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ABSTRACT 
Portopulmonary hypertension (PPH) is a form of pulmonary arterial hypertension, characterized by elevation of 
pulmonary arterial pressure due to increased resistance to pulmonary blood flow. It is a consequence of portal 
hypertension, associated or not with liver disease. A retrospective study of patients undergoing liver transplanta- 
tion was carried out in the Liver Transplantation Unit of the Clinics Hospital of the State University of Campi- 
nas (UNICAMP) from 1991 to 2012, covering 389 transplants. Although 50 (12.9%) patients presented with 
mean pulmonary arterial pressure (MPAP) > 25 mmHg, only one case (0.25%) met the diagnostic criteria for 
PPH: a 43-year-old female patient with advanced liver disease, caused by primary biliary cirrhosis with portal 
hypertension, diagnosed as mild portopulmonary hypertension and diagnosed in the operating room. PPH is a 
serious complication of portal hypertension. It is related to the great difficulty in diagnosis and the high mortali- 
ty rate due to right heart failure. PPH is an entity with a low frequency of occurrence in individuals undergoing 
liver transplantation, although there is a wide variation in the prevalence rate presented in the literature and the 
definitive diagnosis should be confirmed with right heart catheterization. 
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1. Introduction 
The combination of pulmonary arterial hypertension with 
portal hypertension was initially reported in 1951 by 
Mantz and Craige, in a 53-year-old female patient, who 
had portal axis thrombosis with spontaneous portocaval 
shunt. The autopsy report showed that the patient had 
alteration in the pulmonary artery vasculature bed and a 
reduction in portal vein caliber [1,2]. 

This association was termed portopulmonary hyper- 
tension (PPH) in 1993 [2,3]. It has been classified as sub- 
group I in the classification of pulmonary hypertension in 
International Symposiums on Pulmonary Hypertension in 
2003, Venice and in 2008, Dana Point [4]. 

The various forms of pulmonary arterial hypertension 
were grouped into Group I according to similarity to idi- 
opathic pulmonary arterial hypertension in terms of his- 
topathological, pathophysiological and therapeutic cha- 
racteristics, characterized by lesions in the small distal  

pulmonary arteries (<500 μm in diameter), described as 
hypertrophy of the mean muscle layer, intimal prolifera- 
tion that may appear as concentric or eccentric intimal 
fibrosis, thickening of the adventitia with moderate peri- 
vascular inflammatory infiltrates, formation of plexiform 
lesions and in situ thrombi. This results in progressive 
obstruction to pulmonary arterial flow from the right 
ventricle to the lungs, increased pulmonary arterial pres- 
sure and increased pulmonary vascular resistance [4]. 

The diagnosis of PPH is based on hemodynamic crite- 
ria, obtained by right heart catheterization: mean pulmo- 
nary arterial pressure (MPAP) > 25 mmHg, pulmonary 
vascular resistance (PVR) > 240 dynes∙s∙cm−5, and nor- 
mal pulmonary artery occlusion pressure (PAOP) < 15 
mmHg or transpulmonary pressure gradient (TPG) > 10 
mmHg, the latter useful for differentiating status of vo- 
lume overload where TPG < 10 mmHg. Diagnostic crite- 
ria were proposed by the European Respiratory Society- 
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European Association for the Study of the Liver (ERS- 
EASL) Task Force on Pulmonary-Hepatic Vascular Dis- 
orders (PHD), 2004 [5]. 

A classification of severity of PPH was proposed and 
based on MPAP: mild (25 to 34 mmHg); moderate (35 to 
44 mmHg) and severe (≥45 mmHg) [5,6]. A moderate 
increase in MPAP may be found in more than 20% of 
patients with cirrhosis, due to increased cardiac output 
(CO) and/or volume overload, despite lack of pulmonary 
vascular remodeling [5,7]. 

Data from prospective hemodynamic studies revealed 
that 2% to 6% of patients with portal hypertension de- 
velop PPH [8]. The prevalence in patients undergoing 
liver transplantation is quite conflicting, ranging from 3.5% 
to 8.5%, and some authors report more than 10% [9]. 
More recent studies using criteria from the current guide- 
lines [5] have reported a prevalence rate of 5.3% (Krow- 
ka et al.) [10] and 4.6% (Raevens et al.) [11]. 

2. Case Presentation 
Of 585 patients undergoing liver transplantation, 389 
were analyzed from 1991 to 2012 at the UNICAMP Cli- 
nics Hospital. Inclusion criteria were: aged over 18 years, 
regardless of race or gender, with advanced liver disease 
and portal hypertension (diagnosis by abdominal ultra- 
sound and upper digestive endoscopy). Exclusion criteria 
were: double graft, fulminant hepatitis, retransplant, he- 
patopulmonary syndrome, MPAP > 50 mmHg, with 2 
cases diagnosed in the operating room after induction of 
anesthesia and patients with incomplete data. Of the 389 
patients, 50 (12.9%) had MPAP > 25 mmHg, but only 
one patient (0.25%) met the diagnostic criteria in the 
current guidelines [5]. 

All patients received general anesthesia and orotra- 
cheal intubation (OTI), then underwent invasive moni- 
toring by bilateral radial artery catheterization, right heart 
catheterization (RHC) with Swan-Ganz catheter (Ed- 
wards Lifesciences, Irvine California, USA), measuring 
the following hemodynamic data [12]: mean arterial 
pressure (MAP) (normal range = 77 - 97 mmHg), central 
venous pressure (CVP) (normal range = 4 - 8 mmHg), 
MPAP (normal range = 10 - 20 mmHg), PAOP (normal 
range = 5 - 15 mmHg), CO (normal range = 4 - 6 l/min) 
(by thermodilution, 3 saline injections), PVR (normal 
range = 50 - 150 dynes∙s∙cm−5), and TGP calculated by 
the formula:  

MPAP PAOPPVR 80
CO
−

= ×  

TPG = MPAP – PAOP. 
Mild PPH (MPAP between 25 and 34 mmHg) was di- 

agnosed in a 43-year-old female patient with advanced 
stage liver disease and portal hypertension caused by 
primary biliary cirrhosis. 

On pretransplant evaluation, the patient had normal 
transthoracic Doppler echocardiography (performed 6 
months before liver transplantation); normal chest radio- 
graphy and electrocardiogram (EKG); pulmonary func- 
tion test (PFT) with mild obstructive pattern; ALT = 66 
UI/L; AST = 118 UI/L; GGT = 449 UI/l; AP = 3079 UI/l; 
TB = 22.9 mg/dl; albumin = 2.9 mg/dl, INR =1.31, urea 
= 24 mg/dl; creatinine = 0.36 mg/dl; blood gas analysis: 
pH =7,43; pO2 = 84,5 mmHg; pCO2 = 30 mmHg; BE = 
−2.2; SatO2 = 96%; CTP score (Child-Turcotte-Pugh): 
class C (10 points) and MELD (Model End-Stage for 
Liver Disease) = 21 points. 

The patient underwent liver transplantation (LT) using 
the piggy back technique. 

The following hemodynamic data were present after 
induction of anesthesia: MAP = 80 mmHg, CVP = 3 
mmHg, MPAP = 31 mmHg, PAOP = 11 mmHg, CO = 
2.3 l/min, PVR = 696 dynes∙s∙cm−5, TPG = 20 mmHg, 
characterizing mild PPH. 

The duration of cold ischemia was 990 minutes, warm 
ischemia was 165 minutes and surgery lasted 660 mi- 
nutes. The patient received 27 units of packed red blood 
cells, 20 units of fresh frozen plasma, 20 units of platelet 
concentrates, 4 units of human albumin in the intraopera- 
tive period. In the intraoperative period, complication 
was arterial hypotension, requiring noradrenalin and do- 
pamine. 

In the postoperative period, she presented with primary 
graft failure. Alanine aminotransferase (ALT) level was 
22,700 UI/L. The patient was not extubated and died on 
the second postoperative day. 

3. Discussion 
Portopulmonary hypertension is a condition characte- 
rized by increased pulmonary arterial pressure due to 
increased resistance to pulmonary blood flow in the set- 
ting of portal hypertension [10].  

PPH affects adults and the mean patient age is 47 years 
(ranging from 30 to 60 years). It affects men and women 
[13]. A study by Kawut et al., showed a correlation with 
female sex, autoimmune hepatitis, without relation to 
hepatitis C virus and disease severity [14]. In our case, 
the patient was a 43-year old adult, presenting with bi- 
liary cirrhosis, unrelated to autoimmune hepatitis but 
related to CTP C score, and MELD 21 score, therefore 
related to the severity of disease. 

Studies have demonstrated that increased MPAP may 
be found in more than 20% of patients with cirrhosis, or 
advanced liver disease, without increased pulmonary 
vascular resistance, due to an increased CO and/or vo- 
lume overload [5,10]. In our study, 12.9% (n = 50) of the 
389 patients undergoing LT had the such conditions: me- 
dian (minimum-maximum), MAP = 80 (50 - 110) mmHg; 
CVP = 13 (5 - 36) mmHg; MPAP = 28 (26 - 44) mmHg; 
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PAOP = 19 (4 - 29) mmHg; CO = 9 (2.1 - 16) l/min; PVR 
= 96 (33 - 696) dynes∙s∙cm−5; GTP = 10 (4 - 22) mmHg. 

The MPAP may be increased without pulmonary vas- 
cular remodeling in the following conditions: 1) Hyper- 
dinamic circulatory state, the high flow circulatory is a 
consequence of splanchnic vasodilation caused by portal 
hypertension that results in high cardiac output, increased 
MPAP and decreased or normal pulmonary vascular re- 
sistance [10]. 2) An excess central volume associated 
with systolic dysfunction or diastolic dysfunction or renal 
insufficiency, measured by high pulmonary artery occclu- 
sion pressure [4]. 

Regarding analysis of the pretransplant tests, there was 
no correlation between the findings obtained, chest radi- 
ography, electrocardiogram, pulmonary function test and 
existence of PPH. In patients with end stage liver dis- 
ease the abnormalities found on chest radiography are 
usually due to volume overload. Sensitivity for findings 
such as right ventricular hypertrophy on EKG ranges 
from 25% to 40% [15,16]. Pilatis et al. correlated an ab- 
normal result in PFT with the presence of ascites, without 
specific alterations for PPH [16]. Arterial blood gas anal- 
ysis may show mild to moderate hypoxemia with de- 
creased paCO2 [5,17] resulting in compensatory respira- 
tory alkalosis, as shown by hypocapnea in the case re- 
port. 

Transthoracic Doppler echocardiography is the nonin- 
vasive modality used for screening PPH. It is related to a 
sensitivity of 100%, specificity of 96%, positive predic- 
tive value of 59% and negative predictive value of 100% 
(for a cutoff value of right ventricular systolic pressure > 
30 mmHg, compared to RHC), according to Colle et al. 
[18]. In our case, the patient had a normal result, which 
may have been related to the time in which the test was 
performed, absence of tricuspid regurgitation and opera- 
tor experience. Previous studies showed that PPH is pro- 
gressive and may develop within a short time (two to 
three months) [11]. 

Right heart catheterization is the gold standard for the 
diagnosis of PPH, allowing for the measurement of pres- 
sure, flow, volume and resistance [4,5,10]. Our patient 
was diagnosed with PPH in the operating room. It is 
recommended that the diagnosis should be made before 
liver transplantation, to initiate pulmonary vasodilator 
therapy before LT and achieve MPAP < 35 mmHg, re- 
sulting in lower patient morbidity and mortality [6,18]. 

The mortality rate after liver transplantation is 50%, if 
MPAP > 35 mmHg and 100% if MPAP ≥ 50 mmHg due 
to cardiopulmonary complications [6]. 

Although this was a case of mild PPH (MPAP = 31 
mmHg), a pressure level that is not correlated with car- 
diopulmonary complication and death [19,20], the out- 
come was poor. There was massive bleeding in the intra- 
operative period, massive transfusion, primary graft fail- 

ure, ALT = 22,700 UI/L and the patient died on the 
second postoperative day. According to the literature, 
massive transfusion increases the mortality risk, since the 
risk of mortality per unit of red blood cells transfused 
increases 6%, and for each 1000 UI/L of ALT the risk of 
mortality increases 24% [21]. 

4. Conclusion 
Portopulmonary hypertension is a rare and severe com- 
plication of cirrhosis accompanied by portal hypertension, 
associated or not with liver disease. In the literature, data 
on the prevalence of this disorder in patients undergoing 
liver transplantation are quite conflicting due to the dif- 
ferent diagnostic criteria for PPH used by authors.  
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