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Background: Baseline hepatic venous pressure gradient (HVPG) has been applied for prediction of 
variceal rebleeding in patients after acute variceal bleeding. However, for patients receiving secondary 
prevention, there still lacks evidence about the predictive performance of baseline-HVPG for rebleeding. 
This study aims to investigate the predictive value of baseline-HVPG for variceal rebleeding in cirrhotic 
patients receiving secondary prevention. 
Methods: This retrospective study included 122 patients with cirrhosis accepting secondary prevention 
of variceal rebleeding in a university hospital. All the included patients had HVPG measurements before 
rebleeding and had at least 1-year follow-up after HVPG measurement unless the rebleeding occurred. 
The rebleeding rate in patients with different HVPG levels and time-dependent predictive performance of 
baseline-HVPG were analysed. A Cox regression model and P for trend were used to assess the rebleeding 
risk. 
Results: Variceal rebleeding occurred in 22 (18.0%) patients during 1-year follow-up. No significant 
difference was observed in rebleeding rate between patients with HVPG <16 mmHg and HVPG ≥16 mmHg 
(17.91% vs. 26.41%, P=0.200). A decreasing trend was observed in area under the curve of HVPG for 
predicting rebleeding by time. The multivariate Cox model showed an overall decreasing trend in hazard 
ratio of rebleeding (vs. patients with HVPG <12 mmHg) for patients with 12≤ HVPG <16 mmHg, 16≤ 
HVPG <20 mmHg and HVPG ≥20 mmHg; besides, an increasing P for trend was observed. 
Conclusions: A single baseline-HVPG measurement was insufficient for predicting rebleeding in patients 
with cirrhosis who received secondary prevention.
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Introduction

Gastroesophageal variceal bleeding is one of the most 
serious complications of portal hypertension with high 
mortality in patients with cirrhosis (1). Hepatic venous 
pressure gradient (HVPG) has been widely validated as 
a strong prognostic factor for decompensation events in 
patients with cirrhosis (2,3); and has been recommended 
by guidelines to predict the presence of rebleeding. A 
baseline-HVPG higher than 20 mmHg was associated 
with a significantly higher early rebleeding rate within 
1 week after acute variceal bleeding in patients with 
cirrhosis (3). However, for patients receiving secondary 
prevention, there still lacks a strong evidence showing 
whether baseline-HVPG could predict rebleeding. In these 
patients, the results and utility of the HVPG measurement 
face additional confounding factors. Compared to patients 
with compensated cirrhosis or undergoing first acute 
variceal bleeding, patients receiving secondary prevention 
for variceal bleeding have usually experienced a relatively 
long decompensated period. Besides, patients with cirrhosis 
receiving secondary prevention are usually in a more 
intense condition of hyperdynamic circulation (4), which 
brings instability in hemodynamics and rapid exacerbation 
of disease, resulting in higher risk of death (3). Also, at the 
time of HVPG measurement, these patients have usually 
initiated secondary prevention, which may influence the 
hemodynamics and measurement of HVPG to a varied 
extent (5). An HVPG influenced by interventions may be 
insufficient to reflect the actual disease condition. In this 
study, we aim to investigate the predictive performance of 
baseline-HVPG for variceal rebleeding in cirrhotic patients 
who received secondary prevention.

Methods

Study population

We retrospectively enrolled consecutive patients with 
cirrhosis in Shandong Provincial Hospital between October 
2010 and July 2018. The patient inclusion criteria were: 
(I) received secondary prevention of variceal rebleeding 
[endoscopic variceal ligation (EVL) combined with non-
selective beta-blocker (NSBB) or EVL alone when 
there was an NSBB contraindication]; (II) had HVPG 
measurement before the second episode of variceal 
bleeding; (III) had at least 1-year follow-up after HVPG 
measurement unless the occurrence of rebleeding. Patients 

who had HVPG measurement within 5 days prior to EVL 
for secondary prevention of variceal rebleeding were also 
included. To avoid influence of EVL on the accuracy of 
HVPG, patients who had HVPG measurement within 48 
hours after EVL were excluded (6). Patients with Child-
Pugh class C were also excluded. This study was approved 
by the Medical Ethics Committee of Shandong Provincial 
Hospital affiliated to Shandong University (No. 2019-51) 
and the patient informed consent was achieved.

NSBB treatment and EVL procedure

For NSBB treatment, either carvedilol or propranolol was 
used. Carvedilol was started at an initial dose of 6.25 mg 
once-daily and adjusted gradually to the maximum tolerated 
dose (12.5 mg once-daily), keeping heart rate >55 beats per 
minute and systolic blood pressure >90 mmHg. Propranolol 
was started at an initial dose of 10 mg three times-daily an 
adjusted gradually to the maximum tolerated dose (40 mg  
three times-daily), keeping heart rate >55 beats per 
minute and systolic blood pressure >90 mmHg. EVL was 
performed using commercial multiband devices (Wilson-
COOK Medical Inc., North Carolina, USA) under sedation 
with propofol. Varices were ligated from the cardia to the 
oral side. The ligation was conducted at 4-week intervals 
until variceal eradication. The varices were considered 
eradicated when they had disappeared or could not be 
grasped and banded by the ligator.

HVPG measurement

HVPG measurements were performed using balloon 
catheters with a pressure transducer at the tip (Edwards 
Lifesciences, Irvine, California, USA). A zero measurement 
was performed before the transjugular catheterization. 
The right hepatic vein was chosen for measurements when 
feasible. Under circumstances of stenosis or vein-to-vein 
shunt in the right hepatic vein, the middle hepatic vein was 
chosen. The free hepatic venous pressure was measured 
at the chosen hepatic vein close to the inferior vena cava. 
Then, the chosen hepatic vein was occluded completely 
by the inflated balloon and the wedged hepatic venous 
pressure was measured. Recording of results was continued 
until the pressure reached a plateau. All measurements were 
performed in triplicate and the average value was taken. 
HVPG was determined by subtracting the free hepatic 
venous pressure from the wedged hepatic venous pressure.
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Statistical analysis

Continuous variables were shown as mean and standard 
deviation (SD) or median and interquartile range (IQR) 
while categorical variables were shown as frequencies (%).  
Chi-square test and Fisher’s exact test was applied for 
comparison of rebleeding rate between groups. Time 
depending receiver operating characteristic curve (ROC) 
was employed to evaluate the time-dependent predictive 
performance of baseline-HVPG for rebleeding. Univariate 
and multivariate Cox models were used to calculate hazard 
ratio (HR) and 95% confidence interval (CI) of rebleeding 
for patients with different HVPG at different time points. 

For the multivariate Cox model, HVPG, platelet count, 
Model for End-stage Liver Disease score and acceptance of 
NSBB were included. HRs were calculated at day 60, 120, 
180, 270 and 365 after HVPG measurement taking HVPG 
<12 mmHg as reference standard. HVPG was stratified into 
four groups: HVPG <12 mmHg, 12≤ HVPG <16 mmHg,  
16≤ HVPG <20 mmHg and HVPG ≥20 mmHg, labeled 
as 1, 2, 3, and 4, respectively. We performed tests for 
liner trend by entering the ordered HVPG categories as a 
continuous variable in the Cox models. Linear trend test 
was applied for significance at different time points. Kaplan-
Meier analysis with log-rank test was used for inter-group 
assessment. All levels of significance were set at two-sided 
5% level. All analyses were performed using SPSS 20.0 IBM 
(IBM Corp., Armonk, NY, USA) and R 3.5.3 (R Project for 
Statistical Computing, Vienna, Austria).

Results

Patients

A total of 122 patients with cirrhosis who received secondary 
prevention of variceal rebleeding and baseline-HVPG 
measurement were included. Flow chart for the study 
enrollment is summarized in Figure S1. Besides EVL, 85 
patients received either propranolol or carvedilol. Patients 
were followed up for 1 year unless the presence of rebleeding 
episode. Within 1 year, rebleeding occurred in 22 out of 
122 patients (18.0%). Clinical characteristics of the whole 
studied cohort and rebleeding cases are summarized in  
Table 1 and Table S1.

Occurrence of short-term and long-term rebleeding in 
patients with different HVPG levels

We analysed the rebleeding rate in patients with different 
HVPG levels and time points. Within 60 days after 
HVPG measurement, there was no significant differences 
in  rebleeding rate  between pat ients  with HVPG  
<12 mmHg (n=37) and patients with HVPG ≥12 mmHg 
(n=85) (5.4% vs. 15.2%, P=0.106). Also, the rebleeding 
rate within 1 year had no difference between the two 
groups (16.2% vs.  18.8%, P=0.927). Kaplan-Meier 
analysis achieved similar results (Figure 1A,B). The cut-
off values of 16 and 20 mmHg were also studied. Within 
60 days after HVPG measurement, patients with HVPG  
≥16 mmHg (n=56) showed significant higher rebleeding 
rate compared to patients with HVPG <16 mmHg (n=66) 

Table 1 Clinical characteristics of the studied patients

Patient characteristics All (n=122)

Age (year), mean [SD] 53 [12]

Gender, n (%)

Male 78 (63.9)

Female 44 (36.1)

Etiology, n (%)

Hepatitis B 66 (54.1)

Alcoholic liver disease 15 (12.3)

Hepatitis C 1 (0.8)

Other 40 (32.8)

Accepting NSBB, n (%) 85 (69.7)

HVPG (mmHg), mean (SD) 14.93 (4.94)

AST (IU/L), median (IQR) 32.00 (18.25)

ALT (IU/L), median (IQR) 24.00 (16.00)

Platelet count (109/L), median (IQR) 70.00 (68.25)

Total bilirubin (μmol/L), median (IQR) 19.40 (10.25)

Albumin (g/L), median (IQR) 34.30 (6.45)

INR, median (IQR) 1.20 (0.15)

MELD score, median (IQR) 9.00 (3.25)

Child-Pugh class, n (%)

A 61 (50.0)

B 61 (50.0)

SD, standard deviation; n, number; NSBB, non-selected 
beta-blocker; HVPG, hepatic venous pressure gradient; AST, 
aspartate aminotransferase; IQR, interquartile range; ALT, alanine 
aminotransferase; INR, international normalized ratio; MELD, 
Model for End-Stage Liver Disease.
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Figure 1 Kaplan-Meier analysis with log-rank test for patients with different HVPG levels. (A,B) Survival curves of patients with HVPG 
<12 and ≥12 mmHg within 60 days and 1 year after HVPG measurement; (C,D) survival curves of patients with HVPG <16 and ≥16 mmHg 
within 60 days and 1 year after HVPG measurement; (E,F) survival curves of patients with HVPG and <20 and ≥20 mmHg within 60 days 
and 1 year after HVPG measurement. HVPG, hepatic venous pressure gradient.
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(17.9% vs. 4.5%, P=0.021). However, within 1 year after 
HVPG measurement, number of patients rebled in the 
two groups was 9 (13.6%) vs. 13 (23.2%) (P=0.256), 
respectively, with no significant differences observed. Again, 
validated by Kaplan-Meier analysis (Figure 1C,D). For 
patients with HVPG <20 mmHg (n=95), the rebleeding 
rate within 60 days and 1 year were both significantly 
lower than that of patients with HVPG ≥20 mmHg 
(n=27) (5.2% vs. 29.6%, P=0.001 and 12.6% vs. 37%, 
P=0.008, respectively). Besides, survival curve showed 
significant differences between two groups at both two 
aforementioned time points (Figure 1E,F). However, it 
should be noted that the rebleeding rate since 60 days 
showed no significant difference between two groups 
(7.8% vs. 10.5%, P=0.655) because in patients with HVPG  
≥20 mmHg, most of the rebleeding (80%) occurred within 
60 days. In summary, the results suggested that in patients 
who had received secondary prevention, HVPG ≥12 mmHg 
might not appropriate for predicting short-term (within  
60 days) rebleeding while HVPG ≥16 or ≥20 mmHg 
indicated higher rate of short-term rebleeding. However, 

the above three cut-off values all seemed insufficient for 
predicting long-term (60 days after HVPG measurement) 
rebleeding.

Time-dependent predictive value of baseline-HVPG for 
rebleeding 

To clarify the time-dependent predictive value of baseline-
HVPG for rebleeding, time-depending ROC analysis was 
performed. Area under the ROC curve (AUC) showed a 
decreasing trend by time. As shown by time-dependent 
ROC curve, the AUCs of predicting rebleeding using 
baseline-HVPG at day 60, 120, 180, 270 and 365 were 0.727 
(95% CI: 0.585–0.868), 0.660 (95% CI: 0.506–0.815), 0.660 
(95% CI: 0.506–0.815), 0.566 (95% CI: 0.407–0.726), and 
0.601 (95% CI: 0.453–0.748), respectively (Figure 2).

Rebleeding risk at different time points in patients with 
stratified baseline-HVPG

Univariate and multivariate Cox analysis were performed 
to show the relative rebleeding risk of patients stratified 
by baseline-HVPG at different time points. For univariate 
Cox model (Table 2), HRs for rebleeding (vs. HVPG < 
12 mmHg) within 60 days since HVPG measurement were 
2.59 (95% CI: 0.23–28.51) for 12≤ HVPG <16 mmHg, 
2.55 (95% CI: 0.23–28.09) for 16≤ HVPG <20 mmHg, and 
12.47 (95% CI: 1.56–99.79) for HVPG ≥20 mmHg (P for 
trend =0.005). However, within 365 days, the respective 
HRs for the aforementioned three groups were 0.64 (95% 
CI: 0.16–2.57), 0.63 (95% CI: 0.16–2.52) and 2.74 (95% CI: 
0.99–7.53) (P for trend =0.060).

As shown by multivariate Cox model adjusted by platelet, 
albumin, Model for End-stage Liver Disease score and 
acceptance of NSBB, a similar decreased risk stratification 

Table 2 Univariate Cox model for whole cohort

HVPG
HR of 60 d  
(95% CI)

HR of 120 d  
(95% CI)

HR of 180 d  
(95% CI)

HR of 270 d  
(95% CI)

HR of 365 d  
(95% CI)

HVPG <12 mmHg (n=37) 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)

12≤ HVPG <16 mmHg (n=29) 2.59 (0.23–28.51) 1.95 (0.33–11.69) 1.95 (0.33–11.69) 0.78 (0.19–3.28) 0.64 (0.16–2.57)

16≤ HVPG <20 mmHg (n=29) 2.55 (0.23–28.09) 1.28 (0.18–9.10) 1.28 (0.18–9.10) 0.51 (0.10–2.64) 0.63 (0.16–2.52)

HVPG ≥20 mmHg (n=27) 12.47 (1.56–99.79) 6.40 (1.37–30.17) 6.40 (1.36–30.17) 2.61 (0.85–7.99) 2.74 (0.99–7.53)

P for trend 0.005 0.015 0.015 0.130 0.060

HVPG, hepatic venous pressure gradient; d, day; CI, confidence interval; HR, hazard ratio.

Figure 2 Time depending ROC for prediction of rebleeding using 
baseline-HVPG at day 60, 120, 180, 270 and 365. ROC, receiver 
operating characteristic curve; AUC, area under receiver operating 
characteristic curve; HVPG, hepatic venous pressure gradient.
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efficacy of baseline-HVPG for rebleeding was observed 
(Table 3). HRs for rebleeding (vs. HVPG <12 mmHg) 
within 60 days since HVPG measurement were 2.78 (95% 
CI: 0.25–31.01) for 12≤ HVPG <16 mmHg, 2.56 (95% 
CI: 0.23–28.50) for 16≤ HVPG <20 mmHg and 13.71 
(95% CI: 1.68–111.67) for HVPG ≥20 mmHg (P for trend 
=0.004). And HRs for rebleeding within 365 days since 
HVPG measurement were 0.60 (95% CI: 0.15–2.44), 0.60 
(95% CI: 0.15–2.44) and 2.63 (95% CI: 0.89–7.22) for the 
aforementioned three groups. P for trend failed to reach 
statistical significance at day 270 (P for trend =0.129) and 
365 (P for trend =0.069).

Discussion

As an indirect reflection of portal pressure, HVPG filters 
the confounding factors of the central venous system 
and thus serves as an accurate parameter for assessing 
portal hypertension (7). HVPG has already been well 
demonstrated to be a strong prognostic factor in cirrhotic 
patients with portal hypertension. An HVPG ≥10 mmHg 
is seen as clinically significant portal hypertension 
and combined with higher risks of developing varices 
and bleeding (2). Patients with an HVPG higher than  
16 mmHg face increased mortality (8-10) and bleeding 
risk (11) while an HVPG above 20 mmHg is predictive 
of failure to control bleeding, early rebleeding and death 
ascribed to acute variceal hemorrhage (3,12). 

In general, it is agreed that the higher the patients’ 
HVPG is, the higher the risk of bleeding they face. 
However, there exists little evidence on the predictive value 
of a single baseline-HVPG measurement for long-term 
rebleeding in patients with portal hypertension receiving 
secondary prevention. Current evidences provided by 
previous studies concentrate mainly on overall prognosis 

of patients within the compensated stage. In these studies, 
patients were followed-up for several years and thus robust 
evidences were provided for the predictive performance 
of baseline-HVPG (9,13). There are also several studies 
investigated the rebleeding predictive effect of HVPG in 
decompensated patients. An HVPG higher than 20 mmHg 
was proved to indicate higher risk of treatment failure 
or early rebleeding within 5 days (14,15), 1 week (3) or  
6 weeks (16) in patients with cirrhosis who received 
different therapies for treatment of acute variceal bleeding. 
Only one study investigated the long-term prognosis of 
these patients with different HVPG (11). In this study by 
Li et al, although significant difference on rebleeding rate 
was reached taking HVPG threshold as 16 and 20 mmHg, 
the sample size is rather small and no data was provided 
on the timepoints of rebleeding for patients with different  
HVPG (11). Hence, there lacks a strong evidence on the 
rebleeding predictive effect of a single baseline-HVPG 
in patients with cirrhosis receiving secondary prevention 
of variceal rebleeding. Consistent to previous studies, we 
observed a higher overall rebleeding rate in patients with 
an HVPG ≥20 mmHg compared to those with an HVPG 
lower than 20 mmHg. Nevertheless, most rebleeding events 
occurred during the first 60 days of follow-up; and there was 
no difference (P=0.655) in rebleeding rate between the two 
groups from the 60th day to the 365th day after measurement 
of HVPG, suggesting a poor long-term predictive efficacy 
of baseline-HVPG. Our study demonstrated that in patients 
with cirrhotic portal hypertension receiving secondary 
prevention, a single baseline-HVPG has only limited long-
term predictive effect.

Current studies support the role of HVPG for long-
term prediction of bleeding in patients with compensated 
cirrhosis and short-term prediction of rebleeding in 
patients undergoing the first acute bleeding episode (3,9,13, 

Table 3 Multivariate Cox model for whole cohort

HVPG
HR of 60 d  
(95% CI)

HR of 120 d  
(95% CI)

HR of 180d  
(95% CI)

HR of 270 d  
(95% CI)

HR of 365 d  
(95% CI)

HVPG <12 mmHg (n=37) 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)

12≤ HVPG <16 mmHg (n=29) 2.78 (0.25–31.01) 1.96 (0.32–11.95) 1.96 (0.32–11.95) 0.75 (0.18–3.21) 0.60 (0.15–2.44)

16≤ HVPG <20 mmHg (n=29) 2.56 (0.23–28.50) 1.25 (0.18–8.98) 1.25 (0.18–8.98) 0.51 (0.10–2.67) 0.60 (0.15–2.44)

HVPG ≥20 mmHg (n=27) 13.71 (1.68–111.67) 6.53 (1.35–31.55) 6.53 (1.35–31.55) 2.62 (0.83–8.27) 2.63 (0.89–7.22)

P for trend 0.004 0.015 0.015 0.129 0.069

HVPG, hepatic venous pressure gradient; d, day; CI, confidence interval; HR, hazard ratio.
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14-16). However, compared to patients of compensated 
stage or underwent recent acute variceal hemorrhage, 
the portal pressure of patients receiving secondary 
prophylaxis faces more influential factors. Acute bleeding 
episodes and the following decompensation period may 
induce increment of HVPG and unstable hemodynamics, 
leading to shortened survival (14,17). Despite the fact that 
patients with compensated cirrhosis may also undergo 
spontaneous HVPG change which influences prognosis (18),  
it’s reasonable to believe that this process may be even 
more intense and rapid in decompensated patients, 
weakening the predictive efficacy of baseline-HVPG. 
Interventions performed before HVPG measurement 
could also be a source of inaccurate estimation of disease 
condition. Although the widely-applied EVL has been 
proved that it would not cause a sustained rise of HVPG, 
other interventions like sclerotherapy and transjugular 
intrahepatic portosystemic shunt long-termly influence 
HVPG to a different extend (6,19). Even for patients 
receiving EVL as monotherapy, results may still be 
compromised if HVPG was measured no longer than 
48 hours after the treatment (6). Additionally, NSBBs 
are currently recommended for a majority of patients 
with cirrhosis. It has been reported that patients whose 
HVPG lowered significantly after receiving NSBBs 
(hemodynamic responders) have lower bleeding rate and 
mortality compared to non-responders (18,20-22). The 
marked effect of ameliorating prognosis of administrating 
NSBBs is largely ascribed to its potential to lower HVPG 
(22-24). However, under circumstances that NSBBs were 
administrated before HVPG measurement, the HVPG 
lowered by medication may fail to reflect the real severity 
level of cirrhosis and whether the patient responds well to 
medication, and thus introduce bias in judgement. Besides, it 
has been reported that hemodynamic responders at baseline 
could be not continued to respond after a certain period, and 
the actual prognosis is significantly worse for these patients 
than that predicted by baseline-HVPG (25,26). 

One intuitive attempt to improve the predictive 
effect of HVPG in these patients is to perform HVPG 
measurement routinely during follow-up. However, due 
to its invasiveness, extra expenses and uncertain benefit to 
patients, routine HVPG measurement is not recommended 
currently and is still under debate (27,28). Nevertheless, 
although limited, recent studies have provided evidence 
supporting that an increased predictive accuracy may be 

achieved via additional measurement of HVPG during 
follow-up. As reported by Sanyal et al. in patients with 
liver fibrosis, HVPG might change over time and taking 
HVPG changes measured at week 48 and 96 after baseline 
into consideration significantly increased the prognostic 
performance of HVPG for clinical events including ascites, 
hepatic encephalopathy and variceal hemorrhage (29). 
Similarly, results of another recent study showed that in 
hepatic C virus infected patients receiving interferon-free 
therapy, combining HVPG measured after and before 
therapy could provide more decompensation-prognostic 
efficacy compared to a single HVPG before the therapy (30).  
Our study suggested that a single baseline-HVPG 
measurement was insufficient for predicting rebleeding in 
patients with cirrhosis who received secondary prevention 
of variceal rebleeding. Thus, a longitudinal assessment 
of HVPG might be needed. However, repeated HVPG 
measurements are not routine clinical practice in most of 
the centers, urging the need of development of non-invasive 
tools as surrogate measurements of HVPG.

Our study has several limitations. First, this study is a 
retrospective study including patients from a single center 
with limited sample size, bringing possible bias. The 
conclusion of this study may need validation in a prospective 
cohort with adequate sample size. Besides, all the patients 
did not receive NSBB, which may bring heterogeneity, 
somehow compromising our conclusion.

In summary, we found that in patients with cirrhosis 
receiving secondary prevention, a trend of decreasing AUC 
by time was observed when using baseline HVPG to predict 
rebleeding. Besides, a decreasing trend of HR of rebleeding 
by time was found in patients with stratified HVPG category. 
Taking together, these findings suggested that timing could 
weaken the predictive value of HVPG for rebleeding; and 
a single baseline-HVPG measurement has only limited 
rebleeding predictive performance in patients with cirrhosis 
who receive secondary prevention of variceal rebleeding.
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Table S1 Clinical characteristics of the rebleeding patients 

Patient characteristics Rebleeding patients (n=22)

Age (year), mean [SD] 51 [12]

Gender, n (%)

Male 14 (63.6)

Female 8 (36.4)

Etiology, n (%)

Hepatitis B 11 (50.0)

Alcoholic liver disease 5 (22.7)

Other 6 (27.3)

Accepting NSBB, n (%) 17 (77.3)

HVPG (mmHg), mean (SD) 16.59 (5.80)

AST (IU/L), median (IQR) 34.00 (22.75)

ALT (IU/L), median (IQR) 22.55 (19.75)

Platelet count (109/L), median (IQR) 64.50 (42.75)

Total bilirubin (μmol/L), median (IQR) 20.30 (11.13)

Albumin (g/L), median (IQR) 33.9 (4.83)

INR, median (IQR) 1.21 (0.17)

MELD score, median (IQR) 9.00 (3.00)

Child-Pugh class, n (%)

A 9 (40.9)

B 13 (59.1)

SD, standard deviation; n, number; NSBB, non-selected beta-blocker; HVPG, hepatic venous pressure gradient; AST, aspartate 
aminotransferase; IQR, interquartile range; ALT, alanine aminotransferase; INR, international normalized ratio; MELD, Model for End‐Stage 
Liver Disease.

Figure S1 Study flow chart. EVL, endoscopic variceal ligation; HVPG, hepatic venous pressure gradient.

159 patients receiving EVL for 
secondary prevention of rebleeding 

and HVPG measurement

122 patients included into final 
analysis

13 patients received HVPG measurement 
more than 5 days prior to EVL

15 patients with Child-Pugh class C 
7 patients lost to follow-up within 1 year
2 patients occurred rebleeding before HVPG 

measurement
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