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Abstract
Hepatopulmonary syndrome (HPS) is characterized 

by abnormalities in blood oxygenation caused by 
the presence of intrapulmonary vascular dilations 
(IPVD) in the context of liver disease, generally at 
a cirrhotic stage. Knowledge about the subject is 
still only partial. The majority of the information 
about the etiopathogenesis of HPS has been ob
tained through experiments on animals. Reported 
prevalence in patients who are candidates for a liver 
transplantation (LT) varies between 4% and 32%, with 
a predominance of mild or moderate cases. Although 
it is generally asymptomatic it does have an impact on 
their quality of life and survival. The diagnosis requires 
taking an arterial blood gas sample of a seated patient 
with alveolar-arterial oxygen gradient (AaO2) ≥ 15 mm 
Hg, or ≥ 20 mm Hg in those over 64 years of age. The 
IPVD are identified through a transthoracic contrast 
echocardiography or a macroaggregated albumin 
lung perfusion scan (99mTc-MAA). There is currently 
no effective medical treatment. LT has been shown to 
reverse the syndrome and improve survival rates, even 
in severe cases. Therefore the policy of prioritizing 
LT would appear to increase survival rates. This 
paper takes a critical and clinical look at the current 
understanding of HPS, as well as the controversies 
surrounding it and possible future research. 
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Core tip: Hepatopulmonary syndrome is a frequent 
complication which influences the quality of life and 
ultimately the survival of patients with cirrhosis. 
Knowledge about the condition is still limited and this 
complicates clinical decision making. The most widely 
used methods for establishing a diagnosis are an arterial 
blood gas analysis and a contrast echocardiography. 
There is currently no effective medical treatment and 
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other means of supporting patients have barely been 
evaluated. liver transplantation has been demonstrated 
to reverse it and improve survival levels, although there 
are controversies in the policies of prioritization in terms 
of the waiting lists for transplantation. This review 
examines current knowledge about the syndrome from 
a practical and analytical approach.
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INTRODUCTION
Hepatopulmonary syndrome (HPS) is defined as a 
defect in arterial oxygenation caused by the presence 
of intrapulmonary vascular dilatations (IPVD) in the 
context of liver disease[1,2].

It was in 1884 that Flückiger first described the 
case of a woman with liver cirrhosis, cyanosis and 
acropachy, which could correspond to a patient 
with HPS. The term HPS was coined by Kennedy 
and Knudson[3] in 1977. New definitions for the syn­
drome were suggested by Krowka, Cortese and 
Rodríguez Roisín at the beginning of the 90s. They 
described HPS as a syndrome characterized by a 
clinical triad comprising the presence of advanced 
chronic liver disease, gas exchange abnormalities, 
ultimately leading to hypoxemia, and the presence 
of IPVD, without the presence of intrinsic pulmonary 
diseases[4]. Krowka et al[5] added precision to the 
definition, observing that the syndrome can coexist 
with cardiopulmonary diseases and can also appear in 
cases of hepatitis, portal hypertension not associated 
with liver cirrhosis, alpha 1 antitrypsin deficiency and 
Wilson’s disease. 

Until 1988 HPS was considered to be a contrain­
dication for liver transplantation (LT). Later however, 
it was observed that transplantations led to a reversal 
in hypoxemia and that post LT survival stood at 
around 70%. This finding, combined with the lack 
of an effective medical treatment for the syndrome, 
the progressive nature of hypoxemia and the higher 
mortality levels in these patients, meant that HPS 
became an indication for LT[6]. 

ETIOPATHOGENESIS AND 
PHYSIOPATHOLOGY
The majority of the information about the etiopa­
thogenesis of HPS has been obtained through 
experiments on animals. The most widely used is 
performing a common bile duct ligation in rats to 
provoke a secondary biliary cirrhosis. This results in 

an alteration in the blood oxygenation and IPVD which 
can be measured in vivo and is similar to the changes 
in HPS in humans, although it is more common in 
animals[7]. Nevertheless, some of these findings have 
also been confirmed in humans.

The main mediators involved in the onset of 
IPVD, which are fundamental to the pathogenesis 
of HPS, are nitric oxide (NO) and carbon monoxide 
(CO). In the case of animals, the related molecules 
are: endothelin 1 (ET-1) and its receptors A and B; 
the heme oxygenase-1; TNF-alpha and its effect on 
endothelial NO synthase (eNOS) and the inducible NO 
synthase (iNOS)[8-20]. In humans, it has been observed 
that the levels of exhaled NO are higher in patients 
with HPS and that the administration of L-NAME and 
methylene blue as well as two nitric oxide synthase 
inhibitors (NOS) and their mediators, improve some 
HPS parameters[21-26]. The exhaled nitric oxide reflects 
an excess in NO produced in the alveoli which does 
not come from the liver[21,27,28]. Angiogenesis is also 
considered to be an important phenomenon in the 
development of HPS. Endothelial growth factor and 
other related molecules may be associated with this 
phenomenon[17]. 

Studies in animals keep leading to the discovery 
of new molecules which offer innovative perspectives 
in terms of the understanding of the etiopathogenesis 
of HPS and which could provide future targets for 
medical treatment of the syndrome[29-41]. There are 
a number of recent reviews which examine these 
developments in greater detail but this is not the aim 
of our review[42-44]. 

The principal abnormality which defines HPS is the 
dilatation of pre and post-capillary pulmonary vessels 
in the alveolar regions. The diameter of these vessels 
in normal conditions ranges between 8 and 15 µm, 
whereas when HPS is present, this rises to between 15 
and 500 µm[1,19,45]. 

With HPS there is an increase in the alveolar-
arterial gradient of O2 (AaO2) and hypoxemia which 
is caused by three mechanisms. The main one is a 
mismatch between the ventilation and perfusion of 
alveolar units which is evident in even the mildest 
cases of HPS. The vasodilatation of alveolar capillaries 
results in an excessive amount of blood flowing 
into the normally ventilated alveoli, which causes a 
decline in the ventilation perfusion quotient, resulting 
in increased AaO2 and/or arterial hypoxemia[2]. The 
other two mechanisms are firstly the shunt effect, 
unventilated units which are still perfused and can 
be explained by the presence of arteriovenous com­
munication, and secondly the alteration in oxygen 
diffusion, which is correlated with a reduction in the 
lung’s diffusing capacity for CO (DLCO), and could be 
explained by the distance between the alveoli and the 
central flow in blood capillaries. This distance is too 
great to permit correct gas exchange and could also be 
related to the depositing of collagen in the capillaries 

5729 July 7, 2016|Volume 22|Issue 25|WJG|www.wjgnet.com

Grilo-Bensusan I et al . Hepatopulmonary syndrome



and alveolar venules[1,46-48]. These mechanisms can 
be seen in both moderate and severe cases of the 
disease.

PREVALENCE AND SEVERITY
The prevalence of the syndrome has not been fully 
established since figures depend on the method 
employed for the diagnosis and the profile of the 
patients studied.

In terms of diagnostic methodology, there are 
differences in the criteria of alteration of arterial 
oxygenation which define the syndrome[49]. There are 
also differences according to the method used for the 
diagnosis of IPVD.

Different results are obtained depending on 
whether a contrast-enhanced echocardiography 
or macroaggregated albumin lung perfusion scan 
(99mTc-MAA) is used and if the echocardiography is 
transthoracic or transoesophageal. They also depend 
on which agents are used to generate contrast bubbles 
in the echocardiography[50,51]. It is important to unify 
criteria for the diagnosis of HPS so as to obtain 
comparable results from the various different studies.

In terms of the profiles of the patients studied, 
in cirrhotic patients the average prevalence of HPS 
was 15%, in those with chronic viral hepatitis, with 
or without cirrhosis, it was approximately 10% and in 
Budd-Chiari syndrome, 28%[52,53]. In patients listed for 
LT the different studies have shown figures of between 
4% and 32%[49-51,54-64].

Four degrees of severity can be distinguished 
according to levels of hypoxemia: mild [partial 
oxygen pressure (pO2) is ≥ 80 mmHg], moderate 
(pO2 < 80 mmHg and ≥ 60 mmHg), severe (pO2 < 
60 mmHg and ≥ 50 mmHg) and very severe (pO2 
< 50 mmHg,) which is often associated with pO2 < 
300 mmHg when the patient is administered oxygen 
at 100%[1]. Systematic HPS screening in cirrhosis 
patients listed for LT shows that the majority of HPS 
patients are mild or moderate (77%-88%). Severe 
cases (12%-17%) and very severe cases (4%-6.3%) 
are less common[56,65]. Previously it appeared that 
there were a higher number of more severe cases of 
HPS but this was due to the fact that in many earlier 
studies systematic screening was not used. Diagnosis 
was based on clinical criteria and this led to the more 
serious cases being selected rather than those which 
were less acute[57,59,66-70]. 

CLINICAL FEATURES
The symptoms which have classically been associated 
with HPS are dyspnea and platypnea[71]. In the 
largest study covering patients listed for LT, dyspnea 
was present in 48% of HPS patients, and was more 
frequent than in patients without HPS, with significant 
differences[55]. In another study it was found that 

dyspnea was more frequent in HPS patients with pO2 
lower than 70 mmHg, (57%), compared with those 
who were diagnosed due to an increase in AaO2

[49]. 
Platypnea, which means a worsening in dyspnea 
when a patient is standing rather than lying down, is 
considered a pathognomonic characteristic of HPS. 
This phenomenon is associated with orthodeoxia 
or a decreased pO2 when the patient changes from 
the lying down to the standing position. It has been 
suggested that increased perfusion at the base of 
the lungs when the HPS patients are standing up 
increases the shunt effect, resulting in orthodeoxia 
and platypnea[19]. In a study with 20 HPS patients the 
orthodeoxia phenomenon showed a prevalence of 25% 
and a decrease ≥ 5% or ≥ 4 mmHg in arterial pO2 
was established as the cut off value for its diagnosis[72]. 
However, a prospective study found a 30% prevalence 
of orthodeoxia in cirrhotic patients evaluated for LT, 
with no differences found between patients with or 
without HPS[56]. Furthermore, in another study it was 
found that the opposite phenomenon to platypnea, 
orthopnea, or the worsening in dyspnea when lying 
down, is more frequent in patients with HPS (25%) 
than in those without it, with significant differences[55]. 

Among the exploration findings, acropachy, 
cyanosis and asterixis were rare (lower than 20%) 
although there was a significant association in HPS 
patients[55]. The studies focusing on the presence of 
vascular spiders and their connection with HPS are 
contradictory[49,55,73,74].

Extrapulmonary complications as a result of the 
presence of left-to-right shunt, such as cerebral 
abscesses, intracranial hemorrhages and polycythemia 
have also been described[13,75,76]. 

HPS patients have a lower quality of life, rank 
higher in the New York Heart Association functional 
classification and suffer significant oxygen desaturation 
whilst sleeping[55,77]. 

The available data on the symptoms and ex­
ploration findings in HPS patients is mainly based 
on those with cirrhosis and therefore should not be 
extrapolated to all HPS patients. Nevertheless, the 
data reveals that most patients are asymptomatic, the 
most frequent symptom is dyspnea, and platypnea 
and orthodeoxia do not seem to be characteristic HPS 
phenomena. Therefore further studies are required to 
clarify these findings. 

DIAGNOSIS
Gasometric criteria
The diagnostic criteria proposed for HPS are the 
presence of liver disease, an AaO2 ≥ 15 mmHg or ≥ 
20 mmHg in patients over 64 years old detected by 
arterial blood gas analysis in a seating position, and 
the demonstration of IPVD by means of a positive 
contrast-enhanced echocardiography[1]. 

Although these criteria were established in 2004, 

5730 July 7, 2016|Volume 22|Issue 25|WJG|www.wjgnet.com

Grilo-Bensusan I et al . Hepatopulmonary syndrome



5731 July 7, 2016|Volume 22|Issue 25|WJG|www.wjgnet.com

However, while in intracardiac shunts the transfer of 
bubbles occurs earlier, between the first and third heart 
beats, with HPS it takes place between the fourth and 
sixth beat[1].

The various agents used as a medium to produce 
bubbles offer different levels sensitivity for the 
diagnosis of IPVD. These include: saline solution, 
mannitol, polygeline, indocyanine green and other 
gelatinous solutions[50,81-84]. Of these, a saline solution 
at 0.9% is currently recommended as the medium of 
choice[1]. 

The transthoracic contrast echocardiography is 
preferred to the transoesophageal option due to the 
potential risk of damage that the latter can cause to 
oesophageal varices, although the studies carried out 
to date have not found this complication[50,51,81]. There 
is greater technique sensitivity for the diagnosis of HPS 
against transthoracic ultrasound scan, although some 
interpretation discrepancies exist regarding very early 
stages of IPVD without HPS presence. The current 
recommendation is to use it in the event of poor echo 
window and high probability of HPS[50,51,81]. 

A recent study compared the performance of 
transcranial doppler ultrasonography for the diagnosis 
of IPVD with transthoracic echocardiography. It 
found that transcranial doppler ultrasonography 
was effective diagnostically with AUC = 0.813% 
(95%CI: 0.666-0.959; p = 0.001), sensitivity: 76.2% 
(95%CI: 54.9-89.4) and specificity: 90% (95%CI: 
63.9-96.5)[85]. Although the study was conducted with 
a small group of patients, it offers a new avenue of 
study for the diagnosis of HPS. 

Macroaggregated albumin lung perfusion scan
The 99mTc-MAA is another technique which is ca­
pable of detecting the presence of IPVD. The basis 
of this approach is similar to that of a contrast 
echocardiography. In this case, Tc99 tagged albumin 
particles are able to reach extrapulmonary sites due to 
the presence of IPVD. Cerebral uptake is considered to 
be pathological when greater than or equal to 6%[68]. 
However, some studies establish a cut off value at 5%, 
and others at 7% or even higher[86-88]. Nevertheless, for 
better interpretation, the results of the lung perfusion 
scan should be reported in terms of uptake values 
rather than positive or negative. 

Its main advantage is its capacity to quantify 
IPVD and determine its role in hypoxemia in patients 
with organic respiratory comorbidity. It has also 
been given a prognostic role, indicating that cerebral 
uptake ≥ 20% and/or hypoxemia ≤ 55 mmHg 
were associated with greater post LT mortality[67,68]. 
However, subsequent studies have not confirmed a 
correlation between 99mTc-MAA-based cerebral uptake 
values and postransplantation survival[86]. Its main 
disadvantages on the other hand are its incapacity to 
differentiate IPVD from intracardiac shunting and its 
lower sensitivity in the diagnosis of IPVD. In this sense, 

there were other previously existing parameters: the 
presence of an AaO2 > 20 mmHg, regardless of age, 
and/or a pO2 < 70 mmHg obtained in any position, 
lying down, sitting or standing, were the most widely 
accepted gasometric criteria[66-68,70,78,79]. Other studies 
focused on the existence of an AaO2 greater than that 
theoretically established according to age. There are 
also differences in the formula used to calculate this 
value[58,59]. 

Arterial blood samples are obtained by radial artery 
puncture with the patient in a stable condition and 
breathing room air. There are also differences between 
studies in terms of the position of the patient when 
the sample was obtained: lying down, standing and/or 
sitting.

The establishing of standardized criteria allows 
us to unify the diagnostic methods and further our 
understanding of the disease. However these are 
based on a consensus of experts. There are hardly 
any studies on the application of different criteria 
for the diagnosis of HPS and how these might affect 
the prevalence or prognosis of the syndrome. A 
prospective study with 98 patients observed that 
prevalence of HPS is 32% when the cut off value for 
AaO2 is ≥ 15 mmHg, 31% when AaO2 > 20 mmHg 
and 28% when AaO2 was calculated according to age. 
This study also found that the prevalence is lower 
when pO2 rather than AaO2 was used in the diagnosis 
of HPS[49]. It is also worth noting an interesting study 
which proposed performing two arterial blood gas 
analyses to obtain a precise diagnosis of HPS and 
detect those cases in which the disease was more 
advanced. This study also analyzes different arterial 
gas criteria for the diagnosis of HPS[80]. In general, 
there are very few studies which have validated the 
arterial gas criteria which are currently used for the 
diagnosis of HPS as opposed to others. This is an 
issue which is extremely important to furthering our 
understanding of the disease, enabling us to compare 
studies.

Contrast echocardiography 
A contrast echocardiography is a sensitive, qualitative 
and non-invasive method which allows the screening 
of IPVD, which are the main characteristic of HPS. 
It is considered to be the gold standard technique 
for the diagnosis of HPS[1,2]. It consists of injecting 
a liquid medium with bubbles into a peripheral vein 
so as to observe the liquid entering the right auricle 
and ascertain whether or not it subsequently passes 
into the left cavities. Under physiological conditions, 
once the bubbles are visualized in the right auricle 
they become trapped in the pulmonary vascular bed 
and therefore cannot be visualized in the left heart. 
However, in HPS, bubbles bypass the pulmonary 
circulation and can be seen in the left cavities. The 
presence of an intracardiac shunt is another condition 
in which bubbles can be seen in the left cavities. 
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the studies which have assessed this technique offer a 
variable sensitivity of between 20% and 96%, which 
seems to correlate with the severity of HPS, showing 
high sensitivity in severe and very severe cases and 
low in those which are mild and moderate[53,59,67,68,89,90]. 
These findings are consistent with the results of a sub-
analysis (unpublished) of our work[56]. Further studies 
are required to determine the influence of the severity 
of HPS and the sensitivity of this technique as well as 
its standardization and prognostic role.

Other diagnostic methods 
Pulse oximetry: Pulse oximetry is a cheap, rapid 
and painless method of estimating arterial pO2. This 
is the reason why it is considered a useful tool for the 
screening and monitoring of cirrhotic patients listed 
for LT, especially children[91-93]. The selection of the 
cut off value for pulse oximetry is based on a study 
with a group of 120 patients listed for LT, which found 
that levels of saturation lower than 96% had 100% 
sensitivity and that specificity in detecting levels of 
hypoxemia lower than 60 mmHg was 88%[94]. This 
cut off value was considered to be optimum since it 
was especially relevant in terms of its influence on 
transplantation list priority and patient prognosis. 
However, in view of the latest survival studies, the 
clinical importance of using this or other cut off 
values as references need to be reevaluated[86,95]. 
Furthermore, the use of pulse oximetry, a cut off value 
lower than 97% to perform arterial blood gas analysis, 
and a contrast echocardiography for LT candidates 
seem to be cost-effective measures for the screening 
of HPS, as opposed to the lack of screening, or the 
use of fatigue and dyspnea rates. There was no 
direct comparison with the use of arterial blood gas 
analysis[96].

However, some authors believe that this would 
not be sufficiently precise to replace arterial blood 
gas analysis, since pulse oximetry overestimates 
arterial oxygenation, which is not dependant on liver 
disease[1,94]. 

In any case, pulse oximetry alone is insufficient 
for the diagnosis of HPS. Therefore a contrast 
echocardiography followed by an arterial blood gas 
analysis is proposed[91]. 

Thoracic X-ray: Thoracic X-rays can be used to 
effectively rule out other concomitant pulmonary 
diseases. In the case of HPS, they are mostly normal 
although interstitial markings are more frequently 
found[1,55]. 

Thorax computed tomography scan: Thoracic 
computed tomography (CT) scans are proposed 
as a complementary technique to rule out another 
underlying pulmonary pathology[1,91] although there 
is little information regarding their specific role in the 
diagnosis of HPS. It is suggested that measurement of 

the caliber of the peripheral arteries and the bronchial/
arterial relationship can be useful in the diagnosis of 
the syndrome[97,98]. Furthermore, CT scans offer the 
advantage of defining the vascular pattern of HPS in 
a similar manner to arteriography. A technique which 
combines the study of the pulmonary perfusion by 
means of a SPECT scan and fusion with CT (SPECT-CT) 
imaging has been used in two HPS patients, thereby 
offering a possible alternative to the use of pulmonary 
arteriography for the location of IPVD[99]. 

Pulmonary arteriography: Pulmonary arteriography 
permits us to distinguish two different types of vascular 
patterns in HPS patients. Firstly type Ⅰ or diffuse, which 
is in turn divided into two subtypes. Subtype Ⅰ minimal 
is characterized by the presence of normal or minimally 
dilated vessels in the shape of diffuse vascular spiders. 
Subtype Ⅰ advanced presents more evident dilatations 
with a spongy, diffused and speckled appearance. 
Type Ⅱ or focal, is characterized by the presence 
of arteriovenous shunts similar to those present in 
hereditary telangiectasia[100]. The application of this 
technique is suggested for cases in which type Ⅱ HPS 
is suspected due to the presence of severe hypoxemia 
and lack of response to 100% oxygen supplement, and 
due to the possibility of embolotherapy[101]. However, 
the number of published cases of examples which 
were responsive to embolotherapy for both type Ⅰ and 
type Ⅱ HPS are insufficient to establish a strong 
recommendation in this respect[100,102-106]. 

Respiratory function tests: In HPS patients both 
spirometry and static volumes have characteristically 
been found to be normal in the absence of concomitant 
pulmonary diseases. However, although this has 
been mentioned in various different HPS reviews, it is 
essentially based on theoretical assumptions about the 
disease rather than observational studies[83]. In fact, 
more recent studies suggest that a reduction in forced 
vital capacity and maximum forced expiratory volume 
during the first second (FEV1) is more frequent in 
HPS patients. However, there is no hypothesis to 
explain this finding and therefore further studies 
for its corroboration and analysis are required[55,56]. 
Frequently, there is a moderate to severe reduction in 
pulmonary capacity for the diffusion of CO (DLCO) and 
in that corrected for hemoglobin (DLCOco)[55,56,64,107]. 
This has been related to the increase in the distance 
between the alveolus and the capillary, due to vascular 
dilatation, and possible accumulation of collagen 
between the capillaries and pulmonary venules and the 
alveoli[19,46-48]. However, its role in the diagnosis of HPS 
is limited, since it is more frequent in severe and very 
severe cases than in mild and moderate ones[56,64]. 

Laboratory tests: A study has found that the levels 
of the von Willebrand factor antigen in the blood of 
HPS patients are increased and that this is correlated 
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with gasometric abnormalities[108]. This test could be 
useful for screening HPS although further studies are 
needed to confirm these findings (Table 1). 

Differential diagnosis
The differential diagnosis of HPS in cirrhotic patients 
is essentially mandatory in the following situations: 
the presence of dyspnea, hypoxemia or abnormal 
AaO2. In these cases it is necessary to rule out the 
coexistence of other cardiopulmonary diseases or 
complications due to the cirrhosis itself such as ascitis, 
hepatic hydrothorax or portopulmonary hypertension. 
The differential diagnosis is particularly complex in the 
context of a pulmonary disease coexisting with IPVD. 
In this case the patient could be wrongly diagnosed 
as suffering from HPS, since the presence of IPVD 
is frequent in cirrhotic patients without HPS and 
gasometric abnormalities could be due to a coexisting 
pulmonary disease (false positive). Early definitions 
of HPS included the need to rule out the existence of 
cardiopulmonary diseases as a requirement to reach 
a diagnosis of the syndrome[4]. Later this requirement 
was ruled out, since from a physiopathological 
viewpoint, HPS can coexist with other processes[5]. 
Currently, the main recommendation in these cases 
is to complement studies with a 99mTc-MAA so as to 
quantify the extent of the shunt[91,101]. However, no 
studies have demonstrated the validity of this stra­
tegy. As we said earlier, 99mTc-MAA is a less sensitive 
technique and a positive result seems to be related to 
the severity of HPS, which means that mild cases of 
HPS may not be diagnosed as such (false negative). 
In view of this, it would be necessary to conduct 
further studies to validate the efficacy of 99mTc-MAA 
or other techniques for the differential diagnosis. In 
view of this, it seems reasonable to recommend that 
patients with concomitant cardiopulmonary disease are 

excluded from HPS research studies so as to prevent 
false positives and negatives.

NATURAL HISTORY
The natural history of HPS is unknown. Existing 
studies have been conducted in cirrhotic patients for 
whom the presence of HPS worsens their survival 
rate, independently of their age, sex, race, Child-Pugh 
score, blood urea levels and MELD score[55,57,68]. The 
results regarding the influence on survival in terms of 
the severity of the HPS and the levels of hypoxemia or 
AaO2 are contradictory[55,57]. 

Based on data from cirrhotic patients, especially 
those listed for LT, we could establish the following 
hypothesis for the natural history of the disease. 
Firstly, IPVD develop, but this wouldn’t initially cause 
gasometric abnormalities. They have been found to be 
frequent in cirrhotic patients without HPS criteria[81]. 
Their significance has not been fully evaluated, but 
they may be associated with HPS in its initial or early 
stages and their presence can be detected by contrast-
enhanced echocardiography. The progression of the 
IPVD and hemodynamic changes in cirrhotic patients 
result in gasometric changes, initially including AaO2 
abnormalities and mild levels of hypoxemia[109]. This 
corresponds to the asymptomatic period of HPS, 
at mild and moderate levels, in which survival may 
not be especially compromised[55,56]. However, pulse 
oximetry and 99mTc-MAA imaging may not be able to 
diagnose this patient group[53,67,68,89,90,94]. If the disease 
progresses, hypoxemia becomes more severe and 
other abnormalities are detected in respiratory function 
tests, such as a decreased DLCOco or a positive 99mTc-
MAA[53,56,64,67,68,89-90]. This is the symptomatic period of 
HPS, with severe to very severe cases in which survival 
would probably be compromised, resulting in death if 

Table 1  Diagnosis methods for hepatopulmonary syndrome

Diagnosis methods Findings in HPS patients Limitations Aims

Arterial blood gas analysis AaO2 ≥ 15 mmHg or ≥ 20 mmHg in 
patients over 64 years old

Consensus criteria Diagnosis of HPS
Invasive

Pulse oximetry O2 Saturation < 96% or 97% Low sensitivity Screening HPS and follow up
Contrast echocardiography Bubbles in the left cavities between the 

fourth and sixth beat
Various agents used Diagnosis of IPVD

Transthoracic vs transoesophageal
99mTc-MAA Cerebral uptake ≥ 6% Low sensitivity Diagnosis and quantify of IPVD
Thoracic X-ray Interstitial markings Unspecific Rule out other concomitant pulmonary 

diseases
Thorax CT scan Measurement of the caliber of the 

peripheral arteries and the bronchial/
arterial relationship

More studies needed Rule out other concomitant pulmonary 
diseases

Vascular patterns Location of IPVD
Pulmonary arteriography Vascular patterns Low sensitivity Type Ⅱ HPS suspected

Invasive Embolotherapy?
Respiratory function tests Normal or reduction FVC or FEV1 Unspecific Rule out other concomitant pulmonary 

diseasesReduction in DLCOco Low sensitivity
Laboratory tests von Willebrand factor antigen elevated More studies needed Screening HPS

AaO2: Alveolar-arterial oxygen gradient; DLCOco: Corrected diffusing capacity for carbon monoxide; FEV1: Maximum forced expiratory volume during 
the first second; FVC: Forced vital capacity; HPS: Hepatopulmonary syndrome; 99mTc-MAA: Macroaggregated albumin lung perfusion scan.
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the patient does not receive an LT[55,57,68] (Figure 1). 

TREATMENT
Medical treatment
Different substances have been used to treat HPS. 
Nevertheless the majority of studies have been carried 
out on animals and the studies carried out on humans 
lack the necessary design and sufficient sample 
numbers to allow them to be applied to clinical practice. 
Substances which have been tested without producing 
any clearly favourable results include somatostatin 
analogues[100,110], norfloxacin[12,13,111], inhaled nitric 
oxide[112], cyclooxygenase inhibitors such as aspirin[113] 
and indomethacin[114], immunosuppressants such as 
mycophenolate mofetil[115], cyclophosphamide[116] and 
sorafenib[117,118], quercetin[20,119], beta blockers[120], 
paroxetine[121], rosuvastatin[122], caspase-3 inhibitors[37], 
methylene blue[26,123,124] and inhaled iloprost[125]. Amongst 
the substances used in human tests are pentoxifylline 
and garlic. Pentoxifylline, which has been seen to yield 
positive results in animal tests[11,17], has also been tried 
on adults and children. However, samples in each study 
have been fewer than 10 patients, with contradictory 
results in terms of improvements in oxygenation and 
frequent gastrointestinal side effects[126-128]. The use of 
garlic as a treatment for HPS has not been tested on 
animals and its active mechanism is not understood. 
Nevertheless, in a comparative study using garlic oil 
capsules and a salt capsule placebo, with a total sample 
of 41 HPS patients, and in another study without a 
placebo involving 15 patients, favorable results were 
observed, with improvements in oxygenation and other 
symptoms[129,130]. For pharmaceutical studies it would be 
necessary to carry out multicentre controlled trials using 
these and other substances against placebos. A study 
is currently taking place to evaluate the safety of sorafe­
nib vs placebo, and its effects in blood oxygenation 
(ClinicalTrials.gov Identifier: NCT02021929).

Oxygen therapy
It is recommended that HPS patients with severe 
hypoxemia at rest receive oxygen therapy[1,131]. 
Nevertheless, there is no available data concerning 
effectiveness, tolerance, cost-effectiveness, compliance 
and effects on survival rates of this therapy[1]. 
Only 2 case studies have been published involving 

the long term treatment of HPS with mild and 
severe hypoxemia using oxygen therapy in a home 
environment. In both cases an improvement in liver 
function and oxygenation was observed[132]. 

Transjugular intrahepatic portosystemic shunt
There are very few published cases of HPS patients being 
treated with a transjugular intrahepatic portosystemic 
shunt (TIPS), and those which do exist have shown 
varied short-term results regarding pulmonary oxygen 
exchange. 12 cases have been studied, and the largest 
series is 3 patients[133-139]. As such, there is not sufficient 
data to propose the compassionate use of TIPS in cases 
of HPS[1,138]. 

Surgery 
Budd-Chiari syndrome shows a high prevalence of HPS 
and there are descriptions of improvements in cases 
where the obstruction is resolved through cavoplasty 
or other methods[87,139]. 

As has been described in a few isolated cases, 
embolization has also been used for the treatment of 
type 1 and type 2 HPS with positive results[100,102-106]. 

In both instances the information has been obtained 
from reports about isolated cases and therefore it is not 
possible to make recommendations about their use. 

LT
The most widely studied treatment is LT. At the 
moment it is the only effective treatment for HPS and 
is proven to improve survival rates[68,86]. 

When evaluating a patient listed for LT, it is 
recommended that they are tested for the presence 
of HPS. This can be done through arterial blood gas 
analysis, contrast-enhanced echocardiography or pulse 
oximetry, the latter being proposed more frequently 
as the option of choice[1,42,91,101]. In patients with 
oxygen saturation lower than 96%, the most effective 
way of confirming the existence of HPS is through 
an arterial blood gas analysis, followed by a contrast 
echocardiography, or vice versa[42,91]. These screening 
models are based on the detection through pulse 
oximetry of HPS patients with significant hypoxemia, 
due to existing implications in prioritization and post-
transplantation survival of these patients. As we have 
already mentioned, the findings of new studies could 
question this form of screening[86,95]. 

Diagnosis No HPS Early HPS? HPS

Severity Mild Moderate Severe Very severe
Symptoms Asymptomatic Symptomatic

Findings Liver cirrhosis Early stages of IVD Strong evidence of
IVD

Alteration in AaO2 Mild-moderate 
hypoxemia

Decreased 
DLCOco

Severe hypoxemia

Diagnostic Transoesophageal 
contrast 

echocardiography

Transthoracic 
contrast 

echocardiography

Arterial gas blood 
analysis

Pulse oximetry
Tests Respiratory function tests

99mTc-MAA

Figure 1  Hypothesis for the natural history of hepatopulmonary syndrome. HPS: Hepatopulmonary syndrome; AaO2: Alveolar-arterial oxygen gradient; DLCOco: 
Corrected diffusing capacity for carbon monoxide; 99mTc-MAA: Macroaggregated albumin lung perfusion scan.
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In terms of mortality rates for those on the active 
transplantation list, in a prospective study, no dif­
ferences were observed between patients who had 
HPS and those who did not. In the study, the majority 
of cases were mild or moderate and MELD scores 
were not taken into account. This means that the 
survival of HPS patients was evaluated without the 
“distorting” effect associated with the inclusion of 
these scores[56]. Other retrospective studies, which 
include large samples, have found that mortality rates 
for HPS patients on the list are lower than those for 
patients without HPS, a situation which is explained by 
the addition of MELD points to severe or very severe 
cases of HPS, thereby favoring transplantations in 
these patients as opposed to those who do not have 
HPS[86,95]. 

Hypoxemia can worsen in HPS patients who are 
on the active transplantation list, with a median 
decrease in pO2 of 5.2 mmHg per year[68]. It has been 
suggested that an arterial blood gas analysis should 
be carried out every 6 mo, although there are no 
studies which have evaluated the method for carrying 
out this follow-up process (arterial blood gas analysis 
vs pulse oximetry) nor how frequently it should be 

carried out[42,91] (Figure 2). 

Anesthetics and post LT intensive care: There 
are very few studies concerning the influence of HPS 
in anesthetic procedures or in the intensive care unit 
immediately following a LT and those that do exist are 
based on very small samples. It would appear that 
inhaled general anesthetics have a worse immediate 
effect on hypoxemia than intravenous anesthetics, but 
after an hour there is no apparent difference[140]. Inhaled 
nitric oxide, methylene blue, extracorporeal membrane 
oxygenation and non-invasive ventilation have all 
been suggested as ways of improving oxygenation 
in immediate post-surgery[141-143]. More studies are 
required in order to increase our understanding of 
HPS in terms of both anesthetics and immediate post-
surgery so as to improve patient care. 

Post LT survival: Ten years survival after LT in HPS 
patients stands at 64%[86]. The majority of published 
studies analyze gross mortality rate of transplanted 
HPS patients retrospectively. Post LT mortality rates 
obtained in these studies range between 7.7% and 
33%. Retrospective and later prospective studies show 

Figure 2  Hepatopulmonary syndrome screening model and diagnosis in liver transplantation candidates. AaO2: Alveolar-arterial oxygen gradient; HPS: 
Hepatopulmonary syndrome; LT: Liver transplantation; pO2: Partial oxygen pressure; Sat O2: Arterial oxygen saturation; 99mTc-MAA: Macroaggregated albumin lung 
perfusion scan.
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that hypoxemia ≤ 50 mmHg and cerebral uptake on 
99mTc-MAA ≥ 20% are predictors of post operative 
mortality, but patient sample figures have been 
small[66,67,79,83]. Since 2007, in the United States, as a 
result of these findings, and due to the progression 
of hypoxemia on the transplantation list, it has been 
recommended to assign a 22 MELD score to HPS 
patients with pO2 < 60 mmHg, with increases every 
3 mo[144]. Nevertheless, later studies have failed to 
confirm these findings[86,145].

Recently, a number of comparative studies have 
been carried out comparing survival rates for patients 
who have HPS and those who do not. In the majority 
of retrospective studies there were no statistically 
significant differences[65,69,146] and this was also true 
in a prospective study[56]. Finally, two prospective 
studies analyzing transplantation data of the UNOS, 
and therefore a larger sample of HPS patients, showed 
a better rate of survival in HPS patients, probably 
due to lower waiting list mortality and a similar level 
of post-transplantation mortality, influenced by the 
MELD score, as a previous study suggested[86,95,147]. 
Another finding from one of the studies was greater 
mortality when pO2 is ≤ 44 mmHg, but this was not 
the case in lower levels of hypoxemia to which MELD 
scores are currently being applied in an exceptional 
manner[95]. These recent findings have opened a 
debate concerning the suitability of the MELD scoring 
system as applied to HPS, which prioritizes patients for 
LT, and there could well be changes to this policy in the 
near future[134]. 

Reversibility after LT: The improvement in the 
parameters which define HPS after LT has mainly been 
evaluated in retrospective studies which have shown 
total reversibility figures ranging from 52% to 100% 
over a 6 to 12 mo period. The definition of reversibility 
has used a range of different criteria[58,67-70,145,148,149]. 

There is a prospective study which analyzes HPS 
reversibility at 6, 9 and 12 mo after LT based on the 
different criteria used to define the syndrome. It shows 
that full reversibility of HPS can be seen after 12 mo 
and that the process is rapid, since even after 6 mo, 
in mainly mild and moderate cases there is a 95.8% 
reversal. In terms of the evolution of the characteristic 
parameters of HPS, pO2 and AaO2 levels improve more 
quickly than in intrapulmonary shunt demonstrated by 
means of a contrast echocardiography.

It has also been observed that there is a post 
transplantation improvement in DLCO, although not 
in all patients[56]. Previously, the reversibility of this 
parameter was not described[148]. It should be noted 
that the sample in both studies was small.

CONCLUSION
Current knowledge about HPS is limited and is 
essentially based on studies of cirrhotic patients listed 
for LT or animal experiments. These studies have 

enabled us to establish the fact that HPS is a frequent 
complication for these patients, and although it is 
generally asymptomatic it does have an impact on their 
quality of life and survival. It has also been established 
that LT is an efficient method of treating the syndrome 
and has positive post-transplantation survival results, 
even in severe cases. Nevertheless, there is still much 
to do, particularly in terms of increasing the number of 
multi-centre studies which confirm the etiopathogenic 
findings of animal models in humans and aid the 
development of pharmacological treatments. It is also 
important to focus on improving the clinical use of 
diagnostic or screening techniques as well as clarifying 
the prioritization and selection of patients for LT.
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