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ABSTRACT

Purpose: This study aimed to estimate the prevalence and predictors of portopulmonary 
hypertension (POPH) in children with portal hypertension.
Methods: We recruited children of both sexes aged 3–15 years with portal 
hypertension that was clinically suspected and confirmed by the presence of varices on 
esophagogastroduodenoscopy (EGD). The participants underwent clinical examination, 
6-min walk distance (6-MWD), and echocardiography.
Results: We enrolled 94 children with portal hypertension: 26.6% with pre-hepatic causes 
and 73.4% secondary to chronic liver disease. Among our participants, 13.8% had one or 
more cardiac manifestations, such as exercise intolerance, dyspnea on exertion, cyanosis, or 
orthopnea, whereas 86.2% were asymptomatic. EGD examination revealed grade I varices 
in 54.3% of cases, grade II–III in 43.6%, and grade IV in 2.1%. Pulmonary hypertension 
(>35 mmHg) was detected in 30.9% of cases using echocardiography; two of them were >45 
mmHg. Patients with POPH had significantly more frequent dyspnea on exertion, lower 
O2 saturation, and more severe variceal grades than those with normal pulmonary artery 
pressure. Five (6.9%) cases had <300 m 6-MWD, with no significant difference between 
patients with normal and those with elevated pulmonary artery pressure. The duration of 
portal hypertension and 6-MWD were correlated significantly with the echocardiographic 
measures. High-grade varices (p=0.04) and low O2 saturation (p=0.03) were identified as risk 
factors for POPH.
Conclusion: POPH was detected in 30.9% of our study group. High-grade varices and low 
O2 saturation are predictors of POPH. Echocardiography screening is crucial for the early 
detection of cases.

Keywords: Child; Echocardiography; Esophageal and gastric varices; Hypertension, 
pulmonary and hypertension, portal; Exercise test

INTRODUCTION

Portopulmonary hypertension (POPH) is a rare and fatal complication of end-stage liver 
disease. It is defined as the development of pulmonary arterial hypertension in cases of 
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portal hypertension, regardless of the liver condition. In addition, POPH is classified as 
group I pulmonary hypertension [1]. Pulmonary hypertension is identified when the mean 
pulmonary artery (MPA) pressure exceeds 20 mmHg at rest, the average wedge pressure is 
<15 mmHg, and pulmonary vascular resistance is >3 Wood units×m2 [2].

Elevated portal pressure increases cardiac output, pulmonary blood flow, and endothelial 
damage by releasing humoral mediators, cytokines, and endotoxins. Increased vascular 
resistance is caused by vasoconstriction, pulmonary vascular remodeling, and pulmonary 
arterial endothelial cell proliferation, resulting in pulmonary hypertension [3].

Cardiac catheterization is the gold standard for the diagnosis and treatment monitoring of 
pulmonary arterial hypertension. However, catheterization in children is mainly performed 
under general anesthesia, making follow-up repetition difficult [4]. Conventional 2-D 
transthoracic echocardiography remains one of the most widely used tools to diagnose 
pediatric pulmonary arterial hypertension and is noninvasive, widely available, safe, and 
feasible [5].

As most patients with POPH have no cardiac symptoms and may remain undiagnosed for a 
long time, echocardiography screening is recommended for all liver transplant candidates 
and symptomatic patients with cirrhosis and portal hypertension [6]. Advanced POPH 
progresses rapidly, leading to deterioration in the child’s functional status, and may preclude 
liver transplantation owing to the unacceptably high operative mortality rate [7]. The survival 
rate of this high-risk group is poor, with only 14% survival in five years in post-transplant 
candidates [8]. In mild-to-moderate POPH, liver transplantation is indicated after careful 
multidisciplinary evaluation with adjuvant medical treatments, including prostacyclin 
analogs, endothelial receptor antagonists, and phosphodiesterase-5 inhibitors [9]. Most 
authorities recommend liver transplantation in patients with POPH if the mean pulmonary 
arterial pressure is >35 mmHg (Grade II-2/3) [10].

The 6-minute walk test (6-MWT) is an excersise test that clinically assesses functional 
exercise capacity. It measures a patient’s walking distance in 6 min [11]. A 6-minute walking 
distance (6-MWD) ≤300 m is indicated as a risk factor for pediatric pulmonary hypertension 
by the American Heart Association and American Thoracic Society. They reported that 
pediatric patients with pulmonary hypertension with a 6-MWD >500 m had a good prognosis 
[12]. The 6-MWD correlates well with the World Health Organization (WHO) functional 
classification and hemodynamic parameters [13]. Unfortunately, the 6-MWT has not been 
well-validated in young children, and additional parameters are required to monitor disease 
severity, prognosis, and treatment efficacy.

There are only a limited number of case reports and studies on children with POPH; 
therefore, its prevalence has not been accurately determined in the pediatric age group [14]. 
Thus, we aimed to estimate the prevalence of pulmonary hypertension in children with portal 
hypertension (pre-hepatic and hepatic causes) and assess its predictors.

MATERIALS AND METHODS

We present an observational, analytical, and cross-sectional study of children with portal 
hypertension from attendees of the hepatology unit at the Pediatric Hospital, Cairo 
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University, Egypt. The participants were evaluated in the cardiology unit for the detection 
of pulmonary hypertension. The Research Ethics Committee of the Cairo University Faculty 
of Medicine approved the study protocol. Informed consent was obtained from one parent 
before enrollment. The patients were enrolled between June 2021 and October 2022.

Children aged 3–15 years of both sexes who had portal hypertension due to hepatic or pre-
hepatic causes were included. A diagnosis of portal hypertension was confirmed based 
on the presence of varices during esophagogastroduodenoscopy (EGD) in children with 
splenomegaly [15].

Patients with known cardiac affection, congenital, or syndromic hepatic disease were 
excluded.

Cases were subjected to noting down of medical history, emphasizing the age at portal 
hypertension diagnosis, and manifestations related to hematemesis or melena. The duration 
of portal hypertension was calculated from the time of diagnosis of portal hypertension upon 
EGD examination, to the timing of echocardiography. We also asked about manifestations 
suggestive of cardiac diseases such as dyspnea, syncopal attacks, cyanosis, or exercise 
intolerance.

Weight was measured using a stadiometer, and body mass index was calculated as follows: 
weight (kg)/height (cm2). Anthropometric Z-scores were calculated using the WHO 
application [16]. Vital signs were assessed, and O2 saturation was measured. The patients 
were examined for clubbing, organomegaly, and systemic affection. We also obtained 
complete blood counts and liver function tests from the patient files.

Anemia was defined as a hemoglobin level below the mean level for the patient’s age. The 
severity of anemia was defined as mild when the hemoglobin level was between 10 gm/dL and 
the lower limit of normal, moderate when it was between 8 and 10 gm/dL, and severe when it 
was <8 gm/dL [16].

Echocardiography was performed using a device equipped with Vivid Probes 6S and 3S (GE 
Healthcare). In the apical 4-chamber view, a tricuspid regurgitation (TR) signal was obtained 
using color Doppler.

We used continuous-wave (CW) Doppler of the TR to measure the pressure gradient between 
the right ventricle (RV) and the right atrium (RA). We calculated this pressure difference 
using the peak TR velocity and the simplified Bernoulli equation. End-systolic pulmonary 
artery pressure (ESPAP) was calculated by adding the right atrial pressure to the obtained 
pressure gradient.

A pulmonary regurgitation (PR) signal was obtained from the parasternal short-axis view 
using color Doppler. CW Doppler was used to measure the peak PR velocity and the Bernoulli 
equation was used to calculate the pressure difference. We then added the pressure difference 
to the RA pressure to calculate the end-diastolic pulmonary artery pressure (EDPAP).

RV dilatation assessment: Using the M mode, we measured the right ventricular end-diastolic 
diameter (RVEDD) and left ventricular end-diastolic diameter (LVEDD) in the parasternal 
long-axis view. We then calculated the RVEDD Z-score and RV/LV ratio [17,18].
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Assessment of RA dilatation: Using 2D echo in the apical 4-chamber view, we measured the 
RA area using planimetry at the end of the ventricular systole, the largest volume, tracing the 
RA cavity.

In addition, using 2D echo in the parasternal short-axis view, we measured the MPA diameter 
at the level of the pulmonary valve.

Assessment of RV systolic function: The 2D tricuspid annular plane systolic excursion 
(TAPSE) was measured by obtaining an apical four-chamber view, followed by M-mode 
tracing of the lateral tricuspid valve annulus and measurement of the distance between the 
end-systole and end-diastole.

The right ventricular outlet tract (RVOT) acceleration time was measured using color and 
pulsed-wave Doppler in the left parasternal short-axis view at the level of the pulmonary 
artery. A mid-systolic notching or RVOT time <100 ms was considered an indicator of 
pulmonary hypertension [19].

Diagnosis of pulmonary hypertension was reached when ESPAP was ≥35 mm Hg. The selected 
cutoff had a sensitivity of 100% and a specificity of 96% in previous pediatric studies [20,21].

6-MWT
The 6-MWT was used to assess exercise intolerance in the study group [22]. The patient 
started the test after at least 10 min of rest. To determine the 6-MWD, we measured the 
patient’s heart rate, blood pressure, and oxygen saturation, and determined the levels of 
tiredness and dyspnea before and after the test [23]. A 6-MWD <300 m was considered a high 
risk for pulmonary hypertension according to the AHA guidelines [12].

Statistics
Sample size calculation
The sample size was calculated based on our primary outcome, which was the percentage 
of pulmonary hypertension among children with chronic liver disease, using the open Epi 
version 3 software.

We used the following equation: sample size n=[DEFF*Np (1-p)]/[(d2/Z21-α/2 *(N-1)+p*(1-p)]. 
The minimum sample size required was 82, with a 95% confidence interval (CI) and 80% power.

Statistical analysis
We used IBM SPSS software, version 25 (IBM Co.) Qualitative data were presented as 
numbers (percentages). We verified the normality of the distribution of variables using the 
Kolmogorov–Smirnov test. We described the quantitative data using the mean (standard 
deviation), median (interquartile range), minimum, and maximum. We determined the 
significance of the results obtained at the 5% level.

We used the chi-square test to compare different categorical variables and Monte Carlo for 
chi-square correction when >20% of the cells had an expected count <5.

To compare more than two quantitative variables, we used the ANOVA test for normally 
distributed variables and the Kruskal–Wallis test for abnormally distributed variables.
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The Marginal Homogeneity Test was used to analyze the significance of the different stages. 
The Wilcoxon signed-rank test, Student’s t-test, and Mann–Whitney U-test were used to 
compare abnormally distributed quantitative variables between the two groups. Pearson’s and 
Spearman’s correlations were used to test for a linear association between echocardiographic 
results and patient characteristics. Statistical significance was set at p<0.05.

RESULTS

We included 94 children with portal hypertension. Their ages ranged from 3–15 years, with 
a mean age of 7.7±3.4 years and a male-to-female ratio of 1.2:1. Among the participants, 
86.2% had no cardiac manifestations, and 13.8% had one or more symptoms. Patient 
characteristics and endoscopic findings are presented in Table 1. The median duration of 
portal hypertension from diagnosis until study enrollment was 4 years.
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Table 1. Characteristics of the studied children with portal hypertension (N=94)
Variable Value
Age (yr) 7.7±3.4 (3–15)
Sex

Male 52 (55.3)
Female 42 (44.7)

Cardiac manifestations
Exercise intolerance 11 (11.7)
Dyspnea on exertion 3 (3.2)
Cyanosis 2 (2.1)
Orthopnea 1 (1.1)

Patient diagnoses
Pre-hepatic portal hypertension 25 (26.6)
Portal hypertension on top of chronic liver disease 69 (73.4)

Biliary atresia, post-Kasai operation 24 (25.5)
Congenital hepatic fibrosis 15 (15.9)
Progressive familial intrahepatic cholestasis 14 (14.8)
Cryptogenic cirrhosis 8 (8.4)
Autoimmune hepatitis 3 (3.3)
Chronic hepatitis cryptogenic 2 (2.2)
Glycogen storage disease, type IV 1 (1.1)
Caroli disease 1 (1.1)
Cystic fibrosis 1 (1.1)

Endoscopic findings
Mild varices group (small veins or grade I) 51 (54.3)
Moderate group (grade II and III) 41 (43.6)
Severe group (grade IV) 2 (2.1)

Duration of portal hypertension (yr) 4 (2–6)
Anthropometric measures

Weight (kg) 24.8±11.2
Weight for age Z-score −0.8 (−1.7 to −0.2)
Underweight (<−2 Z-score) 19 (20.2)

Height (cm) 118±20.97
Height Z score −1.5 (−2.5 to −0.6)
Stunted (<−2 Z-score) 32 (34)

BMI (kg/m2) 16.9±2.5
BMI Z score 0.09 (−0.5 to 0.6)
Wasted (<−2 Z-score) 1 (1.1)

Values are presented as mean±standard deviation (range), number (%), or median (interquartile range).
BMI: body mass index.
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Consanguinity was detected in 42 (44.6%) patients. The primary presenting manifestations 
of our studied children were abdominal distention in 84 (89.4%), jaundice in 29 (30.9%), 
clubbing in 29 (30.9%), hematemesis or melena in 28 (29.8%), pruritus in 20 (21.3%), 
bleeding tendency or ecchymosis in 15 (16%), ascites in 5 (8.5%), and lower limb edema in 5 
(5.3%). None of the patients experienced syncopal attacks. All patients had a palpable spleen 
and 55 (58.5%) had a palpable liver.

In the study group, 70 (74.5%) patients underwent interventions for esophageal varices, 
including band ligation in 67 (95.7%) and injection sclerotherapy in 3 (4.3%).

Anemia was observed in 50 (53.1%) patients, graded as mild in 32 (34%) and moderate 
to severe in 18 (19.1%). Moreover, platelet count <150,000 was observed in 58 (61.7%) 
patients and leucocyte count <4,500 in 31 (32.9%). Abnormalities in the liver function 
were observed as follows: elevated ALT in 56 (59.6%) patients, elevated AST in 67 (71.3%), 
hyperbilirubinemia in 27 (28.7%), hypoalbuminemia in 15 (15.9%), and prolonged 
prothrombin time in 61 (64.9%).

Vitals of the group showed that 5 (5.3%) patients had tachycardia, one had tachypnea, and 
one patient with congenital hepatic fibrosis and polycystic kidney disease had hypertension 
for height. The standing O2 saturation of the cases ranged from 87-100%, with a mean of 
98.7±2.2, whereas the supine O2 saturation of the cases ranged from 88–100% with a mean 
of 98.8±1.9, with no significant difference. Two patients (2.1%) had O2 saturation <92%, and 
none had platypnea orthodeoxia.

In Table 2, we present the echocardiographic findings and results of 6-MWD in our study 
group. The echocardiographic assessment revealed that 29 (30.9%) patients had pulmonary 
hypertension with ESPAP >35 mmHg, and 2 (2.1%) of them had significant elevation at >45 
mmHg.
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Table 2. Echocardiographic findings and 6-min walk distance results of the studied children with portal 
hypertension
Variable Value
Echocardiographic findings (N=94)

ESPAP (mmHg) 31.8±5.1
ESPAP ≥35 mmHg 29 (30.85)
EDPAP (mmHg) 14±2.9
MPA Z score 0.26 (0–0.62)
RVEDD/LVEDD ratio 0.4±0.1
RVEDD Z-score 1.7 (1.4–2)
RVEDD Z-score (>2 z score) 11 (11.7)
RA area Z-score 0.4 (0.07–0.9)
TAPSE (mm) 24.7±2.4
TAPSE Z score 2.9 (1.7–3.96)
RVOT acceleration time (ms) 127.6±16.4
RVOT acceleration time <100 (ms) 1 (1.1)

6-min walk distance in m (N=72)
Mean±standard deviation (range) 372±67.3 (150–550)
<300 m 5 (6.94)

Values are presented as mean±standard deviation (range), number (%), or median (interquartile range).
EDPAP: estimated diastolic pulmonary artery pressure, LV: left ventricle, MPA: mean pulmonary artery, RA: right 
atrium, RVEDD/LVEDD: right ventricular end-diastolic diameter/left ventricular end-diastolic diameter ratio, 
RVEDD: right ventricular end-diastolic diameter, RVOT: right ventricular outflow tract, TAPSE: tricuspid annular 
plane systolic excursion.

https://pghn.org


Table 3 compares cases of pulmonary hypertension and those with normal pulmonary 
arterial pressure. Patients with pulmonary hypertension had more frequent dyspnea on 
exertion, lower O2 saturation, and more severe variceal grades than those with normal 
pulmonary artery pressure. There were no statistically significant differences in the other 
cardiac manifestations between the groups.

Comparison of cases of portal hypertension due to a pre-hepatic cause and those secondary 
to chronic liver disease showed no significant difference in terms of the measured 
echocardiographic findings.

Table 4 presents the correlations between the echocardiographic results and age, duration 
of portal hypertension, and 6-MWD. Patient age was positively correlated with the RVEDD/
LVEDD ratio and negatively correlated with the TAPSE Z-score. The duration of portal 
hypertension positively correlated with the RVEDD Z-score and negatively correlated with the 
TAPSE Z-score. In addition, the 6-MWD correlated negatively with EDPAP, RVEDD/LVEDD 
ratio, and RVEDD Z-score, but positively with RVOT.

The predictors of PH development in our study group were tested using univariate and 
multivariate regression analyses, as shown in pghn-28-101. High-grade varices (p=0.04; odds 
ratio [OR], 2.618; 95% CI) and low O2 saturation (p=0.03; OR, 0.717; 95% CI) were predictors 
for developing pulmonary hypertension.

107

Portopulmonary Hypertension in Children

https://doi.org/10.5223/pghn.2025.28.2.101https://pghn.org

Table 3. Comparison between cases with normal and high estimated systolic pulmonary artery pressure (N=94)

Variable
Estimated systolic pulmonary artery pressure

p-valueNormal  
(<35 mmHg) (N=65)

Pulmonary hypertension  
(≥35 mmHg) (N=29)

Age (yr) 7.6±3.6 7.8±3.1 0.6
Sex 0.6

Male 37 (56.9) 15 (51.7)
Female 28 (43.1) 14 (48.3)

Duration of portal hypertension (yr) 3.5 (0.5–13) 5 (0.5–12.5) 0.09
Cardiac manifestations

Exercise intolerance 7 (10.8) 4 (13.8) 0.7
Dyspnea on exertion 0 3 (10.3) 0.03*

Cyanosis 0 2 (6.9) 0.09
Orthopnea 0 1 (3.4) 0.3

Endoscopic findings
Mild (grade I) 40 (61.5) 11 (37.9)
Moderate (grade II–III) 24 (36.9) 17 (58.6)
Severe (grade IV) 1 (1.5) 1 (3.4) 0.03*

O2 saturation 99.1±1 97.7±3.5 0.04*

6-min walk distance (m) (N=72) 372.4±64.5 371.3±74.6 0.9
Values are presented as mean±standard deviation (range), number (%), or median (interquartile range).
*p-value was considered significant at p<0.05.

Table 4. Correlations between patient characteristics and 6-min walk distance with echocardiographic findings (N=94)

Variable
EPASP EDPAP RVEDD/LVEDD 

ratio
RVEDD 
Z-score

RA area 
Z-score

MPA 
Z-score

TAPSE 
Z-score RVOT

r p-value r p-value rs p-value rs p-value rs p-value r p-value rs p-value r p-value
Age (yr) –0.1 0.5 –0.04 0.7 0.3 0.009* 0.1 0.2 –0.1 0.3 –0.2 0.08 –0.4 <0.001* 0.2 0.2
Duration of Portal 
hypertension (yr)

0.1 0.3 0.1 0.6 0.1 0.2 0.2 0.048* 0.04 0.7 0.06 0.6 –0.4 <0.001* –0.1 0.6

6-min walk distance (m) –0.2 0.05 –0.3 0.004* –0.3 0.02* –0.4 0.001* –0.003 0.9 –0.2 0.2 0.03 0.8 0.2 0.04*

ESPAP: estimated systolic pulmonary artery pressure, EDPAP: estimated diastolic pulmonary artery pressure, RVOT: right ventricular outflow tract, LVEDD: left 
ventricular end-diastolic diameter, RVEDD: right ventricular end-diastolic diameter, RA: right atrium, MPA: mean pulmonary artery, TAPSE: tricuspid annular 
plane systolic excursion, r: Pearson coefficient, rs: Spearman coefficient.
*p-value was considered significant at p<0.05.
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Two of our patients had ESPAP >45 mmHg and were candidates for sildenafil. The first case 
was an 11-year-old female diagnosed with portal hypertension at age 2.5 years with grade 
III esophageal varices. She developed dyspnea on exertion and exercise intolerance at age 
8 years. She had grade IV clubbing and her O2 saturation was 88%. Her 6-MWD was 178 
m, with an N-terminal pro-brain natriuretic peptide level of 845 pg/mL. The ESPAP was 50 
mmHg, EDPAP was 30 mmHg, RVEDD Z-score was 5.4, RVEDD/LVEDD ratio was 0.64, RVOT 
acceleration time was 96 ms, and TAPSE Z-score was 0.41.

The other patient was an 11-year-old female who was diagnosed with portal hypertension 
at age 5 years and had grade IV esophageal varices. She developed dyspnea on exertion and 
exercise intolerance at age 9 years and subsequently developed orthopnea. She had grade 
III clubbing and her O2 saturation was 96%. Her 6-MWD was 274 m, with an N-terminal 
pro-brain natriuretic peptide level of 1,280 pg/mL. Her ESPAP was 48 mmHg, EDPAP was 25 
mmHg, RVEDD Z-score was 3.69, RVEDD/LVEDD ratio was 0.48, RVOT acceleration time was 
110 ms, and TAPSE Z-score was −1.05.

DISCUSSION

This observational cross-sectional study included 94 children with portal hypertension from 
attendees of a tertiary center. Their ages ranged between 3–15 years, with a mean age of 
7.7±3.4 years and a male-to-female ratio of 1.2:1. We aimed to assess the prevalence of POPH, 
a rare but devastating long-term complication of portal hypertension that has been poorly 
studied, and identify its clinical predictors in this high-risk group.

In our study, 29 (30.8%) patients had elevated ESPAP ≥35 mmHg; of these, ESPAP was 
between 35–45 mmHg in 27 (28.7%) patients and >45 mmHg in 2 (2.1%). The rates obtained 
in our study are much higher than those previously reported. A systematic review noted that 
0.5% of children with portal hypertension and 0.9% of children with end-stage liver disease 
awaiting liver transplantation had POPH, which was confirmed by cardiac catheterization 
[24]. The prevalence of POPH in children is unknown, and the disease has been primarily 
reported in case series. Savale et al. [9] reported that patients with POPH represent 5–15% of 
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Table 5. Univariate and multivariate linear regression analysis for the different parameters affecting estimated 
systolic pulmonary artery pressure (N=94)

Variable
Univariate Multivariate

p-value OR (95% CI) p-value OR (95% CI)
Sex 0.6 1.233 (0.51–2.97)
Age (yr) 0.8 1.015 (0.89–1.15)
Duration of portal hypertension (yr) 0.15 1.115 (0.96–1.29)
Moderate and severe grade of varices 0.04* 2.618 (1.06–6.45) 0.02* 3.099 (1.18–8.13)
Clubbing

Grade 2 0.1 2.611 (0.74–9.16)
Grade 3 0.9 1.088 (0.34–3.53)

6-min walk distance (m) 0.9 1.000 (0.99–1.01)
O2 saturation 0.03* 0.717 (0.54–0.96) 0.02* 0.695 (0.51–0.94)
Dyspnea 0.99 -
Exercise intolerance 0.67 1.326 (0.36–4.94)
Orthopnea 0.9 -
Cyanosis 0.9 -
CI: confidence interval, OR: odds ratio.
*p-value was considered significant at p<0.05
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pulmonary hypertension patients. Besides, POPH was detected using morphological criteria 
in a pediatric autopsy population in 5.3% of all cases of portal hypertension [25].

Regarding manifestations in our study, 3.2% of cases had dyspnea on exertion, 2.1% had 
cyanosis, and 11.7% had exercise intolerance, whereas only one patient had orthopnea. All 
patients with dyspnea on exertion had an ESPAP >35 mmHg. Similarly, studies have reported 
that dyspnea at rest or during exercise is the most common presenting symptom in patients 
with POPH. Additional symptoms included palpitations, fatigue, chest pain, and syncope [26].

In our study, cases of extrahepatic portal vein obstruction and those secondary to chronic 
liver disease were comparable in terms of echocardiographic findings. There are limited case 
reports on children with POPH, including those with biliary atresia, portal vein thrombosis, 
focal nodular hyperplasia, and congenital hepatic fibrosis [3].

From our observations, the median duration from portal hypertension diagnosis to 
pulmonary pressure assessment was 4 years. The duration of portal hypertension was 
longer in patients with pulmonary pressure >35 mmHg than in those with normal pressure; 
however, the difference was not statistically significant. Duration showed a positive 
correlation with RVEDD and a negative correlation with the TAPSE Z-score. In contrast, 
Kawut et al. [27] observed a longer duration of underlying liver disease (6 years) before 
the detection of POPH during their case-control study, and performed pre-transplantation 
transthoracic echocardiography for enrolled cases.

In our cohort, the varices of II–IV grade were predictors for the presence of pulmonary 
hypertension (p=0.04; OR, 2.618; 95% CI). In addition, 58.6% of cases with ESPAP ≥35 
mmHg had moderate grades of varices (grades II–III). In contrast, Ekmen and Cifci [28] 
reported no significant differences between the grades of esophageal varices and pulmonary 
artery pressure. They detected grade III varices in 70.3% of the patients with POPH.

Our results showed that O2 saturation was significantly lower in patients with ESPSP ≥35 
mmHg than in those with average measures. Low O2 saturation was observed as a predictor 
for elevated ESPSP ≥35 mmHg (p=0.03; OR, 0.717; 95% CI). In Shao et al. [29], 28 (14.8%) 
out of 188 portal hypertension cases were diagnosed with POPH. They included cases with 
fingertip O2 saturation <95%.

The mean 6-MWD of our study group was 372±67.3 m, and five (6.94%) cases had test 
results <300 m. The 6-MWD was slightly lower in patients with a high ESPSP >35 mmHg. In 
addition, the 6-MWD was positively correlated with RVOT and negatively correlated with the 
EDPAP, RVEDD/LVEDD ratio, and RVEDD Z-score. Our 6-MWD results were shorter than the 
6-MWD mean of 342±91 m reported by the Dutch national network [30]. A decline in 6-MWD 
in adults with pulmonary artery hypertension predicts future clinical worsening of cardiac 
problems with high specificity [31].

Our patients with moderate-to-severe POPH who received treatment had high NT-proBNP 
levels of 845 pg/mL and 1,280 pg/mL. Dasgupta et al. [32] recommended NT-proBNP as a 
valuable adjunct diagnostic tool for pulmonary hypertension in the pediatric population. 
In their study, NT-pro BNP correlated negatively with the TAPSE Z-score, right ventricular 
fractional area change, and pulmonary artery acceleration time.
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We used an echocardiographic ESPAP cutoff value of 45 mmHg to define moderate-to-severe 
pulmonary hypertension. Additional findings, such as dyspnea on exertion, right ventricular 
dilatation, decreased RVOT acceleration time, high NT-pro BNP, and low 6-MWD, were used 
to decide on pharmacological therapy initiation. Similarly, using a cutoff value of 50 mmHg 
for RSVP has considerable sensitivity of 97% and specificity of 77% for identifying patients 
with moderate-to-severe POPH [33].

In our studied cases with moderate-to-severe pulmonary hypertension (ESPAP >45 mmHg), 
we initiated phosphodiesterase-5 inhibitor at a dose of 0.25 mg/kg/ds as a monotherapy. No 
satisfactory clinical or echocardiographic improvement was observed. The failure to achieve 
a good response can be attributed to late-stage liver disease, multiple comorbidities, or the 
need for a combined drug regimen. The 6th World Symposium on Pulmonary Hypertension 
underlined the residual role of monotherapy with phosphodiesterase-5 inhibitors in a subset 
of patients, including those with POPH. These medications are usually selected because they 
do not cause hepatotoxicity [9].

Two patients with ESPAP >45 mmHg died within the study period despite an evidence-based 
approach to care owing to complications of long-standing liver disease and portal hypertension. 
Tingo et al. [34] also reported a high mortality rate during follow-up (3 of 5 mortality cases). The 
severity of underlying liver disease determines the survival of patients with POPH [9].

The sequence from hepatopulmonary syndrome to POPH was observed in patients with 
cirrhosis and those with portal vein obstruction [35]. Portosystemic shunts, rather than 
portal hypertension, are key risk factors for POPH development. They also support the role of 
an injured pulmonary artery endothelium secondary to an increase in pulmonary blood flow, 
which increases the risk of pulmonary hypertension as described in Eisenmenger syndrome 
[36]. POPH precession was reported in 6 of 98 patients with liver disease who presented with 
an episode of hypoxemia due to hepatopulmonary syndrome in childhood [24].

Screening for POPH using transthoracic echocardiography is recommended by The American 
Association for the Study of Liver Diseases and the European Respiratory Society/European 
Society of Cardiology for all patients evaluated for liver transplantation and symptomatic 
cirrhotic patients with portal hypertension. The screening age was not precisely defined; 
however, POPH has been reported in children as young as 2.5 years [6,37]. Early diagnosis 
and management of POPH are essential to improve the survival rate and increase the chances 
of successful liver transplantation.

The limitations of this study included its single-center design with a limited number of cases 
and the unfeasibility of performing the 6-MWD in infants and young children.

In conclusion, pulmonary hypertension was detected in 30.8% of children with portal 
hypertension, of whom 2.1% were candidates for treatment. The duration since the diagnosis 
of portal hypertension was longer in patients with pulmonary hypertension than in those 
with normal pressure, and it correlated positively with RVEDD and negatively with the TAPSE 
Z-score. The 6-MWD is an excellent indicator of a patient’s functional status; it correlated 
positively with RVOT and negatively with the EDPAP, RVEDD/LVEDD ratio, and RVEDD 
Z-score. The NT-pro BNP level was high in patients with moderate-to-severe pulmonary 
hypertension. Moderate-to-severe esophageal varices (grades II-IV) and low O2 saturation 
were significant clinical predictors of pulmonary hypertension.

110

Portopulmonary Hypertension in Children

https://doi.org/10.5223/pghn.2025.28.2.101https://pghn.org

https://pghn.org


REFERENCES

	 1.	 Soulaidopoulos S, Goulis I, Cholongitas E. Pulmonary manifestations of chronic liver disease: a 
comprehensive review. Ann Gastroenterol 2020;33:237-49.    PUBMED | CROSSREF

	 2.	 Galiè N, McLaughlin VV, Rubin LJ, Simonneau G. An overview of the 6th World Symposium on 
Pulmonary Hypertension. Eur Respir J 2019;53:1802148.    PUBMED | CROSSREF

	 3.	 Condino AA, Ivy DD, O’Connor JA, Narkewicz MR, Mengshol S, Whitworth JR, et al. Portopulmonary 
hypertension in pediatric patients. J Pediatr 2005;147:20-6.    PUBMED | CROSSREF

	 4.	 Kaestner M, Apitz C, Lammers AE. Cardiac catheterization in pediatric pulmonary hypertension: a 
systematic and practical approach. Cardiovasc Diagn Ther 2021;11:1102-10.    PUBMED | CROSSREF

	 5.	 Ni JR, Yan PJ, Liu SD, Hu Y, Yang KH, Song B, et al. Diagnostic accuracy of transthoracic 
echocardiography for pulmonary hypertension: a systematic review and meta-analysis. BMJ Open 
2019;9:e033084.    PUBMED | CROSSREF

	 6.	 Galiè N, Humbert M, Vachiery JL, Gibbs S, Lang I, Torbicki A, et al.; ESC Scientific Document Group. 
2015 ESC/ERS Guidelines for the diagnosis and treatment of pulmonary hypertension: The Joint Task 
Force for the Diagnosis and Treatment of Pulmonary Hypertension of the European Society of Cardiology 
(ESC) and the European Respiratory Society (ERS): Endorsed by: Association for European Paediatric and 
Congenital Cardiology (AEPC), International Society for Heart and Lung Transplantation (ISHLT). Eur 
Heart J 2016;37:67-119.    PUBMED | CROSSREF

	 7.	 Iqbal CW, Krowka MJ, Pham TH, Freese DK, El Youssef M, Ishitani MB. Liver transplantation for 
pulmonary vascular complications of pediatric end-stage liver disease. J Pediatr Surg 2008;43:1813-20.    
PUBMED | CROSSREF

	 8.	 Mannion R, Fitzpatrick E. Systemic complications secondary to chronic liver disease. Indian J Pediatr 
2024;91:286-93.    PUBMED | CROSSREF

	 9.	 Savale L, Guimas M, Ebstein N, Fertin M, Jevnikar M, Renard S, et al. Portopulmonary hypertension in the 
current era of pulmonary hypertension management. J Hepatol 2020;73:130-9.    PUBMED | CROSSREF

	10.	 Abaalkhail FA, Al Sebayel MI, Shagrani MA, O’Hali WA, Almasri NM, Alalwan AA, et al. Clinical practice 
guidelines for liver transplantation in Saudi Arabia. Saudi Med J 2021;42:927-68.    PUBMED | CROSSREF

	11.	 Mylius CF, Paap D, Takken T. Reference value for the 6-minute walk test in children and adolescents: a 
systematic review. Expert Rev Respir Med 2016;10:1335-52.    PUBMED | CROSSREF

	12.	 Abman SH, Hansmann G, Archer SL, Ivy DD, Adatia I, Chung WK, et al. Pediatric Pulmonary 
Hypertension: Guidelines From the American Heart Association and American Thoracic Society. 
Circulation 2015;132:2037-99.

	13.	 Cascino TM, McLaughlin VV, Richardson CR, Behbahani-Nejad N, Moles VM, Visovatti SH, et al. Barriers 
to physical activity in patients with pulmonary hypertension. Pulm Circ 2019;9:2045894019847895.    
PUBMED | CROSSREF

	14.	 Peppas S, Nagraj S, Koutsias G, Kladas M, Archontakis-Barakakis P, Schizas D, et al. Portopulmonary 
hypertension: a review of the current literature. Heart Lung Circ 2022;31:1191-202.    PUBMED | CROSSREF

	15.	 Bass LM, Shneider BL, Henn L, Goodrich NP, Magee JC; Childhood Liver Disease Research Network 
(ChiLDReN). Clinically evident portal hypertension: an operational research definition for future 
investigations in the pediatric population. J Pediatr Gastroenterol Nutr 2019;68:763-7.    PUBMED | CROSSREF

	16.	 World Health Organization (WHO). Multicenter Growth Reference Study Group: WHO child growth 
standards: length/height-for-age, weight-for-age, weight-for-length, weight-for-height and body mass 
index-for-age: Methods and development. WHO, 2006.

	17.	 Kampmann C, Wiethoff CM, Wenzel A, Stolz G, Betancor M, Wippermann CF, et al. Normal values of 
M mode echocardiographic measurements of more than 2000 healthy infants and children in central 
Europe. Heart 2000;83:667-72.    PUBMED | CROSSREF

	18.	 Koestenberger M, Nagel B, Ravekes W, Avian A, Burmas A, Grangl G, et al. Reference values and 
calculation of z-scores of echocardiographic measurements of the normal pediatric right ventricle. Am J 
Cardiol 2014;114:1590-8.    PUBMED | CROSSREF

	19.	 Koestenberger M, Friedberg MK, Nestaas E, Michel-Behnke I, Hansmann G. Transthoracic 
echocardiography in the evaluation of pediatric pulmonary hypertension and ventricular dysfunction. 
Pulm Circ 2016;6:15-29.    PUBMED | CROSSREF

	20.	 Nanea IT, Gheorghe GS. Hepato-and Porto-pulmonary Hypertension. In: Radu-Ionita F, Pyrsopoulos NT, 
eds. Liver Diseases: A Multidisciplinary Textbook. Springer, 2020:219-29.

	21.	 Mukhtar NA, Fix OK. Portopulmonary hypertension. J Clin Gastroenterol 2011;45:703-10.    PUBMED | 
CROSSREF

111

Portopulmonary Hypertension in Children

https://doi.org/10.5223/pghn.2025.28.2.101https://pghn.org

http://www.ncbi.nlm.nih.gov/pubmed/32382226
https://doi.org/10.20524/aog.2020.0474
http://www.ncbi.nlm.nih.gov/pubmed/30552088
https://doi.org/10.1183/13993003.02148-2018
http://www.ncbi.nlm.nih.gov/pubmed/16027687
https://doi.org/10.1016/j.jpeds.2005.02.019
http://www.ncbi.nlm.nih.gov/pubmed/34527536
https://doi.org/10.21037/cdt-20-395
http://www.ncbi.nlm.nih.gov/pubmed/31871259
https://doi.org/10.1136/bmjopen-2019-033084
http://www.ncbi.nlm.nih.gov/pubmed/26320113
https://doi.org/10.1093/eurheartj/ehv317
http://www.ncbi.nlm.nih.gov/pubmed/18926213
https://doi.org/10.1016/j.jpedsurg.2008.04.002
http://www.ncbi.nlm.nih.gov/pubmed/37440151
https://doi.org/10.1007/s12098-023-04694-7
http://www.ncbi.nlm.nih.gov/pubmed/32145258
https://doi.org/10.1016/j.jhep.2020.02.021
http://www.ncbi.nlm.nih.gov/pubmed/34470833
https://doi.org/10.15537/smj.2021.42.9.20210126
http://www.ncbi.nlm.nih.gov/pubmed/27817221
https://doi.org/10.1080/17476348.2016.1258305
http://www.ncbi.nlm.nih.gov/pubmed/30983524
https://doi.org/10.1177/2045894019847895
http://www.ncbi.nlm.nih.gov/pubmed/35667970
https://doi.org/10.1016/j.hlc.2022.04.056
http://www.ncbi.nlm.nih.gov/pubmed/30908382
https://doi.org/10.1097/MPG.0000000000002333
http://www.ncbi.nlm.nih.gov/pubmed/10814626
https://doi.org/10.1136/heart.83.6.667
http://www.ncbi.nlm.nih.gov/pubmed/25248810
https://doi.org/10.1016/j.amjcard.2014.08.028
http://www.ncbi.nlm.nih.gov/pubmed/27162612
https://doi.org/10.1086/685051
http://www.ncbi.nlm.nih.gov/pubmed/21325952
https://doi.org/10.1097/MCG.0b013e31820656bd
https://pghn.org


	22.	 Geiger R, Strasak A, Treml B, Gasser K, Kleinsasser A, Fischer V, et al. Six-minute-walk test in children 
and adolescents. J Pediatr 2007;150:395-9, 399.e1-2.    CROSSREF

	23.	 Joseph P, Oliveira RKF, Eslam RB, Agarwal M, Waxman AB, Systrom DM. Fick principle and exercise 
pulmonary hemodynamic determinants of the six-minute walk distance in pulmonary hypertension. 
Pulm Circ 2020;10:2045894020957576.    PUBMED | CROSSREF

	24.	 Ecochard-Dugelay E, Lambert V, Schleich JM, Duché M, Jacquemin E, Bernard O. Portopulmonary 
hypertension in liver disease presenting in childhood. J Pediatr Gastroenterol Nutr 2015;61:346-54.    
PUBMED | CROSSREF

	25.	 Ridaura-Sanz C, Mejía-Hernández C, López-Corella E. Portopulmonary hypertension in children. A study 
in pediatric autopsies. Arch Med Res 2009;40:635-9.    PUBMED | CROSSREF

	26.	 Jasso-Baltazar EA, Peña-Arellano GA, Aguirre-Valadez J, Ruiz I, Papacristofilou-Riebeling B, Jimenez 
JV, et al. Portopulmonary hypertension: an updated review. Transplant Direct 2023;9:e1517.    PUBMED | 
CROSSREF

	27.	 Kawut SM, Krowka MJ, Trotter JF, Roberts KE, Benza RL, Badesch DB, et al.; Pulmonary Vascular 
Complications of Liver Disease Study Group. Clinical risk factors for portopulmonary hypertension. 
Hepatology 2008;48:196-203.    PUBMED | CROSSREF

	28.	 Ekmen N, Cifci S. Evaluation of the relationship between pulmonary artery hypertension and esophageal 
varices bleeding in transplantation candidates. Cureus 2021;13:e13355.    PUBMED | CROSSREF

	29.	 Shao Y, Yin X, Qin T, Zhang R, Zhang Y, Wen X. Prevalence and associated factors of portopulmonary 
hypertension in patients with portal hypertension: a case-control study. Biomed Res Int 
2021;2021:5595614.    PUBMED | CROSSREF

	30.	 Said F, Haarman MG, Roofthooft MTR, Hillege HL, Ploegstra MJ, Berger RMF. Serial measurements of 
N-terminal pro-B-type natriuretic peptide serum level for monitoring pulmonary arterial hypertension in 
children. J Pediatr 2020;220:139-45.    PUBMED | CROSSREF

	31.	 Huang J, Mehta S, Mura M. Early decline in six-minute walk distance from the time of diagnosis predicts 
clinical worsening in pulmonary arterial hypertension. Respiration 2015;89:365-73.    PUBMED | CROSSREF

	32.	 Dasgupta S, Bettermann E, Kelleman M, Kanaan U, Sachdeva R, Petit C, et al. N-terminal pro-B-type-
natriuretic peptide as a screening tool for pulmonary hypertension in the paediatric population. Cardiol 
Young 2021;31:1595-607.    PUBMED | CROSSREF

	33.	 Gonzalez-Hermosillo LM, Cueto-Robledo G, Roldan-Valadez E, Graniel-Palafox LE, Garcia-Cesar M, 
Torres-Rojas MB, et al. Right Heart Catheterization (RHC): a comprehensive review of provocation 
tests and hepatic hemodynamics in patients with Pulmonary Hypertension (PH). Curr Probl Cardiol 
2022;47:101351.    PUBMED | CROSSREF

	34.	 Tingo J, Rosenzweig EB, Lobritto S, Krishnan US. Portopulmonary hypertension in children: a rare but 
potentially lethal and under-recognized disease. Pulm Circ 2017;7:712-8.    PUBMED | CROSSREF

	35.	 Bernard O, Franchi-Abella S, Branchereau S, Pariente D, Gauthier F, Jacquemin E. Congenital 
portosystemic shunts in children: recognition, evaluation, and management. Semin Liver Dis 
2012;32:273-87.    PUBMED | CROSSREF

	36.	 Talwalkar JA, Swanson KL, Krowka MJ, Andrews JC, Kamath PS. Prevalence of spontaneous 
portosystemic shunts in patients with portopulmonary hypertension and effect on treatment. 
Gastroenterology 2011;141:1673-9.    PUBMED | CROSSREF

	37.	 Paine GW, Toolan M, Nayagam JS, Joshi D, Hogan BJ, McCabe C, et al. Assessment and management 
of patients with portopulmonary hypertension undergoing liver transplantatio. J Liver Transpl 
2023;12:100169.    CROSSREF

112

Portopulmonary Hypertension in Children

https://doi.org/10.5223/pghn.2025.28.2.101https://pghn.org

https://doi.org/10.1016/j.jpeds.2006.12.052
http://www.ncbi.nlm.nih.gov/pubmed/32994925
https://doi.org/10.1177/2045894020957576
http://www.ncbi.nlm.nih.gov/pubmed/25885880
https://doi.org/10.1097/MPG.0000000000000821
http://www.ncbi.nlm.nih.gov/pubmed/20082881
https://doi.org/10.1016/j.arcmed.2009.08.006
http://www.ncbi.nlm.nih.gov/pubmed/37492078
https://doi.org/10.1097/TXD.0000000000001517
http://www.ncbi.nlm.nih.gov/pubmed/18537192
https://doi.org/10.1002/hep.22275
http://www.ncbi.nlm.nih.gov/pubmed/33747656
https://doi.org/10.7759/cureus.13355
http://www.ncbi.nlm.nih.gov/pubmed/33987440
https://doi.org/10.1155/2021/5595614
http://www.ncbi.nlm.nih.gov/pubmed/32113658
https://doi.org/10.1016/j.jpeds.2020.01.001
http://www.ncbi.nlm.nih.gov/pubmed/25791910
https://doi.org/10.1159/000370124
http://www.ncbi.nlm.nih.gov/pubmed/33650482
https://doi.org/10.1017/S1047951121000585
http://www.ncbi.nlm.nih.gov/pubmed/35948196
https://doi.org/10.1016/j.cpcardiol.2022.101351
http://www.ncbi.nlm.nih.gov/pubmed/28704131
https://doi.org/10.1177/2045893217723594
http://www.ncbi.nlm.nih.gov/pubmed/23397528
https://doi.org/10.1055/s-0032-1329896
http://www.ncbi.nlm.nih.gov/pubmed/21723219
https://doi.org/10.1053/j.gastro.2011.06.053
https://doi.org/10.1016/j.liver.2023.100169
https://pghn.org

	Prevalence and Predictors of Pulmonary Hypertension in Children with Portal Hypertension: A Single Center Study
	INTRODUCTION
	MATERIALS AND METHODS
	6-MWT
	Statistics
	Sample size calculation
	Statistical analysis


	RESULTS
	DISCUSSION
	REFERENCES


