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Abstract and Introduction

Abstract

Portopulmonary hypertension (POPH) refers to the presence of pulmonary arterial hypertension (PAH) in patients with portal
hypertension. Pulmonary hypertension in patients with liver disease or portal hypertension can be due to multiple mechanisms,
including hyperdynamic (high-flow) state, increased pulmonary venous congestion, and vascular constriction or obstruction of the
pulmonary arterial bed. Vascular obstruction to pulmonary arterial flow, reflected by increased pulmonary vascular resistance
(PVR), is a key parameter that defines POPH. Among patients with portal hypertension, reported incidence rates of POPH range
from 2 to 9%. Long-term survival in cases of POPH is poor. Favorable responses to pulmonary vasodilator/vasomodulatory therapy
have been observed, but prospective, randomized trials are lacking. Severe POPH with right ventricular failure despite vasodilator
therapy is associated with poor outcomes in the setting of liver transplantation (LT) and is considered a contraindication to LT. The
post-LT course of patients with moderate POPH is unpredictable, but most patients can be weaned from PAH-specific therapy over
time.

Overview

Portopulmonary hypertension (POPH) characterizes pulmonary artery hypertension (PAH) that occurs as a consequence of portal
hypertension.[1] Recognition and importance of POPH have evolved in the era of liver transplantation due to increased mortality
when transplantation was attempted in the setting of untreated moderate to severe PAH.[2] POPH is well recognized as a cause of
PAH in the 2008 Dana Point classification of pulmonary hypertension.[3] This brief review addresses current POPH issues (as of
September 2011) with particular attention to attaining the correct diagnosis, identifying treatment options in view of new pulmonary
vasomodulating medications, and understanding implications for liver transplantation.

Pulmonary Hemodynamics in Liver Disease

POPH must be viewed within the spectrum of pulmonary hemodynamics that occurs as a consequence of portal hypertension from
any cause. The correct characterization and interpretation of hemodynamics require right heart catheterization (RHC) in that
several reasons may exist for increased blood pressure within the pulmonary arteriovenous circulation as a consequence of portal
hypertension ([Fig. 1]). The hyperdynamic (high-flow) circulatory state, increased pulmonary venous volume/congestion, and
vasoproliferation/vascular obstruction within the pulmonary arterial bed can each result in the general condition of pulmonary
hypertension (PH) as defined by RHC measurement. A measured mean pulmonary artery pressure (MPAP) > 25 mm Hg defines
PH. The distinction between pulmonary artery hypertension and pulmonary venous hypertension requires further measurements.
Specifically, such further classification requires measurement of pulmonary artery occlusion pressure and cardiac output, as well
as the calculation of the transpulmonary gradient and pulmonary vascular resistance.[1,2] Specific RHC examples are shown in
Table 1 .

Portopulmonary Hypertension
Michael J. Krowka

Posted: 05/10/2012; Semin Respir Crit Care Med. 2012;33(1):17-25. © 2012 Thieme Medical Publishers

Portopulmonary Hypertension (printer-friendly) http://www.medscape.com/viewarticle/761214_print

1 of 11 16/05/2012 08:09



Figure 1.  Pulmonary hemodynamic patterns documented by right heart catheterization in advanced liver disease. MPAP,
mean pulmonary artery pressure; PCWP, pulmonary capillary wedge pressure; CO, cardiac output; PVR, pulmonary vascular
resistance.

The usual hyperdynamic state in liver disease (driven by splanchnic bed vasodilation) is not associated with obstruction to
pulmonary blood flow, and the calculated pulmonary vascular resistance (PVR) is normal or low simply due to high cardiac output.
Such a pulmonary hemodynamic pattern, associated with increased MPAP, has been documented in ~35% of liver transplant
candidates (measured by RHC) in a prospective Mayo Clinic study in which screening echocardiograms suggested pulmonary
hypertension.[4] Such a hemodynamic pattern has no adverse implication for liver transplantation despite the documentation of
MPAP that may be as high as 40 to 45 mm Hg (with normal PVR).

Increased pulmonary venous blood volume or vascular congestion results in pulmonary venous hypertension due mainly to excess
central volume, or associated renal dysfunction or the inability of the left heart to handle volume load (diastolic dysfunction as
noted in, but not limited to, alcoholic cardiomyopathy or hemochromatosis). Such pulmonary venous hypertension is characterized
by an increased pulmonary artery occlusion pressure (PAOP) [also known as pulmonary capillary wedge pressure (PCWP)] > 15
mm Hg. The PVR may be slightly increased or normal in this scenario, as characterized by an increased or normal transpulmonary

Table 1. Distinct Pulmonary Hypertension Scenarios in Liver Disease

Pt #1 Pt #2 Pt #3 Pt #4 Pre Rx Pt #4 Post Rx

RVSP (echo) 69 66 99 70 50

MPAP 33 36 63 50 38

PCWP 7 25 19 15 15

CO 11.9 9.3 6.1 6.3 9.3

PVR 175 95 577 444 197

RVSP, right ventricular systolic pressure by echocardiography (mm Hg).
Pulmonary hemodynamics by right heart catheterization. MPAP, mean pulmonary artery pressure
(mm Hg); PCWP, pulmonary capillary wedge pressure (mm Hg); CO, cardiac output (L/min); PVR,
pulmonary vascular resistance (dynes.s.cm−5).
Interpretation. PT #1, high-flow circulatory state; PT #2, pulmonary venous congestion/excess
central volume; PT #3, portopulmonary hypertension; PT #4, resolution of increased PVR and
increased mean pulmonary artery pressure with intravenous epoprostenol due to improved CO.

Portopulmonary Hypertension (printer-friendly) http://www.medscape.com/viewarticle/761214_print

2 of 11 16/05/2012 08:09



gradient calculation, respectively (TPG = MPAP−PAOP; normal <12 mm Hg).

Importantly, vascular obstruction to pulmonary arterial flow, reflected by increased PVR, is the key parameter that defines POPH.
Cardiac output is initially increased two to three times normal but may decline as the PVR increases. Indeed, a normal cardiac
output with markedly increased MPAP and PVR in the setting of portal hypertension is quite worrisome. Untreated, right heart
failure and death frequently ensue with this hemodynamic pattern. Specific diagnostic criteria for POPH put forth by a 2004
European/US Consensus Study Group, based upon right heart catheterization, are summarized in Table 2 .[1]

Because up to 25% of patients with portal hypertension may have increased MPAP, PCWP > 15 mm Hg, and markedly abnormal
PVR > 240 dynes s.cm−5, appropriate classification of such patients has to be carefully considered.[4] Mayo Clinic investigators
utilize the transpulmonary gradient calculation (TPG = MPAP-PCWP) to infer whether clinically significant obstruction to flow exists
and should be treated (if TPG > 12 mm Hg) with pulmonary vasodilator therapy in addition to added diuresis.

Epidemiology

Several studies utilizing common RHC criteria (MPAP > 25 mm Hg and PCWP <15 mm Hg) have documented frequencies of
POPH in various populations with liver disease. In a large prospective study of hospitalized patients with portal hypertension (n =
507) from France, a 2% incidence of POPH was documented.[5] From a prospective, controlled study conducted by the Pulmonary
Vascular Complications of Liver Disease (PVCLD) study group in the United States, POPH (n = 34; n = 141 controls) appeared to
be more frequent in females and patients with autoimmune-related liver disease.[6] In the two largest series of POPH assessed in
liver transplant candidates, ~5.3 to 8.5% were found to have POPH.[4,7] An incidence and prevalence rate of 14.9% and 9.4%,
respectively, has been documented in the 1-year French pulmonary hypertension clinic experience (N = 674).[8] In the US-based
REVEAL Registry (Registry to EValuate Early And Long-term pulmonary artery hypertension) of over 3500 patients with PAH,
~4.9% were reported to have POPH.[9] Although most reported series of POPH involve adults, pediatric POPH cases have been
reported and, unfortunately, the degree of pulmonary hypertension is often severe by the time it is recognized in this patient
population.[10,11] The existence of POPH correlates poorly with the severity of any liver disease as measured by portal pressures,
the Child-Turcotte-Pugh (CTP) or Model for End-Stage Liver Disease (MELD) scoring systems.[6,7] The severity of POPH does
appear to be related to the presence and size of spontaneous splenorenal or portocaval shunts.[12]

Pathophysiology

In 1951 Mantz and Craige reported the first case of portopulmonary hypertension documented by autopsy findings.[13] They
described a remarkable portocaval shunt originating at the confluence of the portal, splenic, and mesenteric veins, entering the
right innominate vein as an independent vessel lined sporadically with thrombi. There were embolized small pulmonary arteries, as
well as extreme endothelial proliferation producing a glomerular appearance within pulmonary arterial lumens. Subsequent small
series with selected autopsy analyses have confirmed the coexistence of portal hypertension, microscopic pulmonary artery
thromboembolism, endothelial/smooth muscle proliferation, and platelet aggregates contributing to pulmonary artery
hypertension[14–18] ([Fig. 2]).

Table 2. Portopulmonary Hypertension Diagnostic Criteria

1. Existence of portal hypertension (clinical diagnosis)

2. Right heart catheterization criteria:

   a. Mean pulmonary artery pressure (MPAP) > 25 mm Hg

   b. Pulmonary vascular resistance (PVR) > 240 dynes.s.cm−5*

   c. Pulmonary capillary wedge pressure (PCWP) <15 mm Hg

*PVR = (MPAP-PCWP) _ 80/CO.
When reported inWood units simply divide by 80. Therefore, normal PVR is <3 Wood units.
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Figure 2.  Spectrum of pulmonary vascular pathology documented in portopulmonary hypertension.

From the hepatic perspective, portal hypertension results from an increase in intrahepatic resistance coupled with an increase in
blood flow into the portal circulation. Abnormal mesenteric and collateral vessels (gastroesophageal varices) develop and allow
blood from the gut to bypass the liver and its normal metabolic functions. Postportacaval shunt surgery as well as spontaneous
portosystemic shunts are frequent findings documented in association with POPH.[12,15,16,19] Theoretically, such physiology sets
the stage for potential vascular mediators originating from the gut to bypass normal hepatic metabolism, but such a hypothesis has
yet be proven.

The pulmonary vascular bed, downstream from the dysfunctional liver and portosystemic shunts, is thus exposed to potential
vasomediating factors that may adversely affect the pulmonary arterial bed in genetically susceptible individuals. Analysis from the
PVCLD study group has evaluated genetic polymorphisms in relation to POPH. There was a relationship seen between the
presence of POPH and altered estrogen signaling, cellular growth/apoptosis, and oxidative stress, but no relationship was seen
with bone morphogenetic protein receptor II (BMPR2) or serotonin transporter (SERT).[20]

Such pathology results in obstruction to blood flow caused not only by vasoconstriction but also combinations of pulmonary
endothelial/smooth muscle proliferation, in situ thrombosis possibly caused by platelet dysfunction, and classic plexogenic
arteriopathy.[4] Exactly how this happens is unclear, but deficiency in endothelial prostacyclin synthase has been well documented
in POPH patients,[21] thus a reason to replenish circulating prostacyclin as a therapy. In addition, increased circulating endothelin-1
levels have been implicated as a cause for pulmonary vasoconstriction.[22,23] Both of these findings have implications for
pharmacological interventions (yet to be discussed). Of interest are the observations that POPH can develop years following
surgical portosystemic shunt surgeries.[15] Therefore, relief of portal hypertension per se does not necessarily prevent or
ameliorate POPH.

Survival and Medical Treatment Outcomes

Without the current offerings of pharmacological intervention available to treat PAH, long-term survival in POPH is poor. Limited
uncontrolled POPH experiences from the Mayo Clinic (n = 75) and Cleveland Clinic (n = 78) describe 5-year and 4-year survivals
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of 14% and 4%, respectively.[24,25] The difficulty in characterizing long-term survival lies with the fact that death can result primarily
from either noncardiopulmonary complications of liver disease (sepsis, gastrointestinal bleeds, renal failure, etc.), as well as the
direct consequences of right heart failure. With the advent of newer pulmonary vasodilator therapy, outcomes are also complicated
by the lack of controlled trials and possible selection bias of POPH patients to receive various pulmonary vasodilator therapies.
From the French experience (n = 154 patients with POPH), a 68% overall 5-year survival in POPH was documented, but only 45%
had received prostacyclin therapy of some type.[26] Multivariate analysis in that series showed that severity of cirrhosis (Childs B
and C patients) as well as lower cardiac index were prognostic for worsened survival. A smaller study reported a worse 5-year
survival in POPH (n = 13) versus those with idiopathic pulmonary hypertension (n = 33); 8/13 had received prostacyclin therapy in
the POPH group.[27] Finally, in the largest series published to date, the US-based REVEAL Registry of 174 POPH patients
(uncontrolled for pulmonary vasomodulating medication use) documented 2- and 5-year survivals from the time of diagnosis of 67
and 40%, respectively ([Fig. 3]).[9]

Figure 3.  Two-year survival curves in PAH (previously diagnosed and newly diagnosed) compared with those with idiopathic
pulmonary artery hypertension in the REVEAL registry (see text).

Results from limited POPH treatment series are encouraging and summarized in Table 3 . Endothelin receptor antagonists
(bosentan and ambrisentan) block the vasoactive receptors (ETA and ETB) in the pulmonary vascular bed in nonselective and
selective manners, respectively.[28,29] Of particular interest is the effect of ambrisentan in terms of not only improving pulmonary
hemodynamics but also normalizing PVR in selected patients ([Fig. 4]). No adverse effect on liver function was noted in any
patient.[29] Phosphodiesterase inhibition (sildenafil) enhances the availability of nitric oxide, a potent vasodilator.[30–32] These oral
agents demonstrate varying degrees of effectiveness (decreased MPAP and PVR) in POPH. Continuous intravenous infusion of
prostacyclin remains the treatment of choice of many investigators for patients with severe POPH (MPAP > 45 mm Hg). This
potent vasodilator family also has antiproliferative and possibly inotropic effects. Significant improvements in MPAP, PVR, and CO
(cardiac output)[33–38] have been consistently observed ( Table 4 ). Inhaled prostacyclin agents have yet to show long-term
effectiveness in POPH, although they demonstrate that acute vasoreactivity can exist in some patients with POPH.[27,39]

Table 3. Pulmonary Vasodilator Use in Portopulmonary Hypertension*

Medication N Comments

ENDOTHELIN RECEPTOR ANTAGONISTS

Hoeper et al28 (bosentan) 18 1-and 3-year survivals 94% and 89%, respectively

Cartin-Ceba et al29(ambrisentan) 13 At 1 year, MPAP and PVR improved in 8/8; PVR normalized in 5
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PHOSPHODIESTERASE INHIBITORS

Reichenberger et al30 (sildenafil) 12 Improvement at 3 months; not sustained at 1 year

Gough and White32 (sildenafil) 11 PVR decreased in all at first RHC follow-up

Hemmes and Robbins31 (sildenafil) 10 At 1-year MPAP and PVR decreased in 3/5 patients

PROSTACYCLINS

Kuo et al33 (IV epoprostenol) 4 MPAP and PVR improved

Krowka et al34 (IV epoprostenol) 15 MPAP and PVR improved

Ashfaq et al36 (IV epoprostenol) 16 Successful LT in 11 patients; 5-year survival 67%

Fix et al27 (IV epoprostenol) 19 PVR improved in 14/14; MPAP improved in 11/14

Sussman et al35 (IV epoprostenol) 8 MPAP and PVR improved in 6/7

Sakai et al38 (IV treprostinil) 3 Successful LT in two patients (moderate POPH)

Hoeper et al28 (inhaled iloprost) 13 1-and 3-year survivals 77% and 46%, respectively

Melgosa et al39 (inhaled iloprost) 21 Acute, but no long-term hemodynamic improvement

*Small series only.
LT, lung transplant; MPAP, mean pulmonary artery pressure; POPH, portopulmonary hypertension;
PVR, pulmonary vascular resistance; RHC, right heart catheterization.

Table 4. Hemodynamic Effects of Continuous Intravenous Epoprostenol Infusion33–37

Baseline With Therapy p-Value

MPAP 48 (35–76) 36 (24–72) p < .01

PCWP 13 (5–22) 14 (6–20) ns

CO 6.3 (1.9–10.5) 8.7 (4.4–14.0) p < .01

PVR 550 (250–1811) 262 (120–800) p < .01

TPG 35 (14–60) 22 (12–50) P < .01

Five studies. n = 48 patients.
MPAP, mean pulmonary artery pressure (mm Hg); PCWP, pulmonary capillary wedge pressure (mm
Hg); CO, cardiac output (liters/min); PVR, pulmonary vascular resistance (dynes.s.cm_5); TPG,
transpulmonary gradient (MPAP–PCWP).
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Figure 4.  Pulmonary hemodynamic changes at ~1 year via right heart catheterization in portopulmonary hypertension
patients using only ambrisentan, the selective endothelin receptor antagonist.

Although no conclusions could be drawn from the REVEAL Registry regarding treatment patterns and effectiveness, after 1 year of
being in the registry, most patients had received oral phosphodiesterase (~70%), prostacyclin (~55%), and oral endothelin receptor
antagonists (~15%).[9]

Implications for Liver Transplantation

The major questions regarding POPH and liver transplantation are as follows:

Can LT be done safely in the setting of POPH?
Does POPH resolve after LT?
Should POPH be considered an indication for LT?

These contemporary issues demonstrate the advances made in diagnosing and treating POPH, but the current answers are limited
and based only upon case reports and small uncontrolled series.

Can LT Be Done Safely in the Setting of POPH?

Limited data suggest liver transplantation (LT) is considered high risk when moderate to severe POPH (MPAP > 35 mm Hg) via
right heart catheterization is documented. A literature review and multicenter data collection have documented up to 36%
posttransplant in-hospital mortality in untreated patients when pre-LT MPAP exceeds moderate levels (> 35 mm Hg).[40,41] In the
early experience of POPH-LT case reporting, it was noted that 65% of all POPH cases were first diagnosed in the operating theater
at the time of LT. Intraoperative death due to right heart failure was not infrequent.[40] Those clinical experiences have changed
with the advent of current POPH screening recommendations espoused by the American Association for the Study of Liver
Disease (AASLD). Every patient considered for LT is advised to have a screening transthoracic echocardiogram to assess for
pulmonary hypertension and, if suggested, a confirmatory right heart catheterization.[42] Therapeutic options and prognosis can
then be addressed prior to LT. The current screening and treatment algorithm used at the Mayo Clinic is shown in [Fig. 5]. It is
important to recognize that differences in echocardiographic estimation of right ventricular systolic pressure (RVSP) between
institutions may influence the value used to trigger right heart catheterization. In general, most US centers use RVSP values of >
40 to 50 mm Hg as a threshold value.
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Figure 5.  Mayo Clinic portopulmonary hypertension screening and therapeutic approach algorithm.

At the time of operation, pulmonary artery measurements are again advised despite normal screening echocardiograms or
management with pulmonary vasodilators because parameters may change over just a few months.[43] In our algorithm, if the
MPAP > 50 mm Hg or the right ventricle is not satisfactory by echocardiography, the case is canceled. The development of acute
right heart failure during reperfusion of the engrafted liver can be a major intraoperative event, potentially complicated by the
occasional need for significant amounts of blood products to address intraoperative bleeding.[43] Even in normal situations,
significant increases in CO can be acutely expected with reperfusion of the allograft. The scenario is potentially worse in the setting
of an already compromised right ventricle due to increased pulmonary vascular resistance. Thus controlling pulmonary artery
pressures with continuous intraoperative infusion of prostacyclin, inhaled nitric oxide, or infused milrinone during the transplant
operation has been used to modify pulmonary hemodynamics during the operative management of POPH. The outcome in POPH
if the LT attempt is aborted due to unacceptable pulmonary hemodynamics is poor.[44]

Does POPH Resolve After LT?

Increased MPAP (MPAP up to 35 to 40 mm Hg) due only to the usual high flow state of liver disease (therefore associated with
normal PVR) usually resolves after LT without the use of pulmonary vasodilator therapy.[45,46] However, the effect of LT in the
setting of moderate to severe POPH (MPAP > 35 mm Hg and markedly increased PVR) is unpredictable and not dependent upon
pre-LT hemodynamic degrees of POPH severity. POPH progression, stability, improvement, and resolution have been well
documented. Despite treatment pre-LT and normalization of intraoperative pulmonary hemodynamics with IV prostacyclin, the
post-LT course can be unpredictable, ranging from life-threatening to successful long-term outcomes with response to innovative
therapeutic approaches.[47]

In most cases POPH patients can be weaned from continuous intravenous infusions of prostacyclin over time post-LT, but some
require long-term treatment with oral pulmonary vasodilators.[35,37] Although experience is very limited, ~40 to 50% of highly
selected post-LT POPH patients can be weaned off all pulmonary vasodilators over a timeframe usually measured in months. An
important observation is that there does appear to be a select cohort of POPH patients treated with pre-LT pulmonary
vasomodulating medication who improve their hemodynamics to facilitate successful LT and subsequently totally resolve the
POPH hemodynamic state within months of LT.[35,37] It remains unclear as to which patients will have such ultimate success.

Should POPH Be Considered An Indication for LT?

Despite pharmacological success in decreasing MPAP and PVR, along with improving right ventricular function, priority for LT in
the setting of POPH remains problematic. LT should not be attempted unless significant hemodynamic improvement and improved
right heart function can be documented. Current UNOS policy provides for MELD exceptions to facilitate timely LT if significant
hemodynamic improvement can be attained with pulmonary vasodilators.[48] Current treatment targets for MELD exception in the
United States are shown in Table 5. If those parameters can be met in an otherwise acceptable candidate for LT, then additional
MELD points may be given. The unpredictability of outcomes after LT tempers the intuitive concept that POPH should be an
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indication for LT, contrary to the case for the sister pulmonary vascular complication of liver disease—the hepatopulmonary
syndrome—in which that vascular disorder is an indication for LT due to near-universal resolution following LT.

MELD exception is not a factor if living donor liver transplantation (LDLT) is considered in the setting of POPH. The LDLT approach
has been accomplished successfully in highly select patients who may have an otherwise prolonged wait for cadaveric
transplantation in the setting of progressive worsening of POPH.[49] The use of aggressive pre-LT pulmonary vasomodulating
therapy (IV epoprostenol) in severe POPH (MPAP 35, 56, and 76 mm Hg) for several months (16 to 96 months) and careful
complete weaning (over 7 to 12 months) of epoprostenol post-LT in three patients has been reported. Normal echocardiography
was noted in each patient up to 4 years post-LT.

Finally, the development of pulmonary artery hypertension de novo post-LT or following the resolution of hepatopulmonary
syndrome is now well described.[50] The pathological correlates of this process are unknown and suggest a puzzling relationship
between a diseased liver, replacement with a normal allograft, and subsequent pulmonary vascular remodeling or exposure to
microemboli.

Summary

POPH is a serious yet treatable pulmonary vascular consequence of portal hypertension diagnosed by right heart catheterization
criteria. Treatment options are evolving and effective in improving pulmonary hemodynamics. The POPH outcomes for selected
patients needing liver transplantation remain unpredictable, but potentially curative in some.

Table 5. MELD Exception Criteria for Portopulmonary Hypertension

1. Diagnosis of POPH confirmed by right heart catheterization (RHC)

   a. MPAP > 25 mm Hg

   b. PVR > 240 dynes.s.cm−5

2. At least moderate POPH exists

   a. MPAP . 35 mm Hg

3. Pulmonary vasomodulating therapy has resulted in pulmonary hemodynamic improvement

   a. MPAP <35 mm Hg and PVR <400; or

   b. PVR normal (<240) regardless of MPAP* with

   c. Satisfactory right ventricular function by echo

4. MELD exception updated every 3 months

   a. Repeat RHC satisfies #3 criteria

   b. 10% increase in MELD points

MELD, model for end-stage liver disease; MPAP, mean pulmonary artery pressure; POPH,
portopulmonary hypertension; PVR, pulmonary vascular resistance.
*This scenario reflects a high-flow state with no significant resistance to pulmonary arterial flow as a
consequence of pulmonary vasomodulating therapy.
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