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ABSTRACT

Portopulmonary hypertension (PoPH), a type of pulmonary arterial hypertension (PAH) in patients with liver disease, is

associated with high morbidity and mortality. The relationship between cardiopulmonary hemodynamics, PAH therapy, and

survival in PoPH remains unclear. We performed a retrospective cohort study of PoPH patients from the international pul-

monary hypertension (PH) meta‐registry, PVRI GoDeep. PAH was defined by a mean pulmonary arterial pressure > 20mmHg,

pulmonary arterial wedge pressure ≤ 15mmHg, and a pulmonary vascular resistance (PVR) > 2 Wood Units. PoPH diagnoses

were assigned by each center's PH specialist based on international guidelines at the time of enrollment. 246 incident

PoPH patients met eligibility criteria and were included in the analysis, equally split between males (51%) and females (49%),

with a median age of 54 years. When compared to both patients with IPAH and those with other subtypes of PAH (not classified

as PoPH or IPAH), those with PoPH had significantly lower 5‐year survival rates (46% vs. 68% vs. 65%, log‐rank p< 0.001).

Amongst the PoPH patients, however, there was no significant difference in 5‐year survival when dichotomized by disease
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severity, either by a PVR of 5 Wood Units or a CI of 2.5 L/min/m2. Treatment of the PoPH patients with PAH‐targeted therapies

was associated with significantly higher 5‐year survival rates compared to those not receiving such treatments, as shown by

Kaplan–Meier analysis. This survival benefit was observed for PDE5i (50% vs. 34%, log‐rank p= 0.029), ERA (58% vs. 34%, log‐

rank p< 0.001), and the combination of PDE5i and/or ERA (51% vs. 22%, log‐rank p< 0.001), as well as any PAH‐targeting

treatment (50% vs. 26%, log‐rank p= 0.007). Corresponding survival advantage was noted when including only PoPH patients

with MELD Score ≥ 13. PoPH is a disease with significantly worse long‐term survival than other PAH subtypes, but targeted

PAH therapy is associated with a robust survival benefit. Survival did not differ across high‐risk PVR and cardiac index

thresholds, suggesting the factors that influence prognosis and survival in PoPH may be unique as compared to other PAH

subtypes, and warrant further investigation.

Research in Context

Evidence Before This Study

Portopulmonary hypertension (PoPH) is a subset of pulmonary

arterial hypertension (PAH) that occurs in patients with un-

derlying liver disease. Previous studies have documented the

high morbidity and mortality associated with PoPH, but the

relationship between hemodynamics, PAH‐targeted therapy,

and outcomes remains poorly defined. Moreover, while PAH

therapies are well established for other PAH subtypes, their

impact on long‐term survival in PoPH is less clear.

Added Value of This Study

This study includes data from a large, multicenter international

registry (PVRI GoDeep) to evaluate outcomes and treatment pat-

terns in a well‐characterized cohort of 246 incident PoPH patients.

It highlights the distinct clinical trajectory of PoPH compared to

other PAH subtypes, including a significantly lower 5‐year survival

rate. Importantly, these findings demonstrate that PAH‐targeted

therapies are associated with a survival benefit in PoPH patients,

irrespective of the severity of hemodynamic impairment, such as

pulmonary vascular resistance (PVR) or cardiac index. These

results suggest that the prognostic factors in PoPH may differ from

other PAH subtypes and underscores the critical role of PAH‐

specific therapies in improving outcomes in this population.

Implications of All the Available Evidence

The findings of this study suggest that PoPH represents a unique

clinical and pathophysiological entity within the spectrum of PAH,

with distinct prognostic factors that may not align with traditional

markers of disease severity in other PAH subtypes. This underscores

the need for further investigation into the mechanisms driving

PoPH prognosis and survival. Clinically, these results support the

use of targeted PAH therapies in PoPH patients to improve long‐

term outcomes, irrespective of initial hemodynamic severity.

1 | Introduction

Portopulmonary hypertension (PoPH) is the third most com-

mon type of precapillary pulmonary arterial hypertension

(PAH), afflicting 5%–6% of all patients with underlying portal

hypertensive liver disease [1–3]. Despite exhibiting the same

histopathologic changes of pulmonary vascular remodeling and

arteriopathy as other PAH subtypes, PoPH patients exhibit

higher mortality and confront greater healthcare disparities as

compared to those with idiopathic PAH (IPAH) [3–5].

Unfortunately, despite this considerable burden of disease, data

concerning the association between cardiopulmonary hemo-

dynamics and clinical outcomes in PoPH is conflicting, even for

hemodynamic variables (pulmonary vascular resistance, PVR,

and cardiac index, CI) that predict survival in IPAH [6–10].

Additionally, PoPH patients have historically been excluded

from the vast majority of randomized controlled trials of PAH

therapeutics, and the precise value of treatment with these

medications in PoPH remains uncertain [3, 11, 12]. To clarify

the relationship between hemodynamic disease severity, tar-

geted PAH therapy, and survival in PoPH, and place these

findings in a global context, we performed an analysis of the

PVRI GoDeep registry, a large international meta‐registry that

integrates and harmonizes multiple individual pulmonary

hypertension (PH) registries.

2 | Methods

2.1 | PVRI GoDeep Registry

The PVRI GoDeep meta‐registry integrates existing interna-

tional pulmonary hypertension (PH) registries, ensuring con-

tinuous updates of both prospective and retrospective data from

integrated local registries [1, 2, 13]. Patient data undergo rig-

orous harmonization and validation before inclusion, with strict

adherence to diagnosis criteria and classification guidelines

[1, 14, 15].

As of July 2024, 22 centers have entered a total of 32,533 pa-

tients into the meta‐registry. Out of these, 246 PoPH patients

with complete hemodynamic data were included in the final

analysis (see patient flow chart, Figure 1), originating from the

PH centers in Giessen (60 PoPH patients), Sheffield (40 pa-

tients), Stanford (31 patients), Baltimore (23 patients), London

(21 patients), Cincinnati (18 patients), Houston (11 patients),

Graz (9 patients), Abu Dhabi (7 patients), Heidelberg (7 pa-

tients), Thessaloniki (6 patients), Kiev (5 patients), Rochester

(5 patients), and Pavia (3 patients). The University of Giessen/

University Hospital Ethics Committee and the responsible local

ethics committees have approved the PVRI‐GoDeep central data

repository (ClinicalTrials.gov; NCT05329714).
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2.2 | Patient and Data Selection

From GoDeep, patients were selected by the following criteria:

age≥ 18 years, PH group 1.4.3 as classified by each local center,

PAH defined by mean pulmonary arterial pressure

(mPAP) > 20mmHg, PVR> 2 Wood Units (WU), and pulmo-

nary arterial wedge pressure (PAWP)≤ 15mmHg [1].

The initial diagnosis time was defined as the first right heart

catheterization confirming PH, corresponding to registry entry

in incident patients. Baseline data covered the period from

1 month prior, to 6 months after, the initial diagnosis. If mul-

tiple data points for the same variable were available, the one

closest to the initial diagnosis was chosen. PoPH and IPAH

diagnoses were determined by each local center's PH specialist

group according to international guidelines at the time of en-

rollment [1, 15]. In addition to the quality control mechanism

established at the various PH referral centers, the central

GoDeep team conducted plausibility and consistency checks,

providing feedback to the referral centers.

2.3 | Statistics

Data were extracted from the database on July 5, 2024, and

analyzed with R version 4.3.3 using the package survival version

3.5.8 [16]. In this data set, missing values were calculated from

other available data whenever possible. Continuous variables

were summarized in tables by median [Q1, Q3]. Groups were

compared using t‐tests, while frequency distributions of cate-

gorical variables were compared by Chi‐squared tests. A patient

was considered to be treated with a medication if at least one

report stated that the respective medication was prescribed to

the patient.

The multivariable Cox proportional hazards models were fit

with the function coxph using data for sex, center, diagnosis

decade, World Health Organization (WHO) functional class,

body mass index (BMI), PVR, mPAP, Model for End‐Stage

Liver Disease (MELD) score, sodium level, and the informa-

tion about treatment with phosphodiesterase‐5 inhibitors

(PDE5i), endothelin receptor antagonists (ERA), agents

addressing the prostacyclin pathway (PGI2, either inhaled,

oral, subcutaneous, or intravenous), soluble guanylate cyclase

stimulators, and prostacyclin receptor agonists. MELD score

was calculated in the standard fashion using serum creatinine,

serum bilirubin, and International Normalized Ratio (INR)

[17]. Sodium was log‐transformed before analysis. Age was

included as a natural spline with 2 degrees of freedom and

center, diagnosis decade, and sex were added as strata. We also

dichotomized the cohort by disease severity, using previously

identified thresholds for high‐risk in PoPH (PVR > 5 Wood

Units, CI < 2.5 L/min/m2), and fitted multivariable Cox pro-

portional hazards models as described above [18, 19]. Missing

data were imputed using the package mice version 3.16.0. All

variables included in the Cox proportional hazards models

were imputed with the exception of treatment information.

The plausibility of the distribution of imputed values was

verified using diagnostic plots (Figure S1).

The proportional hazards assumption was confirmed by diag-

nostic plots of the Schoenfeld residuals, and the fits were checked

for influential data points by diagnostic plots of the deviance

residuals. Statistical significance of the estimated effects of vari-

ables on survival was determined by Type III likelihood‐ratio

tests. The statistical significance of individual coefficient esti-

mates is taken from Wald z‐tests. Landmark analyses were uti-

lized to mitigate potential immortal time bias [20]. Overall, the

following models were calculated: (a) Base model for the unim-

puted data set, adjusted for center, diagnosis decade, and sex as

strata and age, as natural spline with 2 degrees of freedom.

(b) Base model, but additionally using the landmark approach.

(c) Full model using the imputed data set, further adjusted for

WHO functional class, body mass index, mPAP, PVR, MELD

score, and sodium. (d) Full model, using the imputed data set but

including additionally the landmark approach.

FIGURE 1 | Patient flow chart. mPAP=mean pulmonary arterial pressure, PAWP= pulmonary artery wedge pressure, PH= pulmonary

hypertension, PoPH= portopulmonary hypertension, PVR= pulmonary vascular resistance, PVRI = Pulmonary Vascular Research Institute.
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TABLE 1 | Baseline Characteristics.

Overall Missing
N 246 246

Age at diagnosis (years)

Median [Q1, Q3] 54 [47, 61] 0 (0%)

Sex

male 125 (51%) 0 (0%)

WHO FC

I 4 (2%)

II 45 (22%)

III 133 (66%)

IV 19 (9.5%) 45 (18%)

BMI (kg/m²)

Median [Q1, Q3] 29 [25, 34] 33 (13%)

6MWD (m/6min)

Median [Q1, Q3] 340

[250, 410]

76 (31%)

BNP (pg/mL)

Median [Q1, Q3] 130

[38, 290]

99 (40%)

eGFR (mL/min)

Median [Q1, Q3] 88 [61, 99] 17 (6.9%)

Sodium (mmol/L)

Median [Q1, Q3] 140

[140, 140]

20 (8.1%)

ALT (U/L)

Median [Q1, Q3] 25 [17, 39] 18 (7.3%)

Albumin (g/L)

Median [Q1, Q3] 34 [27, 39] 66 (27%)

AST (U/L)

Median [Q1, Q3] 40 [28, 63] 28 (11%)

Total bilirubin (mg/dL)

Median [Q1, Q3] 1.6

[0.94, 2.8]

23 (9.3%)

INR

Median [Q1, Q3] 1.2

[1.1, 1.4]

69 (28%)

DLCO %predicted (%)

Median [Q1, Q3] 59 [49, 69] 104 (42%)

mPAP (mmHg)

Median [Q1, Q3] 47 [38, 55] 0 (0%)

PAWP (mmHg)

Median [Q1, Q3] 10 [8, 12] 0 (0%)

PVR (WU)

Median [Q1, Q3] 7.2 [5, 9.5] 0 (0%)

CO (L/min)

Median [Q1, Q3] 5.2 [4, 6.3] 0 (0%)

(Continues)

TABLE 1 | (Continued)

Overall Missing
N 246 246

CI (L/(min·m²))

Median [Q1, Q3] 2.7

[2.1, 3.3]

13 (5.3%)

CVP (mmHg)

Median [Q1, Q3] 7 [4, 11] 111 (45%)

Heart rate (beats/min)

Median [Q1, Q3] 76

[65, 85]

57 (23%)

Ascites

No ascites 100 (68%)

Yes and refractory to

treatment

15 (10%)

Yes but treatable 31 (21%) 100 (41%)

Underlying liver disease

Alcohol‐related liver

disease

57 (25%)

Autoimmune hepatitis 10 (4.3%)

MASH 8 (3.5%)

Viral hepatitis 29 (13%)

Other 127 (55%) 15 (6.1%)

Liver transplantation

Yes 12 (4.9%) 0 (0%)

MELD

Median [Q1, Q3] 13

[9.3, 18]

77 (31%)

PDE5i

Treated 179 (73%) 0 (0%)

ERA

Treated 124 (50%) 0 (0%)

sGC stimulators

Treated 15 (6.1%) 0 (0%)

PGI2

Treated 56 (23%) 0 (0%)

PRA

Treated 16 (6.5%) 0 (0%)

PDE5i & ERA

Treated 98 (40%) 0 (0%)

ERA & PGI2

Treated 23 (9.3%) 0 (0%)

PDE5i & PGI2

Treated 49 (20%) 0 (0%)

PDE5i & ERA & PGI2

Treated 21 (8.5%) 0 (0%)

(Continues)
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Sensitivity analyses were performed by estimating Heller Ex-

plained Relative Risk, as well as by adding and removing

individual covariables and groups of covariables to the base and

from the full Cox model, respectively.

3 | Results

3.1 | Baseline Characteristics

Out of 32,533 enrolled patients, a total of N=246 incident

PoPH patients met eligibility criteria and were included in the

subsequent analyses (Figure 1). The median age of the cohort was

54 years, equally distributed between male (51%) and female (49%),

with the majority exhibiting World Health Organization Functional

Class (WHO‐FC) III symptoms (66%) at time of study entry

(Table 1). The enrollment period spanned from 1990 to 2024, with

most patients (52%) being enrolled in the decade 2010 to 2020. The

median body mass index (BMI) was elevated at 29 kg/m2. Func-

tional capacity was impaired with a median 6‐min walk test

(6MWT) distance of 340m. As expected of a PoPH cohort, baseline

total bilirubin was elevated (median 1.6mg/dL, interquartile range

[0.94, 2.8]), MELD score was elevated (median 13, interquartile

range [9.3, 18]), but transaminase levels were normal and renal

function at baseline was only slightly diminished (median eGFR

88mL/min, interquartile range [61, 99]). Among the included pa-

tients with available data on comorbidities or diagnoses, 31% had

ascites, and alcohol‐related liver disease was the most common

etiology (25%), followed by viral hepatitis (13%). 211 patients (86%)

received PH‐targeted therapy, including 179 (73%) treated with

PDE5 inhibitors and 124 (50%) with ERAs, while 56 (23%) received

prostacyclins—administered inhaled, orally, or parenterally–and 15

(6.1%) sGC stimulators (15, 6.1%).

The median follow‐up time was 2.9 [0.7, 5.1] years. During the

follow‐up period, 12 patients (4.9%) underwent liver transplanta-

tion, at which point they were censored. Lung transplantation,

considered an event (i.e., lung‐transplant‐free survival), was rare,

occurring in four patients.

Consistent with a PAH cohort, baseline pulmonary function

testing excluded obstruction (median ratio of forced

expiratory volume at 1 s to forced vital capacity [FEV1/FVC]

of 0.75, interquartile range [0.70, 0.81]) and restriction

(median total lung capacity [TLC] of 96% of predicted, in-

terquartile range [85%, 110%]), but a diffusion capacity lim-

itation for carbon monoxide (DLCO) was observed at baseline

(median DLCO 59% of predicted, interquartile range [49%,

69%]). The cohort had severe PoPH at baseline, with a median

mPAP of 47 mmHg (interquartile range [38, 55]; only one

patient with mPAP > 20 and < 25 mmHg according to the

extended PH guideline definition), a median PVR of 7.2 Wood

Units (interquartile range [5, 9.5]), and a median CI of 2.7 L/

min/m2 (interquartile range [2.1, 3.3]). As expected for pa-

tients with underlying liver disease, this included low

(CI < 2 L/min/m2), medium (CI 2–4 L/min/m2) and high

(CI > 4 L/min/m2) CI hemodynamic patterns, without major

differences in Kaplan–Meier survival curves between these

hemodynamic groups (Figure S2). The majority of the cohort

(86%) was ultimately treated with targeted PAH therapy.

Further demographic and clinical characteristics of the

cohort, stratified by hemodynamic disease severity and

treatment characteristics, are listed in Table S1.

3.2 | Survival Outcomes and Impact of
PAH‐Targeting Therapy in PoPH

When compared to both patients with IPAH and those with

other subtypes of PAH (not classified as PoPH or IPAH), those

with PoPH had significantly lower 5‐year survival rates

(46% vs. 68% vs. 65%, log‐rank p< 0.001, Figure 2a), though

the median PVR of the PoPH group was, on the average, lower

than the median PVR of the entire PAH group excluding

PoPH (7.2 WU [5.0, 9.6] vs. 8.4 WU [4.9, 12.9]). Amongst the

PoPH patients, however, there was no significant difference in

5‐year survival when dichotomized by disease severity, either

by a PVR of 5 Wood Units (42% vs. 47%, log‐rank p= 0.538,

Figure 2b) or a CI of 2.5 L/min/m2 (52% vs. 42%, log‐rank

p= 0.167, Figure 2c).

In the PoPH cohort, treatment with PAH‐targeted therapies

was associated with significantly higher 5‐year survival rates

compared to those not receiving such treatments, as

shown by Kaplan‐Meier analysis. This survival benefit was

observed for PDE5i (50% vs. 34%, log‐rank p = 0.029), ERA

(58% vs. 34%, log‐rank p < 0.001), and the combination of

PDE5i and/or ERA (51% vs. 22%, log‐rank p < 0.001), as well

as any PAH‐targeting treatment (50% vs. 26%, log‐rank

p = 0.007, Figure 3). To account for potential confounders,

multivariable Cox regression analyses were conducted to

calculate adjusted hazard ratios (Figure 4). The base model,

which adjusted for age, sex, diagnosis decade, and PH expert

center, demonstrated a significant association between

PAH‐targeted therapies (PDE5i, ERA, PDE5i and/or ERA, or

any PAH‐targeting treatment) and reduced hazard ratios

(Figure 4).

After addressing potential immortal time bias through land-

mark analysis, the reduction in hazard ratios was confirmed.

However, statistical significance was reached only for PDE5i,

PDE5i and/or ERA, and any PAH‐targeting treatment, but not

for ERA monotherapy (Figure 4). This robust association

TABLE 1 | (Continued)

Overall Missing
N 246 246

One or more PH drugs

Treated 211 (86%) 0 (0%)

Note: Patient characteristics for PoPH patients at baseline.
Abbreviations: 6MWD= 6‐minute6‐min walk distance, ALT = alanine
aminotransferase, AST = aspartate aminotransferase, BMI = body mass index,
BNP = B‐type natriuretic peptide, CI = cardiac index, CVP = central venous
pressure, CO= cardiac output, DLCO %predicted = diffusing capacity of the lung
for carbon monoxide percent predicted, eGFR= estimated glomerular filtration
rate, ERA= endothelin receptor antagonists, INR = International Normalized
Ratio, MASH = metabolic dysfunction‐associated steatohepatitis, MELD = Model
of End Stage Liver Disease, mPAP = mean pulmonary arterial pressure,
PAWP = pulmonary arterial wedge pressure, PDE5i = phosphodiesterase‐5
inhibitors, PGI2 = prostaglandin I2 and its analogs (inhaled or parenteral),
PoPH = portopulmonary hypertension, PRA = Prostacyclin receptor agonists,
PVR = pulmonary vascular resistance, sGC = soluble guanylate cyclase, WHO
FC = WHO functional class, WU = Wood Units.
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between PAH‐targeted therapies and improved survival was

further corroborated in the full‐model landmark analysis,

further adjusting for pulmonary hemodynamics, MELD score,

and sodium.

We next examined whether the significant reduction in hazard

ratios associated with PAH‐targeting therapies persisted in pa-

tients with severe underlying liver disease, defined as a high

MELD score (≥ 13 points). The full model, accounting for key

confounders, demonstrated hazard ratio reductions of 0.496

[0.349, 0.704] (p< 0.001) for PDE5i, 0.231 [0.117, 0.457]

(p< 0.001) for ERA, 0.536 [0.289, 0.995] (p= 0.048) for PDE5i

and/or ERA, and 0.440 [0.291, 0.664] (p< 0.001) for any PAH‐

targeting therapy.

3.3 | Sensitivity Analyses

Sensitivity analyses using the full imputed model and land-

mark approach, which assessed the impact of adding or re-

moving individual variables from the full proportional

hazards model, confirmed the robustness of a protective

effect of PAH‐targeted therapies (PDE5i therapy, combined

PDE5i and ERA therapy) on survival in PoPH patients

(Figure 5). Additionally, the benefit of PAH‐targeted thera-

pies was supported by Heller's explanation of relative risk

scores.

4 | Discussion

In this international cohort study of PH patients, we validated

the distinct risk profile of PoPH and demonstrated a strong

association between PAH‐targeted therapies and improved

survival. Our findings indicate that: (i) PoPH patients exhibit

significantly lower 5‐year survival rates compared to the general

PAH population, (ii) commonly used PoPH severity thresholds

(i.e., PVR> 5 WU; CI < 2.5 L/min/m2) do not effectively iden-

tify patients at increased mortality risk in this highly treated

cohort, as shown by Kaplan–Meier analyses, (iii) PAH‐targeted

therapies provide a robust protective effect on survival in PoPH,

and (iv) these therapies are associated with improved hazard

ratios even in patients with severe liver disease, as reflected by

high MELD scores.

FIGURE 2 | Kaplan–Meier analysis by PH group and hemodynamic severity. Kaplan–Meier survival estimates with 95% confidence bands.

(a) PoPH patients compared to PAH and IPAH patients contained in the PVRI‐GoDeep meta‐registry. (b) PoPH patients stratified by hemodynamic

severity, defined as a PVR> 5 WU. (c) PoPH patients stratified by hemodynamic severity, defined as a CI < 2.5 L/min/m2. IPAH= idiopathic pulmonary

arterial hypertension, PAH=pulmonary arterial hypertension, PH=pulmonary hypertension, PoPH=portopulmonary hypertension, WU=Wood Units.
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In our cohort, PoPH patients exhibited significantly worse

long‐term survival compared to IPAH patients or the average

across PAH groups. However, high‐risk features such as

PVR > 5 WU or CI < 2.5 L/min/m2 were not associated with

worse survival in PoPH patients, which differs from most

other PAH groups. Survival reported in the PVRI GoDeep

meta‐registry aligns with findings from other PoPH registries

in the United States, France, and the United Kingdom, which

collectively report a median 5‐year survival of 35‐50% in

PoPH [6–8]. Some of these registry studies identified an

association between diminished CI and/or elevated PVR and

increased mortality in PoPH [7, 19], but others failed to val-

idate this relationship [8–10]. CI was strongly associated with

PoPH survival in previous analyses of the United States

Veterans Affairs right heart catheterization database [19] and

the French National Center for PAH [7]. However, these

cohorts were predominantly treatment‐naïve, with PAH‐

targeted therapies used in only 14.5% and 29.2% of patients,

respectively. In contrast, in cohorts more comparable to

ours—where the majority of PoPH patients received PAH‐

targeted therapy—CI and other cardiopulmonary hemo-

dynamics were not associated with mortality, and no con-

sistent relationships between hemodynamics and survival

were observed [8–10]. We thus hypothesize that this dis-

crepancy reflects the protective effect of PAH‐targeted

therapy in PoPH. In treatment‐naive PoPH population, car-

diopulmonary hemodynamics likely play a significant role in

predicting survival and outcomes alongside hepatic dys-

function. However, in the presence of targeted PAH therapy,

this association is mitigated, and the primary determinant of

outcomes in PoPH patients with treated and well‐controlled

pulmonary vascular disease shifts to the severity of the un-

derlying liver disease. This dichotomy, along with our find-

ings, underscores the importance of the current approach to

PoPH management: prioritizing a reduction in clinical risk

and controlling pulmonary vascular disease severity, while

also considering liver transplantation in well‐controlled

PoPH patients [1, 18].

While the beneficial effects of targeted PAH therapy on

cardiopulmonary hemodynamics, functional capacity, and

exercise tolerance in PoPH patients have long been recog-

nized [21, 22], our findings are the first to provide crucial

evidence for a survival benefit of PAH‐targeted therapy in

PoPH. Notably, we observed a strong protective effect of

PAH‐targeted therapies on PoPH survival, which persisted

after multivariable adjustment, including adjustments for

pulmonary hemodynamics and liver disease severity, and

was further confirmed through in‐depth sensitivity analyses.

This is particularly valuable given the conflicting results of

FIGURE 3 | Kaplan–Meier analysis by treatment. Kaplan–Meier survival estimates with 95% confidence bands stratified by (a) PDE5i treatment,

(b) ERA treatment, (c) PDE5i and/or ERA treatment, and (d) any PAH‐targeted treatment for PoPH patients. ERA= endothelin receptor antagonists;

PDE5i = phosphodiesterase‐5 inhibitors; PoPH= Portopulmonary hypertension.
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FIGURE 4 | Cox proportional hazard models. Hazard ratios for patients with specific treatment compared to patients without the specific treatment

from Cox proportional hazards models for the PoPH patients. The diagrams show the estimates with 95% confidence intervals. The p‐values are from

Wald z‐tests. (a) Results from the base‐model for the unimputed data set. Additional to treatment, the model is adjusted for center, diagnosis decade and

sex as strata and age, as natural spline with 2 degrees of freedom. (b) Results from the base model, but additionally using the landmark approach.

(c) Results from the full model using the unimputed data set similar to (a). The model is additionally adjusted for WHO functional class, body mass

index, mPAP, PVR, INR, ALT, AST, eGFR, and sodium. All lab values were log‐transformed. (d) Results from the full model similar to (c) using the

imputed data set. (e) Results from the full model, using the imputed data set similar to (d) but including additionally the landmark approach. ALT=

alanine transaminase, AST= aspartate aminotransferase, eGFR= estimated glomerular filtration rate, ERA= endothelin receptor antagonists, HR=

hazard ratio, INR= international normalized ratio, mPAP=mean pulmonary arterial pressure, PDE5i = phosphodiesterase‐5 inhibitors, PoPH=Por-

topulmonary hypertension, PVR= pulmonary vascular resistance, lower/upper = lower and upper limits of the 95% confidence interval of the HR.

8 of 12 Pulmonary Circulation, 2025

 2
0
4
5
8
9
4
0
, 2

0
2
5
, 3

, D
o
w

n
lo

ad
ed

 fro
m

 h
ttp

s://o
n
lin

elib
rary

.w
iley

.co
m

/d
o
i/1

0
.1

0
0
2
/p

u
l2

.7
0
1
2
1
 b

y
 T

est, W
iley

 O
n
lin

e L
ib

rary
 o

n
 [1

4
/0

7
/2

0
2
5
]. S

ee th
e T

erm
s an

d
 C

o
n
d
itio

n
s (h

ttp
s://o

n
lin

elib
rary

.w
iley

.co
m

/term
s-an

d
-co

n
d
itio

n
s) o

n
 W

iley
 O

n
lin

e L
ib

rary
 fo

r ru
les o

f u
se; O

A
 articles are g

o
v
ern

ed
 b

y
 th

e ap
p
licab

le C
reativ

e C
o
m

m
o
n
s L

icen
se



F
IG

U
R
E
5

|
L
eg
en

d
o
n
n
ex
t
p
ag
e.

9
o
f
1
2

 20458940, 2025, 3, Downloaded from https://onlinelibrary.wiley.com/doi/10.1002/pul2.70121 by Test, Wiley Online Library on [14/07/2025]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License



prior retrospective studies [6–10]. Reassuringly, the observed

survival benefit was also independent of the specific thera-

peutic agent used, which is notable given the limited evi-

dence from randomized controlled studies supporting PAH

therapy in PoPH [11, 12] and the restricted geographic

availability of certain PAH therapeutics [23]. Our results also

align with current guidelines recommending targeted PAH

therapy for all PoPH patients [1, 24], and together suggest

that such therapies may be an effective means to improve

survival in this high‐risk group.

Despite being one of the largest retrospective studies of

PoPH patients and benefiting from the international, multi-

center scope of the PVRI GoDeep meta‐registry, our study has

several limitations. First, while PoPH was defined by each

participating specialty center, direct portal pressure measure-

ments were not captured. This introduces the possibility that

some PoPH patients may have had a different etiology of PAH,

potentially influencing our findings [1]. Second, although the

PVRI GoDeep meta‐registry includes an international cohort,

data from non‐US and non‐European centers were limited,

restricting the generalizability of our findings to other regions.

A further limitation of the study is that only 14% of the study

population was untreated, resulting in a relatively small com-

parison group. Additionally, the potential for treatment selec-

tion bias cannot be fully excluded, and unmeasured patient

characteristics may have influenced both treatment decisions

and outcomes. Lastly, missing data may have introduced bias

into our analyses.

In conclusion, this analysis from an international PH meta‐

registry supports the classification of PoPH as a high‐risk PAH

subtype, with one of the poorest long‐term survival rates among

all PAH groups. Our findings demonstrate a robust survival

benefit from PAH‐targeted therapy in this population, while

showing no prognostic value for high‐risk hemodynamic

thresholds (i.e., PVR, CI) in well‐treated PoPH patients. These

results align with current PAH guidelines, which advocate for

the use of targeted PAH therapy in all PoPH patients and

consideration of liver transplantation in those with well‐

controlled disease. Moreover, our findings identify prognostic

and management factors unique to PoPH compared to other

PAH subtypes, supporting the use of targeted PAH therapies as

a strategy to improve survival in this high‐risk and historically

underserved population while underscoring the need for further

investigation to refine screening, diagnosis, and treatment

strategies.
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