mild por-
topulmonary hypertension may have only
signs suggesting liver disease, such as spider
telangiectases, jaundice, mild lower extremity
edema, and ascites. As the severity of por-
topulmonary hypertension increases, however,
findings of right heart pressure-and-volume
overload become more obvious. These include
peripheral edema, elevation of the jugular
venous pressure, a right ventricular lift, a loud
pulmonic valve closure, increased split of the
second heart sound, a pulsatile liver, or a right-
sided third or fourth heart sound.

The pulmonary
endothelium
is a complex,
dynamic organ
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■ SCREEN LIVER TRANSPLANT CANDIDATES

Screening for portopulmonary hypertension
should be mandatory in patients undergoing
evaluation for liver transplantation. This con-
dition increases the risk of perioperative
death, so it is not acceptable to make the diag-
nosis in the operating room!5

Electrocardiographic abnormalities that
may raise the suspicion of portopulmonary
hypertension include right atrial or ventricu-
lar enlargement and a right bundle branch
pattern.

Chest radiographic signs are enlarged
central pulmonary arteries and cardiomegaly.
These electrocardiographic and radiographic
signs tend to reflect advanced pulmonary
hypertension.

Pulmonary function testing is not gener-
ally helpful, but the diffusing capacity may be
decreased.

B-type natriuretic peptide (BNP) mea-
surement may be helpful. BNP is released
from the ventricles when the ventricles
become dilated (due to pressure or volume
overload), as in left or right heart failure. BNP
testing is clinically useful in monitoring the
severity of disease and the efficacy of treat-
ment in patients with pulmonary hyperten-
sion; its role in portopulmonary hypertension
requires prospective study.23

Transthoracic Doppler echocardiogra-
phy is an excellent screening test and should
be performed in patients undergoing evalua-
tion for liver transplantation to exclude pul-
monary hypertension.1 Findings on echocar-
diography that suggest portopulmonary hyper-
tension include elevation of right ventricular
systolic pressure (RVSP), which is calculated
from the peak tricuspid regurgitant velocity
(TRV) using the modified Bernoulli equation
and an estimate of right atrial pressure (RAP):

RVSP = 4(TRV)2 + RAP.
Right atrial pressure is estimated from the

filling characteristics of the inferior vena
cava.

Transthoracic Doppler echocardiogra-
phy has a sensitivity of 97% and a specifici-
ty of 77% in diagnosing moderate to severe
pulmonary hypertension in patients under-
going evaluation for liver transplantation.24

Using an RVSP cutoff of 40 mm Hg, the sen-

sitivity of Doppler echocardiography is
about 80%, specificity 96%, positive predic-
tive value 60%, and negative predictive
value 98%.25

At Mayo Clinic, patients with an estimat-
ed RVSP greater than 50 mm Hg undergo
right heart catheterization (see below). Such
patients should also have repeat echocardiog-
raphy at 1-year intervals to monitor for
increasing pulmonary artery pressures5; for
those on the waiting list for liver transplanta-
tion, the interval should probably be every 6
to 12 months.

■ RIGHT HEART CATHETERIZATION
CONFIRMS THE DIAGNOSIS

The diagnosis of portopulmonary hyperten-
sion is confirmed with right heart catheteriza-
tion to accurately measure pulmonary artery
pressures, pulmonary artery occlusion pressure
(to exclude volume overload), cardiac output
(to exclude high-output pulmonary hyperten-
sion), and pulmonary vascular resistance. One
study in patients with decompensated cirrho-
sis and refractory ascites found that a right
atrial pressure of 14 mm Hg or greater had a
positive predictive value of 83% for pul-
monary hypertension.6

Other, potentially treatable causes of pul-
monary hypertension must be excluded before
diagnosing portopulmonary hypertension.
These include thromboembolic disease, inter-
stitial lung disease, connective tissue disease,
untreated obstructive sleep apnea, and elevat-
ed pulmonary artery pressures due to increased
cardiac output.

Vasodilator studies are being done less fre-
quently in patients with portopulmonary
hypertension, as they generally cannot toler-
ate calcium channel blocker therapy. Calcium
channel blocker therapy is usually started in
patients with idiopathic pulmonary artery
hypertension who exhibit a positive vasodila-
tor response. A positive vasodilator response
also does not predict survival with or without
liver transplantation. Unlike those with idio-
pathic pulmonary artery hypertension, many
patients with portopulmonary hypertension
cannot tolerate calcium channel blockers, as
some of these drugs can exacerbate edema and
portal hypertension.
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■ GENERAL MANAGEMENT

Treatment of mild portopulmonary hyperten-
sion (mean pulmonary artery pressure < 35
mm Hg) is debatable. In these cases many
patients do not have any symptoms attribut-
able to portopulmonary hypertension, but
only symptoms of liver disease, and they have
a good functional status. As a group, such
patients have not been formally studied to
date.

Patients with moderate to severe por-
topulmonary hypertension, however, may
benefit from treatment aimed at improving
symptoms and lowering pulmonary artery
pressures and pulmonary vascular resistance
(FIGURE 2).

Anticoagulation is often contraindicated
in portopulmonary hypertension because of
gastroesophageal varices, thrombocytopenia,

or other coagulation abnormalities related to
liver disease. If contraindications to anticoag-
ulation do not exist, it should be considered.

Diuretics are a mainstay in the treatment
of portopulmonary hypertension, both for the
pulmonary hypertension and for the liver dis-
ease, especially if ascites or peripheral edema is
present.

Oxygen should be given to patients with
hypoxemia to keep the saturation greater than
90%.

Beta-blockers: A dilemma
Beta-blockers are used in many patients with
liver disease as both primary and secondary
prophylaxis of variceal bleeding.

However, one study has shown that in
patients with moderate to severe portopul-
monary hypertension, beta-blockers are asso-
ciated with significant worsening of exercise

Diuretics are
a mainstay of
treatment of
portopulmonary
hypertension
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Diagnosis of portopulmonary hypertension
by right heart catheterization
Liver disease
Mean pulmonary artery pressure > 25 mm Hg
Pulmonary vascular resistance > 240 dynes.s.cm–5

Pulmonary artery occlusion pressure < 15 mm Hg
or transpulmonary gradient > 12 mm Hg

Avoid calcium channel blockers
Stop beta-blockers if appropriate
Consider:

Oxygen
Anticoagulation
Digoxin
Diuretics

Determine liver transplant risk and treatment options,
according to mean pulmonary artery pressure

Usual risk
No treatment for pulmonary

hypertension needed

Increased risk
Consider medical therapy:
Eprostenol (Flolan)
Treprostinil (Remodulin)
Iloprost (Ventavis)
Bosentan (Tracleer)
Sildenafil (Revatio)

High risk, increased risk of death
Consider medical therapy

< 35 mm Hg 35–50 mm Hg > 50 mm Hg

FIGURE 2. Management algorithm for portopulmonary hypertension
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capacity and pulmonary hemodynamic mea-
surements.26 After beta-blockers were with-
drawn, the 6-minute walking distance
increased in 9 of 10 patients, and cardiac out-
put increased with no change in mean pul-
monary artery pressure, resulting in a 19%
decrease in pulmonary vascular resistance.
The increases in cardiac output were related
to a 25% increase in heart rate. Long-term fol-
low-up was not reported, and it remains
unclear whether rates of gastrointestinal
bleeding may increase when beta-blockers are
withdrawn.

Beta-blocker therapy in portopulmonary
hypertension needs to be carefully considered
and if at all possible should be avoided.

■ VASODILATOR THERAPY

Several vasodilating or vasomodulating drugs
are available. However, much of the informa-
tion about them comes from studies in
patients with idiopathic pulmonary artery
hypertension or pulmonary hypertension due
to connective tissue disease, and no random-
ized controlled trials in portopulmonary
hypertension have been performed.

Prostanoids
Prostanoids have been used successfully to
lower pulmonary pressures in portopulmonary
hypertension.

Epoprostenol (Flolan) is a pulmonary and
systemic vasodilator as well as an inhibitor of
platelet aggregation. It is given as a continu-
ous intravenous infusion via an indwelling
central venous catheter and a portable infu-
sion pump. It has a very short half-life,
requires mixing, and must be kept cold with
ice packs, making it somewhat cumbersome to
administer.

This medication has been shown to
improve cardiopulmonary hemodynamics and
exercise capacity in portopulmonary hyper-
tension, although a survival advantage has
not been documented to date.27 In several
case series, some patients with portopul-
monary hypertension treated with intra-
venous epoprostenol responded with a reduc-
tion in pulmonary pressures and successfully
underwent liver transplantation.28–31

Complications of intravenous epoprostenol

therapy include central venous catheter throm-
bosis, infection, and infusion pump failure; a
backup pump must be available at all times.
Patients with portopulmonary hypertension
may also develop progressive splenomegaly and
thrombocytopenia that may be due to increased
blood flow in the splanchnic circulation.32

Treprostinil (Remodulin) has a longer
half-life and does not have to be kept cold. It
is given as a 24-hour intravenous or subcuta-
neous infusion, using an infusion pump that is
smaller than that used with epoprostenol.

Although treprostinil is easier for patients
to use, larger doses are necessary to achieve
the same effect as with epoprostenol. With
subcutaneous administration, the biggest
drawback is site pain. Prostacyclin-related side
effects include flushing, diarrhea, jaw discom-
fort, and lower extremity pain.

Iloprost (Ventavis) has the advantage of
being given by inhalation. It is very short-act-
ing, however, and requires six  to nine inhala-
tions per day.

Endothelin receptor blockers
Bosentan (Tracleer) is an oral agent that

has been approved by the US Food and Drug
Administration (FDA) for the treatment of
pulmonary hypertension, including in patients
with portopulmonary hypertension who have
mild hepatic derangement. This medication is
a dual endothelin receptor antagonist, nonse-
lectively blocking the endothelin A and B
receptors on the endothelial and vascular
smooth muscle cells so that ET-1 cannot bind
and cause vasoconstriction.

In approximately 10% of patients, bosen-
tan can cause elevations in aminotransferase,
alkaline phosphatase, and bilirubin levels,
which therefore must be checked monthly.33

Irreversible hepatic toxicity is uncommon; in
most cases, liver function abnormalities return
to baseline levels when the medication is
stopped. The presumed mechanism is impair-
ment of bile-salt transporters, leading to bile-
salt accumulation in the liver.34 Bosentan’s
use in patients with liver disease has not been
well studied, although several case reports
have described its use in patients with por-
topulmonary hypertension.35–38

Ambrisentan (Letairis) is a selective
endothelin receptor-A blocker that has just
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received FDA approval for the treatment of pul-
monary artery hypertension. It has not yet been
studied in portopulmonary hypertension.
Elevations in liver enzymes and bilirubin may
also occur, and monthly monitoring is indicated.

Sildenafil
Another oral agent that might be effective in
portopulmonary hypertension is sildenafil
(Revatio). A phosphodiesterase-5 inhibitor, it
selectively inhibits the cyclic guanosine
monophosphatase-specific phosphodiesterase
type 5 enzyme that is found in large concen-
trations in pulmonary artery smooth muscle
cells.

In other forms of pulmonary hyperten-
sion, sildenafil has been shown to increase car-
diac output and decrease pulmonary artery
pressures and pulmonary vascular resistance
without serious adverse events.39–41

In one reported case, treatment with silde-
nafil in a patient with portopulmonary hyper-
tension decreased the mean pulmonary artery
pressure from 56 mm Hg to 28 to 31 mm Hg,
and the patient underwent successful liver
transplantation.42 A recent case series of 14
patients with portopulmonary hypertension
treated with sildenafil documents some
improvement in 6-minute walking distance,
suggesting that sildenafil as monotherapy or in
combination therapy might be effective in por-
topulmonary hypertension.43 However, in 3 of
these patients, the cardiac index decreased and
pulmonary vascular resistance increased.44

We must emphasize that controlled stud-
ies in portopulmonary hypertension need to
be done to find the optimal therapy.

■ LIVER TRANSPLANTATION
MAY BENEFIT A FEW PATIENTS

Liver transplantation may be beneficial in
highly selected patients with portopulmonary
hypertension. However, this condition
increases the risk of intraoperative and imme-
diate postoperative complications of liver
transplantation, so patients should be careful-
ly evaluated5,45 at a liver transplantation cen-
ter experienced in its management, including
medical treatment with well-defined protocols
regarding timing of liver transplantation.

Patients with mean pulmonary artery

pressures greater than 50 mm Hg should not
undergo liver transplantation. Those with
mean pulmonary artery pressure between 35
and 50 mm Hg also have an increased mortal-
ity rate and may benefit from prolonged treat-
ment for pulmonary hypertension.5,46

One successful case of living-related liver
transplantation in a patient with portopul-
monary hypertension has been published.47

(Most other successful transplants were from
unrelated cadaver donors.)

Some patients who initially cannot under-
go liver transplantation owing to severe pul-
monary hypertension may eventually be able
to do so if they receive medical therapy that
improves their pulmonary hemodynamic pro-
file, decreasing their mean pulmonary artery
pressure and pulmonary vascular resistance.
This would apply to a small subset of patients
with portopulmonary hypertension.

When patients without pulmonary hyper-
tension undergo liver transplantation, right
ventricular function is preserved throughout
all phases of the surgery.48 Patients with por-
topulmonary hypertension, however, may
develop hemodynamic instability during liver
transplantation. The most critical times are
the induction of anesthesia, during and after
graft reperfusion, and the immediate postoper-
ative period.49,50

During the surgery, patients may require
vasodilators if they have worsening pulmonary
hypertension, or inotropic medications if they
have right ventricular dysfunction and heart
failure. In one study,51 eight patients with por-
topulmonary hypertension diagnosed at anes-
thesia induction for liver transplantation all
required intraoperative vasodilator therapy
after graft reperfusion because of marked
increases in pulmonary artery pressures and
pulmonary vascular resistance.

The increase in blood flow following
reperfusion or necessary fluid challenges may
exacerbate pulmonary hypertension, resulting
in worsening right heart function and backup
into the transplanted liver. Infusion of 1 liter
of crystalloid over 10 minutes has been shown
to increase mean pulmonary artery pressure
and pulmonary artery occlusion pressure in
liver transplantation candidates without pul-
monary hypertension52; this response may be
exaggerated in portopulmonary hypertension.

PORTOPULMONARY HYPERTENSION SWANSON AND KROWKA
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■ PROGNOSIS VARIES
WITH SEVERITY OF DISEASE

The natural history of untreated portopul-
monary hypertension varies with the degree of
liver disease and the severity of pulmonary
hypertension. Transplant-free survival was
85% at 1 year and 38% at 3 years in one
study.45 The cardiac index appears to be the
most significant prognostic variable.20

In a retrospective study of 78 patients
with portopulmonary hypertension treated
conservatively (before prostanoids were avail-
able) the median survival was 6 months
(range 0–84 months) from the time of diag-
nosis.53 Causes of death included right heart
failure, sudden death, gastrointestinal bleed-
ing, and small bowel perforation.

Most of the data on outcomes of drug
treatment and liver transplantation in
patients with portopulmonary hypertension
come from case series and retrospective
reviews; prospective trials have been lacking.

If right ventricular function is normal and
pulmonary hypertension is mild (mean pul-
monary artery pressure < 35 mm Hg), patients
tend to do well with liver transplantation.9

Outcomes are worse if pulmonary hyper-
tension is more severe. In a database54 from 10
liver transplant centers from 1996 to 2001, 13
(36%) of 36 patients undergoing liver trans-

plantation died in the hospital, emphasizing
the importance of accurately assessing the
severity of pulmonary hypertension before
attempting liver transplantation.46 The rate
was even higher—92%—in those with a
mean pulmonary artery pressure greater than
35 mm Hg. The cause of death in severe pul-
monary hypertension was failure of the right
ventricle.

However, some patients with moderate to
severe portopulmonary hypertension have
been bridged with medications to lower pul-
monary artery pressures and pulmonary vascu-
lar resistance so that liver transplantation can
be safely done, and some have even been able
to discontinue medications because their pul-
monary hypertension resolved.29,31,41,42,47

Unlike in hepatopulmonary syndrome,
liver transplantation is not the treatment of
choice for portopulmonary hypertension, and
pulmonary hypertension does not always
resolve after liver transplantation. Many
patients continue therapy for pulmonary
hypertension after liver transplantation.
Pulmonary hypertension may resolve, persist,
or even develop de novo after liver transplan-
tation.1 If pulmonary hypertension resolves, it
does so over a prolonged time—months to
years—favoring a vascular remodeling
hypothesis as opposed to simply reversing
vasoconstriction. ■
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