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Current management approaches to portopulmonary hypertension
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Introduction

Chronic liver dysfunction may have devastating consequences on the pulmonary vasculature 1 . Portopulmonary hypertension (PoPH) is defined as pulmonary arterial hypertension (PAH) that develops in the context of portal hypertension irrespective of the presence or otherwise of underlying advanced hepatic disease. PoPH is incorporated in group 1 of the current pulmonary hypertension (PH) classification system as it is characterised by pathobiological mechanisms that are similar to other forms of PAH 2 . Although the disorder is most commonly observed in patients with cirrhosis, accumulated evidence indicates that is in fact the presence of portal hypertension rather that chronic liver disease per se that is the key risk factor for the development of PoPH. This review provides a summary of clinicopathological characteristics of PoPH and discusses some of the emerging therapeutic approaches.

Epidemiology and Survival

The prevalence of PoPH is estimated at 2-6% among patients with portal hypertension and is observed as a complication of about 1-2% of patients with cirrhosis [3][4][5] . However, it is likely that these estimates are conservative, as many cases remain undiagnosed 1 . In the French national PAH registry, PoPH was identified as the third most common risk factor for PAH 6 . Females appear to be at greater risk of developing the disorder compared to males, suggesting that hormonal factors may play a role in its pathogenesis 7,8 . There is no relationship between the severity of the liver disease and the risk of developing PoPH 3 .

Interestingly, patients with autoimmune liver disease appear to be at increased risk, suggesting that dysregulated immunity may be pathogenetically relevant 7,9 . Generally, the Estimates of survivals in patients with PoPH have varied widely among published studies 9 10 11 . In a small series reported by Kawut et al, the overall transplant-free 3-year survival rates for PoPH patients was 38%, worse than that observed in idiopathic PAH patients 11 . In contrast, Le Pavec et al found that one-, three-and five-year survival rates were 88%, 75% and 68%, respectively, among patients followed at the French National Referral Centre, suggesting these patients may in fact have less severe outcomes 9 . These investigators also showed that the prognosis for those with PoPH was dependent on both the severity of PAH and of the underlying liver disease, with cardiac index and Child Pugh class emerging as independent prognostic factors. In contrast, no relationship with outcome was observed for modified New York Heart Association (NYHA) functional class or exercise capacity (as quantified using the 6 min walk test distance). In this retrospective analysis, the majority of deaths were equally attributed to PAH and liver disease 9 .

Pathophysiology

Portal hypertension is both a necessary and sufficient risk factor for the development of pulmonary vascular disease. Two distinct forms of pulmonary vascular remodelling that involve the lung microvasculature are known to be associated with portal hypertension: PoPH and the hepatopulmonary syndrome (HPS). The histological characteristics observed in patients with PoPH are similar to those observed in idiopathic PAH, namely endothelial cell proliferation, smooth muscle hypertrophy and in situ thrombosis 12 . By contrast, HPS is characterised pathologically by the presence of diffuse precapillary and capillary bed dilatations that result in diffusion-perfusion abnormalities in which unsaturated venous blood passes through dilated vessels and is inadequately saturated with oxygen because of a 13 . Although PoPH and HPS show contrasting hemodynamics profiles, the co-existence of these two distinct complications in patients with portal hypertension has been reported 14 .

The pathogenic mechanisms responsible for the development of PoPH remain incompletely understood, although angiogenesis is believed to be a critically important factor in the onset and progression of both PoPH and HPS. Some investigators have proposed that angiogenic signalling may result in different effects depending on the anatomical location of its activity within the pulmonary vascular bed, with portal hypertension and/or cirrhosis probably responsible for this imbalance between pro-and antiangiogenic factors within the lung 15 . Thus, dysregulation of vascular signalling pathways may lead to pulmonary vascular dilatation, distal pulmonary vascular obstruction of more proximal muscular arteries or, rarely, both. An imbalance of vasoconstrictive and vasodilatory mediators is also likely to be aetiologically relevant, as is the case in idiopathic PAH. As distinct from other forms of PAH, however, the augmented cardiac output (CO) that is typically observed in patients with portal hypertension may itself promote pulmonary vascular remodelling.

Another hypothesis that has been proposed is that toxic products from the digestive tract that are normally cleared by hepatic metabolism bypass the liver via portosystemic shunts and directly damage the pulmonary vascular endothelium 16 

Diagnosis of PoPH

A high index of clinical suspicion for PoPH in patients with cirrhosis and/or portal hypertension is required. Although dyspnoea is the most common symptom of PoPH, it is an entirely non-specific and frequently reported symptom among those with chronic liver disease that is not complicated by intrinsic pulmonary disease. In addition, a prospective study by Hadengue et al showed that 60% of patients with PoPH were asymptomatic 3 . Transthoracic Doppler echocardiography (TTE) is recommended by recent guidelines as the initial diagnostic modality where PoPH is suspected 17 . However, few data have examined the value of this tool in the screening for PAH in asymptomatic patients with portal hypertension.

Colle et al assessed the diagnostic accuracy of Doppler echocardiography for suspected pulmonary hypertension in a prospective study of orthotopic liver transplantation (OLT) candidates. Using a right ventricular systolic pressure of > 30 mmHg as a cut-off for selecting patients for confirmatory right heart catheterization, these authors found sensitivity and specificity rates of 100% and 96%, respectively, for detection of pulmonary hypertension by echocardiography 4 . However, the positive predictive value for echocardiography in this series was less than 60%, underscoring the need for diagnostic right heart catheterisation when the disorder is suspected by non-invasive assessment. In a similar study undertaken by Kim et al, TTE was found to have a sensitivity of 97% and a specificity of 77% for the diagnosis of moderate to severe PoPH in OLT candidates 18 . Because of the high risk of periand post-operative adverse outcomes, PoPH must be excluded among patients being considered for OLT. By contrast, routine screening for the disorder in other subgroups of portal hypertension patients is not currently recommended. However, further diagnostic As already highlighted, right heart catheterisation is mandatory in order to definitively establish a diagnosis of PoPH 17 . Diagnostic criteria include a mean pulmonary arterial pressure (mPAP) of ≥ 25 mmHg with a normal mean pulmonary artery occlusion pressure (i.e. < 15mmHg) and a pulmonary vascular resistance (PVR) ≥ 240 dynes.s.cm -5 , associated with evidence of portal hypertension (whether confirmed by hemodynamic confirmation or suggested by the presence of splenomegaly, thrombocytopenia, oesophageal varices, portal to systemic shunts, or portal vein abnormalities) 19 . It is important to note that, in contradistinction to other forms of PAH, the level of pulmonary vascular resistance remains integral to the diagnosis of PoPH. This is because portal hypertension is frequently associated with a hyperdynamic circulation that develops as a result of increases in cardiac output and/or blood volume. Patients that demonstrate this particular pattern of PH are distinguished in general by PVR values of < 240 dynes.s.cm -5 , reflecting a passive increase in pulmonary arterial pressures 15 . The various haemodynamic profiles that may be observed in PoPH are summarised in Table 1.

Management

Broadly speaking, the treatment strategies most commonly employed for PoPH patients are based on data from pharmacological studies and clinical experiences of populations with other forms of PAH. Indeed, there remains a paucity of data available from prospective, randomised, placebo-controlled trials to inform clinicians of the optimal therapeutic approach for PoPH as these patients have tended to be excluded from such studies. By contrast, the majority of studies specifically examining the impact of existing or been of an open-label or retrospective nature. It is also important to stress, however, that significant differences exist between PoPH and other PAH subtypes which may impact the efficacy and tolerability of PAH specific therapies. In particular, the potential for potent vasodilatator treatments to worsen portal hypertension via a direct action on the splanchnic circulation remains a significant concern.

Conventional therapy

Use of diuretics is advocated for control of symptomatic fluid overload and supplementary oxygen is routinely prescribed in order to maintain arterial oxygen saturation above 90%. However, neither of these interventions have a demonstrable effect on mortality.

In patients with cirrhosis, anticoagulants are not usually administered when there is severe hepatocellular insufficiency and/or thrombocytopenia due to hypersplenism. The use of ßadrenergic receptor blockers, which are widely employed for prophylaxis of gastrointestinal hemorrhage from oesophageal varices, may be associated with significant worsening of exercise capacity and pulmonary hemodynamics in the setting of PoPH, and are generally contraindicated 20 . Instead, ligation of oesophageal varices should be preferred in portal hypertension patients deemed to be at high risk of bleeding. There is also no role for transjugular intrahepatic portosystemic shunt (TIPS) placement in the setting of PoPH because this procedure may acutely augment cardiac preload and potentially precipitate right ventricular failure 21 . Calcium channel blockers should also be used with caution in these patients as these may promote mesenteric vasodilatation and increase the hepatic venous pressure gradient 22 . Furthermore, our group has recently showed that the frequency of 

Endothelin receptor antagonists

Endothelin (ET-1) is a potent endogenous vasoconstrictor and promoter of vascular remodelling that has been implicated in the development and progression of idiopathic PAH.

There is also evidence to suggest that ET-1 not only plays an important role in the pathogenesis of PoPH but may also be aetiologically relevant in portal hypertension and hepatic fibrotic remodelling [24][25][26][27] . These observations form the basis for the hypothesis that antagonism of ET-1 may be beneficial in PoPH patients. Bosentan is an orally active ET-1 receptor antagonist that is approved for use in different forms of PAH 28 . There are now a number of reports also suggesting that bosentan is well tolerated and effective in patients with severe PoPH [29][30][31][32] . In addition, Hoeper and co-workers showed that treatment with bosentan is efficacious in patients with Child Pugh class A liver disease. 33 However, to date there have been no prospective studies of bosentan conducted in patients with advanced liver failure, mainly due to safety concerns regarding impaired drug metabolism.

Our group has recently analysed the efficacy and safety of bosentan in patients from the French national PAH referral centre with PoPH and associated with Child Pugh class A and B cirrhosis 34 . In our series, bosentan conferred significant haemodynamic improvements in patients with Child Pugh class B cirrhosis. Furthermore, the safety profile of bosentan in our study population was consistent with that from previous therapeutic studies that evaluated PAH patients without cirrhosis.

A recently published observational study has reported on the effects of ambrisentan, a selective antagonist of the ET-1 A receptor subtype, in 13 patients with moderate to severe To date, there are no data regarding plasma levels of endothelin antagonists according to the severity of cirrhosis. However, pharmacological study data indicate that mild cirrhosis does not influence bosentan metabolism 36 . Despite these encouraging findings, the risk-tobenefit ratio of endothelin receptor antagonist use in patients with liver disease must be evaluated for on a case-by-case basis. Furthermore, given the tendency for agents from this therapeutic class to cause increases in liver transaminases, clinicians must be particularly vigilant that introduction of an endothelin antagonist does not result in a worsening of liver function.

Phosphodiesterase 5 inhibitors

Nitric oxide (NO) is an endothelium-derived potent vasodilator that exerts its effects on pulmonary vascular tone through increased production of the intracellular second messenger cyclic guanosine 5′-monophospate (cGMP). The effects of cGMP are regulated by the enzyme phosphodiesterase type-5 (PDE-5). Sildenafil is a potent and selective inhibitor of PDE-5 that promotes vasodilatation and antiproliferative activity that has been granted regulatory approval in different forms of PAH 37 .

No placebo-controlled, randomised studies of PDE-5 inhibitors in PoPH have been conducted to date. However, three small retrospective studies evaluating the impact of sildenafil treatment in PoPH patients have been published [38][39][40] . Overall, treatment with this agent has been shown to favourably impact a number of relevant clinical endpoints, including 6-min walk distance, NYHA functional class and pulmonary hemodynamics, without increasing the number of significant adverse events. Of note, two of these three studies evaluated only OLT candidates, thus limiting the extrapolation of data to PoPH patients in general. Furthermore, target doses of sildenafil employed in two of the studies were higher than those recommended in published guidelines (50 mg three times daily) 38,40 while the third compared the impact of doses ranging from 60 mg to 400 mg per day 39 . This suggests that higher doses of this drug may possibly confer additional improvements in functional status and haemodynamic indices. In general, treatment was well tolerated in participants from these series, with adverse events being reported no more frequently than in other PAH populations.

However, PDE-5 inhibitors should nonetheless be employed with caution in PoPH patients, particularly as some experts have suggested this approach may increase splanchnic blood flow resulting in worsening of portal hypertension 41 .

Prostaglandin analogues

Epoprostenol is a synthetic prostacyclin analogue administered by chronic intravenous infusion that possesses potent vasodilatory, antiproliferative and anti-thrombotic activities.

Although treatment is associated with short-and long-term benefits in patients with idiopathic PAH 42,43 , no controlled clinical trials have been conducted with this agent in PoPH to date. However, numerous case series have reported positive effects on exercise capacity and pulmonary hemodynamics with epoprostenol administration in selected patients 44,45 and it is often employed as a therapeutic bridge to enable OLT to be performed. Krowka et al showed that in a cohort of moderate to severe PoPH patients, chronic epoprostenol therapy conferred significant and durable improvements in PVR, mPAP and CO 46 . However, treatment is burdensome and may be associated with severe catheter-related bloodstream infections 47 .

The use of other, more stable prostacyclin analogues has also been the focus of study in PoPH. A case of treatment successes with intravenous iloprost, which has a longer half-life than epoprostenol, used as a bridge to OLT in a patient with severe PoPH has been described 48 . Treatment with aerosolized iloprost, administered by multiple daily inhalations, 

Impact of specific treatment on survival

Despite their increasingly widespread use, the impact of PAH specific therapy on survival of patients with PoPH has not been clearly established. In a retrospective analysis of 74 patients, treatment of PAH, followed or not followed by OLT, was associated with an improved outcome 52 . By contrast, others have observed no survival differences when outcomes of patients receiving long-term epoprostenol are compared to those not receiving this form of therapy 53 . Similarly, among PoPH patients followed at the French National Referral Centre, use of specific PAH treatments also failed to improve outcome overall 34 .

Interestingly, treated patients who had milder disease (defined as either those with Child-Pugh A cirrhosis or portal hypertension without cirrhosis) had a statistically significant survival advantage compared to untreated patients.

Liver transplantation

Most experts agree that liver transplantation should not be considered as a potential treatment for PoPH because of the unacceptably high associated perioperative complication rates 54 . Only rare cases of improvement of portopulmonary hypertension have been reported after OLT and there is no pathophysiological evidence to support this approach. Indeed, in patients with PoPH who do undergo OLT, it is likely that any significant reductions in mPAP that are observed postoperatively are due decreases in CO rather than a reversal of the pathologic mechanisms that drive intrinsic pulmonary vasculopathy. Moreover, residual PAH after OLT may lead to acute right failure and a dramatically increased risk of peri-and postoperative mortality. This risk appears to be directly related to the severity of pulmonary hypertension 19 . Attempts have been made to stratify risk according to pulmonary hemodynamic indices in order to identify patients in whom OLT may be considered. In their metaanalysis, Krowka and al reported a mortality rate of 100% due to PAH in patients with a preoperative mPAP > 50 mmHg and a mortality rate of 50% among those with mPAP of 35-50 mmHg and a PVR > 250 dynes.s.cm -5 55 Data from this analysis have been used to assist physicians in decision making with respect to pulmonary hemodynamics for patients with PoPH being considered for liver transplantation 19 . The risk associated with OLT is acceptable in patients with a mPAP is <35 mmHg and preserved cardiac function, in the absence of other significant comorbidities. By contrast, treatment with one of more specific PAH therapies should be considered in those with a mPAP >35 mmHg in an attempt to improve pulmonary hemodynamics and thereby allow OLT to be undertaken with acceptable risk 19 (Figure 2).

Conclusion

PoPH remains an entity that is incompletely understood, difficult to treat and often associated with a poor prognosis. The disorder should be systematically excluded in all OLT candidates.

Recent reports have shown that treatment with PAH specific agents may confer durable improvements in important clinical parameters for some patients. However, the effectiveness of these agents has yet to be rigorously evaluated in randomised clinical studies. When PoPH is identified in patients otherwise deemed good candidates for OLT, therapeutic strategies should focus on improvements in pulmonary hemodynamics in order to optimise cardiac 

Relevant mechanisms in the pathogenesis of portopulmonary hypertension.

Figure 2

Proposed therapeutic algorithm for patients with portopulmonary hypertension. indicates that is in fact the presence of portal hypertension rather that chronic liver disease per se that is the key risk factor for the development of PoPH. This review provides a summary of clinicopathological characteristics of PoPH and discusses some of the emerging therapeutic approaches.

Epidemiology and Survival

The prevalence of PoPH is estimated at 2-6% among patients with portal hypertension and is observed as a complication of about 1-2% of patients with cirrhosis [3][4][5] . However, it is likely that these estimates are conservative, as many cases remain undiagnosed 1 . In the French national PAH registry, PoPH was identified as the third most common risk factor for PAH 6 . Females appear to be at greater risk of developing the disorder compared to males, suggesting that hormonal factors may play a role in its pathogenesis 7,8 . There is no relationship between the severity of the liver disease and the risk of developing PoPH 3 .

Interestingly, patients with autoimmune liver disease appear to be at increased risk, suggesting that dysregulated immunity may be pathogenetically relevant 7,9 . Generally, the Estimates of survivals in patients with PoPH have varied widely among published studies 9 10 11 . In a small series reported by Kawut et al, the overall transplant-free 3-year survival rates for PoPH patients was 38%, worse than that observed in idiopathic PAH patients 11 . The US Registry to Evaluate Early and Long-Term PAH Disease Management (REVEAL) database, in which data from more than 2700 patients was collected, identified PoPH as an independent predictor of increased mortality among PAH patients (hazard ratio, 3.6; 95% confidence interval, 2.4 to 5.4) 12 . In contrast, Le Pavec et al found that one-, threeand five-year survival rates were 88%, 75% and 68%, respectively, among patients followed at the French National Referral Centre, suggesting these patients may in fact have less severe outcomes 9 . These investigators also showed that the prognosis for those with PoPH was dependent on both the severity of PAH and of the underlying liver disease, with cardiac index and Child Pugh class emerging as independent prognostic factors. In contrast, no relationship with outcome was observed for modified New York Heart Association (NYHA) functional class or exercise capacity (as quantified using the 6 min walk test distance). In this retrospective analysis, the majority of deaths were equally attributed to PAH and liver disease 9 . The reasons for the conflicting results between the US and French registries are not clear.

Differences in timing of initial referral of PoPH patients for assessment and dissimilarities

with respect to the severity of liver disease at time of first assessment among the two populations may in part explain the discordance of findings from the two registries.

Pathophysiology

Portal hypertension is both a necessary and sufficient risk factor for the development of pulmonary vascular disease. Two distinct forms of pulmonary vascular remodelling that 13 . By contrast, HPS is characterised pathologically by the presence of diffuse precapillary and capillary bed dilatations that result in diffusion-perfusion abnormalities in which unsaturated venous blood passes through dilated vessels and is inadequately saturated with oxygen because of a combination of high-flow perfusion and increased depth for diffusion 14 . Although PoPH and HPS show contrasting hemodynamics profiles, the co-existence of these two distinct complications in patients with portal hypertension has been reported 15 .

The pathogenic mechanisms responsible for the development of PoPH remain incompletely understood, although angiogenesis is believed to be a critically important factor in the onset and progression of both PoPH and HPS. Some investigators have proposed that angiogenic signalling may result in different effects depending on the anatomical location of its activity within the pulmonary vascular bed, with portal hypertension and/or cirrhosis probably responsible for this imbalance between pro-and antiangiogenic factors within the lung 16 . Thus, dysregulation of vascular signalling pathways may lead to pulmonary vascular dilatation, distal pulmonary vascular obstruction of more proximal muscular arteries or, rarely, both. An imbalance of vasoconstrictive and vasodilatory mediators is also likely to be aetiologically relevant, as is the case in idiopathic PAH. As distinct from other forms of PAH, however, the augmented cardiac output (CO) that is typically observed in patients with portal hypertension may itself promote pulmonary vascular remodelling.

Another hypothesis that has been proposed is that toxic products from the digestive tract that are normally cleared by hepatic metabolism bypass the liver via portosystemic shunts and directly damage the pulmonary vascular endothelium 17 . Inflammatory stimuli that 

Diagnosis of PoPH

A high index of clinical suspicion for PoPH in patients with cirrhosis and/or portal hypertension is required. Although dyspnoea is the most common symptom of PoPH, it is an entirely non-specific and frequently reported symptom among those with chronic liver disease that is not complicated by intrinsic pulmonary disease. In addition, a prospective study by Hadengue et al showed that 60% of patients with PoPH were asymptomatic 3 . Transthoracic Doppler echocardiography (TTE) is recommended by recent guidelines as the initial diagnostic modality where PoPH is suspected 18 . However, few data have examined the value of this tool in the screening for PAH in asymptomatic patients with portal hypertension.

Colle et al assessed the diagnostic accuracy of Doppler echocardiography for

suspected pulmonary hypertension in a prospective study of orthotopic liver transplantation (OLT) candidates. Using a right ventricular systolic pressure of > 30 mmHg as a cut-off for selecting patients for confirmatory right heart catheterization, these authors found sensitivity and specificity rates of 100% and 96%, respectively, for detection of pulmonary hypertension by echocardiography 4 . However, the positive predictive value for echocardiography in this series was less than 60%, underscoring the need for diagnostic right heart catheterisation when the disorder is suspected by non-invasive assessment. In a similar study undertaken by Kim et al, TTE was found to have a sensitivity of 97% and a specificity of 77% for the diagnosis of moderate to severe PoPH in OLT candidates 19 . Because of the high risk of periand post-operative adverse outcomes, screening for PoPH must be performed among patients being considered for OLT. By contrast, routine screening for the disorder in other subgroups of portal hypertension patients is not currently recommended. However, further diagnostic assessment is required for portal hypertension patients that demonstrate clinical, biological or radiological features suggestive of underlying pulmonary hypertension and/or right heart failure.

As already highlighted, right heart catheterisation is mandatory in order to definitively establish a diagnosis of PoPH 18 . Diagnostic criteria include a mean pulmonary arterial pressure (mPAP) of ≥ 25 mmHg with a normal mean pulmonary artery occlusion pressure (i.e. < 15mmHg) and a pulmonary vascular resistance (PVR) ≥ 240 dynes.s.cm -5 , associated with evidence of portal hypertension (whether confirmed by hemodynamic confirmation or suggested by the presence of splenomegaly, thrombocytopenia, oesophageal varices, portal to systemic shunts, or portal vein abnormalities) 20 . It is important to note that, in contradistinction to other forms of PAH, the level of pulmonary vascular resistance remains integral to the diagnosis of PoPH. This is because portal hypertension is frequently associated with a hyperdynamic circulation that develops as a result of increases in cardiac output and/or blood volume. Patients that demonstrate this particular pattern of PH are distinguished in general by PVR values of < 240 dynes.s.cm -5 , reflecting a passive increase in pulmonary arterial pressures 16 . The various haemodynamic profiles that may be observed in PoPH are summarised in Table 1. populations with other forms of PAH. Indeed, there remains a paucity of data available from prospective, randomised, placebo-controlled trials to inform clinicians of the optimal therapeutic approach for PoPH as these patients have tended to be excluded from such studies. By contrast, the majority of studies specifically examining the impact of existing or investigative treatments in PoPH patients have involved small numbers of patients and have been of an open-label or retrospective nature. It is important to stress that much of the current clinical practice at expert centres is based on data that would not be considered strong enough to provide the basis for recommendations for clinical guidelines. Furthermore, significant differences exist between PoPH and other PAH subtypes which may impact the efficacy and tolerability of PAH specific therapies. In particular, the potential for potent vasodilatator treatments to worsen portal hypertension via a direct action on the splanchnic circulation remains a significant concern.

Management

Conventional therapy

Use of diuretics is advocated for control of symptomatic fluid overload and supplementary oxygen is routinely prescribed in order to maintain arterial oxygen saturation above 90%. However, neither of these interventions have a demonstrable effect on mortality.

In patients with cirrhosis, anticoagulants are not usually administered when there is severe hepatocellular insufficiency and/or thrombocytopenia due to hypersplenism. In order to maintain an adequate cardiac output, many PH patients rely on a significant heart rate reserve, since stroke volume is essentially fixed. This response mechanism is particularly important in the setting of compromised left ventricular filling due to right ventricular dysfunction and dilatation. The use of ß-adrenergic receptor blockers, therefore, which are widely employed for prophylaxis of gastrointestinal hemorrhage from oesophageal varices, may be associated with significant worsening of exercise capacity and pulmonary hemodynamics in the setting of PoPH, and are generally contraindicated 21 . Instead, ligation of oesophageal varices should be preferred in portal hypertension patients deemed to be at high risk of bleeding. There is also no role for transjugular intrahepatic portosystemic shunt (TIPS) placement in the setting of PoPH because this procedure may acutely augment cardiac preload and potentially precipitate right ventricular failure 22 . Calcium channel blockers should also be used with caution in these patients as these may promote mesenteric vasodilatation and increase the hepatic venous pressure gradient 23 . Furthermore, our group has recently showed that the frequency of responses rates to acute vasodilator testing at right heart catheterisation is only 1.7% among PoPH patients 24 .

Endothelin receptor antagonists

Endothelin (ET-1) is a potent endogenous vasoconstrictor and promoter of vascular remodelling that has been implicated in the development and progression of idiopathic PAH.

There is also evidence to suggest that ET-1 not only plays an important role in the pathogenesis of PoPH but may also be aetiologically relevant in portal hypertension and hepatic fibrotic remodelling [25][26][27][28] . These observations form the basis for the hypothesis that antagonism of ET-1 may be beneficial in PoPH patients. Bosentan is an orally active ET-1 receptor antagonist that is approved for use in different forms of PAH 29 . There are now a number of reports also suggesting that bosentan is well tolerated and effective in patients with severe PoPH [30][31][32][33] . In addition, Hoeper and co-workers showed that treatment with bosentan is efficacious in patients with Child Pugh class A liver disease. 34 However, to date there have 35 . In our series, bosentan conferred significant haemodynamic improvements in patients with Child Pugh class B cirrhosis. Furthermore, the safety profile of bosentan in our study population was consistent with that from previous therapeutic studies that evaluated PAH patients without cirrhosis.

A recently published observational study has reported on the effects of ambrisentan, a selective antagonist of the ET-1 A receptor subtype, in 13 patients with moderate to severe PoPH. Treatment was associated with a significant reduction in mPAP and PVR without adverse effects on liver function tests 36 .

To date, there are no data regarding plasma levels of endothelin antagonists according to the severity of cirrhosis. However, pharmacological study data indicate that mild cirrhosis does not influence bosentan metabolism 37 . Despite these encouraging findings, the risk-tobenefit ratio of endothelin receptor antagonist use in patients with liver disease must be evaluated for on a case-by-case basis. Furthermore, given the tendency for agents from this therapeutic class to cause increases in liver transaminases, clinicians must be particularly vigilant that introduction of an endothelin antagonist does not result in a worsening of liver function.

Phosphodiesterase 5 inhibitors

Nitric oxide (NO) is an endothelium-derived potent vasodilator that exerts its effects on pulmonary vascular tone through increased production of the intracellular second messenger cyclic guanosine 5′-monophospate (cGMP). The effects of cGMP are regulated by No placebo-controlled, randomised studies of PDE-5 inhibitors in PoPH have been conducted to date. However, three small retrospective studies evaluating the impact of sildenafil treatment in PoPH patients have been published [39][40][41] . Overall, treatment with this agent has been shown to favourably impact a number of relevant clinical endpoints, including 6-min walk distance, NYHA functional class and pulmonary hemodynamics, without increasing the number of significant adverse events. Of note, two of these three studies evaluated only OLT candidates, thus limiting the extrapolation of data to PoPH patients in general. Furthermore, target doses of sildenafil employed in two of the studies were higher than those recommended in published guidelines (50 mg three times daily) 39,41 while the third compared the impact of doses ranging from 60 mg to 400 mg per day 40 . This suggests that higher doses of this drug may possibly confer additional improvements in functional status and haemodynamic indices. In general, treatment was well tolerated in participants from these series, with adverse events being reported no more frequently than in other PAH populations. However, PDE-5 inhibitors should nonetheless be employed with caution in PoPH patients, particularly as some experts have suggested that theoretically this approach may increase splanchnic blood flow resulting in worsening of portal hypertension 42 . However, there have been no studies performed to date specifically addressing the issue of whether use of PDE-5 inhibitors in PoPH may contribute to a worsening of portal hemodynamics. Further clinical investigation is warranted in this regard.

Prostaglandin analogues

Epoprostenol is a synthetic prostacyclin analogue administered by chronic intravenous Although treatment is associated with short-and long-term benefits in patients with idiopathic PAH 43,44 , no controlled clinical trials have been conducted with this agent in PoPH to date. However, numerous case series have reported positive effects on exercise capacity and pulmonary hemodynamics with epoprostenol administration in selected patients 45,46 and it is often employed as a therapeutic bridge to enable OLT to be performed. Krowka et al showed that in a cohort of moderate to severe PoPH patients, chronic epoprostenol therapy conferred significant and durable improvements in PVR, mPAP and CO 47 . However, treatment is burdensome and may be associated with severe catheter-related bloodstream infections 48 .

The use of other, more stable prostacyclin analogues has also been the focus of study in PoPH. A case of treatment successes with intravenous iloprost, which has a longer half-life than epoprostenol, used as a bridge to OLT in a patient with severe PoPH has been described 49 . Treatment with aerosolized iloprost, administered by multiple daily inhalations, has also been attempted 50,51 . Recently, Melgosa et al reported that 12 months of aerosolized iloprost treatment was associated with overall improvements in functional class and exercise capacity in a cohort of 21 patients 52 . A multicentre observational open-label study evaluating the safety and efficacy of treprostinil, a prostanoid delivered by continuous subcutaneous infusion, to facilitate liver transplantation in patients with PoPH is also underway.

Impact of specific treatment on survival

Despite their increasingly widespread use, the impact of PAH specific therapy on survival of patients with PoPH has not been clearly established. In a retrospective analysis of 74 patients, treatment of PAH, followed or not followed by OLT, was associated with an improved outcome 53 . By contrast, others have observed no survival differences when outcomes of patients receiving long-term epoprostenol are compared to those not receiving 54 . Similarly, among PoPH patients followed at the French National Referral Centre, use of specific PAH treatments also failed to improve outcome overall 35 .

Interestingly, treated patients who had milder disease (defined as either those with Child-Pugh A cirrhosis or portal hypertension without cirrhosis) had a statistically significant survival advantage compared to untreated patients.

Liver transplantation

Most experts agree that liver transplantation should not be considered as a potential treatment for PoPH because of the unacceptably high associated perioperative complication rates 55 . Only rare cases of improvement of portopulmonary hypertension have been reported after OLT and there is no pathophysiological evidence to support this approach. Indeed, in patients with PoPH who do undergo OLT, it is likely that any significant reductions in mPAP that are observed postoperatively are due decreases in CO rather than a reversal of the pathologic mechanisms that drive intrinsic pulmonary vasculopathy. Moreover, residual PAH after OLT may lead to acute right failure and a dramatically increased risk of peri-and postoperative mortality. This risk appears to be directly related to the severity of pulmonary hypertension 20 . Attempts have been made to stratify risk according to pulmonary hemodynamic indices in order to identify patients in whom OLT may be considered. In their metaanalysis, Krowka and al reported a mortality rate of 100% due to PAH in patients with a preoperative mPAP > 50 mmHg and a mortality rate of 50% among those with mPAP of 35-50 mmHg and a PVR > 250 dynes.s.cm -5 56 Data from this analysis have been used to assist physicians in decision making with respect to pulmonary hemodynamics for patients with PoPH being considered for liver transplantation 20 . The risk associated with OLT is acceptable in patients with a mPAP is <35 mmHg and preserved cardiac function, in the absence of other should be considered in those with a mPAP >35 mmHg in an attempt to improve pulmonary hemodynamics and thereby allow OLT to be undertaken with acceptable risk 20 (Figure 2).

Conclusion

PoPH remains an entity that is incompletely understood, difficult to treat and often associated with a poor prognosis. Screening for the disorder should be systematically undertaken in all OLT candidates. Recent reports have shown that treatment with PAH specific agents may confer durable improvements in important clinical parameters for some patients. However, the effectiveness of these agents has yet to be rigorously evaluated in randomised clinical studies. When PoPH is identified in patients otherwise deemed good candidates for OLT, therapeutic strategies should focus on improvements in pulmonary hemodynamics in order to optimise cardiac reserve during the peri-and postoperative periods and maximise the likelihood of a successful outcome. 

Relevant mechanisms in the pathogenesis of portopulmonary hypertension. 

  is established after the diagnosis of portal hypertension is made, with a mean interval between the two diagnoses of 28+/-38 months 3 .

  high-flow perfusion and increased depth for diffusion

  . Inflammatory stimuli that are activated by this mechanism are probably mechanistically important in PoPH. The development of portosystemic shunts, a decrease in liver phagocytic capacity, and increased frequency of bacterial translocation facilitate the circulation of proinflammatory cytokines, proangiogenic factors or bacterial endotoxins which probably induce pulmonary vascular endothelium dysfunction. Genetic polymorphisms in oestrogen metabolism and other signalling pathways, particularly those associated with cellular growth and apoptosis, also

  a role in the development of the disease 8 . The various factors that have been implicated in the pathogenesis of PoPH are summarised in figure 1.

  for portal hypertension patients that demonstrate clinical, biological or radiological features suggestive of underlying pulmonary hypertension and/or right heart failure.

  PoPH patients have involved small numbers of patients and have

  acute vasodilator testing at right heart catheterisation is only 1.7% among PoPH patients23 .

  was associated with a significant reduction in mPAP and PVR without adverse effects on liver function tests35 .

  attempted49,50 . Recently, Melgosa et al reported that 12 months of aerosolized iloprost treatment was associated with overall improvements in functional class and exercise capacity in a cohort of 21 patients51 . A multicentre observational open-label study evaluating the safety and efficacy of treprostinil, a prostanoid delivered by continuous subcutaneous infusion, to facilitate liver transplantation in patients with PoPH is also underway.

  peri-and postoperative periods and maximise the likelihood of a successful outcome.

Introduction

  Chronic liver dysfunction may have devastating consequences on the pulmonary vasculature1 . Portopulmonary hypertension (PoPH) is defined as pulmonary arterial hypertension (PAH) that develops in the context of portal hypertension, with or without associated advanced hepatic disease. PoPH is incorporated in Group 1 of the World Health Organization (WHO) pulmonary hypertension (PH) classification system as it is characterised by pathobiological mechanisms that are similar to other forms of PAH2 . Although the disorder is most commonly observed in patients with cirrhosis, accumulated evidence

  is established after the diagnosis of portal hypertension is made, with a mean interval between the two diagnoses of 28+/-38 months 3 .

  microvasculature are known to be associated with portal hypertension: PoPH and the hepatopulmonary syndrome (HPS). The histological characteristics observed in patients with PoPH are similar to those observed in idiopathic PAH, namely endothelial cell proliferation, smooth muscle hypertrophy and in situ thrombosis

  this mechanism are probably mechanistically important in PoPH. The development of portosystemic shunts, a decrease in liver phagocytic capacity, and increased frequency of bacterial translocation facilitate the circulation of proinflammatory cytokines, proangiogenic factors or bacterial endotoxins which probably induce pulmonary vascular endothelium dysfunction. Genetic polymorphisms in oestrogen metabolism and other signalling pathways, particularly those associated with cellular growth and apoptosis, also appear to play a role in the development of the disease 8 . The various factors that have been implicated in the pathogenesis of PoPH are summarised in figure 1.

  the treatment strategies most commonly employed for PoPH patients are based on data from pharmacological studies and clinical experiences of

  studies of bosentan conducted in patients with advanced liver failure, mainly due to safety concerns regarding impaired drug metabolism. Our group has recently analysed the efficacy and safety of bosentan in patients from the French national PAH referral centre with PoPH and associated with Child Pugh class A and B cirrhosis

  type-5 (PDE-5). Sildenafil is a potent and selective inhibitor of PDE-5 that promotes vasodilatation and antiproliferative activity which has been granted regulatory approval in different forms of PAH38 .

  potent vasodilatory, antiproliferative and anti-thrombotic activities.

  By contrast, treatment with one of more specific PAH therapies

  Plevak D, Findlay J, Rosen C, Wiesner R, Krom R. Pulmonary hemodynamics and perioperative cardiopulmonary-related mortality in patients with portopulmonary hypertension undergoing liver transplantation. Liver Transpl 2000;6:443-50.

Figure 2
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Table 1 :

 1 Haemodynamic mechanisms of increased pulmonary arterial pressure in patients with portal hypertension

		PAP	CO	PVR	PCWP
	Hyperdynamic	⇑	⇑⇑	⇓	⇑⇔
	Volume overload	⇑	⇑⇔	⇓	⇑⇔
	PoPH	⇑⇑	⇑⇔⇓	⇑	⇔
	PAP: pulmonary arterial pressure; CO: cardiac output; PVR: pulmonary vascular	
	resistance; PCWP: pulmonary capillary wedge pressure ; PoPH: portopulmonary
	hypertension				
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