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A B S T R A C T

Background: Invasive right heart catheterization plays a central role in identifying pulmonary hypertension (PH) 
disorders. However, non-invasive biomarkers of portopulmonary hypertension (PoPH) are required. Liver stiff
ness evaluated by FibroScan® is useful for the assessment of liver fibrosis in patients with chronic liver diseases. 
This study sought to investigate the utility of liver stiffness for the classification of PoPH among precapillary PH 
patients.
Methods: A total of 46 patients [38 females, median (interquartile range) age 63.0 (50.8–72.0) years old] with 
precapillary PH were divided into a PoPH group (N = 6) and a non-PoPH group (N = 40) based on the presence 
of portosystemic shunts and/or portal hypertension with hepatic venous pressure gradient >5 mmHg.
Results: The PoPH group showed higher cardiac index and lower pulmonary vascular resistance than the non- 
PoPH group. Other hemodynamic variables and liver fibrosis biomarkers such as fibrosis-4 index and 
albumin-bilirubin score were comparable between the 2 groups. Liver stiffness measurements in the PoPH group 
were significantly higher than those in the non-PoPH group [12.8 kPa (9.4–17.3 kPa) vs 4.15 kPa (3.30–5.50 
kPa), p < 0.001]. The cut-off value for the classification of PoPH was 8.50 kPa from the receiver operating 
characteristic curve (area under curve 0.979, 95 % Confidence interval 8.50 kPa - 11.00 kPa).
Conclusions: Liver stiffness evaluated by transient elastography may be a non-invasive biomarker to detect the 
liver status that caused PoPH among precapillary PH patients.

1. Introduction

Portopulmonary hypertension (PoPH) refers to the development of 
pulmonary arterial hypertension (PAH) in the setting of portosystemic 
shunts and/or portal hypertension [1]. Hyperdynamic state, vasoactive 
substance imbalance, and other factors may play important roles in the 
mechanism of PoPH; however, its pathogenesis is still under investiga
tion [2]. Pulmonary vascular resistance (PVR) is initially not prominent 
and gradually increases with disease progression [3]. Finally, high car
diac output derived from portosystemic shunts decreases. At this stage, 

PoPH is hemodynamically indistinct from idiopathic PAH, making its 
diagnosis challenging.

PAH-specific therapy can improve functional capacity and hemo
dynamic parameters, and allow for liver transplantation in patients with 
PoPH [4]. However, treatment options for PoPH are limited depending 
on both the severity of PAH and of the underlying liver disease. There
fore, survival of PoPH has remained poor compared to idiopathic PAH 
and other forms of PAH. Early diagnosis and initiation of treatment for 
pulmonary hypertension (PH) as well as liver diseases are required for 
better outcomes in patients with PoPH. Measurement of hepatic venous 
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pressure gradient (HVPG) is the gold standard for diagnosis of PoPH [5]. 
However, it is hard to obtain the wedge pressure of hepatic vein for 
morphological reasons in some patients with liver diseases. Non- 
invasive biomarkers for identifying PoPH are needed, but have not 
been identified yet.

Transient elastography using FibroScan® is a non-invasive method 
for the assessment of liver stiffness by measuring shear wave speed with 
pulse-echo ultrasound [6]. Liver stiffness is a useful biomarker for pre
diction of esophageal varices, hepatocellular carcinoma, liver failure as 
well as prognosis in patients with chronic liver diseases [7–9]. Liver 
congestion derived from right-sided heart failure also leads to increased 
liver stiffness [10]. A recent report determined liver stiffness was posi
tively correlated with right atrial pressure in patients with left-sided 
heart failure [11]. Also, liver stiffness has been reported as a non- 
invasive biomarker to predict HVPG in patients with liver diseases 
[12,13]. However, the utility of liver stiffness in the differentiation of 
PoPH remains unclear. This study aimed to elucidate the utility of liver 
stiffness for the classification of PoPH among precapillary PH patients.

2. Methods

2.1. Study population

All consecutive patients with precapillary PH, whose liver stiffness 
was measured by FibroScan® (Echosens, Paris, France) from August 
2018 to March 2022, were retrospectively enrolled in this study. This 
study complies with the Declaration of Helsinki and was approved by the 
institutional review board of Kurume University (approval number: 
19252). The need for written informed consent was waived because of 
the retrospective nature and an opt-out basis of the study.

2.2. PAH criteria and classification

Precapillary PH was defined as a mean pulmonary arterial pressure 
(mPAP) ≥ 25 mmHg, pulmonary arterial wedge pressure (PAWP) ≤ 15 
mmHg, and PVR ≥ 240 dyne⋅sec⋅cm− 5 at rest [14]. Classification of 
precapillary PH was performed by experienced cardiologists [14]. 
Heritable PAH was classified from family history, PAH associated with 
connective tissue disease (CTD-PAH) from the diagnosis of CTD by 
rheumatologists, PAH associated with congenital heart disease accord
ing to the presence of congenital heart disease, and PoPH in the setting 
of portosystemic shunts and/or portal hypertension with HVPG >5 
mmHg [5]. PH due to chronic lung disease (CLD) was defined along with 
pulmonologists as PH with high-resolution computed tomographic 
findings for CLD and predicted forced expiratory volume in 1-second <
60 % predicted and/or vital capacity <70 % predicted [15]. We 
excluded any patients from CTD-PAH, if the patients have CLD or PoPH. 
Chronic thromboembolic pulmonary hypertension was identified from 
imaging findings of perfusion lung scintigraphy, multidetector 
computed tomographic pulmonary angiography, and pulmonary angi
ography [16].

2.3. Data collection

Clinical data including medical history, World Health Organization 
(WHO) functional class, 6-minute walking distance, liver stiffness, and 
laboratory, echocardiographic, and hemodynamic data were collected 
in patients with precapillary PH at admission to Kurume University 
Hospital. Blood samples for laboratory assays were drawn from the 
antecubital vein following overnight fasting in the morning to determine 
complete blood count, aspartate transaminase, alanine aminotrans
ferase, total bilirubin, albumin, prothrombin time, creatinine, uric acid, 
and N-terminal pro-brain natriuretic peptide (NT-pro-BNP). Creatinine 
(Cr) clearance was calculated using the Cockcroft-Gault formula: male; 
(140 - age) × body weight / (72 × Cr), female; 0.85 × (140 - age) × body 
weight / (72 × Cr). Walking test was performed using a standardized 

protocol [16]. Patients were instructed to walk as fast as possible for 
evaluation of total distance for 6 minutes. WHO functional class and 
exercise capacity using the 6-minute walking test were assessed closest 
to the date of right heart catheter (RHC). All echocardiographic pa
rameters were measured according to the American society of echo
cardiography guideline [17]. All these evaluations were carried out 
within 2 weeks.

2.4. Hemodynamic measurements

Hemodynamic variables were measured with a Swan-Ganz catheter 
(Baxter Healthcare Corporation, Santa Ana, CA, USA) in the recumbent 
position. Cardiac output (CO) was determined using the direct Fick’s 
method. Cardiac index was derived by normalization of CO with the 
body surface area: cardiac index = CO/body surface area. PVR was 
calculated from the transpulmonary gradient and CO: PVR = (mPAP – 
PAWP) / CO. HVPG was calculated as the difference between wedged 
hepatic venous pressure and free hepatic venous pressure during RHC.

2.5. Liver function

Liver function was assessed by Child-Pugh classification and 
albumin-bilirubin (ALBI) score. Child-Pugh classification was stratified 
as graded A, B, or C based on serum total bilirubin, albumin, pro
thrombin time, presence of ascites, and hepatic encephalopathy [18]. 
ALBI score was calculated using the formula; (log10 bilirubin [μmol/L] 
× 0.66) + (albumin [g/L] × 0.085) [19]. Fibrosis-4 (FIB-4) index was 
estimated for hepatic fibrosis by the formula; age (year-old) × aspartate 
transaminase (IU/L) / platelet count (×109/L) × square root of alanine 
aminotransferase (IU/L) [20,21]. Liver stiffness was measured using 
FibroScan® as previously described by 4 sonographers (Y.M., N.F., A.N., 
and M.K.), who had >5-year experience [22]. These sonographers were 
blinded to clinical data. Liver stiffness measurements were performed in 
the right liver lobe through an intercostal approach with exhalation 
under a fasting condition. Median values of 10 valid liver stiffness 
measurements were expressed in kilopascals (kPa).

2.6. Statistics

Data were presented as mean ± standard deviation or medians with 
the interquartile range. The assumption of normality was verified by the 
Shapiro-Wilk test. Statistical analyses were performed using appropriate 
parametric and nonparametric methods with the use of SPSS version 25 
(IBM, Armonk, NY, USA). Continuous variables were compared using 
Student’s t-test, Kruskal-Wallis test with Bonferroni post-hoc test, and 
Mann-Whitney U test. Pairwise deletion was applied for relevant ana
lyses involving missing data. Categorical variables were compared using 
χ2-analysis or Fisher’s exact test. Correlations between variables of liver 
function and selected variables were determined by Spearman rank 
correlation. Receiver operating characteristic curves were constructed 
by plotting the sensitivity against (1 - specificity) at each value. The cut- 
off value and the 95 % confidence interval of liver stiffness for PoPH 
were estimated by Youden index and bootstrap analysis using the sta
tistical software R (version 4.4.2, R Foundation for Statistical 
Computing, Vienna, Austria). Values of p < 0.05 were considered to 
indicate statistical significance.

3. Results

3.1. Clinical characteristics

Our study included 46 precapillary PH patients with their clinical 
characteristics shown in Table 1. There were 10 idiopathic/heritable 
PAH, 14 CTD-PAH, and 6 PoPH patients. PoPH was defined as PAH with 
HVPG >5 mmHg (n = 5) or portosystemic shunt (n = 1). In the CTD-PAH 
group, there were 6 patients with systemic scleroderma, 4 with Sjogren’s 
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Table 1 
Clinical characteristics.

Overall 
(n ¼ 46)

Non-PoPH 
(n ¼ 40)

PoPH 
(n ¼ 6)

P- 
value

Female gender 38 (83 %) 34 (85 %) 4 (67 %) 0.277

Age, year-old
63.0 
[50.8–72.0]

65.0 
[52.8–72.8]

55.0 
[36.3–63.5] 0.123

Body weight, kg
50.8 
[46.3–59.3]

50.7 
[46.2–58.4]

56.3 
[47.8–63.8] 0.362

Body mass index, 
kg/m2

21.3 
[20.1–24.5]

21.5 
[20.0–24.6]

21.2 
[20.2–23.2]

0.886

Etiologies of PH
Idiopathic/ 

heritable PAH
10 (22 %) 10 (25 %) 0 (0 %)

Collagen tissue 
disease-PAH 14 (30 %) 14 (35 %) 0 (0 %)

Congenital heart 
disease-PAH

1 (2 %) 1 (3 %) 0 (0 %)

PoPH 6 (13 %) 0 (0 %) 6 (100 %)
PH-chronic lung 

disease
4 (9 %) 4 (10 %) 0 (0 %)

Chronic 
thromboembolic 
pulmonary 
hypertension

11 (24 %) 11 (28 %) 0 (0 %)

Liver disease 17 (37 %) 11 (28 %) 6 (100 %) 0.001
Liver disease 

etiology
Chronic hepatitis B 1 (2 %) 1 (3 %) 0 (0 %) 0.870
Non-B non-C 

chronic hepatitis 2 (4 %) 2 (5 %) 0 (0 %) 0.754

Liver cirrhosis C 4 (9 %) 0 (0 %) 4 (67 %) <0.001
Nonalcoholic fatty 

liver disease
5 (11 %) 5 (13 %) 0 (0 %) 0.480

Autoimmune 
hepatitis

2 (4 %) 2 (5 %) 0 (0 %) 0.754

Primary sclerosing 
cholangitis 1 (2 %) 1 (3 %) 0 (0 %) 0.870

Primary biliary 
cholangitis 1 (2 %) 0 (0 %) 1 (17 %) 0.130

Congenital absence 
of the portal vein

1 (2 %) 0 (0 %) 1 (17 %) 0.130

PAH-targeted drugs
No drug 23 (50 %) 21 (53 %) 2 (33 %) 0.333
Oral monotherapy 8 (17 %) 8 (20 %) 0 (%) 0.296
Oral combination 

therapy 12 (26 %) 9 (23 %) 3 (50 %) 0.173

Combination 
therapy including 
parenteral 
prostacyclin

3 (7 %) 2 (5 %) 1 (17 %) 0.345

World Health 
Organization 
functional class 
(I/II/III/IV)

5/23/17/1 5/20/14/1 0/3/3/0 0.749

Six-minute walking 
distance, m

345.5 ±
123.4 †

344 ± 126 354 ± 113 † 0.871

Echocardiography
Tricuspid 

regurgitation 
pressure gradient, 
mmHg

47.0  
[35.5–66.3]

45.5 
[34.5–65.3]

54.5 
[38.3–86.5] 0.329

Tricuspid annular 
plane systolic 
excursion, mm

18.1 ± 4.3 17.6 ± 3.9 21.5 ± 5.7 0.040

Inferior vena cava 
diameter, mm

14.3 ± 3.8 14.2 ± 4.0 14.7 ± 2.5 0.793

Right ventricular 
fractional area 
change†, %

34.3 ± 8.0 † 33.5 ± 7.9 † 39.7 ± 7.1 0.307

Hemodynamics
Heart rate, /min 73 ± 11 73.3 ± 11.2 74.0 ± 9.8 0.886
Mean aortic 

pressure, mmHg
86 ± 16 86 ± 16 86 ± 20 0.951

Pulmonary artery 
wedge pressure, 
mmHg

7 
[6–9]

7 
[6–9]

9 
[6–10]

0.254

Table 1 (continued )

Overall 
(n ¼ 46) 

Non-PoPH 
(n ¼ 40) 

PoPH 
(n ¼ 6) 

P- 
value

Mean pulmonary 
arterial pressure, 
mmHg

33 ± 10 33 ± 10 31 ± 8 0.708

Right atrial 
pressure, mmHg

4 
[2–5]

3 
[2–5]

5 
[4–6]

0.241

Arterial oxygen 
saturation, %

90.6 
[86.4–94.0]

89.9 
[86.1–93.8]

93.3 
[88.2–94.4]

0.362

Mixed venous 
oxygen 
saturation, %

66.7 ± 7.7 66.2 ± 8.0 70.1 ± 4.0 0.246

Cardiac index, L/ 
min/m2 3.2 ± 1.0 3.1 ± 0.9 4.1 ± 1.1 0.013

Pulmonary vascular 
resistance, wood 
units

5.3 
[3.6–7.3]

6.0 
[3.9–7.9]

3.5 
[2.4–5.1] 0.033

Hepatic venous 
pressure gradient, 
mmHg

3 
[1–4]

3 
[1–4]

7 
[5–11]

0.007

Laboratory data
Hemoglobin, g/dL 12.7 ± 1.9 12.9 ± 1.9 11.5 ± 1.6 0.094
Platelet, x104/μL 21.3 ± 7.4 22.6 ± 6.7 12.5 ± 6.4 0.001
Aspartate 

aminotransferase, 
IU/L

20 
[16–25]

20 
[15–25]

21 
[19–35]

0.379

Alanine 
aminotransferase, 
IU/L

14 
[10− 20]

14 
[9–20]

16 
[11–27]

0.345

Lactic acid 
dehydrogenase, 
IU/L

192 
[158–226]

192 
[157–226]

192 
[155–214] 0.812

Alkaline 
phosphatase, IU/ 
L

169 ± 82 158 ± 73 249 ± 103 0.027

γ-Glutamyl 
transpeptidase, 
IU/L

24.5 
[15.8–47.8]

23.5 
[13.5–35.8]

42 
[18–121] 0.192

Albumin, g/dL 3.7 ± 0.5 3.8 ± 0.4 3.5 ± 0.8 0.491
Total bilirubin, mg/ 

dL
0.8 
[0.6–1.0]

0.8 
[0.6–1.0]

1.1 
[1.0–2.1] 0.015

Direct bilirubin, 
mg/dL

0.1 
[0.1–0.1]

0.1 
[0.1–0.1]

0.2 
[0.1–0.2] 0.388

Blood urea 
nitrogen, mg/dL

15.5 
[13.0–18.3]

16.0 
[13.0–18.0]

12.5 
[9.8–21.5]

0.329

Creatinine mg/dL 0.71 
[0.61–0.85]

0.71 
[0.63–0.86]

0.58 
[0.40–0.82]

0.254

Creatinine 
clearance, mL/ 
min

77.8 ± 32.9 72.6 ± 29.4 112.4 ± 36.7 0.004

Sodium, mEq/L 141 ± 2 141 ± 2 139 ± 2 0.059

Potassium, mEq/L 3.9 
[3.7–4.3]

3.9 
[3.7–4.3]

3.7 
[3.3–4.4]

0.362

Prothrombin time, 
%

89 ± 27 90 ± 28 83.3 ± 22.5 0.568

N-terminal pro- 
brain natriuretic 
peptide, pg/mL

165.9 
[90.0–865.6]

189.3 
[100.5–877.9]

94.2 
[30.3–753.7]

0.101

Uric acid, mg/L 5.9 ± 1.7 5.9 ± 1.8 4.9 ± 0.9 0.166
Liver function
Child-Pugh 

classification (A/ 
B/C)

4/2/0 0/0/0 4/2/0

Liver stiffness, kPa
4.50 
[3.38–6.48]

4.15 
[3.30–5.50]

12.80 
[9.40–17.28] <0.001

Fibrosis-4 index 1.86 ± 1.17 1.69 ± 0.91 3.00 ± 2.01 0.173
Albumin-bilirubin 

score
− 2.40 ±
0.43

− 2.45 ± 0.39
− 2.09 ±
0.61

0.050

Data are presented as number (%), mean ± standard deviation, or median 
(interquartile range).
Abbreviations: PoPH, portopulonary hypertension; PH, pulmonary hyperten
sion; PAH, pulmonary arterial hypertension.
† missing data = 1.
P values in bold are statistically significant.
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syndrome, 3 with systemic lupus erythematosus, and one with derma
tomyositis/polymyositis. Etiologies of PoPH were composed of hepatitis 
C virus-associated liver cirrhosis (LC-C; n = 4), primary biliary chol
angitis (n = 1), and congenital absence of the portal vein (n = 1). A 
patient with primary biliary cholangitis had systemic lupus erythema
tosus and Sjögren’s syndrome, but was diagnosed as PoPH due to HVPG 
= 6 mmHg. There were one chronic hepatitis B, 2 non-B non-C chronic 
hepatitis, 5 nonalcoholic fatty liver disease, 2 autoimmune hepatitis, 
and one primary sclerosing cholangitis patients with precapillary PH in 
the non-PoPH group. PoPH patients had significantly more liver diseases 
than non-PoPH patients (p = 0.001). Twenty-three of 46 precapillary PH 
patients were untreated with any PAH-targeted therapy, 8 were treated 
with oral monotherapy, 12 with oral combination therapy, and 3 with 
combination therapy including parenteral prostacyclin. Approximately 
85 % of patients were WHO functional class II or III. mPAP was 33 ± 10 
mmHg, cardiac index was 3.2 ± 1.0 L/min/m2, and PVR was 5.3 
[3.6–7.3] Wood units in all patients. mPAP and PAWP were comparable 
between the PoPH group and the non-PoPH group. The PoPH group had 
higher tricuspid annular plane systolic excursion and cardiac index, and 
lower PVR than the non-PoPH group. Laboratory data demonstrated 
higher alkaline phosphatase levels and creatinine clearance values, and 
lower platelet counts in the PoPH group compared to the non-PoPH 
group. Biventricular morphology and function parameters were 
similar among the 2 groups.

3.2. Liver stiffness and function

Liver stiffness measurements were significantly correlated with 
HVPG values (r = 0.402, p = 0.006) (Fig. 1). A patient with congenital 
absence of the portal vein was excluded from this analysis due to the 
absence of hepatic venous pressure gradient. Liver stiffness of the same 
patient was 8.50 kPa. Liver stiffness measurements in the PoPH group 
were significantly higher than those in the non-PoPH group (PoPH 12.80 
[9.40–17.30] kPa vs. non-PoPH 4.15 [3.30–5.50] kPa; p < 0.001) 
(Table 1 and Fig. 2). The PoPH patients with hepatitis C virus-associated 
liver cirrhosis had the highest liver stiffness in the PoPH group (Table 2). 
The cut-off value of liver stiffness for the classification of PoPH was 8.50 
kPa (area under the curve 0.979, 95 % confidence interval 8.50 kPa - 
11.00 kPa, sensitivity 1.00, specificity 0.95) (Supplementary Fig. 1). 
FIB-4 index and ALBI score were comparable between the PoPH group 
and the non-PoPH group (Table 1 and Fig. 2). FIB-4 index and ALBI score 

were highly variable in the PoPH group (Table 2 and Fig. 2).

4. Discussion

This is a study designed to investigate the utility of liver stiffness 
evaluated by transient elastography for the classification of PoPH in 
patients with precapillary PH. As a result, liver stiffness could detect the 
liver status that caused PoPH among precapillary PH patients.

Invasive liver biopsy as a gold standard assessment for the severity of 
liver fibrosis has a risk of life-threatening bleeding complications [23]. 
Moreover, liver biopsy suffers from sampling error and considerable 
intra- and inter-observer variability [24]. Recently, liver stiffness using 
FibroScan® in liver fibrosis patients has been confirmed by meta- 
analysis to have high diagnostic accuracy [25]. The sampling volume 
of FibroScan® is 100 times greater than that of liver biopsy [6]. Liver 
stiffness evaluated by FibroScan® has been widely utilized for the 
assessment of liver fibrosis in chronic liver diseases [7–9]. In our study, 
liver stiffness measurements were significantly correlated with HVPG in 
consistent with other studies (Fig. 1) [12,13] and could differentiate 
between PoPH and non-PoPH with a significant difference (Table 1 and 
Fig. 2). In our study, 4 of 6 PoPH patients had LC-C, which might have 
affected the results. There were 3 patients with Child-Pugh class A and 
one with class B, but no class C. Liver stiffness measurements were 
ranged from 11.0 to 22.0 kPa, which were not as high as those of end- 
stage liver cirrhosis (Table 2). Liver stiffness may be useful to detect 
the liver status that caused PoPH among precapillary PH patients, even if 
the measurements were not so high compared to patients with severe 
liver fibrosis. However, liver stiffness may not be able to screen for PoPH 
among patients with moderate-to-severe liver diseases. Additionally, 
there was a precapillary PH patient with portosystemic shunts caused by 
congenital absence of the portal vein in this study. This patient also had 
nodular regenerative hyperplasia known as a complication of congenital 
absence of the portal vein [26], which may induce the increase of liver 
stiffness in this patient.

The normal value of liver stiffness evaluated by FibroScan® is below 
6.00 kPa [27]. A cut-off value of 8.00–12.50 kPa has been generally 
accepted for liver diseases with advanced fibrosis and liver cirrhosis. In 
this study, the cut-off value for the detection of PoPH was 8.50 kPa, 
which was comparable to the cut-off value for liver fibrosis. Liver stiff
ness is significantly associated with portal pressure and exceeds 20.00 
kPa in liver cirrhosis patients with esophageal varices [27]. If patients 
with higher portal pressure were included in our study, the cut-off value 
for the classification of PoPH might be greater. Thus, given the small 
sample size with only 6 PoPH patients, this analysis may have inherent 
limitations and should be interpreted with caution. To address this un
certainty, validating the cut-off value in larger, independent datasets is 
crucial to improve the reliability and generalizability of the findings.

In consistent with the report [28], our study demonstrated that Fib-4 
index and ALBI score were not elevated in PoPH group compared to non- 
PoPH group (Fig. 2). FIB-4 index has been commonly used to assess liver 
fibrosis [20,21]. A strong correlation has been reported between the FIB- 
4 index and liver fibrosis as classified by liver biopsy in patients with 
hepatitis C virus infection [20]. Also, FIB-4 index has proven to be an 
appropriate marker of liver fibrosis in patients with nonalcoholic fatty 
liver disease [21]. In our study, FIB-4 index could not detect PoPH 
among precapillary PH patients (Fig. 2). There were 2 PoPH patients 
with high FIB-4 index values exceeding the cut-off value for liver fibrosis 
(>2.67) [29]. FIB-4 index is calculated with age, aspartate trans
aminase, platelet count, and alanine aminotransferase [20,21]. In pre
capillary PH patients, aspartate transaminase may increase due to 
elevated filling pressure, passive congestion, drug toxicity, and hepatic 
hypoxia related to low output status. Additionally, PAH-targeted drugs 
might cause a decrease in platelet count [30]. These factors may explain 
why FIB4-index was unsuitable to identify PoPH. ALBI score has been 
shown to be a non-invasive marker for estimating liver functional 
reserve in hepatocellular carcinoma [19,30]. The significant association 

0
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Hepatic venous pressure gradient (mmHg)

n = 46
r = 0.402
p = 0.006

Fig. 1. Correlation between liver stiffness and hepatic venous pressure 
gradient. 
Liver stiffness measurements were significantly correlated with HVPG values. A 
patient with congenital absence of the portal vein was excluded from this 
analysis due to the absence of hepatic venous pressure gradient.
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between the ALBI score and liver functional reserve suggests that ALBI 
score may be able to differentiate between non-PoPH and PoPH. How
ever, ALBI score could not detect PoPH among our precapillary PH pa
tients. These findings might indicate that the severity of liver disease is 
not related with the development of PoPH as previously reported [28]. 
Therefore, FIB-4 index and ALBI score might not be suitable for 
screening PoPH among precapillary PH.

5. Limitations

Several limitations could be considered when interpreting our re
sults. First, a single-center retrospective experience and our inclusion 
criteria may introduce selection bias. Regarding selection bias, we 
cannot exclude the possibility of unknown confounders. In addition, 
retrospective study cannot verify the accuracy of results. Second, the 
sample size and missing data may limit and confound the present results. 
Especially, the small sample size may lead to type II statistical errors, 
which could affect the conclusions/discussion. Also, since imputation 
methods for missing data are statistically inappropriate for the study 
with a small sample size, pairwise deletion was applied in this study. A 
multi-center prospective study with a large sample size is needed to 
validate the utility of liver stiffness for the classification of PoPH. Third, 
we cannot account for the effects of the drugs on liver stiffness, because 
variety of drugs including PAH-targeted drugs and immunosuppressants 
were used in our study. Fourth, the European guideline of PH defines 
precapillary PH as mPAP >20 mmHg since 2022 [1]. However, one of 
the definitions of precapillary PH was a mPAP ≥25 mmHg based on the 
Guidelines for the Treatment of Pulmonary Hypertension (JCS 2017/ 
JPCPHS 2017) at the beginning of the study [14]. Future investigations 

with a cut-off of 20 mmHg for mPAP are needed to address the issue.

6. Conclusion

In conclusion, liver stiffness evaluated by FibroScan® may be a 
useful marker to detect the liver status that caused PoPH among pre
capillary PH patients. Importantly, there does not seem to be a link 
between the presence of PoPH with the degree of underlying liver 
dysfunction. Liver evaluation may be crucial for the classification of 
precapillary PH.
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