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ABSTRACT: BACKGROUND AND OBEJECTIVE: Pulmonary arterial hypertension is a well-

recognized entity in patients with cirrhosis of liver. Various studies have reported a prevalence 

varying from 2-20%. Present study was intended to find the prevalence of pulmonary 

hypertension in patients with cirrhosis and to look for the risk factors for pulmonary hypertension. 

METHODOLOGY: 100 consecutive patients with cirrhosis of liver attending outpatient 

department and admitted in medicine ward at KIMS, Hubli, were taken for study after considering 

the inclusion and exclusion criteria. The informed written consent was taken from the patients. 

Detailed history, examination with relevant investigations including ultrasonography abdomen and 

endoscopy was done. Patients were screened by echocardiography for presence of PAH. 

RESULTS: Out of 100 patients with cirrhosis 17% were found to have pulmonary arterial 

hypertension by echocardiography. There was no statistically significant association between the 

gender, etiology of cirrhosis, portal hypertension, and severity of liver disease with the risk of 

development of pulmonary arterial hypertension. INTERPRETATION AND CONCLUSION: Due 

to small sample size risk factors with smaller effect sizes may not have been detected. The 

prevalence of pulmonary hypertension was noted to be more common in the patients with portal 

hypertension (18.6%), female sex (26.67%) and Child pugh class C (20%), but was not 

statistically significant. The high prevalence of pulmonary hypertension in this study may be due 

to the use of echocardiography, rather than the right heart catheterization for diagnosis of PAH. 
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INTRODUCTION: Pulmonary arterial hypertension is progressive disease which is characterized 

by elevated pulmonary vascular resistance, right heart failure, exercise intolerance, and an 

increased risk of death. Pulmonary hypertension has been seen in an increased frequency in 

patients with portal hypertension, than in general population. This subgroup of patients with 

pulmonary hypertension with portal hypertension accounts for up to 10% of the pulmonary 

arterial hypertension population.1 

 Portopulmonary hypertension is defined as development of pulmonary arterial 

hypertension complicated by portal hypertension with or without advanced hepatic disease.2, 3, 4 

 Portopulmonary syndrome is diagnosed by following criteria.3, 4, 5, 6 

1. Portal hypertension (clinical diagnosis) 

2. Right heart catheterisation criteria 

a. Mean pulmonary artery pressure (mPAP) >25 mmHg at rest or >30 mmHg at 

exercise. 

b. Mean pulmonary capillary wedge pressure (mPCWP) <15 mmHg. 
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c. Pulmonary vascular resistance (PVR) >240 dyne/sec/cm-5. 

d. Exclude other causes of pulmonary artery hypertension. 

 

 Portopulmonary hypertension is present in approximately 5% of all liver transplantation 

candidates.7 Pulmonary hypertension in patients with cirrhosis is usually asymptomatic,2 but 

carries a poor prognosis. Presence of PPH confers a mortality of 40% at 1 year and 70% at 3 

years for isolated liver transplantation.2 Pulmonary hypertension with pressure of more than >50 

mmHg is a contraindication for liver transplantation.8 Pulmonary artery pressure of 35-50 mmHg 

is associated with increased mortality (50%) during liver transplantation and is also a 

contraindication for liver transplantation,8,9 whereas prognosis and outcomes in patients with 

pulmonary artery pressure of <35 mmHg is similar to other liver transplantation candidates.4 

 Screening by echocardiography, has been a standard practice in all patients with cirrhosis 

undergoing liver transplantation.10 Screening is also performed in patients with cirrhosis with 

history or examination suggestive of pulmonary hypertension.11 Patients who are detected to 

have a PASP >50 mmHg on echocardiography are subjected to right heart catheterization before 

liver transplantation3 and their suitability for liver transplantation is assessed. In a study 

conducted by Krowka et al, 10.9% of the patients had mPAP of >50 mmHg on echocardiography. 

They were subjected for right heart catheterization. The false positive result was seen in 35%; 

the remaining 65% met the criteria for PPH.7 

 Swanson et al12 showed that patients with PPH who received no therapy had 5 year 

survival of 14%. Those who received therapy for PAH only had 45% 5 year survival. Those who 

received liver transplantation with or without treatment for PAH had 5 year survival of 67% and 

25% respectively, thus highlights the importance of screening and treatment of PPH. 

 

AIMS AND OBJECTIVES: 

1. To study the frequency of pulmonary hypertension in patients with cirrhosis of liver 

2. To compare the association of pulmonary hypertension in cirrhotic patients, with respect 

to clinical features, Child-Pugh Class and presence or absence of portal hypertension. 

 

MATERIALS AND METHODS: 

SOURCE OF DATA: Patients with cirrhosis of liver attending to outpatient department and 

admitted in Medicine wards at Karnataka Institute of Medical Sciences, Hubli between 1st of 

January 2012 to 31st of December 2012 were taken for study considering the inclusion and 

exclusion criteria. 

 

METHODS OF COLLECTION OF DATA: Cirrhotic patients fulfilling the inclusion and exclusion 

criteria were informed regarding the aim of study and informed consent was taken. Information 

was taken through the prepared proforma from each patient. 

 

Type of study: Cross-sectional study. 
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Sample size: Total of 100 consecutive cirrhotic patients fulfilling the inclusion and exclusion 

criteria were included in the study. 

 

Inclusion Criteria:  

 Known cases of cirrhosis of liver 

 Age >18 years 

 Willing to give consent for study 

 

Exclusion Criteria:  

 Age <18 years 

 Congenital heart diseases 

 Chronic obstructive lung diseases 

 Left ventricular disease 

 Valvular heart disease 

 HIV infected patients 

 Current smokers 

 

INVESTIGATIONS: After applying inclusion and exclusion criteria 100 consecutive cirrhotic 

patients underwent following set of investigations, as relevant:  

 Serum bilirubin 

 Serum albumin 

 PT/INR 

 Platelet count 

 Serum creatinine 

 HBsAg 

 Anti-HCV 

 Antibody to HDV 

 ECG 

 Chest-X-ray 

 2D-ECHO and Doppler echocardiography 

 USG abdomen 

 Endoscopy 

 

PROTOCOL: Patients with cirrhosis were selected as per the criteria laid down. Their written 

informed consent was taken. The history was elicited with special reference to alcohol 

consumption, symptoms suggestive of portal hypertension and pulmonary hypertension. Detailed 

physical examination was carried out. Each subject underwent relevant investigations and the 

data was noted. Child Pugh and MELD score was calculated for each patient. Diagnosis of portal 

hypertension was based either on clinical examination, portal vein diameter or doppler flow or 

based on endoscopic assessment for esophageal varices. 

 USG abdomen was done to look for liver size and architecture, ascites, portal venous 

system including portal vein diameter, portal vein flow and portosystemic collateral venous 
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communications. Portal vein diameter was assessed at the confluence of portal vein with inferior 

vena cava in supine position. If the diameter was >13mm it is indicative of portal hypertension 

with sensitivity of 45-50% and specificity of 100%.13 

 Pulmonary hypertension was determined by using Doppler echocardiography. Difference 

in the pressure between the right atrium and ventricle in systole (P1-P2) was assessed by noting 

the peak velocity of the tricuspid regurgitant jet, using color mapping and applying Bernoulli 

equation. The right ventricular systolic pressure (RVSP) is equal to four times the square of peak 

velocity of tricuspid jet (V) plus right atrial pressure (Pra),  

  RVSP = 4V2 + Pra
 

 In the absence of obstruction to the right ventricular output, the pulmonary systolic artery 

pressure (PASP) is equal to the right ventricular systolic pressure. A value of >40 mmHg at rest 

was taken to be suggestive of pulmonary artery hypertension.14 

 

STATISTICAL ANALYSIS: The continuous variable such as age was expressed in terms of 

average ± standard deviation. The statistical significance of an observation was determined by 

calculation of p value using chi-square test or Fisher’s exact test as relevant. A p value of <0.05 

was taken as statistically significant. 

 

RESULTS: A total of 123 patients were screened for eligibility to the study. 6 patients didn’t 

provide consent for the study and 17 patients met the exclusion criteria. 100 consecutive patients 

with cirrhosis meeting the inclusion and exclusion criteria attending the outpatient department 

and admitted to the medical wards at KIMS, Hubli were included in the present study. 

 

 

Age group Female Male Total 

21-30 0 7 7 

31-40 5 31 36 

41-50 6 31 37 

51-60 4 14 18 

>60 0 2 2 

Total 15 85 100 

Table 1: Distribution of cases according to age and gender 

 

 As shown in the table above men between the ages of 31-40 years and 41-50 years are 

predominantly affected, accounting for 62% of the cases. Overall mean age is 42.46 ± 8.64 

years. The mean age for men and women is 41.93±8.87 years and 45.47±6.64 years 

respectively. 
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Child-Pugh class 
Portal hypertension 

Total 
Present (%) Absent (%) 

A 1 (16.67) 5 (83.33) 6 

B 38 (86.36) 6 (13.64) 44 

C 47 (94.00) 3 (6.00) 50 

Total 86 (86.00) 14 (14.00) 100 

Table 2: Distribution of cases according to Child-Pugh class 

 and presence or absence of portal hypertension 

 

 Majority of the patients in Child Pugh class B (86.36%) and Child Pugh class C (94%) had 

portal hypertension, as against to only 16.67% of patients in Child Pugh class A. The increasing 

severity of liver disease as assessed by Child Pugh class was associated with increased incidence 

of portal hypertension (p value <0.0001). 

 

MELD score 
Portal hypertension 

Total 
Absent (%) Present (%) 

<9 4 (40) 6 (60) 10 

10-19 7 (9.86) 64 (90.14) 71 

20-29 3 (15.79) 16 (84.21) 19 

30-39 0 0 0 

>40 0 0 0 

Total 14 86 100 

Table 3: Distribution of cases according to MELD score 

 and presence or absence of portal hypertension 

 

 Portal hypertension was present in 60% of the cases with MELD score <9, as against 

90.14% in patients with MELD score between 10 and 19. There was statistical significance 

between the MELD score and presence of portal hypertension (p value is 0.0354). 

 

Pulmonary hypertension Frequency Percentage 

Present 17 17 

Absent 83 83 

Total 100 100 

Table 4: Distribution of cases by presence or absence of pulmonary hypertension 

 

 Pulmonary hypertension was present in 17 of the 100 patients with cirrhosis. 
 

 Dyspnea on exertion (DOE) is present in 4 (23.53%) out of 17 patients with pulmonary 

hypertension and 6 (7.23%) out of 83 patients without pulmonary hypertension. DOE has 
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sensitivity, specificity, positive predictive value and negative predictive value for suspecting 

pulmonary hypertension in cirrhotic patients is 23.53%, 92.77%, 40% and 85.56% respectively. 

The other causes of DOE were tense ascites (4; 40%) and hepatic hydrothorax (2; 20%). 

 Parasternal heave was present in only one of the 17 patients with pulmonary hypertension 

and none of the patients without pulmonary hypertension. The sensitivity, specificity, positive 

predictive value and negative predictive value for parasternal heave for detection of pulmonary 

hypertension in cirrhotic patients is 5.88%, 100%, 100% and 83.84% respectively. 

 Loud pulmonic component of second heart sound was found in 6 (35.29%) of the 17 

patients with pulmonary hypertension and 3 (3.61%) of the 83 patients without pulmonary 

hypertension. The sensitivity, specificity, positive predictive value and negative predictive value 

for loud P2 to detect pulmonary hypertension in cirrhotic patients is 35.29%, 96.39%, 66.67% 

and 87.91% respectively. 

 Tricuspid regurgitation was found in none of the patients with or without pulmonary 

hypertension. 

 

Gender 
Pulmonary hypertension 

Total 
Present Absent 

Male 13 72 85 

Female 4 11 15 

Total 17 83 100 

Table 5: Distribution of cases by gender and  

presence or absence of pulmonary hypertension 

 

 Above table shows the distribution of pulmonary hypertension based on the gender, 

26.67% of women with cirrhosis and 15.92% of men with cirrhosis have developed pulmonary 

hypertension. The female gender was not associated with increased risk of developing pulmonary 

hypertension (p value is 0.4788). 

 The average age of patients with pulmonary hypertension was 45.18±8.47 years, as 

against 41.9±8.62 years for those without pulmonary hypertension. Age does not influence the 

risk of development of pulmonary hypertension in patients with cirrhosis of liver (p value is 

0.6826). 

 

Cause of cirrhosis 
Pulmonary hypertension 

Total 
Present Absent 

Alcohol 14 68 82 

HBV 1 7 8 

HCV 1 2 3 

Others 1 6 7 

Total 17 83 100 

Table 6: Distribution of cases based on cause of  

cirrhosis and presence or absence of pulmonary hypertension 
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 Among the 82 patients with alcoholic cirrhosis, 14 (17.07%) patients had pulmonary 

hypertension. Of the 18 patients with non-alcoholic cirrhosis 3 (16.67%) had pulmonary 

hypertension. Alcoholic cirrhosis is not associated with increased risk of pulmonary hypertension 

in comparison to non-alcoholic cirrhosis cases (p value equals 0.9668). 

 

Portal hypertension 
Pulmonary hypertension 

Total 
Present Absent 

Present 16 70 86 

Absent 1 13 14 

Total 17 83 100 

Table 7: Distribution of cases based on presence  

or absence of portal and pulmonary hypertension 

 

 All except one patient with pulmonary hypertension had evidence of portal hypertension. 

The presence of portal hypertension cirrhotic patients had a sensitivity, specificity, positive 

predictive value and negative predictive value of 94.12%, 15.66%, 18.60% and 92.86% 

respectively, for predicting pulmonary hypertension. The prevalence of pulmonary hypertension in 

cirrhotic patients with portal hypertension was 18.6%, as against 7.14% for those without portal 

hypertension. The association between portal hypertension and pulmonary hypertension was not 

statistically significant (p value is 0.4535). 

 Only one of the patient with MELD score <9 had evidence of pulmonary hypertension, 

whereas 18.3% and 15.79% of patients with MELD score between 10 to 19 and 20 to 29 had 

pulmonary hypertension respectively. 13 of the 17 patients with pulmonary hypertension had a 

MELD score between 10 and 19, accounting for 76.47% of patients with pulmonary hypertension. 

The relationship between MELD score and pulmonary hypertension was not statistically significant 

(p value is 0.7985). 

 

Child Pugh class Portal hypertension 
Pulmonary hypertension 

Total 
Present Absent 

A 
Present 1 0 1 1 

Absent 5 0 5 5 

B 
Present 38 7 31 38 

Absent 6 0 6 6 

C 
Present 47 9 38 47 

Absent 3 1 2 3 

Total 
 

100 17 83 100 

Table 8: Distribution of cases according to Child Pugh class  

and presence or absence of portal and pulmonary hypertension 

 

 The above table shows the relationships between the severity of liver disease, as assessed 

by Child Pugh class, and portal hypertension and pulmonary hypertension. Severity of liver 
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disease had statistically significant association with development of portal hypertension (p value is 

<0.0001). Severity of liver disease (p value is 0.4538) or portal hypertension (p value is 0.4535) 

had no statistically significant association with development of pulmonary hypertension. 

 

DISCUSSION: The association between the cirrhosis of liver and pulmonary arterial 

hypertension has been noted since 1951, when Mantz and Craige15 described a woman with 

portal vein thrombosis and plexogenic pulmonary arteriopathy. Various studies7, 16, 17, 18 in patients 

with cirrhosis of liver have found a prevalence of pulmonary arterial hypertension between 2 to 

20%. Pulmonary hypertension in patients with cirrhosis of liver accounts for about 10% of all 

cases of pulmonary arterial hypertension.1 In our study of 100 patients with cirrhosis of liver, 17 

patients had pulmonary arterial hypertension. 

 

References Study population Diagnostic test Result 

Castro M et al19 
362 patients undergoing liver 

transplantation 

Right heart 

catheterization 
4% 

Ghayumi SMA et al20 99 patients with cirrhosis Echocardiography 6.1% 

Auletta M et al17 83 patients with cirrhosis Echocardiography 20% 

Pilatis ND et al21 55 patients who had undergone OLT 

(retrospective study) 

Right heart 

catheterization 
14.55% 

Hadenque A et al16 507 patients with portal hypertension 
Right heart 

catheterization 
2% 

Colle IO et al22 165 patients before liver transplantation 
Right heart 

catheterization 
6.06% 

Carolyn DL et al23 190 patients before liver transplantation Echocardiography 12% 

Krowka MJ et al7 1235 patients who underwent liver 

transplantation 

Right heart 

catheterization 
5.34% 

Our study 100 patients with cirrhosis of liver Echocardiography 17% 

Table 9: Different studies estimating the prevalence of PAH in cirrhosis of liver 

 

 The wide range of variation seen in the different studies is due to the different criteria and 

test used for diagnosis of pulmonary arterial hypertension. Methods using PASP measured by 

echocardiograph including our study tend to overestimate the prevalence of PAH. 

 In our study age had no statistically significant influence on the development of 

pulmonary hypertension (p value is 0.6826). This is in agreement with the findings of the studies 

conducted by Castro M et al,19 Kawut SM et al,24 Pilatis et al,21 and Kuo PC et al.18 

 In our study prevalence was more in the female patients with cirrhosis, but this didn’t 

reach statistical significance (p value is 0.4788). This is consistent with the study conducted by 

Castro M et al.19 Contrary to our study, study conducted by Kawut SM et al24 (p value 0.018) 

found that pulmonary hypertension is encountered more frequently in females, than males. This 

difference may be due to the smaller sample size of female patients in our study (15%). 
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References Risk of PAH (based on etiology) P value 

Castro M et al19 None >0.05 

Ghayumi SMA et al20 Cryptogenic cirrhosis associated with increased risk 0.04 

Kawut SM et al24 Autoimmune hepatitis associated with increased risk 0.031 

Pilatis ND et al21 None >0.05 

Kuo PC et al18 None >0.05 

Our study None 0.9668 

Table 10: Risk of development of PAH based on etiology of cirrhosis 

 

 In our study, 10 patients had history of dyspnea on exertion. Of the ten patients 4 had 

pulmonary artery hypertension, 4 had tense ascites and 2 had hepatic hydrothorax. 13 (76.47%) 

of 17 patients with pulmonary hypertension had no symptom suggestive of pulmonary artery 

hypertension. Hadenque A et al16 found that more than half of the patients (60%) with PAH had 

no symptoms of pulmonary arterial hypertension, which is consistent with our study. 

 

Variable References Patients with PAH Patients without PAH 

Parasternal heave 
Our study 1 (5.88%) 0 

Pilatis ND et al21 3 (38%) 2 (4%) 

Loud P2 
Our study 6 (35.29%) 3 (3.61%) 

Pilatis ND et al21 3 (38%) 1 (2%) 

Tricuspid regurgitation Our study 0 0 

Table 11: Physical examination findings of PAH in patients with cirrhosis 

 

 The sensitivity of parasternal heave and loud P2 for predicting PAH in our study was 

5.88% and 35.29% respectively. Hence they are unreliable for screening for pulmonary 

hypertension. 

 The presence of portal hypertension and portosystemic shunts are thought to be the 

single most important factors determining the risk of development of pulmonary hypertension in 

patients with cirrhosis of liver. Of the 86 patients in our study 16 had pulmonary hypertension 

(18.6%). The strength of association was not statistically significant (p value is 0.4535). This is in 

accordance with the studies of Castro M et al19, Pilatis ND et al21 and Hadenque A et al.16 

 The presence of portal hypertension in patients with cirrhosis has a sensitivity and 

negative predictive value of 94.12% and 92.86% for predicting pulmonary hypertension. 

 In our study of 100 patients, none of the patients in Child Pugh class A had pulmonary 

hypertension, 15.9% and 20% of the patients in Child Pugh class B and C respectively, had 

pulmonary hypertension. This was not statistically significant (p value is 0.4538). This is in 

agreement with the studies conducted by Castro M et al,19 Ghayumi SMA et al,20 Kawut SM et al24 

and others. Auletta M et al17 found increased risk of pulmonary hypertension with increasing 

severity of liver disease. This however has not been reproduced in other studies. 
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CONCLUSION: The present study explored the prevalence of pulmonary arterial hypertension in 

patients with cirrhosis and risk factors for development of pulmonary arterial hypertension. 

Gender, etiology of cirrhosis, portal hypertension and severity of liver disease had no statistically 

significant impact on risk of development of pulmonary arterial hypertension. 

 The significance of determining PAH in patients with cirrhosis who are not undergoing 

liver transplantation is not yet clear, due to lack of effective and safe therapies available for the 

same. All the patients undergoing liver transplantation should undergo screening for PAH by 

echocardiography and evaluated and managed accordingly. 

 Further studies are needed to know the natural history of asymptomatic PAH, efficacy of 

treatment and effect of treatment on mortality and morbidity in cirrhotic patients who are not 

undergoing liver transplantation. 
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