W J

World Journal of
Gastroenterology

Online Submissions: http:/ /www.wjgnet.com/esps/
bpgoffice@wjgnet.com
doi:10.3748 / wijg.v19.i45.8252

World | Gastroenterol 2013 December 7; 19(45): 8252-8257
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

© 2013 Baishideng Publishing Group Co., Limited. All rights reserved.

MINIREVIEWS

Management of portopulmonary hypertension: New

perspectives

Luigi Mancuso, Francesca Scordato, Michela Pieri, Eliana Valerio, Andrea Mancuso

Luigi Mancuso, Department of Cardiologia, Ospedale Cervello,
90100 Palermo, Italy

Luigi Mancuso, Francesca Scordato, Michela Pieri, Eliana
Valerio, Cardiologia, Clinica Candela, 90100 Palermo, Italy
Andrea Mancuso, Epatologia e Gastroenterologia, Ospedale Ni-
guarda Ca Granda Milano, 20162 Milano, Italy

Andrea Mancuso, Medicina Interna 1, ARNAS Civico, 90100
Palermo, Italy

Author contributions: All the authors gave substantial contribu-
tions for conception and design, acquisition of data, or analysis
and interpretation of data and drafting the article or revising it
critically for important intellectual content, and gave final ap-
proval of the version to be published.

Correspondence to: Andrea Mancuso, MD, Epatologia e
Gastroenterologia, Ospedale Niguarda Ca Granda Milano, Piazza
Ospedale Maggiore 3, 20162 Milano, Italy. mancandrea@]libero.it
Telephone: +39-3298997893 Fax: +39-91-329447

Received: September 6,2013 Revised: September 24, 2013
Accepted: October 13, 2013

Published online: December 7, 2013

Abstract

Portopulmonary hypertension (PPHTN) is a known com-
plication of cirrhosis. Moderate-to-severe PPHTN im-
plies an extremely poor prognosis. It occurs in 5%-10%
of patients referred for liver transplantation (LT), and
probably with an higher incidence in patients with
large portosystemic shunts. Patients with moderate-to-
severe pulmonary hypertension have been previously
excluded from LT because of the extremely high surgi-
cal risk and since the post-transplant outcome reported
was poor. Recently, new perspectives in the manage-
ment of patients with portopulmonary hypertension are
emerging. In fact, some pulmonary vasoactive drugs
have become routine in the treatment of patients with
idiopathic pulmonary hypertension. These drugs, par-
ticularly epoprostenol, have been recently introduced in
the treatment of patients with PPHTN, and have been
shown to be effective in reducing pulmonary artery
pressure as well as pulmonary vascular resistances.
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Furthermore, recent studies seem to demonstrate that
treatment with pulmonary vasoactive drugs could allow
liver transplantation with acceptable surgical risks and
excellent survival. Although there are not large series
nor prospective studies addressing this topic, the clini-
cal scenario of patients with PPHTN seems to be posi-
tively changing.

© 2013 Baishideng Publishing Group Co., Limited. All rights
reserved.
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Core tip: Moderate-to-severe portopulmonary hyper-
tension (PPHTN) implies an extremely poor prognosis
and patients are generally excluded from liver trans-
plantation. Recently, some pulmonary vasoactive drugs
have become routine in the treatment of patients with
idiopathic pulmonary hypertension and have been
recently introduced in the treatment of patients with
PPHTN. Recent studies seem to demonstrate that treat-
ment with pulmonary vasoactive drugs could allow liver
transplantation with acceptable surgical risks and excel-
lent survival. This paper reports a review on manage-
ment of PPHTN.
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INTRODUCTION

Portopulmonary hypertension (PPHTN) is a known and
uncommon severe complication of cirrhosis, since moder-
ate-to-severe forms have grave prognostic significance with
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Figure 1 Pathophysiology of pulmonary hypertension and possible drug targets.

the majority of patients succumbing within 2 years' ™,

PPHTN affects 1%-2% of patients with portal hyper-
tension or cirrhosis and 5%-10% of patients being evalu-
ated for liver transplantation[s].

Diagnosis is suggested by either elevation of the right
ventricular systolic pressure or right ventricular dysfunc-
tion on echocardiography, but requires confirmation by

right heart catheterization”,

DEFINITION OF PORTOPULMONARY
HYPERTENTION

PPHTN definition has evolved over time, specifically
with regard to the cutoff for pulmonary vascular resis-
tances (PVR). Initial studies used PVR > 120 dynes s
cm-5 as abnormal. Subsequent studies and the Consen-
sus Report of the European Respiratory Task Force on
pulmonary vascular diseases associated with liver diseases
have recommended PVR > 240 dynes s cm-5 as the “gold
standard”.

Therefore the current consensus diagnostic criteria for
PPHTN include mean pulmonary artery pressure (MPAP)
> 25 mmHg, PVR > 240 dynes s cm-5, and pulmonary
artery occlusion pressure (PAOP) < 15 rang“’()’ﬂ.

Since it has been shown that some patients with
PAOP > 15 mmHg and PVR > 240 dynes s cm-5 may
present a trans-pulmonary gradient (ITPG) strongly sug-
gestive of obstruction to pulmonary arterial flow, recently
new criteria have been proposed by authors from Mayo
Clinic®. These are the following: (1) Portal Hypertension
and/or liver disease (clinical diagnosis-ascites/varices/
splenomegaly); (2) MPAP > 25 mmHg at rest; and (3)
PVR > 240 dynes s cm-5; and (4) PAOP < 15 mmHg or
TPG > 12 mmHg, where TPG = MPAP - PAOP.
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In fact, many patients managed as pulmonary hyper-
tension have elevated left-sided filling pressure, probably
due to ventricular interaction. Then, it has been recently
proposed that only values of PAOP higher than 18
mmHg exclude the diagnosis of PPHTN" ",

PATHOPHYSIOLOGY AND
PATHOGENESIS

PPHTN involves endothelial and smooth muscle pro-
liferation, and have the same features of plexogenic
arteriopathy of Idiopathic Pulmonary Hypertension
(Figure 1). There is not a clear link between portal hyper-
tension and the development of PPHTN. Because only
5%-10% of patients with portal hypertension develop
PPHTN, factors other than portal hypertension must be
involved in its development. Moreover, the link between
liver dysfunction and PPHTN is not obvious, because
PPHTN may develop in cases of portal vein thrombo-
sis or idiopathic hypertension, in absence of any liver
dysfunction. Data of a recent retrospective study by Tal-
walkar ef /', suggest a strong association between large
portosystemic shunts, hepatofugal portal blood flow, and
PPHTN. These data may support the hypothesis that
vasoactive factors from the splanchnic circulation may be
pathogenic for PPHTN development. The fact that the
most occurring shunt observed in this study was spleno-
renal might suggest that the blood flow coming from the
spleen, which is involved in the destruction of platelets
and prostaglandins delivery, might be of primary impor-
tance in the PPHTN pathogenesis. Moreover, presence
of large portosystemic shunts, such as those reported in
this study, seems to be associated with lack of response
to vasoactive treatment.
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PROGNOSIS OF PPHTN AND LIVER

TRANSPLANTATION

Moderate-to-severe PPHTN (MPAP = 35 mmHg) that
is present in up to 5%-10% of patients referred for liver
transplantation (LT)™” excludes patients from LT in
most of the centers, since post-transplant outcome is
poor and because of the high surgical risk!"",

A multicenter transplant database has shown that
36% of PPHTN patients died during the immediate
post-transparent petriod due to progressive right ventricu-
lar failure, acute respiratory distress syndrome and cardio-
vascular collapse!'". Moreover, Krowka e a/'¥ reported
that only 29% of transplanted patients with untreated
PPHTN survived 3 years.

VASODILATION TREATMENT IN PPHTN

Several vasomodulating and vasodilating drugs have been
introduced for the treatment of idiopathic pulmonary
hypertension. More recently, vasomodulating and vaso-
dilating drugs, available for the treatment of idiopathic
pulmonary hypertension, have also been shown to sig-

nificantly improve pulmonary hemodynamics in some
patients with PPHTNP ',

Current medications target three pulmonary hyper-
tension pathways. The first agent, the endothelin receptor
antagonists, target the vasoconstrictive endothelin path-
way. The second agent targets the prostacyclin pathway,
resulting in vasodilation, antiplatelet effect, and vascular
remodelling, The third one involves nitric oxide-mediated
vasodilation through cyclic guanosine monophosphatase
and the inhibition of the phosphodiesterase type 5 en-
zyme. Therefore, some drugs have a vasodilation effect,
while others have remodeling and antiplatelet effects.

Since we do not yet know which is the predominant
mechanism which determines pulmonary hypertension in
patients with portal hypertension' different drugs have
been used in the treatment of patients with PPHTN.

The drugs that have been mostly used for the treat-
ment of patients with PPHTN are the prostacyclin
analogues, such as Epoprostenol, inhaled Iloprost and
Treprostinol. Epoprostenol is a potent pulmonary and
systemic vasodilator, that also reduces platelet aggrega-
tion""", In PPHTN it has been shown to improve he-
modynamics acutely, because of its vasodilator effects™.
Furthermore, in two studies prolonged use of the drug
has shown additional improvement™". A recent paper by
Awdish e al" reports the long-term effects of treatment
with and without epoprostenol on pulmonary hemody-
namics, liver function and survival, in a large retrospective
cohort of patients with moderate to severe PPHTN. They
showed significant improvements in mean pulmonary at-
tery pressure, pulmonary vascular resistances and cardiac
output with epoprostenol after a median of 15.4 mo, and
no significant change of liver biochemistry. However,
survival seemed not to differ between treatment groups.
These studies argue against the hypothesis by Krowka
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that epoprostenol might worsen portal hypertension by
increasing splenic blood flow and portal system conges-
tion!, Tn fact, it is possible to hypothesize that by improv-
ing pulmonary hemodynamics and right heart function,
epoprostenol could potentially improve liver function®”

A recent prospective observation study has stressed
the utility of early initiation of parenteral prostacyclin
therapy in PPHTN patients, so improving 5-year survival,
as compared with data of the REVEAL Registry[zol.

There are scarce studies concerning the treatment
with Treprostenil[zﬂ, and inhaled Iloprostm], sometimes
used together with other vasoactive drugs[23’24] in patients
with PPHTN.

Concerning the endothelin receptor antagonists, such
as Bosentan, there are some recent studies that seem to
demonstrate a possible hemodynamic improvement and
safety of these drugsm’ﬂzg]. Moreover, Bosentan has been
administered together with different drugs in some studies:
inhaled Tloprost™****” or with Sildenafil and Tloprost™.

Phosphodiesterase inhibitor Sildenafil has the advan-
tage of being an oral compound with pulmonary vasose-
lective action but no hepatotoxicitym. Few recent retro-
spective studies, performed in a small number of patients
with PPHTNP seem to show that sildenafil might
be effective in monotherapy, and in combination with
inhaled prostanoids, leading to hemodynamic improve-
ment. These data have also been confirmed by a recent
paper by Krowka™ reporting favourable follow up in
seven patients with moderate or severe PPHTN treated
with oral combination therapy.

LIVER TRANSPLANTATION FOLLOWING
MEDICAL MANAGEMENT

PPHTN survival in the absence of transplantation has
been reported in 38% at 3 years'! and 28% at 5 years"”.
Furthermore, it has been demonstrated that PPHTN
prognosis is worse than that of idiopathic pulmonary hy-
pertension'’,

PPHTN is a serious problem in the context of liver
transplantation. Mild PPHTN (MPAP < 35 mmHg)
has scarce perioperative tisks”>”" but moderate disease
(MPAP 35-45 mmHg, PVR > 250 dyne scm-5) has been
assoclated with a perioperative mortality of 50%-80%""*,
and a MPAP > 50 mmHg is universally fatal™***"",

Recently numerous studies have demonstrated the
possibility of reducing MPAP and PVR, at least in some
patients affected by PPHTN, leading to a decrease of
perioperative risk due to liver transplantation. Moreover,
some studies have shown that PPHTN may resolve fol-

lowing transplantation, presumably by removing the root
[39-41]

cause of the problem

As a consequence of recent improved knowledge of
PPHTN management, a potential therapeutic oppor-
tunity arises: PPHTN might initially be controlled with
vasodilator therapy and subsequently cured with liver
transplantation. Several studies have been performed to
examine the feasibility of this hypothesismm. Moreovet,
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in the last years some retrospective studies have been
published reporting patients with PPHTN in whom liver
transplantation was successfully performed after treat-
ment with pulmonary vasoactive drugs[22’43’44]. In the study
by Ashfaq ez al™ 16 of 20 patients with moderate-to-se-
vere pulmonary hypertension (MPAP = 35 mmHg) were
otherwise considered suitable liver transplant candidates
and were treated with vasoactive pulmonary drugs (epo-
prostenol in 13, bosentan + epoprostenol in 1, sequen-
tial; bosentan + diltiazem + epoprostenol, sequential in
1, diltiazem in 1). In these patients MPAP fell to less than
35 mmHg in 12 (75%), and 11 of them underwent liver
transplantation. One-year survival was 91%, and 5-year
survival was 67%. Nine of 11 patients were off vasodila-
tor therapy after a median of 9.2 mo after transplanta-
tion. In patients who failed vasodilator therapy median
survival was 8 mo. The Authors conclude that effective
pharmacologic control of PPHTN before transplantation
1s associated with posttransplant survival that is similar to
patients transplanted for other indications.

In the study by Sussman e7 al* 8 cirrhotic patients
with MPAP = 35 mmHg, were treated with continuous
intravenous epoprostenol (2-8 ng/kg per minute). In these
patients liver transplant was considered if MPAP was
lowered to < 35 mmHg, In seven patients the treatment
improved hemodynamics within 6.5 mo therapy: mean
vascular resistances declined from 410 to 192 dyne s cm-5,
and cardiac output increased from 6.6 to 10 L/min. Six of
the seven responders were listed for transplantation; two
died on the waiting list; four were transplanted and re-
mained alive and well after 9 to 18 mo post LT. Epopros-
tenol was continued throughout surgery and into the post-
transplant period. In two of the patients it was possible to
stop the vasodilator therapy, whereas in two patients oral
medication with bosentan was continued.

In the study by Swanson ez o/, a retrospective
screening-right heart catheterization-survival analysis of
patients with PPHTN was performed. Patients were cate-
gorized in three subgroups: (1) no vasoactive therapy and
no transplantation; (2) therapy for pulmonary hyperten-
sion alone; and (3) therapy for pulmonary hypertension
followed by liver transplantation. Even though it is a rela-
tively small study, it seems to demonstrate that the sut-
vival of untreated patients was poor, whereas subgroups
of patients selected to medical treatment with or without
liver transplantation had better long-term survival. The
best survival was in the subgroup of patients in whom
liver transplantation was performed following effective
medical therapy for pulmonary hypertension. However,
it is to stress that this study is retrospective and reports a
small number of patients. Moreover, 4 of 5 deaths in the
LT group occurred in patients with PAOP < 10 mmHg,
while only two out of seven LT survivors had PAOP <
10 mmHg; The authors hypothesize that lower values of
PAOP may be correlated to lower cardiac outputs, and
this might contribute to the poor prognosis. In the as-
sessment of patients with PPHTN that are candidate to
liver transplantation it is very important to perform an
accurate evaluation of right ventricular function, because
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the success of undertaking liver transplantation will be
determined by the ability of the right ventricle to sustain
the increase of cardiac output and of pulmonary vascular
resistance that acutely occur at the time of reperfusion
ant that may cause acute right heart failure™. Therefore,
pre-transplant evaluation of right ventricular function by
means of right heart catheterization and stress echocat-
diography is essential. Continuous intraoperative trans-
oesophageal echocardiography has also been recom-
mended for following right ventricular function".

MODEL FOR END-STAGE LIVER DISEASE
AND PPHTN

Results of recent studies concerning LT following medi-
cal treatment in patients with PPHTN, as discussed
above, probably change the clinical scenarios of patients

with moderate or even severe pulmonary hypertension
and portal hypertension.

Outcome of these patients, traditionally excluded
from LT, could benefit from LT if a response to vasoac-
tive therapy is evident. In fact, there is increasing evi-
dence that many patients with PPHTN have important
decrease of MPAP and PVR after therapy, so that they
have excellent survival following liver transplantation.
Furthermore, in some of these patients, vasoactive ther-
apy may be stopped a few months after LT. Moreover,
there is not any doubt that many patients who positively
respond to medical therapy die on the waiting list for
transplantation. Finally, another reason could supports
early transplant of these patients. In fact, long-term intra-
venous epoprostenol, probably the most effective drug,
is expensive, labor-intensive, requires hospitalization and
is difficult to tolerate. These are the reasons why in some
studies patients with PPHTN on intravenous therapy are
given a MELD exception of 25 points in Region 41

In a recent paper, Krowka e# al*" discuss this topic
suggesting MELD exception (Meld score= 26 points)
when the acceptable candidates satisfy the following crite-
ria: (1) POPH exists with sevetity characterized by MPAP
> 35 mmHg; and (2) a minimum of 12 wk of United
States Food and Drug Administration-approved pulmo-
nary arterial hypertension therapy results in the following
hemodynamic profile: (1) MPAP < 35 mmHg and PVR
< 400 dynes scm-5; and (2) satisfactory right ventricular
function exists.

LIVER AND LUNG TRANSPLANTATION

Combined lung and liver transplantation is a therapeutic
option for selected patients with coexisting lung and liver
diseases such as cystic fibrosis and alfa 1 -proteinase inhib-
itor deficiency, and has also been performed in few cases
of patients with PPHTN", Recently, a report concern-
ing 13 consecutive patients who underwent combined
lung and liver transplantation has been published. In the
whole cohort of patients, 5 with PPHTN and 8 with other
severe hepatic and pulmonary diseases (sarcoidosis, cystic
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fibrosis, alfa 1-proteinase inhibitor deficiency), patient and
graft survival rates, after combined transplantation, were
69% after 1, 62% after 3, and 49% after 5 years”™, How-
evert, further studies ate needed to confirm the efficacy,
as well as the indications of this surgical approach in the
management of patients with PPHTN.
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