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ABSTRACT
Hepatopulmonary syndrome (HPS) is a clinical threesome composed of liver disease, intrapulmonary vascular dilatation (IPVD) and arterial gas 

abnormalities. Its occurrence has been described in up to 32% of cirrhotic candidates for liver transplantation. It also affects non-cirrhotic patients with 

portal hypertension. Its pathogenesis is not well defined, but an association of factors such as imbalance in the endothelin receptor response, pulmonary 

microvascular remodeling and genetic predisposition is thought to lead to IPVD. Diagnosis is based on imaging methods that identify these dilatations, 

such as contrast echocardiography or perfusion scintigraphy with 99mTc, as well as analysis of arterial gases to identify elevated alveolar-arterial differences 

in O2 or hypoxemia. There is no effective pharmacological treatment and complete resolution only occurs through liver transplantation. The importance of 

diagnosing HPS lies in prioritizing transplant candidates, since presence of HPS is associated with worse prognosis. The aim of this paper was to review the 

pathogenetic theories and current diagnostic criteria regarding HPS, and to critically analyze the prioritization of patients with HPS on the liver transplant 

waiting list. Searches were carried out in the Medline (Medical Literature Analysis and Retrieval System Online) via PubMed, Cochrane Library and Lilacs 

(Literatura Latino-Americana e do Caribe em Ciências da Saúde) databases for articles published between January 2002 and December 2007 involving 

adults and written either in English or in Portuguese, using the term hepatopulmonary syndrome. The studies of greatest relevance were included in the 

review, along with text books and articles cited in references that were obtained through the review.

RESUMO
A síndrome hepatopulmonar (SHP) é considerada uma tríade clínica composta de doença hepática, dilatações vasculares intrapulmonares (IPVD) e 

alterações de gases arteriais. Há descrição de sua ocorrência em até 32% dos cirróticos candidatos ao transplante de fígado, acometendo também 

não cirróticos com hipertensão portal. Sua etiopatogenia não está bem definida, mas se especula que a associação de fatores como o desequilíbrio na 

resposta dos receptores vasculares de endotelina, o remodelamento microvascular pulmonar e a predisposição genética propiciem as IPVD. O diagnóstico 

baseia-se em métodos de imagem que identifiquem essas dilatações, como a ecocardiografia com contraste ou a cintilografia de perfusão com 99mTc, 

além da análise de gases arteriais, para identificar elevação da diferença alvéolo-arterial de O2 ou hipoxemia. Não existe tratamento medicamentoso 

eficaz e sua resolução completa ocorre apenas com o transplante de fígado. A importância do diagnóstico da SHP está em priorizar os candidatos 

ao transplante, uma vez que sua presença está associada ao pior prognóstico. O objetivo deste artigo é fazer revisão das teorias de etiopatogenia da 

SHP, dos seus critérios diagnósticos atuais, além de realizar análise crítica sobre a prioridade dos pacientes com a síndrome na lista de espera pelo 

transplante de fígado. Buscaram-se na base de dados Medline (Medical Literature Analysis and Retrieval System Online) via PubMed, Cochrane Library 

e Lilacs (Literatura Latino-Americana e do Caribe em Ciências da Saúde), os artigos publicados no período de janeiro de 2002 a dezembro de 2007, 

envolvendo adultos, escritos nos idiomas inglês ou português, que apresentassem o termo síndrome hepatopulmonar. Os estudos de maior relevância 

foram incluídos, além de livros-texto e artigos citados nas referências obtidas na revisão. 
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INTRODUCTION
The first publication to describe an association between lung disease 

and liver disease dates back to 1884, with a report on the coexistence 
of cirrhosis, cyanosis and finger clubbing in an adult patient.1 Howev-
er, the term hepatopulmonary syndrome (HPS) was used for the first 
time in 1977 when the concept of intrapulmonary vascular dilatation 
(IPVD) was introduced.2 IPVD is a condition that causes gas exchange 
abnormalities.3,4 

HPS is a clinical threesome composed of liver disease associated 
with the presence of IPVD and arterial gas abnormalities.5 More recent-
ly, portal hypertension has been implicated in the development of HPS, 
regardless of the impairment of liver function.6

While its pathogenesis not yet completely clear,7 HPS is widely 
prevalent (4% to 32%) among cirrhotic candidates for liver transplant.8-

12 It has been associated with worse prognosis,13,14 and liver transplanta-
tion is the only possibility for complete reversal.5 

The aim of the present paper was to carry out a literature review on 
HPS, describing recent theories on its pathogenesis, assessing current 
diagnostic criteria and performing a critical analysis regarding prioritiz-
ing patients with HPS on the waiting list for liver transplants. Search-
es were carried out with the term hepatopulmonary syndrome in the 
Medline (Medical Literature Analysis and Retrieval System Online) via 
PubMed, Cochrane Library and Lilacs (Literatura Latino-Americana e 
do Caribe em Ciências da Saúde) databases for articles published be-

tween January 2002 and December 2007 (Table 1). The studies con-
sidered most relevant were discussed. Textbooks and articles cited in the 
references that were obtained in the review were also consulted.

CHRONIC LIVER DISEASE AND LIVER 
TRANSPLANTATION

Liver transplantation is generally indicated as the treatment for 
chronic, advanced, irreversible liver disease with complications such 
as ascites or encephalopathy that lead to shorter life expectancy than 
would be observed with a transplant.15-17 In February 2002, new wait-
ing list positioning criteria began to be used in the United States, using 
a score based on liver disease severity, named the Model for End-Stage 
Liver Disease (MELD).18,19 This new system has ideal model character-
istics, since it is based on few parameters (all of them objective): the bili-
rubin and creatinine levels in blood and the prothrombin time (inter-
national normalized ratio). These parameters are easily obtainable and 
reproducible and provide a score standard with an excellent capability 
for prognoses regarding the risk of death among candidates for liver 
transplantation.20 The advantage of this system over the previous sys-
tem, which used the duration of the wait for the transplant (chronologi-
cal criterion), lies in the fact that it reduces the mortality rate by priori-
tizing urgent cases.21 

In Brazil, until the middle of 2006, for patients to be included in 
the waiting list for liver transplants, they needed to present complica-
tions due to cirrhosis.16,17 The position on the list was according to the 
date of inclusion. Since then, through an ordinance issued by the Brazil-
ian Ministry of Health, the MELD system has replaced this chronologi-
cal criterion and now the position on the list is in accordance with the 
severity of the liver disease.22 

In cases of liver disease with an indication for transplantation, vas-
cular disorders with a wide variety of clinical manifestations may de-
velop as a result of hepatocellular dysfunction or portal hypertension. 
These play a role in the assessment and follow-up of liver transplant 
candidates.17,23 Such disorders include gastroesophageal varices, ascites, 
hepatic encephalopathy, hepatorenal syndrome, portopulmonary hy-
pertension and HPS.24,25

Among the diagnostic guidelines and protocols relating to HPS, liv-
er disease was firstly included as a prerequisite for its development, but 
without establishing whether the liver disease would be acute or chron-
ic.5 The criteria in these guidelines regarding the underlying liver dis-
ease were subsequently redirected, to suggest that portal hypertension 
should be present, either with or without cirrhosis.6 However, in most 
studies on HPS, it was found to develop in candidates for liver trans-
plantation, i.e. patients with advanced liver disease, and nearly all of 
them were cirrhotic.9-11

The main consequence of cirrhosis is portal hypertension, which 
may also be caused by an increase in resistance at the pre-sinusoidal level 
or an increase in portal flow, as in cases of portal vein thrombosis, con-
genital liver fibrosis and hepatosplenic schistosomiasis.25-27

Confirming the possibility that IPVD might develop in non-cir-
rhotic patients with portal hypertension, HPS has been diagnosed in 

Databases Search strategy Results n

PubMed Hepatopulmonary syndrome [MeSH] Case report 32

Limits: Case series 13

- Publication date: Prevalence study 9

January 1, 2002, to December 31, 2007 Case-control study 9

- Languages: English, Portuguese Cohort study 12

- Ages: adults (19 + years) Clinical trial 2

Experimental study 2

Comments/ 
Letter to editor

2

Total 81

Cochrane 
Library

Hepatopulmonary syndrome [MeSH] Case report 9

Limits: Case series 2

- Publication date: 2002 to 2007 Prevalence study 3

Case-control study 1

Cohort study 5

Experimental study 1

Narrative review 4

Comments/ 
Letter to editor

3

Total 28

Lilacs Síndrome hepatopulmonar [DeCS] Case report 1

Limits: Prevalence study 1

- Publication date: Case-control study 1

January 1, 2002, to December 31, 2007 Experimental study 1

- Ages: adults Narrative review 2

Systematic review 2

Total 8

Table 1. Search strategy for “hepatopulmonary syndrome” and results in 
the Medline (Medical Literature Analysis and Retrieval System Online) via 
PubMed, Cochrane Library and Lilacs (Literatura Latino-Americana e do 
Caribe em Ciências da Saúde) databases, from 2002 to 2007

MeSH = Medical Subject Headings; DeCS = Descritores em Ciências da Saúde.
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this population, although with a lower occurrence rate than among pa-
tients with cirrhosis.28-30 HPS has also been described in non-cirrhotic 
patients with chronic viral hepatitis and with normal portal pressure,31 
as well as during the evolution of severe acute liver failure.32 

PATHOGENESIS OF HPS
Although not yet completely elucidated, the pathogenesis of HPS is 

believed to involve a number of factors. Together, these factors lead to 
IPVD and oxygenation abnormalities in patients with liver disease.5,6,33 
There have been reports of genetic predisposition associated with possi-
ble imbalance in the receptors that regulate pulmonary vascular tonus.1 
More recently, there have been reports on the role of bacterial transloca-
tion6 and probable remodeling in the pulmonary vascular bed.34,35

Just over a decade ago, there was discussion of the idea that imbal-
ance in the synthesis of vasodilator and vasoconstrictor substances prob-
ably acted on the lungs and led to the development of IPVD, but there 
was a lack of experimental models to prove this.1 Currently, the hypoth-
eses for explaining the pathogenesis of HPS remain speculative, despite 
the various experimental studies that have been conducted.36-40

Emphasis has been given to the roles that endothelin (ET-1) may 
play in the pulmonary microcirculation and in the genesis of IPVD.41 
Under normal conditions, ET-1 produced in the liver has the function 
of regulating pulmonary vascular tonus.25 Upon binding to receptors lo-
cated in the vascular smooth muscle tissue (ETA), ET-1 produces vaso-
constriction. However, when binding to receptors located in the pulmo-
nary vascular endothelium (ETB), it produces vasodilatation due to the 
synthesis of nitric oxide (NO) through stimulation of endothelial nitric 
oxide synthase (eNOS).40 Thus, ET-1 balances its vasoconstrictor effect 
and helps to keep the pulmonary ventilation/perfusion ratio within nor-
mal parameters.41 Following liver damage, ET-1 produced in the liver ar-
rives in the pulmonary circulation and appears to preferentially interact 
with the ETB receptor, thereby promoting pulmonary vasodilatation.38

In cases of liver cirrhosis, the levels of tumor necrosis factor-alpha 
(TNF-α) also rise, and this contributes towards the accumulation of 
macrophages in the lumen of the pulmonary vessels. In turn, these mac-
rophages stimulate another NO-producing enzyme (induced nitric ox-
ide synthase, iNOS), thereby triggering pulmonary vasodilatation.42 
Analysis on a model for liver cirrhosis and hyperdynamic circulation 
following common bile duct ligation (CBDL) has revealed greater he-
patic production and plasma circulation of ET-1, which is associated 
with the development of HPS.39

One study examined two groups with regard to the development of 
HPS. One group consisted of rats with cirrhosis following CBDL and 
the other consisted of rats without cirrhosis and with pre-hepatic portal 
hypertension following portal vein ligation.37 In the group with cirrho-
sis, HPS developed and the plasma levels of ET-1 and TNF-α increased. 
In the group with portal vein ligation, the rise in the plasma levels of 
TNF-α and HPS only occurred after infusion of exogenous ET-1, re-
gardless of whether portal hypertension was present. This finding has 
generated discussion on the interaction between ET-1 and TNF-α and 
how these substances act on the pulmonary microvasculature in experi-
mentally induced HPS.37 

In cases of liver cirrhosis, deterioration of the hepatocytes and the 
Kupffer cells that make up the hepatic mononuclear phagocyte system 
occurs. This system plays an important role in the removal of microor-
ganisms from the portal circulation.25 Moreover, the functional efficien-
cy of the intestinal mucous barrier declines as the drainage of the por-
tal blood becomes more difficult, thereby causing edema in the mucosa 
and reductions in intestinal peristalsis.23 Reductions in bile secretion 
also occur, which favor massive bacterial growth in the intestinal lumen, 
particularly Gram-negative bacteria,23 thereby allowing penetration and 
circulation of microorganisms and endotoxins.23,38

To demonstrate the role of bacterial translocation in pulmonary oxi-
dative stress, models for cirrhosis due to CBDL were compared with a 
control group. In the group with cirrhosis, abnormalities compatible 
with HPS were observed in the arterial gases, along with high levels of 
enzymes, which reflected the degree of lipoperoxidation in the lung ho-
mogenate of these animals. This reflected likely phagocytic action by the 
pulmonary macrophages, for combating bacterial translocation.36 

With the same aim of identifying the influence of bacterial translo-
cation on the development of pulmonary vascular abnormalities, a rat 
model for cirrhosis induced by administration of a solution containing 
alcohol and cholesterol, followed by a solution of lipopolysaccharides 
containing Escherichia coli, was analyzed. There was an increase in endo-
toxin levels in the plasma, and the number of Gram-negative colonies in 
the mesenteric lymph nodes was closely associated with increased plas-
ma levels of ET-1, NO and TNF-α, as well as rises in NO and ET-1 lev-
els in the lung homogenate. This suggests that this organ may also be a 
source of ET-1, along with the liver, or that intestinal endotoxemia may 
irritate the Kupffer cells that release TNF-α, thereby either directly or 
indirectly inducing the production of ET-1.38 

In order to determine whether there is an altered response by the 
vascular ET-1 receptors in patients with cirrhosis, exogenous ET-1 was 
injected into the forearm artery in cirrhotic patients and controls. While 
there was vasoconstriction in the forearm of the control group, there was 
vasodilatation in the forearm of the cirrhotic patients. Thus, the differ-
ent response to endothelin may contribute towards generalized vasodi-
latation in patients with cirrhosis.41 

Experimental studies have demonstrated consistent results regard-
ing the high production of carbon monoxide (CO) that is associated 
with IPVD. However, the role of CO in the development of HPS in 
humans has yet to be clarified, even with findings of higher CO lev-
els in cirrhotic patients with HPS than in cirrhotic patients without 
HPS.43 

Experimental findings regarding the roles of ET-1, TNF-α and 
intestinal endotoxemia in the development of IPVD in the pulmo-
nary microvasculature may contribute towards understanding the 
physiopathology of HPS in humans and allow the use of new treat-
ments in the future.5,33 It has recently been suggested that, in addi-
tion to the functional changes, structural remodeling of the pulmo-
nary microvasculature may occur in patients with HPS. This notion 
is based on liver transplant follow-up studies, in which limitations to 
the capacity for CO diffusion persist even after resolving the disorder 
in the pulmonary ventilation/perfusion ratio.34,35 Further studies on 
this subject are needed.
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DIAGNOSING OF HPS
The anatomical substrate and main structural change stemming 

from HPS is pulmonary capillary dilatation.5 These dilatations are be-
lieved to hinder the diffusion of O2 molecules from the alveolus to the 
center of the pulmonary capillary,1 where they normally bind with he-
moglobin (Hb) molecules, thereby forming oxyhemoglobin, which dis-
tributes O2 to the different tissues.44 Excessive blood flow due to portal 
hypertension also occurs in these dilated vessels, which leads to a reduc-
tion in the time available for O2 molecules to bind to Hb molecules and 
causes an increase in alveolar–arterial oxygen tension difference (PA–
a,O2).

24 The increase in this gradient, which is associated with failure of 
the pulmonary vasoconstriction mechanism due to failure of the ET-1 
receptors to regulate the pulmonary vascular tonus, is believed to cause 
arterial hypoxemia.5,9 

In more severe cases of HPS, angiogenesis and true pulmonary ar-
teriovenous communication occur.1 There is also a poor response to the 
O2 supply, even when administered at high concentrations, whereas this 
response is quite satisfactory in relation to IPVD.1,45 

Based on the concept of the syndrome, diagnosis can be achieved 
through complementary examinations to prove the presence of IPVD 
and gas exchange abnormalities in patients with liver disease.5 Symptoms 
such as dyspnea and platypnea are common in HPS, but are not pathog-
nomonic and can be found in the early phase, whereas spider angio-
ma, peripheral cyanosis and finger clubbing are found in more advanced 
stages.5,46 The combination of non-specific clinical criteria, associated 
with the lack of standardization in the diagnostic criteria for defining 
HPS and the lack of a gold standard confirmation test47 may lead to di-
agnostic errors,7 This also explains the wide range of prevalence.9,11 There 
are reports of occurrences of HPS in patients with cirrhosis, with rates 
ranging from 4%48 to 32%.9,10,12,49,50 The frequency among non-cirrhotic 
patients with portal hypertension has been found to be lower, ranging 
from 8% to 9.7%.29,30 Among cases of chronic hepatitis with no cirrhosis 
or portal hypertension, the occurrence rate is 1.1%.31 In 2004, a paper 
was published suggesting standardization for diagnosing HPS,5 and this 
has contributed towards future comparisons between different studies. 
According to this guideline, HPS should be diagnosed if patients pres-
ent liver disease associated with the presence of IPVD and arterial gas ex-
change abnormalities (PA–a,O2 ≥ 15 mmHg or PaO2 < 80 mmHg).5 

ARTERIAL GAS ANALYSIS
Although arterial gas analysis should be performed in order to con-

firm a diagnosis of HPS, a number of studies on the role of measure-
ments of peripheral oxygen saturation using pulse oximetry (SpO2) for 
screening patients with liver cirrhosis have demonstrated that this quick, 
non-invasive test is useful for assessing orthodeoxia51 and for detecting 
hypoxemia in liver transplant candidates.52 SpO2 is also considered eco-
nomically viable, with a better cost-benefit ratio than shown by admin-
istration of questionnaires on dyspnea. The use of this test has also been 
associated with improvement in the survival rate among liver transplant 
candidates, compared with lack of any screening procedure for HPS 
among such patients.53 However, it should be stressed that, through 

overestimating arterial oxygenation, SpO2 performed as a screening test 
may fail to identify milder cases of HPS that only exhibit a rise in PA–
a,O2, without any hypoxemia yet.3

Although orthodeoxia has also been associated with HPS, its phys-
iopathology remains insufficiently clarified.5,50 Cutoff points have yet to 
be validated for its use as a diagnostic criterion. However, it has been 
proposed that orthodeoxia is characterized by a reduction in PaO2 great-
er than 5% or at levels greater than 4 mmHg.54 Moreover, the physio-
pathology of hyperventilation and hypocapnia (PaCO2 < 35 mmHg), 
which is frequently found in patients with cirrhosis, is not yet complete-
ly understood.55,56 Nonetheless, it has been demonstrated that high lev-
els of progesterone may be related to these abnormalities.57

The majority of studies suggest that arterial gas analysis is essential, 
beginning at the first consultation for cirrhotic patients who are candi-
dates for liver transplantation. Furthermore, arterial blood analysis is 
recommended as a screening test for investigating HPS, which should 
be pursued in cases with high PA–a,O2 or hypoxemia.3,58 PA–a,O2, in 
which PaCO2 is included as a component, has proven to be more sen-
sitive than PaO2 alone for diagnosing HPS.5,9 After the management 
guidelines for HPS were published, in which PA–a,O2 ≥ 15 mmHg in 
liver disease patients with IPVD was deemed sufficient for confirmation 
of HPS, it was suggested that PaO2 should no longer be a separate diag-
nostic criterion and should also become part of the classification of the 
syndrome, with prognostic significance.5,59 HPS may therefore be classi-
fied as mild in cases of PaO2 ≥ 80 mmHg, moderate in cases of PaO2 < 
80 mmHg or ≥ 60 mmHg, severe in cases of PaO2 < 60 mmHg or ≥ 50 
mmHg and very severe in cases of PaO2 < 50 mmHg.5

DIAGNOSING OF IPVD
In normal individuals at rest, the diameter of the pulmonary cap-

illaries can reach 15 µm and PA–a,O2 is considered normal up to 8 
mmHg.5,44 During aerobic exercise, a physiological opening with ana-
tomical arteriovenous communication is believed to contribute towards 
worse performance in pulmonary gas exchange.60 The presence of this 
physiological intrapulmonary shunt has been observed through contrast 
echocardiography performed during exercise tests whenever arterial gas 
analysis reveals PA–a,O2 greater than 12 mmHg.60

In patients with HPS, IPVD occurs even at rest. It may reach as 
much as 500 µm in diameter and is located near gas exchange units, pre-
dominately in the lower lung fields, where the gravitational effect results 
in increased blood flow.61 Less frequently, these pulmonary vascular ab-
normalities are true arteriovenous communications.5 

In the standardized diagnosis, two methods may be used to con-
firm the presence of IPVD: contrast echocardiography and lung per-
fusion scintigraphy using macroaggregated albumin labeled with tech-
netium-99m (99mTcMAA).5 Scintigraphy allows quantification of 
the degree of IPVD, based on greater extrapulmonary uptake of the 
macroaggregates,62 which have a diameter greater than 20 µm and sur-
passed only by the dilated pulmonary capillaries.63,64

High-resolution computed tomography of the thorax is a recent 
imaging method for diagnosing IPVD. It has revealed that dilatations 
in peripheral lung vessels may have a good correlation with the sever-
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ity of gas exchange abnormalities in patients with HPS. This method 
also allows simultaneous evaluation of pulmonary parenchyma in order 
to exclude other causes of hypoxemia.65-68 However, current diagnostic 
guidelines consider that its precision for diagnosing HPS has not yet 
been well established.5 

Contrast echocardiography is the preferred method for diagnosing 
IPVD because of its greater sensitivity, in comparison with 99mTcMAA, 
and its ability to rule out intra-heart communication,62 which is respon-
sible for false-positive results.69 Images obtained using this method are 
considered to be suggestive of IPVD when the left atrium is contrasted 
between the fourth and sixth cycles following opacification of the right 
atrium, in the absence of intra-heart communication. Such communi-
cation is considered present if the contrast reaches the left atrium by the 
third cycle.64,69,70 In normal situations, the contrast particles, which vary 
in diameter depending on the type of contrast used, are impacted in 
pulmonary capillaries of normal diameter. They are then physiologically 
absorbed by the alveoli and do not appear in the left atrium.5

There is discussion in the literature regarding whether this method, 
in the form of transthoracic echocardiography (TTE) should be the ex-
amination of choice for diagnosing IPVD, compared with transesopha-
geal echocardiography (TEE).69 Different results have been obtained in 
studies using these methods on cirrhotic candidates for liver transplanta-
tion. While some authors stress the superiority of TEE, which avoids the 
false positives encountered in TTE,70,71 one study has stressed the great-
er efficacy and sensitivity of TTE over TEE, suggesting that the latter 
should used only in cases of negative TTE.72 However, these differences 
are probably due to differences in image quality, which is better when im-
ages are taken at the second harmonic frequency rather than at the fun-
damental frequency.73,74 There is one report in which higher occurrence 
of IPVD in comparison to findings from other studies72-75 was attributed 
to better resolution of the TTE images at the second harmonic.76 

The sensitivity of TTE for diagnosing IPVD is currently questioned 
less than its capacity to rule out false-positive results, such as cases of 
patent foramen ovale.69,75 TTE studies have demonstrated greater sensi-
tivity for diagnosing patent foramen ovale when the Valsalva maneuver 
is used to increase the pressure in the right atrium, thereby facilitating 
the opening of this orifice and reducing the number of false-positive 
findings of IPVD.77

Although echocardiography is better than 99mTcMAA, there may 
be false-positive results with the TTE technique, depending on the 
echocardiographic technique used.72,74 In fact, studies that have evalu-
ated the TTE technique, taking the TEE as the gold standard, have de-
scribed sensitivity of 68% to 75% and specificity of 93% to 100% for 
TTE.72,74 In addition, there is evidence in the literature that TTE with 
contrast is as accurate as TEE with contrast for determining the pres-
ence of right-to-left shunt. However, further studies are needed to de-
scribe the equivalence between these two techniques, in order to deter-
mine the source of the right-to-left shunt.69

The volume of the left atrium and degree of right ventricle dys-
function determined through echocardiography have recently been 
suggested as possible parameters for diagnosing HPS in patients with 
cirrhosis,49,78 but so far, there has not been any standardization of the 
diagnostic guidelines.

DIAGNOSING OF LUNG DISEASE
Excluding patients with chronic lung disease as part of the differen-

tial diagnosis for HPS is no longer necessary, as there are a number of 
better established criteria for this syndrome.5,79 However, investigation 
of associated lung disease is recommended among patients with very se-
vere HPS, in order to determine whether the transplant protocol is ap-
propriate. Such cases should be analyzed individually,5 because the pres-
ence of advanced lung disease is an absolute contraindication for liver 
transplantation.16

However, along with routine investigation of HPS among liver 
transplant candidates with suspected chronic lung disease, a preoper-
ative lung evaluation should be performed regularly.5 This evaluation 
seeks to calculate the potential risk of postoperative pulmonary com-
plications through specific clinical examination, spirometry and chest 
x-ray.80 A chest x-ray may reveal underlying parenchymatous diseases or 
bilateral basal interstitial opacities. These may be related to IPVD, but 
their presence is not a criterion of sufficient sensitivity for them to be 
considered adequate for diagnosing IPVD.1,79,81 The CO diffusion test, 
99mTcMAA and high-resolution computed tomography may be per-
formed based on individual evaluations on each patient.5

HPS TREATMENT AND PROGNOSIS
With no clear definition of the pathogenesis of HPS, there is as yet 

no treatment that offers satisfactory results for its reversion.6,82 Treat-
ment options such as inhaled NG-nitro-L-arginine methyl ester (L-
NAME),35 intravenous methylene blue,83 somatostatin,84 almitrine, in-
domethacin, norfloxacin, etc., have been tested on HPS cases, but there 
is a lack of clinical trials to support their use.4,7

The invasive procedure of transjugular intrahepatic portosystem-
ic shunt has not resulted in success when used for treating HPS, al-
though it is widely used for treating cirrhotic patients with refractory 
ascites and digestive bleeding relating to portal hypertension.82 On 
the other hand, cavoplasty, which is cited as a treatment option for 
patients with Budd-Chiari syndrome, has resulted in complete rever-
sion of HPS.85 Embolization of possible arteriovenous communica-
tions has also been reported to have been successful.86 Oxygen therapy 
is indicated to improve the clinical condition of patients with severe 
hypoxemia who are known to be responsive to O2 supplementation.45 
This therapy thus makes it possible for such patients to wait for trans-
plant surgery.5 

When diagnoses of HPS have been established, the aim is for this 
to have a positive influence on the prognosis for liver transplant candi-
dates.5 No treatment tested so far has proven capable of altering the nat-
ural course of HPS,35 except liver transplant surgery.61,87-89 It should be 
stressed that this is a recent indication, since HPS was previously con-
sidered to be a contraindication for liver transplant surgery.64

Because HPS may be an independent risk factor for worse prognosis 
among liver transplant candidates,14,59 there is a current formal recom-
mendation to prioritize transplantation for patients with the severe form 
of this syndrome.18,22 However, each HPS case that is considered severe 
should be analyzed individually because of the high morbidity and mor-
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tality rates associated with this condition, both during surgery and dur-
ing the postoperative period.5,14,47

Without liver transplantation, the long-term mortality rate is higher 
among cirrhotic patients with HPS than among those without HPS.13,90 
Prospective analysis among candidates for liver transplantation has dem-
onstrated significantly lower mean survival among patients with HPS 
than among those without HPS (4.8 months and 35.3 months respec-
tively; P = 0.005) when they do not receive a transplant, even compared 
with the same classification of Child-Pugh score (0.26 months and 3.82 
months respectively; P = 0.01).90

With the objective of evaluating the impact of liver transplantation 
on the survival of patients with HPS, a case-control study compared pa-
tients with HPS who did and did not undergo liver transplantation. The 
mortality rates observed were 21% and 78%, respectively. In the same 
study, comparing patients with and without HPS who did not receive 
a transplant, the mean survival was 24 months for the group with HPS 
and 87 months for the group without HPS, with five-year survival of 
23% and 63%, respectively (P = 0.0003).13 This is likely to have been 
due to the rapid progression of hypoxemia in the patients with HPS and 
the mean annual decline in PaO2 of approximately 5 mmHg.13

It has been shown that, following transplantation, the oxygen satu-
ration improves, the oxygen dependence of HPS patients is resolved47 
and there are similar mortality rates among patients with and without 
HPS.13 These findings confirm the changes to the course of HPS and 
consequent prognosis for such patients that transplantation causes.5

A number of studies have sought to correlate the severity of liver 
dysfunction, as classified by the Child-Pugh score, with the severity of 
hypoxemia, but no statistical significance has been found for such an 
association.14,55,63,91,92 Nonetheless, there has been reference to an asso-
ciation between hypoxemia and liver cirrhosis.56 It remains uncertain 
whether any association exists between severity of liver dysfunction and 
occurrences of HPS, considering that there are reports both against10,11,51 
and in favor of such an association.9,90,93,94

The decision to give priority to patients with HPS, among the can-
didates for liver transplant surgery, has been questioned based on the 
lack of complete understanding of its etiopathogenesis and physiopa-
thology, as well as on the lack of a single test to confirm the diagnosis of 
this syndrome.7 Giving priority to patients with HPS because they are 
considered to be more serious cases may not reduce these patients’ mor-
tality rate, but rather, it may transfer mortality to the postoperative peri-
od. Meanwhile, transplantation for cases of lesser severity is postponed: 
in principle, such patients have a better prognosis, but will be subject 
to longer waits before receiving the transplant.95 This may lead to future 
questions involving HPS among liver transplant candidates, with regard 
to the recent determinations of government institutions that adminis-
trate organ distribution. 

It is hoped that future studies will provide complete understanding 
of the physiopathology of this syndrome, thereby ensuring its precise 
diagnosis and pharmacological treatment. Such treatment may one day 
be as effective as liver transplantation, which today changes the natural 
course of HPS and provides a greater survival rate.

The recognized influence of HPS on the prognosis of candidates for 
liver transplantation justifies routine, standardized diagnostic investi-

gation of HPS in referral hospitals. Meanwhile, cirrhotic patients with 
severe HPS are prioritized on the waiting list for liver transplantation 
and those with very severe HPS should be evaluated individually due to 
the high surgical risks. Cirrhotic patients with mild to moderate HPS 
should be evaluated periodically until new studies redirect the treat-
ment protocol.

REFERENCES
1.	 Krowka MJ, Cortese DA. Hepatopulmonary syndrome. Current concepts in diagnostic and 

therapeutic considerations. Chest. 1994;105(5):1528-37.
2.	 Kennedy TC, Knudson RJ. Exercise-aggravated hypoxemia and orthodeoxia in cirrhosis. 

Chest. 1977;72(3):305-9.
3.	 Abrams GA, Sanders MK, Fallon MB. Utility of pulse oximetry in the detection of arterial 

hypoxemia in liver transplant candidates. Liver Transpl. 2002;8(4):391-6.
4.	 Fallon MB, Abrams GA. Pulmonary dysfunction in chronic liver disease. Hepatology. 

2000;32(4 Pt 1):859-65.
5.	 Rodríguez-Roisin R, Krowka MJ, Hervé P, Fallon MB; ERS Task Force Pulmonary-Hepatic Vas-

cular Disorders (PHD) Scientific Committee. Pulmonary-Hepatic vascular Disorders (PHD). 
Eur Respir J. 2004;24(5):861-80.

6.	 Krowka MJ. Hepatopulmonary syndrome and portopulmonary hypertension: implications for 
liver transplantation. Clin Chest Med. 2005;26(4):587-97, vi.

7.	 Mandell MS. Clinical controversies surrounding the diagnosis and treatment of hepatopul-
monary syndrome. Minerva Anestesiol. 2007;73(6):347-55.

8.	 Przybyłowski T, Krenke R, Fangrat A, et al. Gas exchange abnormalities in patients listed for 
liver transplantation. J Physiol Pharmacol. 2006;57(Suppl 4):313-23.

9.	 Schenk P, Fuhrmann V, Madl C, et al. Hepatopulmonary syndrome: prevalence and predic-
tive value of various cut offs for arterial oxygenation and their clinical consequences. Gut. 
2002;51(6):853-9.

10.	 Parolin MB, Coelho JC, Puccinelli V, Schulz GJ, de Souza AM, de Barros JA. Prevalência da 
síndrome hepatopulmonar em candidatos a transplante hepático [Hepatopulmonary syn-
drome in liver transplantation candidates]. Arq Gastroenterol. 2002;39(1):11-6.

11.	 Lima BL, França AV, Pazin-Filho A, et al. Frequency, clinical characteristics, and respiratory 
parameters of hepatopulmonary syndrome. Mayo Clin Proc. 2004;79(1):42-8.

12.	 Freire R, Mangualde J, Vieira AM, et al. Síndrome hepatopulmonar em doentes com cirrose 
hepática: importância da sua pesquisa sistemática e impacto no prognóstico. J Port Gas-
trenterol. 2007;14:176-83.

13.	 Swanson KL, Wiesner RH, Krowka MJ. Natural history of hepatopulmonary syndrome: Impact 
of liver transplantation. Hepatology. 2005;41(5):1122-9.

14.	 Arguedas MR, Abrams GA, Krowka MJ, Fallon MB. Prospective evaluation of outcomes and 
predictors of mortality in patients with hepatopulmonary syndrome undergoing liver trans-
plantation. Hepatology. 2003;37(1):192-7.

15.	 Manzerbeitia C. Liver transplantation. eMedicine Journal. Available from: http://emedicine.
medscape.com/article/431783-overview. Accessed in 2009 (Ago 12). 

16.	 Marroni CA, Brandão ABM, Zanotelli ML, Cantisani GPC. Transplante hepático em adultos 
[Hepatic transplantation in adults]. Revista AMRIGS. 2003;47(1):29-37. Available from: 
http://www.amrigs.com.br/revista/47-01/Transplante%20hepático%20em%20adultos.
pdf. Accessed in 2009 (Aug 12).

17.	 Sette Jr H, Barros MFA, Cury RA, Lopes Neto EPA, Pessôa MG. Transplante hepático: política 
de alocação de órgãos. In: Lopes AC, editor. Tratado de clínica médica. São Paulo: Roca; 
2006. p. 1495-504.

18.	 United States Department of Health & Human Services. Welcome to the 2006 OPTN/SRTR 
Annual Report: Transplant Data 1996-2005. The U.S. Organ Procurement and Transplanta-
tion Network and the Scientific Registry of Transplant Recipients. Available from: http://www.
ustransplant.org/annual_reports/archives/2006/default.htm. Accessed in 2009 (Aug 12).

19.	 Wiesner R, Edwards E, Freeman R, et al. Model for end-stage liver disease (MELD) and 
allocation of donor livers. Gastroenterology. 2003;124(1):91-6.

20.	 Wiesner RH, McDiarmid SV, Kamath PS, et al. MELD and PELD: application of survival mo-
dels to liver allocation. Liver Transpl. 2001;7(7):567-80.

21.	 Roberts JP, Dykstra DM, Goodrich NP, Rush SH, Merion RM, Port FK. Geographic di-
fferences in event rates by model for end-stage liver disease score. Am J Transplant. 
2006;6(10):2470-5.

22.	 Brasil. Ministério da Saúde. Portaria no 1.160 de 29 de maio de 2006. Modifica os critérios 
de distribuição de fígado de doadores cadáveres para transplante, implantando o critério 
de gravidade de estado clínico do paciente. Available from: http://dtr2001.saude.gov.br/
sas/PORTARIAS/Port2006/GM/GM-1160.htm. Accessed in 2009 (Aug 12).



Hepatopulmonary syndrome: an update

Sao Paulo Med J. 2009; 127(4):223-30 229

23.	 Brandão ABM, Marroni CA, Fleck Jr AM, Mariante Neto G. Cirrose. In: Lopes AC, editor. Trata-
do de clínica médica. São Paulo: Roca; 2006. p. 1344-7.

24.	 Barbosa WF, Kondo M. Alterações vasculares pulmonares na hipertensão porta. Revista 
Virtual SOCESP. Available from: http://www.socesp.org.br/frameset.asp?destino=http://2
00.220.14.51/revistasocesp/index1.asp. Accessed in 2009 (Aug 12).

25.	 Strauss E. Hipertensão porta. In: Lopes AC, editor. Tratado de clínica médica. São Paulo: 
Roca; 2006. p. 1376-85.

26.	 Ferraz AAB, Ferraz EM. Esquistossomose. In: Lopes AC, editor. Tratado de clínica médica. São 
Paulo: Roca; 2006. p. 1448-57.

27.	 Domingues ALC, Silva G. Esquistossomose. In: Filgueira NA, Costa Júnior JI, Lucena VG, et 
al., editors. Condutas em clínica médica. 4a ed. Rio de Janeiro: Guanabara Koogan; 2007. 
p. 594-603.

28.	 Krasinskas AM, Eghtesad B, Kamath PS, Demetris AJ, Abraham SC. Liver transplantation 
for severe intrahepatic noncirrhotic portal hypertension. Liver Transpl. 2005;11(6):627-34; 
discussion 610-1.

29.	 Kaymakoglu S, Kahraman T, Kudat H, et al. Hepatopulmonary syndrome in noncirrhotic 
portal hypertensive patients. Dig Dis Sci. 2003;48(3):556-60.

30.	 De BK, Sen S, Sanyal R. Hepatopulmonary syndrome in noncirrhotic portal hypertension. 
Ann Intern Med. 2000;132(11):924.

31.	 Teuber G, Teupe C, Dietrich CF, Caspary WF, Buhl R, Zeuzem S. Pulmonary dysfunction in 
non-cirrhotic patients with chronic viral hepatitis. Eur J Intern Med. 2002;13(5):311-18.

32.	 Fuhrmann V, Madl C, Mueller C, et al. Hepatopulmonary syndrome in patients with hypoxic 
hepatitis. Gastroenterology. 2006;131(1):69-75.

33.	 Varghese J, Ilias-basha H, Dhanasekaran R, Singh S, Venkataraman J. Hepatopulmonary 
syndrome - past to present. Ann Hepatol. 2007;6(3):135-42.

34.	 Martínez-Palli G, Gómez FP, Barberà JA, et al. Sustained low diffusing capacity in hepa-
topulmonary syndrome after liver transplantation. World J Gastroenterol. 2006;12(36): 
5878-83.

35.	 Gómez FP, Barberà JA, Roca J, Burgos F, Gistau C, Rodríguez-Roisin R. Effects of nebulized 
N(G)-nitro-L-arginine methyl ester in patients with hepatopulmonary syndrome. Hepatology. 
2006;43(5):1084-91.

36.	 Tieppo J, Vercelino R, Dias AS, Marroni CA, Marroni N. Ligadura de ducto biliar como mo-
delo de estudo da síndrome hepatopulmonar e estresse oxidativo [Common bile duct li-
gation as a model of hepatopulmonary syndrome and oxidative stress]. Arq Gastroenterol. 
2005;42(4):244-8.

37.	 Luo B, Liu L, Tang L, Zhang J, Ling Y, Fallon MB. ET-1 and TNF-alpha in HPS: analysis in 
prehepatic portal hypertension and biliary and nonbiliary cirrhosis in rats. Am J Physiol 
Gastrointest Liver Physiol. 2004;286(2):G294-303.

38.	 Zhang HY, Han DW, Wang XG, Zhao YC, Zhou X, Zhao HZ. Experimental study on the role 
of endotoxin in the development of hepatopulmonary syndrome. World J Gastroenterol. 
2005;11(4):567-72.

39.	 Luo B, Abrams GA, Fallon MB. Endothelin-1 in the rat bile duct ligation model of hepatopul-
monary syndrome: correlation with pulmonary dysfunction. J Hepatol. 1998;29(4):571-8.

40.	 Filep JG. Endothelin peptides: biological actions and pathophysiological significance in the 
lung. Life Sci. 1993;52(2):119-33.

41.	 Vaughan RB, Angus PW, Chin-Dusting JP. Evidence for altered vascular responses to exo-
genous endothelin-1 in patients with advanced cirrhosis with restoration of the normal 
vasoconstrictor response following successful liver transplantation. Gut. 2003;52(10): 
1505-10.

42.	 Fallon MB. Mechanisms of pulmonary vascular complications of liver disease: hepatopul-
monary syndrome. J Clin Gastroenterol. 2005;39(4 Suppl 2):S138-42.

43.	 Arguedas MR, Drake BB, Kapoor A, Fallon MB. Carboxyhemoglobin levels in cirrhotic patients 
with and without hepatopulmonary syndrome. Gastroenterology. 2005;128(2):328-33.

44.	 West JB. Fisiologia respiratória. 6a ed. São Paulo: Manole; 2002.
45.	 Chakraborty S, Balakotaiah V, Bidani A. Multiscale model for pulmonary oxygen uptake 

and its application to quantify hypoxemia in hepatopulmonary syndrome. J Theor Biol. 
2007;244(2):190-207.

46.	 Hira HS, Kumar J, Tyagi SK, Jain SK. A study of hepatopulmonary syndrome among patients of 
cirrhosis of liver and portal hypertension. Indian J Chest Dis Allied Sci. 2003;45(3):165-71.

47.	 Collisson EA, Nourmand H, Fraiman MH, et al. Retrospective analysis of the results of 
liver transplantation for adults with severe hepatopulmonary syndrome. Liver Transpl. 
2002;8(10):925-31.

48.	 Stoller JK, Lange PA, Westveer MK, Carey WD, Vogt D, Henderson JM. Prevalence and rever-
sibility of the hepatopulmonary syndrome after liver transplantation. The Cleveland Clinic 
experience. West J Med. 1995;163(2):133-8.

49.	 Zamirian M, Aslani A, Shahrzad S. Left atrial volume: a novel predictor of hepatopulmonary 
syndrome. Am J Gastroenterol. 2007;102(7):1392-6.

50.	 Martínez GP, Barberà JA, Visa J, et al. Hepatopulmonary syndrome in candidates for liver 
transplantation. J Hepatol. 2001;34(5):651-7.

51.	 Deibert P, Allgaier H, Loesch S, et al. Hepatopulmonary syndrome in patients with chronic 
liver disease: role of pulse oximetry. BMC Gastroenterol. 2006;6:15.

52.	 Arguedas MR, Singh H, Faulk DK, Fallon MB. Utility of pulse oximetry screening for hepato-
pulmonary syndrome. Clin Gastroenterol Hepatol. 2007;5(6):749-54.

53.	 Roberts DN, Arguedas MR, Fallon MB. Cost-effectiveness of screening for hepatopulmonary 
syndrome in liver transplant candidates. Liver Transpl. 2007;13(2):206-14.

54.	 Gómez FP, Martínez-Pallí G, Barberà JA, Roca J, Navasa M, Rodríguez-Roisin R. Gas exchange 
mechanism of orthodeoxia in hepatopulmonary syndrome. Hepatology. 2004;40(3):660-6.

55.	 Naeije R. Hepatopulmonary syndrome and portopulmonary hypertension. Swiss Med Wkly. 
2003;133(11-12):163-9.

56.	 Charalabopoulos K, Peschos D, Zoganas L, et al. Alterations in arterial blood parameters in 
patients with liver cirrhosis and ascites. Int J Med Sci. 2007;4(2):94-7.

57.	 Aller R, Moya JL, Avila S, et al. Implications of estradiol and progesterone in pulmonary 
vasodilatation in cirrhotic patients. J Endocrinol Invest. 2002;25(1):4-10.

58.	 Mazzeo AT, Bottari G, Praticò C, Penna O, Mandolfino T, Santamaria LB. Significance of hy-
poxemia screening in candidates for liver transplantation: our experience. Transplant Proc. 
2006;38(3):793-4.

59.	 Schiffer E, Majno P, Mentha G, et al. Hepatopulmonary syndrome increases the postopera-
tive mortality rate following liver transplantation: a prospective study in 90 patients. Am J 
Transplant. 2006;6(6):1430-7.

60.	 Stickland MK, Welsh RC, Haykowsky MJ, et al. Intra-pulmonary shunt and pulmonary gas 
exchange during exercise in humans. J Physiol. 2004;561(Pt 1):321-9.

61.	 Hervé P, Lebrec D, Brenot F, et al. Pulmonary vascular disorders in portal hypertension. Eur 
Respir J. 1998;11(5):1153-66.

62.	 Abrams GA, Jaffe CC, Hoffer PB, Binder HJ, Fallon MB. Diagnostic utility of contrast echocar-
diography and lung perfusion scan in patients with hepatopulmonary syndrome. Gastroen-
terology. 1995;109(4):1283-8.

63.	 Krowka MJ, Wiseman GA, Burnett OL, et al. Hepatopulmonary syndrome: a prospective study 
of relationships between severity of liver disease, PaO(2) response to 100% oxygen, and 
brain uptake after (99m)Tc MAA lung scanning. Chest. 2000;118(3):615-24.

64.	 Lange PA, Stoller JK. The hepatopulmonary syndrome. Ann Intern Med. 1995;122(7): 
521-9.

65.	 Lee DF, Lepler LS. Severe intrapulmonary shunting associated with metastatic carcinoid. 
Chest. 1999;115(4):1203-7.

66.	 Köksal D, Kaçar S, Köksal AS, et al. Evaluation of intrapulmonary vascular dilatations with 
high-resolution computed thorax tomography in patients with hepatopulmonary syndrome. 
J Clin Gastroenterol. 2006;40(1):77-83.

67.	 Engelke C, Schaefer-Prokop C, Schirg E, Freihorst J, Grubnic S, Prokop M. High-resolu-
tion CT and CT angiography of peripheral pulmonary vascular disorders. Radiographics. 
2002;22(4):739-64.

68.	 Malagari K, Nikita A, Alexopoulou E, et al. Cirrhosis-related intrathoracic disease. Imaging 
features in 1038 patients. Hepatogastroenterology. 2005;52(62):558-62.

69.	 Frazin LJ. Patent foramen ovale or pulmonary arteriovenous malformation: an appeal for 
diagnostic accuracy. Chest. 2007;132(1):5-6.

70.	 Vedrinne JM, Duperret S, Bizollon T, et al. Comparison of transesophageal and transthoracic 
contrast echocardiography for detection of an intrapulmonary shunt in liver disease. Chest. 
1997;111(5):1236-40.

71.	 Aller R, Moya JL, Moreira V, et al. Diagnosis of hepatopulmonary syndrome with contrast 
transesophageal echocardiography: advantages over contrast transthoracic echocardiogra-
phy. Dig Dis Sci. 1999;44(6):1243-8.

72.	 Pavarino PR, Corbucci HA, Marchi CH, Mata PF, Godoy MF. A ecocardiografia com contraste 
no diagnóstico de dilatações vasculares intrapulmonares em candidatos ao transplante 
hepático [Contrast echocardiography in the diagnosis of intrapulmonary vascular dilations 
in patients eligible for liver transplantation]. Arq Bras Cardiol. 2004;82(4):327-36.

73.	 Madala D, Zaroff JG, Hourigan L, Foster E. Harmonic imaging improves sensitivity at 
the expense of specificity in the detection of patent foramen ovale. Echocardiography. 
2004;21(1):33-6.

74.	 Clarke NR, Timperley J, Kelion AD, Banning AP. Transthoracic echocardiography using second 
harmonic imaging with Valsalva manoeuvre for the detection of right to left shunts. Eur J 
Echocardiogr. 2004;5(3):176-81.

75.	 Santa-Cruz RA, Pearson MD, Cohen MG, et al. Clinical predictors and characteristics of 
patients with chronic liver disease and intrapulmonary shunts. Clin Cardiol. 2005;28(9): 
437-41.

76.	 Kim BJ, Lee SC, Park SW, et al. Characteristics and prevalence of intrapulmonary shunt de-
tected by contrast echocardiography with harmonic imaging in liver transplant candidates. 
Am J Cardiol. 2004;94(4):525-8.

77.	 Daniëls C, Weytjens C, Cosyns B, et al. Second harmonic transthoracic echocardiography: 
the new reference screening method for the detection of patent foramen ovale. Eur J Echo-
cardiogr. 2004;5(6):449-52.



Sao Paulo Med J. 2009; 127(4):223-30

Macêdo LG, Lopes EPA

230

78.	 Karabulut A, Iltumur K, Yalcin K, Toprak N. Hepatopulmonary syndrome and right ventricular dias-
tolic functions: an echocardiographic examination. Echocardiography. 2006;23(4):271-8.

79.	 Martinez G, Barberà JA, Navasa M, Roca J, Visa J, Rodriguez-Roisin R. Hepatopulmonary 
syndrome associated with cardiorespiratory disease. J Hepatol. 1999;30(5):882-9.

80.	 Faresin SM. Avaliação pré-operatória pulmonar. Rio de Janeiro: Revinter; 2005.
81.	 Prediletto R, Catapano G, Bottai M, et al. Role of the chest radiograph in the preoperative 

assessment of the pulmonary function in patients with cirrhosis candidates to liver trans-
plant. Radiol Med. 2004;108(4):320-34.

82.	 Martinez-Palli G, Drake BB, Garcia-Pagan JC, et al. Effect of transjugular intrahepatic por-
tosystemic shunt on pulmonary gas exchange in patients with portal hypertension and he-
patopulmonary syndrome. World J Gastroenterol. 2005;11(43):6858-62.

83.	 Schenk P, Madl C, Rezaie-Majd S, Lehr S, Müller C. Methylene blue improves the hepatopul-
monary syndrome. Ann Intern Med. 2000;133(9):701-6.

84.	 Krowka MJ, Dickson ER, Cortese DA. Hepatopulmonary syndrome. Clinical observations and 
lack of therapeutic response to somatostatin analogue. Chest. 1993;104(2):515-21.

85.	 De BK, Sen S, Biswas PK, et al. Occurrence of hepatopulmonary syndrome in Budd-
Chiari syndrome and the role of venous decompression. Gastroenterology. 2002;122(4): 
897-903.

86.	 Poterucha JJ, Krowka MJ, Dickson ER, Cortese DA, Stanson AW, Krom RA. Failure of hepa-
topulmonary syndrome to resolve after liver transplantation and successful treatment with 
embolotherapy. Hepatology. 1995;21(1):96-100.

87.	 Krowka MJ, Mandell MS, Ramsay MA, et al. Hepatopulmonary syndrome and portopul-
monary hypertension: a report of the multicenter liver transplant database. Liver Transpl. 
2004;10(2):174-82.

88.	 Carey EJ, Douglas DD, Balan V, et al. Hepatopulmonary syndrome after living donor liver 
transplantation and deceased donor liver transplantation: a single-center experience. Liver 
Transpl. 2004;10(4):529-33.

89.	 Taillé C, Cadranel J, Bellocq A, et al. Liver transplantation for hepatopulmonary syndrome: 
a ten-year experience in Paris, France. Transplantation. 2003;75(9):1482-9; discussion 
1446-7.

90.	 Schenk P, Schöniger-Hekele M, Fuhrmann V, Madl C, Silberhumer G, Müller C. Prognostic 

significance of the hepatopulmonary syndrome in patients with cirrhosis. Gastroenterology. 
2003;125(4):1042-52.

91.	 Mohamed R, Freeman JW, Guest PJ, Davies MK, Neuberger JM. Pulmonary gas exchange 
abnormalities in liver transplant candidates. Liver Transpl. 2002;8(9):802-8.

92.	 Levitsky J, McCashland T. Hepatopulmonary syndrome. In: Reddy KR, Faust T, editors. The 
clinician’s guide to liver disease. United States of America: Slack Incorporated; 2006. p. 
271-82.

93.	 Leyva EM, Zepeda VHJ, Alonso LAG, Martínez IA. Síndrome hepatopulmonar. Anales Medicos. 
2006;51(3):124-33. Available from: http://www.medigraphic.com/espanol/e-htms/e-
abc/e-bc2006/e-bc06-3/em-bc063e.htm. Accessed in 2009 (Aug 12).

94.	 Kim HY, Choi MS, Lee SC, et al. Outcomes in patients with hepatopulmonary syndrome 
undergoing liver transplantation. Transplant Proc. 2004;36(9):2762-3.

95.	 Fernandes JH, Millan LS, Massarollo PCB, Mies S. Efeito da escala MELD na mortalidade 
após transplante de fígado [The effect of MELD on the post liver transplantation mortality 
rate]. Rev Med (São Paulo). 2002;81(1/4):15-21.

Sources of funding: Not declared

Conflict of Interest: Not declared

Date of first submission: October 10, 2008

Last received: August 27, 2009

Accepted: August 28, 2009

Address for correspondence: 
Liana Gonçalves de Macêdo 
Hospital Otávio de Freitas – Comissão de Residência Médica (COREME) 
Av. Aprígio Guimarães, s/no  
Recife (PE) — Brasil  
CEP 50920-640 
Tel. (+55 81) 3182-8534 
E-mail: liana.macedo@ig.com.br


