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Portopulmonary hypertension (PoPH) is a rare subtype of Group  1 pulmonary 
arterial hypertension (PAH) with a poor prognosis. According to the most up-to-
date definition, PoPH is characterized by a mean pulmonary arterial pressure (PAP) 
of >20 mmHg at rest, a pulmonary artery wedge pressure of ≤15 mmHg, and a 
pulmonary vascular resistance (PVR) of >2 Wood units with portal hypertension. Like 
PAH, PoPH is underpinned by an imbalance in vasoactive substances. Therefore, 
current guidelines recommend PAH-specific therapies for PoPH treatment; 
however, descriptions of the actual treatment approaches are inconsistent. Given 
the small patient population, PoPH is often studied in combination with idiopathic 
PAH; however, recent evidence suggests important differences between PoPH 
and idiopathic PAH in terms of hemodynamic parameters, treatment approaches, 
survival, socioeconomic status, and healthcare utilization. Therefore, large, multi-
center registry studies are needed to examine PoPH in isolation while obtaining 
statistically meaningful results. PoPH has conventionally been excluded from 
clinical drug trials because of concerns over hepatotoxicity. Nevertheless, newer-
generation endothelin receptor antagonists have shown great promise in the 
treatment of PoPH, reducing PVR, PAP, and World Health Organization functional 
class without causing hepatotoxicity. The role of liver transplantation as a treatment 
option for PoPH has also been controversial; however, recent evidence shows that 
this procedure may be beneficial in this patient population. In the future, given the 
shortage of liver donors, predictors of a favorable response to liver transplantation 
should be determined to select the most eligible patients. Collectively, advances in 
these three areas could help to standardize PoPH treatment in the clinic.
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1. Introduction

Pulmonary hypertension (PH) is the overarching term used to describe a complex group of 
conditions that are characterized by loss and obstructive remodeling of the pulmonary vascular 
bed, leading to an increase in pulmonary vascular resistance (PVR) and pulmonary arterial 
pressure (PAP). These changes in PVR and PAP cause strain on the right side of the heart, and 
if this persists for a prolonged period, right-sided heart failure and functional decline can 
occur (1, 2).
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In the World Health Organization (WHO) clinical classification 
(3), portopulmonary hypertension (PoPH) is positioned as a subtype 
of Group 1 pulmonary artery hypertension (PAH), and registry data 
suggest that PoPH accounts for 5–16% of cases of PAH (4–9). PoPH 
develops in 1.1–6.3% of patients with portal hypertension (10–13), 
and although most cases in this patient population are related to 
cirrhosis, non-cirrhotic causes of portal hypertension leading to PoPH 
have also been noted, including portal vein thrombosis, granulomatous 
disease, autoimmune diseases, drug reactions, infections (such as 
hepatitis C), and congenital abnormalities (such as congenital 
portosystemic shunt) (14–17). The prevalence of PoPH in liver 
transplant patients is 5–10% (18, 19), and among those with advanced 
liver disease, such as patients undergoing liver transplantation, women 
have a higher risk of developing PoPH than men; however, liver 
disease severity does not appear to be directly related to the risk of 
PoPH (11).

In terms of the diagnosis of portal hypertension, patients can 
be diagnosed by the presence of clinical signs, such as ascites, varices, 
or both, as well as splenomegaly, portal vein dilation, portal vein 
occlusion, collateral vessel formation, and declining platelet counts 
(20). Imaging studies, such as Doppler ultrasonography, computed 
tomography, and magnetic resonance imaging, as well as blood tests, 
are used to diagnose portal hypertension and determine the presence 
of the abovementioned features (20). Portal venous pressure is a 
product of the portal blood flow volume and the resistance to flow; 
however, direct measurement of portal pressure is not routine due to 
its invasive nature. A less invasive and indirect measure is the hepatic 
venous pressure gradient (HVPG), which is considered the best 
surrogate indicator of portal hypertension in patients with cirrhosis 
(21). In healthy individuals, the HVPG is 2–5 mmHg, while an HVPG 
of ≥6 mmHg constitutes portal hypertension and an HVPG of 
≥10 mmHg constitutes clinically significant portal hypertension (20). 
The HVPG is calculated by subtracting the wedged hepatic venous 
pressure from the free hepatic venous pressure, which are determined 
by fluoroscopy (20).

In terms of the diagnosis of PH, many patients present as 
outpatients with symptoms, such as dyspnea, fatigue, or syncope. 
Others come to the attention of the clinician during screening 
evaluations, and some present acutely as inpatients (22). Once PH is 
suspected, echocardiography is commonly used to assess the tricuspid 
regurgitant velocity, pulmonary artery systolic pressure, and right 
ventricular wall thickness and function, and right heart catheterization 
may also be performed (23). Other tests may involve a clinical history 
and examination, complete pulmonary function testing, thoracic 
computed tomography, chest radiography, and nocturnal 
plethysmography to evaluate sleep-disordered breathing (23). The 
previous right heart catheterization criteria for the diagnosis of PoPH 
were a mean PAP of ≥25 mmHg at rest, a pulmonary artery wedge 
pressure of ≤15 mmHg, and a PVR of >3 Wood units with portal 
hypertension (9). However, the latest definition specifies a mean PAP 
of >20 mmHg (24). Certain et al. (25) also recently proposed a lower 
cut-off PVR value of 2 Wood units based on its benefit in achieving an 
early diagnosis. The cut-off value for pulmonary artery wedge pressure 

remains at ≤15 mmHg (24). For PoPH specifically, serological analysis 
for markers of liver failure will also be performed (23).

The pathogenesis of PoPH has been reviewed in detail previously 
(17) (Figure  1) (26–36). Briefly, cirrhosis causes an increase in 
intrahepatic resistance and an increased portal pressure gradient, 
which leads to portosystemic collateralization through the 
reperfusion/dilation of existing vessels and the generation of new 
vessels (37). At the molecular level, portosystemic shunting causes 
blood containing vasoactive substances to bypass the liver, thus 
evading hepatic metabolism. This reduction in peripheral vascular 
resistance, combined with indirect vasodilation via intestinal 
vasoactive substances that bypass the liver and reach the systemic 
circulation, culminates in a hyperdynamic state (37). Endothelin-1 
and interleukin-6 are among the substances that are thought to 
increase in PoPH (38, 39), and this imbalance in vasoactive substances 
(such as endothelin-1) and pro-inflammatory cytokines (such as 
interleukin-6) in the pulmonary vasculature leads to net 
vasoconstriction and an increase in PVR. Thus, one commonly 
accepted pathogenic mechanism of PoPH is an imbalance in 
vasoactive substances in the pulmonary circulation in patients with 
cirrhosis (40, 41). Like PoPH, PAH also results in an imbalance in 
vasoactive substances and circulating factors; therefore, European 
Society of Cardiology and European Respiratory Society guidelines 
(42) recommend that PoPH treatment should follow that of PAH.

The 5-year survival rate of untreated patients with PoPH is as low 
as 14.2% (24); however, despite its poor prognosis, the rarity of this 
condition means that descriptions of the clinical features and 
treatment approaches for PoPH are scarce and inconsistent (43). A 
number of studies examining the treatment approaches to PoPH have 
been published in recent years (Table 1), many of which have not yet 
been reviewed. In this review, we aim to provide an up-to-date analysis 
of recent literature to establish the current clinical understanding and 
effectiveness of PoPH treatment. We will briefly discuss the reasons 
for the limited knowledge of PoPH; consider the controversies around 
studying PoPH in combination with idiopathic PAH; discuss 
treatment trends, including the potential of newer-generation 
endothelin receptor antagonists; and consider evidence for the 
usefulness of liver transplantation in PoPH patients. We  will also 
provide our expert opinion on how this knowledge could be used to 
design future clinical trials to deepen the understanding of PoPH and 
standardize treatment in the clinic.

2. Reasons for the limited knowledge 
of PoPH

Specific knowledge of PoPH is limited, and it is relatively 
understudied compared with other subtypes of Group 1 PAH. There 
are several possible reasons for this. First, PoPH has conventionally 
been excluded from drug trials because of concerns about 
hepatotoxicity (50). For example, in a previous study, bosentan (an 
endothelin receptor antagonist) led to an elevation in transaminases 
in approximately 10% of patients with Group 1 PAH without previous 
liver disease (51). Second, the low incidence of PoPH means that 
patients with this disease are often studied in combination with 
patients having idiopathic PAH to ensure sufficient sample sizes. 
Idiopathic PAH is defined as PAH of unknown cause under the WHO 
functional classification (3). Thus, the disease etiologies are highly 

Abbreviations: PAH, pulmonary arterial hypertension; PAP, pulmonary arterial 

pressure; PH, pulmonary hypertension; PoPH, portopulmonary hypertension; 

PVR, pulmonary vascular resistance; WHO, World Health Organization.
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variable, and the mechanisms that underpin disease development in 
specific patients may vary substantially. Multiple causes of PoPH have 
also been reported (14–17); however, case numbers are small, which 
further adds to the complexity of studying this condition in large 
enough numbers to obtain statistically meaningful results. Therefore, 
grouping PoPH patients with idiopathic PAH patients to study the 
effects of drug treatment means that the observations may not 
necessarily be an accurate reflection of the PoPH population. Third, 
PoPH has a lower prevalence than other complications, such as 
hepatic encephalopathy and ascites, in patients with portal 
hypertension. Therefore, the diagnosis of PoPH might be less of a 

priority for hepatologists who must diagnose and treat various 
complications in patients with liver cirrhosis.

3. Review of recent literature

3.1. Controversy in studying PoPH 
collectively with idiopathic PAH

Given the low incidence of PoPH, it is often studied in 
combination with idiopathic PAH when examining the effects of drug 

FIGURE 1

Pathophysiology of portopulmonary hypertension. Liver cirrhosis increases intrahepatic resistance and increases the portal pressure gradient, leading 
to portal hypertension. The reperfusion/dilation of existing vessels causes portosystemic collateralization. Vasoactive substances bypass the liver and 
evade hepatic metabolism due to portosystemic shunting, leading to a hyperdynamic state. Endothelin-1 and interleukin-6 are among the circulating 
substances that reach the pulmonary vasculature, leading to net vasoconstriction and an increase in PVR. Smooth muscle cell proliferation, platelet 
aggregation, and in situ thrombosis also occur, leading to vascular remodeling and PAH. PAH, pulmonary arterial hypertension; PVR, pulmonary 
vascular resistance.
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therapy. However, differences have been identified between these two 
patient populations, which suggests that they should be  studied 
independently wherever possible (Table 1). For example, Takahashi 
et al. (16) extracted data on patients with PoPH from the National 
Research Project on Intractable Disease in Japan and compared them 
with data on patients with idiopathic PAH. Patients with PoPH had a 
higher cardiac output, higher cardiac index, lower PVR, and better 
6 min walk distance than patients with idiopathic PAH. In another 

recent study, DuBrock et  al. (47) studied health disparities and 
treatment approaches between PoPH and idiopathic PAH as part of 
the Pulmonary Hypertension Association Registry. Dissimilar to 
Takahashi et al. (16), the authors found that patients with PoPH had 
a similar 6 min walk distance to patients with idiopathic PAH, as well 
as a similar WHO functional class and mean PAP. However, similar to 
Takahashi et al. (16), they identified a higher cardiac index in patients 
with PoPH than in patients with idiopathic PAH.

TABLE 1 Summary of recently published studies.

Publication Study design Population Intervention/ 
Exposure

Comparator Outcomes

Sitbon et al. (44) Multi-center, 

randomized 

controlled phase 4 

trial

PoPH and Child–

Pugh class A/B 

(n = 85)

Intervention: Macitentan (10 mg) 

for a 12 week double-blind 

period, followed by a 12 week 

open-label period

Placebo for a 12 week 

double-blind period, 

followed by a 12 week 

open-label period

35% reduction in PVR with macitentan; 84% (macitentan) and 

79% (placebo) of patients experienced adverse events; 21% 

(macitentan) and 14% (placebo) experienced serious adverse 

events; most frequent adverse event was edema (macitentan: 

26% vs. placebo: 5%); no hepatic safety concerns

Preston et al. (45) Multi-center, 

open-label, phase 3 

trial

PoPH and Child–

Pugh class A/B 

(n = 31)

Intervention: Ambrisentan for 

24 weeks, followed by long-term 

extension for 24–28 weeks

Without ambrisentan 

(and treatment-naïve) at 

baseline

Significant reduction in PVR (7.1 ± 5 vs. 3.8 ± 1.8 Wood units); 

no change in 6-MWD; RAP, mPAP, and CI improved; PCWP 

unchanged; significant improvement in WHO functional class; 

most common drug-related adverse events were edema (38.7%) 

and headache (22.5%)

Savale et al. (46) Prospective cohort 

study

PoPH (n = 637) Exposure: Monotherapy with 

PDE-5i, ERA, or a prostacyclin 

analog with or without liver 

transplantation

Dual therapy or triple 

therapy with or without 

liver transplantation

Patients treated with dual therapy had a significantly greater 

median change in PVR than those treated with monotherapy; 

in the overall cohort, survival from PoPH was better in those 

who underwent liver transplantation than in those who did not 

(92, 83, and 81% at 1, 3, and 5 years, respectively, vs. 84, 69, and 

51%); in survivors of liver transplantation, PAH therapy was 

simplified from combination to monotherapy in 16% and 

discontinued in 22%

DuBrock et al. (47) Cross-sectional 

study

PoPH (n = 57) vs. 

I/H-PAH (n = 344)

Exposure: PoPH I/H-PAH Patients with PoPH had similar WHO functional class, 

6-MWD, and mPAP and a higher CI than patients with I/H-

PAH; fewer PoPH patients received combination therapy 

(46.4% vs. 62.2%) and ERAs (28.6% vs. 55.1%) at enrollment, 

but treatment was similar between PoPH and I-PAH at follow-

up; patients with PoPH had more ED visits and hospitalizations 

in the 6 months preceding enrollment

Salvador et al. (48) Registry study PoPH (n = 237) vs. 

I/H-PAH (n = 678)

Exposure: PoPH I/H-PAH Patients with PoPH were predominantly male, older, had a 

better WHO functional class, and had better hemodynamics; 

heart failure biomarkers were worse in PoPH patients; age- and 

sex-adjusted 5 year survival rate from diagnosis was 49.3% for 

PoPH and 68.7% for I/H-PAH; PAH- and liver-related causes 

accounted for 30.2 and 24.7% of deaths, respectively, in PoPH 

patients; PoPH patients less frequently received PAH-specific 

therapy, but first-line treatment with PAH-specific therapy was 

associated with better survival; 3.4% of patients underwent liver 

transplantation

Takahashi et al. 

(16)

Retrospective 

cohort study

PoPH (n = 82) vs. 

I/H-PAH 

(n = 1,112)

Exposure: PoPH I/H-PAH Patients with PoPH had higher CO and CI values and lower 

PVR; fewer PoPH patients received combination therapy; 

overall and disease-specific survival were similar between PoPH 

and I/H-PAH

Atsukawa et al. 

(49)

Retrospective 

database study

PoPH (n = 386) N/A N/A Treatment preferences in PoPH patients: loop diuretics (70.2%), 

pulmonary vasodilator monotherapy or combination therapy 

(37.0%), prostacyclin (prostaglandin I2) monotherapy (8.8%), 

ERA + nitric oxide combination therapy (7.0%)

Tamura et al. (9) Retrospective 

database study

PoPH (n = 62) Intervention: Combination 

therapy (≥2 PAH-specific drugs)

Monotherapy Mean PAP, PVR, and CI were significantly improved with 

combination therapy

CI, cardiac index; CO, cardiac output; ED, emergency department; ERA, endothelin receptor antagonist; I/H-PAH, idiopathic/heritable pulmonary arterial hypertension; mPAP, mean 
pulmonary arterial pressure; PAH, pulmonary arterial hypertension; PCWP, pulmonary capillary wedge pressure; PDE-5i, phosphodiesterase type-5 inhibitor; PoPH, portopulmonary 
hypertension; PVR, pulmonary vascular resistance; RAP, right atrial pressure; WHO, World Health Organization; 6-MWD, 6 min walk distance.
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In the study by Takahashi et  al. (16), although treatments 
were similar between patients with PoPH and those with 
idiopathic PAH, the use of prostaglandin I2 and endothelin 
receptor antagonists was lower, and the use of phosphodiesterase 
type 5 inhibitors was higher in patients with PoPH than in 
patients with idiopathic PAH. Similarly, in DuBrock et al.’s study 
(47), fewer PoPH patients than idiopathic PAH patients 
underwent treatment with endothelin receptor antagonists, 
including macitentan (28.6% vs. 55.1%, respectively), at 
enrollment. Moreover, fewer PoPH patients than idiopathic PAH 
patients were treated with combination therapy (46.4% vs. 62.2%, 
respectively) at enrollment. However, treatment was similar 
between PoPH and idiopathic PAH at follow-up. Interestingly, 
patients with PoPH had more emergency department visits and 
hospitalizations in the 6 months before enrollment than patients 
with idiopathic PAH, which could suggest that the addition of 
endothelin receptor antagonists at follow-up (50% at follow-up 
vs. 28.6% at enrollment) was effective in reducing the rate of 
hospitalizations and emergency department visits. This 
observation corroborates the findings of recent studies by Sitbon 
et al. (44) and Preston et al. (45), which also demonstrated the 
beneficial effects of the endothelin receptor antagonists 
macitentan and ambrisentan, respectively, in patients with 
PoPH. Initial phosphodiesterase type 5 inhibitor monotherapy 
was initiated for most PoPH patients with preserved cardiac 
output and a lower PVR, and a second pulmonary vasodilator 
(endothelin receptor antagonist) was added sequentially if the 
improvement in mean PAP was not sufficient. Prior to the clinical 
trials on macitentan and ambrisentan, endothelin receptor 
antagonists were not often used as first-line agents in patients 
with PoPH because of their hepatotoxicity. Therefore, 
phosphodiesterase type 5 inhibitors were selected first, followed 
by endothelin receptor antagonists.

Overall, DuBrock et al. (47) showed that patients with PoPH had 
a worse socioeconomic status, were less likely to be  treated with 
combination therapy at enrollment, and had increased healthcare 
utilization than patients with idiopathic PAH. However, the study 
noted that the sample size was too small to detect racial/ethnic 
differences and differences in survival between patients with PoPH 
and those with idiopathic PAH.

Adding to the differences between PoPH patients and 
idiopathic PAH patients identified by DuBrock et al. (47), the 
Spanish Registry of PAH (48) showed that patients with PoPH 
were predominantly male and had a better functional class and 
better hemodynamics than patients with idiopathic PAH. Similar 
to DuBrock et al.’s study (47), patients with PoPH were less likely 
to receive PAH-targeted therapy, which was associated with 
greater mortality. Moreover, first-line PAH monotherapy was 
associated with better survival. The Spanish Registry of PAH (48) 
also identified a significant difference in survival between PoPH 
and idiopathic PAH, reporting age- and sex-adjusted 5-year 
survival rates of 49.3 and 68.7%, respectively.

Taken together, this recent evidence illustrates important 
differences between the PoPH and idiopathic PAH populations, 
including differences in hemodynamics at diagnosis and differences 
in the therapeutic response to monotherapy, emphasizing the need for 
large-scale, multi-center trials to enable the PoPH population to 
be studied in isolation.

3.2. Potential of newer-generation 
endothelin receptor antagonists and 
treatment trends in PoPH

Although PoPH has conventionally been studied in combination 
with idiopathic PAH, Sitbon et al. (44) conducted the first randomized 
controlled trial of PAH therapy in a specific PoPH patient population. 
The trial adopted a prospective, multi-center, phase 4 study design, 
comparing the effects of macitentan with placebo in patients with 
PoPH without severe hepatic impairment. At baseline, 63.5% of 
patients were undergoing background PAH therapy. Preston et al. (45) 
conducted another prospective, multi-center, open-label trial in which 
patients were treated with ambrisentan for 24 weeks, followed by a 
long-term extension of 24–28 weeks. However, unlike Sitbon et al.’s 
study (44), patients were treatment-naïve. Importantly, in the study of 
Sitbon et al. (44), PVR was reduced by 35% in the macitentan group 
compared with the placebo group, with no hepatic safety concerns. A 
similar observation was made in the study of Preston et al. (45), in 
which ambrisentan was associated with a reduction in PVR.

Despite their effects on reducing PVR without hepatic safety 
concerns, macitentan (44) and ambrisentan (45) had no effect on 
6 min walk distance. Moreover, macitentan (44) had no effect on mean 
right atrial pressure, while ambrisentan improved right atrial pressure 
as well as mean PAP and cardiac index. However, pulmonary capillary 
wedge pressure remained unchanged (45). Macitentan did not reduce 
WHO functional class (44); however, ambrisentan led to a significant 
improvement in WHO functional class (45). However, direct and 
simple comparisons of efficacy between these drugs may not 
be appropriate because the study design (open-label or double-blind) 
and sample size differed between these studies. For example, the 
clinical trial on ambrisentan included treatment-naïve patients, while 
more than half of the patients (64%) in the clinical trial on macitentan 
were already undergoing other treatments. This could explain the 
differences in the results between the two trials.

Given their ability to reduce mean PAP and WHO functional class 
(ambrisentan) and PVR (macitentan and ambrisentan), which are the 
defining features of PoPH, the endothelin receptor antagonists 
macitentan and ambrisentan illustrate great promise as therapeutic 
options for PoPH without causing hepatotoxicity (44, 45, 52), which 
is a fundamental reason why patients with PoPH have conventionally 
been excluded from clinical drug trials. However, it should not 
be  disregarded that despite showing promising effects overall, 
macitentan and ambrisentan have been associated with adverse side 
effects, such as hypersensitivity, alveolitis, PAH worsening, anemia, 
peripheral edema, and headache (44, 45), which should be monitored 
in future trials.

Two recent studies on the current trends in PoPH therapy have 
been published in Japan. A recent database study by Atsukawa et al. 
(49) showed that of 386 Japanese patients with PoPH, the combined 
proportion of patients treated with pulmonary vasodilator 
monotherapy or combination therapy was 37.0% within 90 days (less 
than half of patients). Prostacyclin (prostaglandin I2) was used in 8.8% 
of patients within 90 days, and combination therapy with endothelin 
receptor antagonists plus nitric oxide was used in 7.05% of patients; 
thus, the use of vasodilators in patients with PoPH remains low.

The low proportion of patients treated with vasodilator therapy 
(49) is surprising given the beneficial effects demonstrated with these 
agents. For example, in the Japan Pulmonary Hypertension Registry, 
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Tamura et al. (9) evaluated current treatment patterns and clinical 
events, as well as changes in hemodynamic and clinical parameters 
associated with PAH-specific therapy. The results showed that mean 
PAP, PVR, and cardiac index were significantly improved in the 
combination therapy group (defined as treatment with ≥2 
PAH-specific drugs administered simultaneously during the follow-up 
period), although the improvement was not significant in the 
monotherapy group. There were no significant differences in mortality, 
PH worsening, PAH-specific drug discontinuation due to side effects, 
or WHO functional class improvement between the monotherapy and 
combination therapy groups.

Taken together, this new evidence suggests that although 
vasodilator therapy, and endothelin receptor antagonists in particular, 
has shown great promise for the treatment of patients with PoPH, its 
use remains limited. As a limitation of retrospective observational 
studies, potential bias between groups could be  inevitable. 
Randomized controlled trials examining the use of monotherapy and 
combination therapy for PoPH should be conducted to validate these 
findings and to take a step toward treatment standardization in 
patients with PoPH.

3.3. The role of liver transplantation in 
patients with PoPH

A previous review by Thomas et  al. (17) emphasized the 
controversy surrounding the role of liver transplantation in 
patients with PoPH; however, recent studies have reported the 
beneficial effects of this treatment approach. For example, in 
Savale et  al.’s study (46), the effects of PAH-specific therapies 
were examined in a large cohort of patients with PoPH from the 
French Pulmonary Hypertension Registry. In total, 637 patients 
were analyzed, 57% of whom had mild cirrhosis. PAH-specific 
therapy was used in 74% of patients, and survival from PoPH was 
significantly better in the subgroup that underwent liver 
transplantation. In support of these findings, Deroo et al. (53) 
performed a meta-analysis in which pulmonary hemodynamics 
and survival were examined in patients with PoPH treated with 
vasodilators, liver transplantation, or both. They revealed that the 
risk of death in patients treated with vasodilators was significantly 
higher than in patients who underwent vasodilator therapy 
combined with liver transplantation. Furthermore, in a pooled 
analysis of the clinical outcomes of patients from all three Mayo 
Clinic liver transplantation centers, 50 out of 228 patients 
underwent liver transplantation and showed significant 
hemodynamic improvement after PAH-specific therapy, with 21 
patients even able to discontinue PAH-specific therapy after liver 
transplantation (54).

Identifying the beneficial effects of PAH-specific therapy when 
used in combination with liver transplantation to treat patients with 
PoPH is important because liver transplantation is not without its 
complications. For example, on reperfusion of the liver graft, 
pronounced systemic hemodynamic changes, such as an increase in 
cardiac output, are often observed (55), which can exacerbate PH and 
cause potential right-sided heart failure with liver graft congestion and 
reverse flow in the hepatic veins (56). This condition is extremely 
difficult to treat with existing drugs, such as milrinone, nitric oxide, 
and norepinephrine. For example, milrinone increases myocardial 

contractility, reduces systemic afterload, and reduces PVR; however, 
its use is limited because it can cause systemic vasodilation and 
resultant hypotension (57). Therefore, the use of more effective 
treatments preoperatively, such as macitentan or ambrisentan, which 
can be used alongside liver transplantation (both preoperatively and 
continued postoperatively as needed) provides more options to 
manage such patients.

Despite the controversy around the role of liver transplantation 
in patients with PoPH, recent studies have demonstrated clear 
benefits regarding survival and the ability to subsequently 
discontinue PAH-specific therapy. However, given the shortage of 
liver donors, this approach is not feasible for every patient with 
PoPH. Therefore, further studies are needed to identify patients with 
PoPH that may benefit most from liver transplantation. Jose et al. 
(58) suggested that PVR predicts mortality and transplantation 
failure in patients with PoPH; however, the exact predictors of a 
favorable response to liver transplantation are still unknown and 
should be clarified in the future.

4. Future perspectives

Studies examining PoPH treatment have conventionally grouped 
PoPH patients with idiopathic PAH patients because of the low 
incidence of PoPH. However, several recent studies have demonstrated 
differences between idiopathic PAH and PoPH in terms of 
hemodynamic parameters, treatment approaches, and survival, as well 
as socioeconomic status and healthcare utilization. Thus, grouping 
PoPH and idiopathic PAH may not be  the best approach to 
pharmacotherapy studies. Instead, further multi-center trials and 
registry studies, such as the recent Japan Pulmonary Hypertension 
Registry (9), should be encouraged to ensure sufficient sample sizes to 
study PoPH in isolation and to obtain more specific results in this 
patient population. Despite both reports being conducted in Japan, 
Atsukawa et al. (49) reported from the hepatologist’s point of view that 
PAH-specific drug use is limited, while Tamura et al. (9) reported that 
the combination of PAH-specific drugs was useful for 
PoPH. Collaboration between physicians specializing in hepatology 
and PH may help to bridge the gap in their treatment strategies. This 
collaboration would drive larger studies on the use of PAH-specific 
therapies in patients with PoPH.

Promisingly, the potential of newer-generation endothelin 
receptor antagonists, such as macitentan and ambrisentan, has 
been demonstrated recently in patients with PoPH, without 
hepatic safety concerns (44, 45), which is a fundamental reason 
why PoPH has conventionally been excluded from clinical trials. 
Moreover, PAH-specific monotherapy and combination therapy 
have demonstrated promise by leading to significant 
improvements in key hemodynamic parameters, including mean 
PAP, PVR, and cardiac index. In the future, we hope to perform 
a clinical trial to examine the efficacy of endothelin receptor 
antagonist-based combination therapy.

In addition to PAH-specific drug therapy, liver transplantation has 
demonstrated beneficial effects in patients with PoPH, including 
improved survival and lower mortality (46, 53). Moreover, some 
patients were able to discontinue PAH-specific drug therapy after liver 
transplantation (54). However, a shortage of liver donors limits the 
feasibility of implementing this treatment strategy in all PoPH 
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patients; thus, it is important to ascertain the predictors of a favorable 
response to liver transplantation to identify suitable candidates. It 
would be clinically meaningful to examine the appropriateness of 
early intervention for PoPH, even in patients with mild disease, as this 
could improve survival during and after the liver transplantation 
waiting period.

Regardless of the indication for liver transplantation, patients with 
PoPH should undergo drug therapy with PAH-specific agents. Some 
patients with PoPH have advanced cirrhosis, while others do not. For 
those that do, it would be meaningful to evaluate the impact of PAH 
medication on survival to liver transplantation and transplant 
outcomes. In patients with mild cirrhosis, treatment evaluation of PH 
itself should be implemented, as in other types of PAH. Furthermore, 
as more is learned about this disease, stratification of the background 
liver disease status should be examined.

5. Conclusion

In summary, PoPH is classified as a subtype of Group 1 PAH 
that is primarily seen in patients with decompensated liver 
cirrhosis resulting from liver disease. PoPH has a poor prognosis; 
however, the rarity of PoPH limits the study of this disease in 
isolation. PoPH is often studied with idiopathic PAH; however, 
recent studies suggest important differences between PoPH and 
idiopathic PAH. Further large-sample, multi-center trials with 
sufficient sample sizes are required to generate statistically 
meaningful results in the PoPH population. In recent clinical 
trials, newer-generation endothelin receptor antagonists have 
shown beneficial effects in the treatment of PoPH without 
causing hepatotoxicity. Moreover, evidence suggests that liver 
transplantation is beneficial in patients with PoPH, with some 
patients being able to discontinue PAH-specific therapy. 
However, the predictors of a favorable response to liver 
transplantation are unknown and should be examined in future 
studies. Collectively, future advances in these treatment strategies 
could help to standardize the management of patients with PoPH 
in the clinic.

Author contributions

YudT, YuiT, YT, and MA wrote and edited the manuscript. All 
authors contributed to the article and approved the submitted version.

Funding

This study was funded by the Japan Agency for Medical Research 
and Development (AMED).

Acknowledgments

The authors would like to thank Emily Woodhouse, PhD, of 
Edanz Pharma for providing medical writing services, which were 
funded by the Japan Agency for Medical Research and Development 
(AMED) under Grant no. JP21ek0109567.

Conflict of interest

YuiT has received remuneration from Janssen Pharmaceuticals and 
Daiichi Sankyo, as well as research funds from Mochida. YT has received 
research grants from Janssen Pharmaceuticals and Nippon Shinyaku. 
MA has received remuneration from Janssen Pharmaceuticals.

The remaining author declares that the research was conducted in the 
absence of any commercial or financial relationships that could be 
construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated organizations, 
or those of the publisher, the editors and the reviewers. Any product 
that may be evaluated in this article, or claim that may be made by its 
manufacturer, is not guaranteed or endorsed by the publisher.

References
 1. Humbert M, Guignabert C, Bonnet S, Dorfmüller P, Klinger JR, Nicolls MR, et al. 

Pathology and pathobiology of pulmonary hypertension: state of the art and research 
perspectives. Eur Respir J. (2019) 53:1801887. doi: 10.1183/13993003.01887-2018

 2. Simonneau G, Robbins IM, Beghetti M, Channick RN, Delcroix M, Denton CP, 
et al. Updated clinical classification of pulmonary hypertension. J Am Coll Cardiol. 
(2009) 54:S43–54. doi: 10.1016/j.jacc.2009.04.012

 3. Simonneau G, Montani D, Celermajer DS, Denton CP, Gatzoulis MA, Krowka M, 
et al. Haemodynamic definitions and updated clinical classification of pulmonary 
hypertension. Eur Respir J. (2019) 53:1801913. doi: 10.1183/13993003.01913-2018

 4. Benza RL, Miller DP, Gomberg-Maitland M, Frantz RP, Foreman AJ, Coffrey CS, et al. 
Predicting survival in pulmonary arterial hypertension: insights from the registry to 
evaluate early and long-term pulmonary arterial hypertension disease management 
(REVEAL). Circulation. (2010) 122:164–72. doi: 10.1161/CIRCULATIONAHA.109.898122

 5. Benza RL, Miller DP, Barst RJ, Badesch DB, Frost AE, McGoon MD. An evaluation 
of long-term survival from time of diagnosis in pulmonary arterial hypertension from 
the REVEAL registry. Chest. (2012) 142:448–56. doi: 10.1378/chest.11-1460

 6. Humbert M, Sitbon O, Chaouat A, Bertocchi M, Habib G, Gressin V, et al. 
Pulmonary arterial hypertension in France: results from a national registry. Am J Respir 
Crit Care Med. (2006) 173:1023–30. doi: 10.1164/rccm.200510-1668OC

 7. Jansa P, Jarkovsky J, Al-Hiti H, Popelova J, Ambroz D, Zatocil T, et al. Epidemiology 
and long-term survival of pulmonary arterial hypertension in the Czech Republic: a 

retrospective analysis of a nationwide registry. BMC Pulm Med. (2014) 14:45. doi: 
10.1186/1471-2466-14-45

 8. Krowka MJ, Miller DP, Barst RJ, Taichman D, Dweik RA, Badesch DB, et al. 
Portopulmonary hypertension: a report from the US-based REVEAL registry. Chest. 
(2012) 141:906–15. doi: 10.1378/chest.11-0160

 9. Tamura Y, Tamura Y, Taniguchi Y, Tsujino I, Inami T, Matsubara H, et al. Clinical 
management and outcomes of patients with portopulmonary hypertension enrolled in the 
Japanese multicenter registry. Circ Rep. (2022) 4:542–9. doi: 10.1253/circrep.CR-22-0098

 10. Atsukawa M, Tsubota A, Hatano M, Kondo C, Shioda K, Ohno H, et al. Prevalence 
and characteristics of portopulmonary hypertension in cirrhotic patients who 
underwent both hepatic vein and pulmonary artery catheterization. Hepatol Res. (2020) 
50:1244–54. doi: 10.1111/hepr.13560

 11. Kawut SM, Krowka MJ, Trotter JF, Roberts KE, Benza RL, Badesch DB, et al. 
Clinical risk factors for portopulmonary hypertension. Hepatology. (2008) 48:196–203. 
doi: 10.1002/hep.22275

 12. Krowka MJ, Swanson KL, Frantz RP, McGoon MD, Wiesner RH. Portopulmonary 
hypertension: results from a 10-year screening algorithm. Hepatology. (2006) 
44:1502–10. doi: 10.1002/hep.21431

 13. Mancuso L, Scordato F, Pieri M, Valerio E, Mancuso A. Management of 
portopulmonary hypertension: new perspectives. World J Gastroenterol. (2013) 
19:8252–7. doi: 10.3748/wjg.v19.i45.8252

https://doi.org/10.3389/fmed.2023.1142836
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://doi.org/10.1183/13993003.01887-2018
https://doi.org/10.1016/j.jacc.2009.04.012
https://doi.org/10.1183/13993003.01913-2018
https://doi.org/10.1161/CIRCULATIONAHA.109.898122
https://doi.org/10.1378/chest.11-1460
https://doi.org/10.1164/rccm.200510-1668OC
https://doi.org/10.1186/1471-2466-14-45
https://doi.org/10.1378/chest.11-0160
https://doi.org/10.1253/circrep.CR-22-0098
https://doi.org/10.1111/hepr.13560
https://doi.org/10.1002/hep.22275
https://doi.org/10.1002/hep.21431
https://doi.org/10.3748/wjg.v19.i45.8252


Tamura et al. 10.3389/fmed.2023.1142836

Frontiers in Medicine 08 frontiersin.org

 14. Schouten JNL, Garcia-Pagan JC, Vaila DC, Janssen HLA. Idiopathic noncirrhotic 
portal hypertension. Hepatology. (2011) 54:1071–81. doi: 10.1002/hep.24422

 15. Sithamparanathan S, Nair A, Thirugnanasothy L, Coghlan JG, Condliffe R, 
Dimopoulos K, et al. Survival in portopulmonary hypertension: outcomes of the 
United Kingdom National Pulmonary Arterial Hypertension Registry. J Heart Lung 
Transplant. (2017) 36:770–9. doi: 10.1016/j.healun.2016.12.014

 16. Takahashi Y, Yamamoto K, Sakao S, Takeuchi T, Suda R, Tanabe N, et al. The 
clinical characteristics, treatment, and survival of portopulmonary hypertension in 
Japan. BMC Pulm Med. (2021) 21:89. doi: 10.1186/s12890-021-01452-3

 17. Thomas C, Glinskii V, de Jesus PV, Sahay S. Portopulmonary hypertension: from 
bench to bedside. Front Med. (2020) 7:569413. doi: 10.3389/fmed.2020.569413

 18. Li J, Zhuang Q, Zhang X, Zheng Y, Qiao Z, Zhang J, et al. Prevalence and prognosis 
of portopulmonary hypertension in 223 liver transplant recipients. Can Respir J. (2018) 
2018:9629570. doi: 10.1155/2018/9629570

 19. Rodríguez-Roisin R, Krowka MJ, Hervé PH, Fallon MB. ERS task force pulmonary-
hepatic vascular disorders (PHD) scientific committee. Pulmonary–hepatic vascular 
disorders (PHD). Eur Respir J. (2004) 24:861–80. doi: 10.1183/09031936.04.00010904

 20. Koh C, Heller T. Approach to the diagnosis of portal hypertension. Clin Liver Dis 
(Hoboken). (2012) 1:133–5. doi: 10.1002/cld.78

 21. Castera L, Pinzani M, Bosch J. Non invasive evaluation of portal hypertension using 
transient elastography. J Hepatol. (2012) 56:696–703. doi: 10.1016/j.jhep.2011.07.005

 22. Rubin LJ, Hopkins W. Clinical features and diagnosis of pulmonary hypertension 
of unclear etiology in adults (2022). Available from: https://www.uptodate.com/
contents/clinical-features-and-diagnosis-of-pulmonary-hypertension-of-unclear-
etiology-in-adults (Accessed February 10, 2023).

 23. Maron BA, Galiè N. Pulmonary arterial hypertension diagnosis, treatment, and 
clinical management in the contemporary era. JAMA Cardiol. (2016) 1:1056–65. doi: 
10.1001/jamacardio.2016.4471

 24. Galiè N, McLaughlin VV, Rubin LJ, Simonneau G. An overview of the 6th world 
symposium on pulmonary hypertension. Eur Respir J. (2019) 53:1802148. doi: 
10.1183/13993003.02148-2018

 25. Certain MC, Baron A, Turpin M, Ebstein N, Boucly A, Beurnier A, et al. Outcomes 
of cirrhotic patients with pre-capillary pulmonary hypertension and pulmonary vascular 
resistance between 2 and 3 wood units. Eur Respir J. (2022) 60:2200107. doi: 
10.1183/13993003.00107-2022

 26. Lejealle C, Paradis V, Bruno O, de Raucourt E, Francoz C, Soubrane O, et al. 
Evidence for an association between intrahepatic vascular changes and the development 
of hepatopulmonary syndrome. Chest. (2019) 155:123–36. doi: 10.1016/j.chest.2018.09.017

 27. Pellicelli AM, Barbaro G, Puoti C, Guarascio P, Lusi EA, Bellis L, et al. Plasma cytokines 
and portopulmonary hypertension in patients with cirrhosis waiting for orthotopic liver 
transplantation. Angiology. (2010) 61:802–6. doi: 10.1177/0003319710369101

 28. Benjaminov FS, Prentice M, Sniderman KW, Siu S, Liu P, Wong F. Portopulmonary 
hypertension in decompensated cirrhosis with refractory ascites. Gut. (2003) 
52:1355–62. doi: 10.1136/gut.52.9.1355

 29. Yokomori H, Oda M, Ogi M, Kamegaya Y, Tsukada N, Nakamura M, et al. 
Enhanced expression of endothelin receptor subtypes in cirrhotic rat liver. Liver. (2001) 
21:114–22. doi: 10.1034/j.1600-0676.2001.021002114.x

 30. Angus PW. Role of endothelin in systemic and portal resistance in cirrhosis. Gut. 
(2006) 55:1230–2. doi: 10.1136/gut.2005.088633

 31. Tuder RM, Cool CD, Geraci MW, Wang J, Abman SH, Wright L, et al. Prostacyclin 
synthase expression is decreased in lungs from patients with severe pulmonary 
hypertension. Am J Respir Crit Care Med. (1999) 159:1925–32. doi: 10.1164/
ajrccm.159.6.9804054

 32. Krowka MJ, Edwards WD. A spectrum of pulmonary vascular pathology in 
portopulmonary hypertension. Liver Transpl. (2000) 6:241–2. doi: 10.1002/lt.500060209

 33. Sztrymf B, Libert JM, Mougeot C, Lebrec D, Mazmanian M, Humbert M, et al. 
Cirrhotic rats with bacterial translocation have higher incidence and severity of 
hepatopulmonary syndrome. J Gastroenterol Hepatol. (2005) 20:1538–44. doi: 10.1111/j.
1440-1746.2005.03914.x

 34. Fouts DE, Torralba M, Nelson KE, Brenner DA, Schnabl B. Bacterial translocation 
and changes in the intestinal microbiome in mouse models of liver disease. J Hepatol. 
(2012) 56:1283–92. doi: 10.1016/j.jhep.2012.01.019

 35. Zhong Y, Yu PB. Decoding the link between inflammation and pulmonary arterial 
hypertension. Circulation. (2022) 146:1023–5. doi: 10.1161/CIRCULATIONAHA.122.059949

 36. Austin ED, Loyd JE. The genetics of pulmonary arterial hypertension. Circ Res. 
(2014) 115:189–202. doi: 10.1161/CIRCRESAHA.115.303404

 37. Bolognesi M, Di Pascoli M, Verardo A, Gatta A. Splanchnic vasodilation and 
hyperdynamic circulatory syndrome in cirrhosis. World J Gastroenterol. (2014) 
20:2555–63. doi: 10.3748/wjg.v20.i10.2555

 38. Benjaminov FS, Prentice M, Sniderman KW, Siu S, Liu P, Wong F. Portopulmonary 
hypertension in decompensated cirrhosis with refractory ascited. Gut. (2003) 
52:1355–62. doi: 10.1136/gut.52.9.1355

 39. Pellicelli AM, Barbaro G, Puoti C, Guarascio P, Lusi EA, Bellis L, et al. Plasma 
cytokines and portopulmonary hypertension in patients with cirrhosis waiting for 
orthopedic liver transplantation. Angiology. (2010) 61:802–6. doi: 10.1177/000331 
9710369101

 40. Porres-Aguilar M, Altamirano JT, Torre-Delgadillo A, Charlton MR, Duarte-Rojo 
A. Portopulmonary hypertension and hepatopulmonary syndrome: a clinician-oriented 
overview. Eur Respir Rev. (2012) 21:223–33. doi: 10.1183/09059180.00007211

 41. Shenoda B, Boselli J. Vascular syndromes in liver cirrhosis. Clin J Gastroenterol. 
(2019) 12:387–97. doi: 10.1007/s12328-019-00956-0

 42. Galiè N, Humbert M, Vachiery JL, Gibbs S, Lang I, Torbicki A, et al. 2015 ESC/
ERS guidelines for the diagnosis and treatment of pulmonary hypertension: the joint 
task force for the diagnosis and treatment of pulmonary hypertension of the European 
Society of Cardiology (ESC) and the European Respiratory Society (ERS): endorsed by: 
Association for European Paediatric and Congenital Cardiology (AEPC), International 
Society for Heart and Lung Transplantation (ISHLT). Eur Heart J. (2016) 37:67–119. doi: 
10.1093/eurheartj/ehv317

 43. Shao Y, Yin X, Qin T, Zhang R, Zhang Y, Wen X. Prevalence and associated factors 
of portopulmonary hypertension in patients with portal hypertension: a case-control 
study. Biomed Res Int. (2021) 2021:5595614. doi: 10.1155/2021/5595614

 44. Sitbon O, Bosch J, Cottreel E, Csonka D, de Groote P, Hoeper MM, et al. 
Macitentan for the treatment of portopulmonary hypertension (PORTICO): a 
multicentre, randomised, double-blind, placebo-controlled, phase 4 trial. Lancet Respir 
Med. (2019) 7:594–604. doi: 10.1016/S2213-2600(19)30091-8

 45. Preston IR, Burger CD, Bartolome S, Safdar Z, Krowka M, Sood N, et al. 
Ambrisentan in portopulmonary hypertension: a multicenter, open-label trial. J Heart 
Lung Transplant. (2020) 39:464–72. doi: 10.1016/j.healun.2019.12.008

 46. Savale L, Guimas M, Ebstein N, Fertin M, Jevnikar M, Renard S, et al. 
Portopulmonary hypertension in the current era of pulmonary hypertension 
management. J Hepatol. (2020) 73:130–9. doi: 10.1016/j.jhep.2020.02.021

 47. DuBrock HM, Burger CD, Bartolome SD, Feldman JP, Dunbar Ivy D, Rosenzweig 
EB, et al. Health disparities and treatment approaches in portopulmonary hypertension 
and idiopathic pulmonary arterial hypertension: an analysis of the Pulmonary 
Hypertension Association registry. Pulm Circ. (2021) 11:20458940211020913. doi: 
10.1177/20458940211020913

 48. Salvador ML, Loaiza CAQ, Padial LR, Barberá JA, López-Meseguer M, López-
Reyes R, et al. Portopulmonary hypertension: prognosis and management in the current 
treatment era – results from the REHAP registry. Intern Med J. (2021) 51:355–65. doi: 
10.1111/imj.14751

 49. Atsukawa M, Takano M, Omura J. Treatment pattern and clinical outcomes in 
portopulmonary hypertension: a database study in Japan. J Gastroenterol Hepatol. (2022) 
6:763–73. doi: 10.1002/jgh3.12820

 50. Burger CD, DuBrock HM, Cartin-Ceba R, Moss JE, Shapiro BP, Frantz RP. Topic-
based, recent literature review on pulmonary hypertension. Mayo Clin Proc. (2021) 
96:3109–21. doi: 10.1016/j.mayocp.2021.05.026

 51. Rubin LJ, Badesch DB, Barst RJ, Galiè N, Black CM, Keogh A, et al. Bosentan 
therapy for pulmonary arterial hypertension. N Engl J Med. (2002) 346:896–903. doi: 
10.1056/NEJMoa012212

 52. Enderby CY, Burger C. Medical treatment update on pulmonary arterial 
hypertension. Ther Adv Chronic Dis. (2015) 6:264–72. doi: 10.1177/2040622315590757

 53. Deroo R, Trépo E, Holvoet T, De Pauw M, Geerts A, Verhelst X, et al. 
Vasomodulators and liver transplantation for portopulmonary hypertension: evidence 
from a systematic review and meta-analysis. Hepatology. (2020) 72:1701–16. doi: 
10.1002/hep.31164

 54. Cartin-Ceba R, Burger C, Swanson K, Vargas H, Aqel B, Keaveny AP, et al. Clinical 
outcomes after liver transplantation in patients with portopulmonary hypertension. 
Transplantation. (2021) 105:2283–90. doi: 10.1097/TP.0000000000003490

 55. Kwon H-M, Hwang G-S. Cardiovascular dysfunction and liver transplantation. 
Korean J Anesthesiol. (2018) 71:85–91. doi: 10.4097/kjae.2018.71.2.85

 56. Bozbas SS, Bozbas H. Portopulmonary hypertension in liver transplant candidates. 
World J Gastroenterol. (2016) 22:2024–9. doi: 10.3748/wjg.v22.i6.2024

 57. Botha P, Parry G, Dark JH, Macgowan GA. Acute hemodynamic effects of 
intravenous sildenafil citrate in congestive heart failure: comparison of phosphodiesterase 
type-3 and -5 inhibition. J Heart Lung Transplant. (2009) 28:676–82. doi: 10.1016/j.
healun.2009.04.013

 58. Jose A, Shah SA, Anwar N, Jones CR, Sherman KE, Elwing JM. Pulmonary 
vascular resistance predicts mortality and graft failure in transplantation patients with 
portopulmonary hypertension. Liver Transpl. (2021) 27:1811–23. doi: 10.1002/lt.26091

https://doi.org/10.3389/fmed.2023.1142836
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://doi.org/10.1002/hep.24422
https://doi.org/10.1016/j.healun.2016.12.014
https://doi.org/10.1186/s12890-021-01452-3
https://doi.org/10.3389/fmed.2020.569413
https://doi.org/10.1155/2018/9629570
https://doi.org/10.1183/09031936.04.00010904
https://doi.org/10.1002/cld.78
https://doi.org/10.1016/j.jhep.2011.07.005
https://www.uptodate.com/contents/clinical-features-and-diagnosis-of-pulmonary-hypertension-of-unclear-etiology-in-adults
https://www.uptodate.com/contents/clinical-features-and-diagnosis-of-pulmonary-hypertension-of-unclear-etiology-in-adults
https://www.uptodate.com/contents/clinical-features-and-diagnosis-of-pulmonary-hypertension-of-unclear-etiology-in-adults
https://doi.org/10.1001/jamacardio.2016.4471
https://doi.org/10.1183/13993003.02148-2018
https://doi.org/10.1183/13993003.00107-2022
https://doi.org/10.1016/j.chest.2018.09.017
https://doi.org/10.1177/0003319710369101
https://doi.org/10.1136/gut.52.9.1355
https://doi.org/10.1034/j.1600-0676.2001.021002114.x
https://doi.org/10.1136/gut.2005.088633
https://doi.org/10.1164/ajrccm.159.6.9804054
https://doi.org/10.1164/ajrccm.159.6.9804054
https://doi.org/10.1002/lt.500060209
https://doi.org/10.1111/j.1440-1746.2005.03914.x
https://doi.org/10.1111/j.1440-1746.2005.03914.x
https://doi.org/10.1016/j.jhep.2012.01.019
https://doi.org/10.1161/CIRCULATIONAHA.122.059949
https://doi.org/10.1161/CIRCRESAHA.115.303404
https://doi.org/10.3748/wjg.v20.i10.2555
https://doi.org/10.1136/gut.52.9.1355
https://doi.org/10.1177/0003319710369101
https://doi.org/10.1177/0003319710369101
https://doi.org/10.1183/09059180.00007211
https://doi.org/10.1007/s12328-019-00956-0
https://doi.org/10.1093/eurheartj/ehv317
https://doi.org/10.1155/2021/5595614
https://doi.org/10.1016/S2213-2600(19)30091-8
https://doi.org/10.1016/j.healun.2019.12.008
https://doi.org/10.1016/j.jhep.2020.02.021
https://doi.org/10.1177/20458940211020913
https://doi.org/10.1111/imj.14751
https://doi.org/10.1002/jgh3.12820
https://doi.org/10.1016/j.mayocp.2021.05.026
https://doi.org/10.1056/NEJMoa012212
https://doi.org/10.1177/2040622315590757
https://doi.org/10.1002/hep.31164
https://doi.org/10.1097/TP.0000000000003490
https://doi.org/10.4097/kjae.2018.71.2.85
https://doi.org/10.3748/wjg.v22.i6.2024
https://doi.org/10.1016/j.healun.2009.04.013
https://doi.org/10.1016/j.healun.2009.04.013
https://doi.org/10.1002/lt.26091

	Current clinical understanding and effectiveness of portopulmonary hypertension treatment
	1. Introduction
	2. Reasons for the limited knowledge of PoPH
	3. Review of recent literature
	3.1. Controversy in studying PoPH collectively with idiopathic PAH
	3.2. Potential of newer-generation endothelin receptor antagonists and treatment trends in PoPH
	3.3. The role of liver transplantation in patients with PoPH

	4. Future perspectives
	5. Conclusion
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note

	 References



