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a  b  s  t  r  a  c  t

Background  and  aims:  Portopulmonary  hypertension  (POPH)  hampers  survival  of  patients  with  cirrhosis
and  portal  hypertension  and may  preclude  liver  transplantation  (LT).  Management  of such  patients  with
oral pulmonary  vasoactive  drugs  (PVD)  has  not been  standardized.  Our  aim  was  to  assess  the  efficacy  and
safety of  oral  PVD  for  management  of POPH.
Methods:  All  patients  treated  by oral  PVD  (bosentan,  ambrisentan,  sildenafil,  tadalafil)  for  POPH  were
retrospectively  studied.  Significant  response  was  defined  for the  patients  who  reached  the  following
LT  eligibility  criteria:  mean  pulmonary  artery  pressure  (MPAP)  <35  mmHg  or  MPAP  between  35  and
50  mmHg  with  pulmonary  vascular  resistance  (PVR)  <250  dyn  s cm−5.
Results:  20  patients  were  followed  for  38  (19–57)  months.  Oral  PVD  improved  MPAP  (−8 [−19,  +2]  mmHg),
PVR  (−201  [–344,  –68]  dyn  s cm−5) and  6-min  walk  distance  (+52 [−51,  +112]  m).  Fifty-three  per-
cent of evaluable  patients  reached  eligibility  to  LT  criteria,  of  whom  5  were  transplanted.  Baseline
MPAP  > 51  mmHg  and/or  PVR  > 536 dyn  s cm−5 predicted  non  response  to treatment.  Five-years  survival
was  53%. No  worsening  of  cirrhosis  or serious  adverse  effect  was  recorded.
Conclusion:  Oral  pulmonary  vasoactive  drugs  are  safe in cirrhotic  patients  with  POPH.  These  treatments
improved  hemodynamic  conditions  allowing  patients  access  to  liver  transplantation  eligibility.

© 2016  Editrice  Gastroenterologica  Italiana  S.r.l.  Published  by Elsevier  Ltd.  All  rights  reserved.

1. Introduction

Portopulmonary hypertension (POPH) is an uncommon and
severe complication of portal hypertension most frequently asso-
ciated with cirrhosis. POPH is defined by the association of portal
hypertension and pulmonary artery hypertension (PAH) according
to hemodynamic criteria assessed by right-heart catheteriza-
tion [1]: mean pulmonary artery pressure (MPAP) ≥25 mmHg,
pulmonary vascular resistance (PVR) ≥240 dyn s cm−5 and a pul-
monary capillary wedge pressure (PCWP) ≤15 mmHg. POPH
accounts for 7–10% of cases of PAH [2], occurs in 1–6% of patients
with portal hypertension [3] and up to 10% of patients awaiting
liver transplantation [4]. Prognosis of patients with cirrhosis and
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portal hypertension is largely hampered by POPH, as five-year sur-
vival is 14% without treatment [5]. Moreover, patients with POPH
have a higher risk of death than patients with other forms of PAH
[6]. Liver transplantation (LT) was suggested as an attractive treat-
ment because it can cure the underlying liver disease [1]. Yet PAH
increases post-transplant mortality because of the high surgical risk
linked to right-heart failure [1], with higher mortality in patients
with the more severe POPH [5]. Swanson et al. have shown that
5-year survival was only 25% in patients who  underwent LT alone
and 45% when they received only medical treatment; associating
prior POPH medical therapy to LT improved 5-year survival to 67%
[5].

By associating vasodilatation, anti-platelet effect and vascular
remodeling, prostacyclin analogues such as epoprostenol, trepros-
tinil and inhaled iloprost are classically used for idiopathic PAH
[7]. Their use was extended for the management of POPH in
patients with cirrhosis and in liver transplant recipients. Recently,
Awdish et al. have shown that early initiation of intravenous
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prostacyclin improved 5-year survival to 71% [8]. In PAH, the
recent development of pulmonary vasoactive drugs (PVD) such
as endothelin receptors antagonist (ERA) and 5-phosphodiesterase
inhibitor (PDI) made it possible to circumvent complications and
compliance issues related to long-term use of intravenous and
inhaled therapies. Bosentan [9] or Ambrisentan [10] have shown
satisfactory results for treatment of idiopathic PAH. Adding silde-
nafil to epoprostenol improved hemodynamic measurements and
quality of life [11]. However, because of restrictive inclusion crite-
ria in clinical trials, little information is available regarding the use
of these new therapeutic options, alone or in combination, in the
setting of cirrhosis and liver transplantation.

The aim of this study was to report the efficacy and safety of
oral treatments of PAH in patients with POPH and cirrhosis. Spe-
cial attention was paid to the impact of these treatments on liver
transplantation accessibility.

2. Material and methods

2.1. Patients

All patients referred to the liver diseases or cardiology
department between 2005 and 2015 for evaluation and manage-
ment of POPH were retrospectively screened. POPH was defined
as the association of portal hypertension, MPAP ≥25 mmHg,
PVR ≥ 240 dyn s cm−5 and PCWP < 15 mmHg  evaluated by right-
heart catheterization. Portal hypertension was defined by the
presence of endoscopic or radiologic signs, such as esophageal or
gastric varices, splenomegaly, ascites, portosystemic shunts. All
patients who were treated with oral PVD as endothelin recep-
tors antagonists (Bosentan or Ambrisentan), 5-phosphodiesterase
inhibitors (Sildenafil or Tadalafil), alone, in combination of oral
treatment, or in addition to eproprostenol infusion, were included.
Patients with other causes of PAH were excluded by chest CT,
pulmonary function tests, lung scintigraphy, HIV serology, autoim-
munity tests.

Clinical and biological data were collected (ascites, gastro-
esophageal varices, hepatic encephalopathy, bilirubin, albumin,
INR, prothrombin time, Child-Pugh class, MELD score) at baseline
and after oral PVD initiation. Survival, adverse events, complica-
tion of cirrhosis, hospitalization and treatment modification were
recorded from the introduction of oral PVD to March 2015.

2.2. Evaluation of response to oral PVD

Baseline criteria were recorded: 6-min walking distance (6-
MWD), spirometry, NTpro-BNP. Baseline hemodynamic data were
assessed by right-heart catheterization.

Clinical and biological data (6-MWD, NTpro-BNP) were collected
after oral PVD initiation, as well as hemodynamic data, assessed by
mean echocardiography or right-heart catheterization, every six to
twelve month during follow-up.

2.3. Treatment endpoints

Primary outcome measure was the change in RVP and cardiac
index between initiation of treatment and the end of follow-up.
Secondary outcome measure was change of 6-MWD  and NTpro-
BNP.

To assess treatment efficacy with a clinically relevant endpoint
in the setting of patients with cirrhosis, we considered “Response
to treatment” if the patient had reached the following liver trans-
plantation eligibility criteria for POPH [12]: MPAP < 35 mmHg  or
35 ≤ MPAP < 50 mmHg  with PVR < 250 dyn s cm−5 with therapy.

Table 1
Demographic and biological data for the 20 patients.

Male/female 13/7
Age (years) 51 [48–59]
BMI  (kg/m2) 27.3 [23.5–30.3]
Child Pugh (n (%))

A  8 (40)
B  10 (50)
C  2 (10)

MELD score 12 [9–14]
Bilirubin (�mol/l) 37 [20–58]
INR 1.33 [1.19–1.55]
Albumin (g/l) 35 [32.2–37.3]
Creatinine (�mol/l) 71 [60–90]

Results are expressed as n or median (25th–75th percentile).

2.4. Statistical analysis

Results are expressed as percentage or median and Interquartile
Range (IQR). Correlations between quantitative variables were esti-
mated using Spearman’s rank correlation coefficient. Comparisons
between groups were performed using the �2 test, Fisher’s exact
test, and the Wilcoxon test as appropriate. A p value <0.05 was con-
sidered statistically significant. Optimal cutoffs were determined
using receiver operating characteristic (ROC) curves. Statistical
analysis was  performed using JMP® software version Pro 11.0 (SAS,
Cary, NC).

3. Results

3.1. Patients

Twenty patients with POPH treated orally were referred to our
center during the study period. Demographic data are shown in
Table 1. All patients have cirrhosis. The etiology of cirrhosis was
alcoholic liver disease (ALD) for 13 (65%) of them, association of ALD
and non-alcoholic fatty liver disease (NAFLD) for 3 (15%), hepatitis
C virus (HCV) for 2 (10%), association of ALD and HCV for 1 (5%) and
autoimmune hepatitis (AIH) for 1 (5%). Twenty percent of patients
had a MELD score >16. Four patients had refractory ascites, 5 had
hepatic encephalopathy, and 10 had medium or large varices.

Ten patients (50%) had liver transplantation indication accord-
ing to international guidelines [13]: 5 (50%) for hepatocellular
carcinoma, 3 (30%) for refractory ascites, 1 (10%) for chronic hepatic
encephalopathy and 1 (10%) for severe liver failure.

Median follow-up from diagnosis of POPH was 38 months
[19–57].

3.2. Baseline characteristics

Characteristics at first evaluation for POPH, assessed by right-
heart catheterization for 20 included patients, are shown in Table 2.
One patient did not have right-heart catheterization before initia-
tion of treatment because of the initial severity of liver failure and
was treated based on the obvious POPH at first cardiac echogra-
phy. This patient was excluded from the efficacy analysis but not
from the tolerance and survival analysis. Median time for second
evaluation by right-heart catheterization was 3 months [1–5].

Median MPAP was 44 mmHg  [39–51], PCWP was 11 mmHg
[8–13] and PVR was 480 dyn s cm−5 [312–604]. Dyspnea accord-
ing to NYHA scale was 3 for 65% of patients, 2 for 20% and 15%
of patients did not complain of dyspnea. Median arterial pressure
in oxygen (PaO2) was 77 mmHg  [62–80] and 7 patients had PaO2
≤75 mmHg.

Hemodynamic profile was not different between patients with
or without LT indication.
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Table  2
Characteristics at baseline and at the last hemodynamic evaluation of portopulmonary hypertension.

Baseline Last follow-up Median change after treatment
p-value

MPAP (mmHg) 44 [39–51]a 40 [29–47]b −8 [−19, +2] 0.01
Cardiac  Index (L min−1 m−2) 5.6 [4.3–6.7]a 6.7 [5.2–7.9]b +0.95 [+0.14, +2] 0.002
PVR  (dyn s cm−5) 480 [312–604]a 284 [212–455]b −201 [–344,–68] <0.0001
PWCP  (mmHg) 11 [8–13]a 11 [9–13]b −1 [−4, +5] 0.5
6-MWD  (m)  415 [335–451] 406 [330–464] +52 [−51, +112] 0.1
NT-proBNP (ng mL−1) 267 [136–671] 117 [56–198] −164 [−608, +42] 0.005

Results are expressed as median (25th–75th percentile).
a For 19 patients (initial right-heart catheterization was  not performed in 1 patient).
b For 18 patients (follow-up right-heart catheterization was  not performed in 2 patients). MPAP: mean pulmonary artery pressure; PVR: pulmonary vascular resistance;

PWCP: pulmonary wedge capillary pressure; 6-MWD: 6-min walking distance.

3.3. Efficacy of oral therapies for POPH

Ten patients were treated with sildenafil (50%), 5 with bosentan
(25%), 3 with the association of bosentan and sildenafil (15%), 1 with
the association of bosentan and tadalafil (5%) and 1 with ambrisen-
tan (5%). Two  patients had associated IV epoprostenol treatment
during their management.

Evolution of hemodynamic, biological and clinical parameters
after medical treatments is shown in Table 2. Two patients were
followed by echocardiography only and did not have right-heart
catheterization after oral treatment initiation. These patients were
excluded from the efficacy analysis but not from the tolerance and
survival analysis.

With oral therapies, 9 of the 17 (53%) initial patients with follow-
up cardiac catheterization data had reached liver transplantation
eligibility criteria [12] and were considered responder; median
time of treatment to achieve eligibility for LT was  12 months [1–24];
median time of second right-heart catheterization was 3 months
[1–5]; non responders were evaluated more rapidly than respon-
ders (1 month [1–3] versus 5 months [3–6]). Thirty-five per cent
of evaluable patients have MPAP decrease of at least 30%, and 64%
have PVR decrease of at least 30%.

In non responders PVR decreased by 140 dyn s cm−5 [−332,
−57], p = 0.01, as well as their cardiac index by 1.3 L min−1 m−2

[−2, −0.3], p = 0.02, and NTproBNP by 194 ng ml−1 [−1002, +44],
p = 0.04. However, MPAP was similar at baseline and after treatment
initiation: 49 mmHg  [43–58] versus 45 [41–56], p = 0,4.

3.4. Predictive factors of response to treatment

Baseline MPAP was lower in responders than non-responder
patients (40 mmHg  [38–46] vs. 49 mmHg  [43–58]), p = 0.04, as
shown in Table 3. A baseline MPAP cut-of of 51 mmHg  could predict
the response to treatment with a sensibility and a negative predic-
tive value of 100%, a specificity of 50% and a positive predictive value
of 69% (area under the curve = 0.79). Baseline PVR was  lower in
responders (464 dyn s cm−5 [291–513] vs. 557 [437–804], p = 0.04).
A baseline PVR cut-off of 536 dyn s cm−5 could predict the response
to treatment with a sensitivity of 89%, a negative predictive value of
83%, a positive predictive value of 73% and a specificity of 63% (area
under the curve = 0.73). Among patients with MPAP > 51 mmHg, all
have PVR > 536 dyn s cm−5, and no one was considered as respon-
der. There was no difference in the severity of underlying liver
disease estimated by Child-Pugh class and MELD score between the
two groups. Among the 17 evaluable patients, response probability
was not different depending on the PVD used.

3.5. Liver transplantation and survival

The overall flow-chart is shown in Fig. 1. Among the ten patients
who had LT indication, 3 were not listed for LT because they did not

Table 3
Baseline Predictive factors of response to oral PVD in 17 patients who  underwent
initial and follow-up right-heart catheterization.

Non
responders
(n = 8)

Responders
(n = 9)

p

Male/Female (n) 5/3 6/3 0.4
Age  (years) 52 [47–60] 51 [49–60] 1
Etiology of cirrhosis

ALD 4 7 0.4
ALD + NAFLD 1 2
HCV 1
ALD + HCV 1
AIH 1

Child Pugh score 7 [6–8] 7 [5–10] 0.5
MELD score 11 [10–13] 12 [9–17] 0.6
BMI  (kg/m2) 26.6 [21.3–29.6] 28.3 [25.5–33.7] 0.1
MPAP (mmHg) 49 [43–58] 40 [38–46] 0.04
PVR  (dyn s cm−5) 557 [437–804] 464 [291–513] 0.04
Cardiac Index (L min−1 m−2) 5.2 [4.3–6.7] 5.8 [4.9–7.2] 0.3
NT-proBNP (ng mL−1) 505 [132–1200] 205 [98–374] 0.1

Results are expressed as n or median (25th–75th percentile). ALD: alcoholic liver
disease, NAFLD: non alcoholic fatty liver disease, HCV: hepatitis C liver disease, AIH:
auto immune hepatitis. PVR: pulmonary vascular resistance.

reach LT eligibility criteria since they had MPAP > 35 mmHg and
PVR > 250 dyn s cm−5 after treatment. Six patients with LT indica-
tion were considered as responders to oral PVD and were listed for
LT; 5 were transplanted and 1 patient died from a septic shock wait-
ing for LT. One patient was listed and had LT despite not fulfilling
LT eligibility criteria. This decision was made upon multidisci-
plinary approach, given the significant improvement of POPH, the
comforting cardiac function at echography, the young age and the
concurrent liver failure.

Among the 9 patients who reached LT eligibility criteria, 5 have
been transplanted during the study period. Four patients were not
listed for LT and not transplanted: 3 of them because they had no
indication for LT and one because he has cardiologic contraindica-
tion for LT (unrelated to POPH). Among these 4 patients without LT,
1 died from a lung cancer, 1 from a rapidly progressive hepatocel-
lular carcinoma, 1 from a septic shock, and 1 was still alive at the
end of the study.

All transplanted patients continued oral PVD after LT (3 patients
with sildenafil alone, 1 with bosentan and eproprostenol, 1 with
association of sildenafil and ambrisentan, 1 with the association
of bosentan and tadalafil). Three of them were weaned from PVD
treatment following LT after a median of 24 months [10–25], oth-
ers remained stable on therapy. Median MPAP, PVR and CI after
LT were respectively 23 mmHg [18–36], 196 dyn s cm−5 [176–354],
and 5.2 L min−1 m−2 [4.5–6.7]. Median follow-up after LT was 41
months [5–80]. One transplanted patient died 2 months after LT
from a septic shock.

Eight patients included for efficacy analysis did not reach LT eli-
gibility criteria and were considered as non responders. Among
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Fig. 1. Flow-chart of patients treated with oral pulmonary vasoactive drugs for portopulmonary hypertension between 2005 and 2015.

them 4 had LT indication: 1 had LT as previously described; for
the 3 others patients, POPH treatment was not burdened because
two of them had progressive HCC outside Milan criteria and one
improved liver function and had no longer LT indication. Among
the 4 patients considered as non responders who had no LT indica-
tion, 2 were still alive and being followed at the end of study, and
2 died from acute heart failure and acute-on-chronic liver failure.

Among the three patients who were not included in efficacy
analysis because of lacking of hemodynamic data, one was still alive
at the end of the study, two died during follow-up, 1 from a lung
cancer and 1 from unknown cause.

Detailed data describing patients at baseline, and after initiation
of PVD, eligibility to LT and survival are shown in Table 4.

As shown in Fig. 2, survival rates were 85% at 12 months, 70% at
24 months, 65% at 36 months, 53% at 48 and 60 months and 35% at
96 months.

There was no difference in survival between responders and
non-responders to oral PVD.

Fig. 2. Survival curves (Kaplan–Meier estimate) of patients orally treated for por-
topulmonary hypertension.

3.6. Tolerance of oral therapies for POPH

Only two patients had to switch from bosentan to sildenafil, one
of them for nausea, and one for moderate cytolysis.

No patient had worsening or onset of ascites or variceal hem-
orrhage during the period of treatment. Bilirubin was similar
between baseline and after oral PVD (37 �mol/L [20–58] versus 26
[23–36], p = 0.1), as well as prothrombin time (67% [56–74] versus
66 [49–75], p = 0.2), and creatinine (71 �mol/L [60–97] versus 80
[61–96], p = 0.4). Continuation of oral PVD after LT was well toler-
ated without further adverse event. Immunosuppressive regimen
did not have to be modified.

4. Discussion

Our retrospective study report a significant cohort of patients
treated by oral therapies for POPH and suggest that this strategy is
safe and effective: (1) oral treatments significantly improved hemo-
dynamic and clinical parameters, leading to response according to
liver transplantation eligibility criteria (MPAP lower than 35 mmHg
or 35 ≤ MPAP < 50 mmHg with PVR lower than 250 dyn s cm−s) in
53% of patients, (2) oral therapies were well tolerated and no serious
side effects have been reported. Among patients with indication for
LT and who  reached LT eligibility criteria, 83% were transplanted.
Overall survival was  53% at 5 years and 35% at 8 years.

There is no consensus on the specific management of POPH
and treatment are inspired by PAH guidelines [7]: intravenous
epoprostenol is reserved for most severe forms of disease,
endothelin receptor antagonists, as bosentan or ambrisentan, and
phosphodiesterase type-5 inhibitors as sildenafil or tadalafil are
reserved for less severe forms. Intravenous epoprostenol was  the
first treatment used in management of POPH [5]. Awdish et al. [8]
have shown that early initiation of epoprostenol made it possi-
ble to improve 5-year survival and reduce LT indication. However
treatment with epoprostenol has many limitations due to its
administration route and side-effects. Recent advance has pro-
foundly changed treatment options in PAH [14], allowing more
convenient treatment with fewer side effect. But theoretical liver
toxicity, especially of endothelin receptor antagonists, has long
hampered their use in patients with POPH. Indeed, bosentan could
cause liver injury in 2–18% of patients treated for PAH [15].
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Table 4
Detailed baseline clinical, hemodynamic and survival data for the 20 included patients.

Sexe Age Etiology
of cirrhosis

Child- Pugh MELD Indication for
LT

Pulmonary
vasoactive
drugs

Baseline
MPAP

Last
MPAP

Baseline
PVR

Last
PVR

Baseline
CI

Last CI Access to LT
eligibility

LT  Outcome
(dead/alive)

Total
follow-up
(months)

1 M 53 ALD + NAFLD 6 8 No Sildenafil + bosentan 42 44 422 269 5.3 10.1 No No Dead 76
2  M 50 ALD 6 11 HCC Sildenafil + bosentan 53 45 880 520 4.12 5.67 No No Dead 12
3  M 51 ALD 5 9 No Bosentan 50 864 3.62 No Dead 43
4  F 49 ALD + NAFLD 6 8 No Bosentan 38 34 312 296 5.9 5.9 Yes No Alive 47
5  M 49 ALD + NAFLD 7 9 No Ambrisentan 51 24 604 168 5.56 7.6 Yes No Dead 38
6  M 62 ALD 5 12 No Bosentan 39 29 255 9.1 9.73 Yes No Dead 19
7  M 51 ALD 12 20 Refractary

ascites
Sildenafil 42 47 272 210 9.3 13.3 Yes No Dead 21

8  F 47 ALD 9 18 No Sildenafil 30 240 6.4 No Dead 18
9  M 50 ALD 7 10 HCC Bosentan 44 53 558 473 2.73 4.76 No No Alive 60
10  M 60 ALD 7 11 No Sildenafil 45 47 480 353 6.76 8.6 No No Alive 72
11  F 58 ALD 6 12 No Sildenafil 55 63 624 616 5.1 5.3 No No Alive 36
12  M 46 HCV + ALD 9 13 No Sildenafil 39 40 320 272 8.18 7.67 No No Dead 3
13  F 63 HCV 8 10 Hepatic

encephalopa-
thy

Sildenafil 59 42 555 307 6.35 7.3 No No Dead 32

14  M 54 HCV 9 11 No Sildenafil 58 560 6.3 No Alive 43
15  F 30 AIH 8 17 Severe liver

failure
Sildenafil + bosentan 65 39 864 400 5 5.6 No Yes Alive 53

16  F 37 ALD 5 12 HCC Bosentan + epoprostenol 46 27 472 176 5.75 7.1 Yes Yes Alive 79
17  M 61 ALD 7 12 HCC Sildenafil 40 18 536 176 4.33 4.4 Yes Yes Alive 45
18  M 59 ALD 12 21 Refractory

ascites
Sildenafil 37 36 310 216 6.7 4.7 Yes Yes Alive 19

19  F 48 ALD 5 9 HCC Sildenafil + epoprostenol 37 19 464 216 4.13 4.73 Yes Yes Alive 96
20  M 54 ALD 7 14 Refractory

ascites
Bosentan + tadalafil 46 31 490 239 5.4 7.36 Yes Yes Dead 6

ALD: alcoholic liver disease, NAFLD: non alcoholic fatty liver disease, AIH: auto immune hepatitis, HCV: hepatitis C liver disease, LT: liver transplantation; MPAP: mean pulmonary arterial pressure; PVR: pulmonary vascular
resistance; CI: cardiac index.
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The largest cohort of patients treated for POPH came from the
REVEAL registry consisting of 1652 patients with PAH, whose 174
with POPH [16]. This observational study showed that (i) patients
with POPH was less treated that patients with idiopathic or famil-
ial PAH, (ii) ERA was the least used molecule, (iii) PDI was more
used that prostacyclin analogues although there was no evidence of
efficacy in this indication in literature. Some case reports have sug-
gested that sildenafil and bosentan could improve hemodynamic
(MPAP), clinical (6-MWD) and biological (NT-proBNP) parame-
ters, and even allow LT [17–20]. Few studies with small groups
of patients have specifically studied PDI use. Gough et al. have
shown that sildenafil monotherapy significantly decreased PVR,
and decreased MPAP below 35 mmHg  in 4 of 9 patients, and allowed
LT for 1 patient [21]. Similar results were shown by Hemmes et al.
who studied 10 patients [22]. Bosentan was studied by Hoeper et al.
[23] and Savale et al. [24] in respectively 18 and 34 patients. They
have shown significant and maintained improvement of PVR and
MPAP. Ambrisentan was also evaluated, showing efficacy on hemo-
dynamic and clinical parameters in 13 patients [25]. A prospective
study is currently ongoing on macitentan, a new ERA, specifically
in group of patients with POPH.

One strength of our report is the description of long-term effi-
cacy of oral medications for management of POPH. Indeed median
follow-up was more than 3 years while most studies have evalu-
ated short-term response [21–23]. Moreover while previous study
described the use of single oral regimen, we also report the use
of combination of treatment that was safe in our experience and
allowed further improvement in the control of POPH. The main
weakness of our report is the retrospective design with its inher-
ent drawbacks. However because these patients are handled by a
multidisciplinary cardiology and hepatology team working in liver
transplantation for many years, follow-up was relatively homoge-
nous and conservative.

A  major issue in the treatment of POPH is the more or less asso-
ciated liver failure [26]. It is noteworthy that we  describe efficacy
and tolerance of oral therapies in patients with severe liver disease.
Indeed, 60% of patients were Child-Pugh class B or C, some had large
varices, ascites or significant hepatic encephalopathy. Whichever
the drug used, bosentan, sildenafil, ambrisentan or tadalafil, no sig-
nificant worsening of cirrhosis related to treatment had occurred.
This confirmed the safety of such treatments in patients with cir-
rhosis. Bosentan was well tolerated in previous studies; but Hoeper
et al. [23] have evaluated exclusively Child-Pugh class A cirrho-
sis. Similarly, Savale et al. [24] included mostly Child A cirrhosis or
portal thrombosis without underlying cirrhosis. On a small cohort
of 11 severe patients (4 Child-Pugh class C and 7 class B), Gough
et al. [21] have shown sildenafil was well tolerated, even in patients
with ascites, hepatic encephalopathy or recurrent gastrointestinal
bleeding, except for one patient.

One aim of POPH treatment may  be to allow LT in a patient with
LT indication. Fix et al. reported that treatment enabled 5 of 19
patients to reach LT eligibility criteria and 2 patients to be trans-
planted [27]. Ashfaq et al. [28] showed positive results with 12 of 16
patients improving to a MPAP lower than 35 mmHg and 11 patients
were transplanted, 9 could stop treatment of PAH after LT. However,
treatment in both studies was based upon epoprostenol. Our results
show that oral treatment allowed 53% of our included patients
to reach LT eligibility criteria, and lead 5 patients to liver trans-
plantation among the ten who had initially LT indication. Three
of these patients were even able to stop oral therapies after LT
without recurrence of POPH. Therefore we could consider that our
results are relatively similar but with a more convenient treat-
ment management thanks to oral therapy. These results are in line
with previously published study showing that with sildenafil, 4 of
9 and 3 of 10 patients reached LT eligibility in the studies by Gough

et al. and Hemmes et al. respectively [21,22], and one patient safely
underwent LT in each.

Regarding overall survival, comparison with other reports must
be interpreted very cautiously because of the retrospective design
for most of the studies, and the selection and follow-up bias. In our
study survival was 85% at one year, which is relatively similar to that
reported by both the French [26] and the US registry [16] of POPH.
At 5 years, survival was  53% which is slightly higher than 40% as
described in the US registry [16] and lower than 68% as described in
the French registry [26]. Of note, most of the treated patients in both
registry had epoprostenol regimen, therefore our results suggest
that oral treatment may  have similar survival benefits with more
convenient treatment management. We  have not shown difference
of survival according to response to treatment, probably because
most of patients died from unrelated to POPH causes.

Guidelines for PAH management suggest PVR and MPAP are
prognosis factors [7], and treatment strategy is determined by dis-
ease severity, assessed by functional score and hemodynamic data.
In our report, we have suggest baseline MPAP and PVR were predic-
tive for non-response to oral treatment for POPH, suggesting that
patients with MPAP > 50 mmHg  and PVR > 530 dyn s cm−5 should be
preferentially treated by more aggressive therapy.

While Savale et al. showed that patients with Child-Pugh class
B cirrhosis have a better hemodynamic response than those with
Child-Pugh class A cirrhosis [24], our results showed liver disease
severity had no effect on the response to treatment.

In conclusion, our results show that oral treatment of POPH
seems safe and effective regardless of the severity of underlying
liver disease. Improvement in mean pulmonary artery pressure and
pulmonary vascular resistance allowed 53% of patients to reach
liver transplantation eligibility criteria. No significant complication
of cirrhosis was  related to the introduction of treatment and five-
year survival was  53%. Response to treatment could be predicted by
baseline MPAP and PVR. Larger and prospective studies are required
to confirm these data and lead to guidelines.
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