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Objective: to identify the risk factors and predictors of recurrent variceal hemorrhage in cirrhotic patients awaiting
liver transplantation (LT). Materials and methods. A comparative retrospective study was conducted in 51 pa-
tients with decompensated cirrhosis, who were on the waiting list for LT. Demographic, clinical and laboratory
parameters, MELD-Na score, Child—Turcotte—Pugh score, hepatic encephalopathy grade, ascites grade, class of
varicose veins, number of consecutive variceal ligations, as well as manometric study with calculation of intrahe-
patic venous pressure gradient index in groups of patients with (n = 39) and without recurrent bleeding (n = 12)
were analyzed. The proportions of patients in different groups were compared by the Kaplan—-Meier method with
determination of the logarithmic test (Log-Rank). The accumulated risks in the compared groups were estimated
using the mathematical model of proportional hazards (Cox regression) in univariate and multivariate analysis.
Results. Within 60 months from the beginning of follow-up and simultaneous prophylaxis by combination of
non-selective beta-blockers and endoscopic variceal ligation (EVL), 39 out of 51 patients (75.6%) developed
recurrent bleeding. Analysis revealed significant differences (risk factors for recurrent bleeding): creatinine le-
vels, MELD-Na score, hepatic encephalopathy grade, mean hepatic venous pressure gradient (HVPG) and its
level >14 mmHg. By the Kaplan—Meier method with the Log-Rank test, it was established that the proportion
of patients without recurrent bleeding was significantly higher in the group of patients with HVPG <14 mmHg
than in the group with HVPG >14 mmHg (p = 0.027). Conclusion. The main independent predictor of variceal
rebleeding is HVPG >14 mm Hg, which increases the risk by 3.837 times if the gradient value is changed by
1 mm. The second independent predictor is higher hepatic encephalopathy grade: if the grade increases by one,
the risk of recurrent hemorrhage increases 1.8 times.

Keywords: liver transplantation, ascites, recurrent variceal bleeding, endoscopic variceal ligation,
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INTRODUCTION

exceeds 10 mmHg and variceal rupture occurs at PVP

Recurrent variceal bleeding (RVB) is a serious and
potentially life-threatening complication of cirrhosis [1].
Garcia-Tsao et al. [2] found that a sizable percentage of
patients were still at risk of experiencing recurrent blee-
ding (RB) even after a period of stabilization following
the development of the first variceal bleeding episode.
When emergency measures are not taken to stop variceal
hemorrhage, early RB develops over the next 2-3 days
after the initial episode, and the frequency reaches 60%
[3]. Within a period of up to 1 year, the risk of RB is 60%
[4] or 29-57% within 2 years following the first bleeding
episode, despite prophylactic measures [5].

It is unclear exactly what mechanisms lead to the
rupture of esophageal varices. Portal venous pressure
(PVP) has been shown to be the primary determinant of
the progression of variceal bleeding. It is known that PVP

>12 mmHg in patients with varices without bleeding [3].

Is it possible to predict RB and mortality based on
various prognostic models that are built using risk fac-
tors and predictors? When analyzing literature sources,
we encountered a great deal of discrepancy in both the
factual identification of these factors and the identifi-
cation methodology itself. In our opinion, risk factors
and predictors of an event are different epidemiological
characteristics. A risk factor is an event, circumstance or
characteristic that is present in a subject, that is common
in sufferers of a particular disease, or characterizing a
certain state (phase or stage) in the development of the
disease. A predictor is a circumstance, characteristic or
event that occurs while an action is taking place, that
favors one particular outcome (positive or negative) [6].
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Analysis of scholarly publications show that studies
by Moitinho et al. [ 7] and Abraldes et al. [8] were the first
to identify predictors of early RVB and mortality from
bleeding. Using multiple logistic regression analysis as a
predictive model, the authors of this research found that
a hepatic venous pressure gradient (HVPG) >20 mmHg
was an independent predictor of RB in patients awaiting
liver transplantation (LT). A Cox proportional-hazards
model was used by Ripoll et al. to establish that each
1-mmHg increase in HVPG predicts a 3% increase in
waitlist mortality at 19 months [9].

A contemporary study by Ardevol et al. [10] included
369 patients with cirrhosis followed up for 46 months
after the first bleeding episode. Forty-five patients (12%)
had early rebleeding early (within 6 weeks), 74 patients
(20%) had late rebleeding (more than 6 weeks), and 250
(68%) had no rebleeding. Using Cox proportional-ha-
zards model to assess the risks of developing early and
late recurrent bleeding, the presence of ascites or hepa-
tic encephalopathy (HE), MELD score >12 and HVPG
>20 mmHg were found to be significant predictors of
developing early RB. Mortality risk was significant-
ly higher in the early RB group versus late RB (HR =
0.476, 95% CI = 0.318-0.712, p<0.001). Adjustment
for baseline risk factors [MELD and Child—Turcotte—
Pugh (CTP)], led to the conclusion that early RB is an
independent predictor of mortality risk (HR = 1.58,
95% CI =1.02-2.45; p = 0.04). The authors concluded
by justifying early implantation of a transjugular intra-
hepatic portosystemic shunt (pre-emptive TIPS) within
72 hours after the onset of the first bleeding episode in
order to prevent early RB and reduce patient mortality.

Objective: to identify the risk factors and predictors
of recurrent variceal hemorrhage in cirrhotic patients
awaiting LT.

MATERIALS AND METHODS

A comparative retrospective study was conducted in
51 patients with decompensated cirrhosis who were on
the LT waitlist (LTWL) between 2018 and 2023. These
patients developed RVB following secondary prophy-
laxis through a combination of non-selective beta-blo-
cker (NSBB) and endoscopic variceal ligation (EVL).

The inclusion criteria were: first episode of variceal
hemorrhage during stay in the LTWL in patients with
decompensated cirrhosis, cirrhosis of any etiology —
virus-related (HBV- or HCV-) cirrhosis, alcohol-related
cirrhosis, or cirrhosis of mixed etiology (virus-related
and alcohol-related), complete abstinence for at least
3 months (confirmed by narcologists) prior to inclusion
in the LTWL, CTP classes B and C.

Exclusion criteria: hepatocellular carcinoma or any
other tumors, any infectious diseases, portal vein throm-
bosis, intolerance or contraindications to NSBB (brady-
arrhythmia, bronchial asthma, obstructive pulmonary
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disease, low mean arterial pressure (mAP)), and diabetes
mellitus.

A continuously updated electronic database of pa-
tients enrolled in the LTWL at the Center for Surgery
and Donation Coordination (CSDC), Rostov Regional
Clinical Hospital, was the basis for subsequent analy-
sis of demographic, clinical, and laboratory parameters,
after approval of the study by the Local Ethics Commit-
tee. Follow-up of patients was conducted by specialists
at CSDC. When patients were enrolled in the LTWL,
they were examined, and this included laboratory and
instrumental tests, the frequency of which depended on
the patients’ condition. Full blood count and biochemi-
cal tests were performed when patients were in a stable
condition; hemostasis, MELD-Na score and CTP class
were analyzed. Laboratory parameter studies were con-
ducted every three months, and abdominal ultrasounds
were conducted every six months. For unstable patients
awaiting LT, laboratory and instrumental studies were
performed when indicated.

The Baveno VI Consensus Workshop [[11] and the
World Gastroenterology Association (WGO) [12] gui-
delines served as the basis for screening all patients with
varices that are at a high risk of hemorrhage (medium-
sized and large-sized varices) via esophagogastroduo-
denoscopy (EGD).

The severity of diuretic-responsive and diuretic-re-
sistant ascites was graded according to the International
Club of Ascites (ICA) criteria [13]. In addition to the
ICA criteria [13], the Cirrhotic Ascites Severity (CIRAS)
scale [ 14], including clinical and laboratory criteria, was
used to characterize diuretic-resistant ascites. When a
patient has a CIRAS score of 5-6, the diagnosis of diu-
retic-resistant ascites was considered quite definite [14].

Hepatic encephalopathy (HE) was graded according
to the West Haven criteria [15].

Mean arterial pressure (mAP) was determined by
the formula: mAP = (DP) + '/, (SP — DP), where SP is
systolic pressure, and DP is diastolic pressure [27].

Patients received diuretics; those with diuretic-resis-
tant ascites had 1 to 5 paracentesis. In accordance with
recognized expert guidelines, antiviral medication with
nucleoside analogs or a combination of direct-acting an-
tivirals was given if HBV- and HC V-associated cirrhosis
was identified [17].

In accordance with the Baveno VII guidelines, all
patients were treated with first-line therapy with a com-
bination of propranolol or carvedilol and EVL to prevent
RB [18].

Propranolol was given to 17 patients at a starting
dose of 40 mg/day and the maximum was 240 mg/day.
Carvedilol was administered to 34 patients at an initial
dose of 6.25 mg/day and the maximum was 25 mg/day.
All patients were monitored for heart rate (HR), blood
pressure (BP) and mean BP (mAP). A decrease in these
indicators served as the basis for dosage modification.
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The EVL procedure was performed under EGD se-
dation using a variceal ligation kit. EVL started at the
gastroesophageal junction and continued proximally
using multiple rubber ligatures (2 to 4 or more), the
number of which was determined by variceal size. Re-
peated ligations were carried out 1 month after the first
procedure, and this manipulation was repeated until all
varices satisfying the criteria for emergency therapy were
completely obliterated [11, 12]. Repeated EGDs at three-
month intervals were used to track variceal obliteration.
Repeated ligation procedures were performed for recur-
rence (appearance of new varices).

The development of re-bleeding during first-line the-
rapy (combination of propranolol or carvedilol + EVL)
was considered as a failure of bleeding prophylaxis,
which served as a justification for TIPS.

Esophageal manometry (EM) was carried out in all
patients in order to clarify the relationship between re-
bleeding during prophylaxis with first-line therapy and
the magnitude of HVPG.

Following transjugular access, the J-shaped end of
a standard angiographic guidewire was placed in the
inferior vena cava (IVC) slightly above the hepatic vein
orifices. A balloon catheter with a pressure transducer
at the end (Edwards Lifesciences, USA) was used for
EM. The pressure in the right hepatic vein (RHV) was
measured using a catheter, the tip of which was freely
placed 1-3 cm from its confluence with the IVC, obtai-
ning a free hepatic venous pressure (FHVP).

When the balloon was inflated and the pressure cur-
ve stabilized, we measured the wedged hepatic venous
pressure (WHVP). Three measurements were taken in
order to get the arithmetic mean of WHVP. Occlusion of
the RHV with a catheter was monitored via angiography
(sinusoidal graph) after administration of 2—5 mL of
contrast agent in the absence of its reflux or washout.

HVPG was calculated using the formula: HVPG =
WHVP — FHVP.

The IBM SPSS Statistics software package (version
23) was used to analyze the obtained data for statistical
studies. At the first stage, the type of distribution of the
obtained variables of the studied samples was determined
using the Kolmogorov—Smirnov test and the Lilliefors
significance level. For normal distribution of variables,
the arithmetic mean (M) was calculated, and the standard
deviation (SD) was determined. The significance of dif-
ferences between the compared values was determined
by Student’s t test using a significance threshold of p <
0.05. For non-normal distribution, the analysis of varia-
bles included determination of median (Me) with inter-
quartile range (IQR, the interval between 25th and 75th
percentiles). When conducting pairwise comparisons of
dependent variables, the Wilcoxon signed-rank test used
in nonparametric analysis was used to determine the
significance of differences between them. Pearson’s chi-
squared test was used to compare independent variables

30

For a small sample, the variables were compared by cal-
culating the Mann—Whitney U test. Analysis of variance
was performed using ANOVA test. Conjugacy tables
were used to analyze qualitative parameters (frequencies
of variables and their shares in %); for small samples,
Fisher’s exact test was used to assess the significance of
the relationship between two variables.

The Kaplan—Meier method was used to compare
the percentage of patients in different groups. The si-
gnificance of differences between the compared curves
(patient proportions) was determined by calculating the
logarithmic test [Log-Rank (Mantel-Cox)].

Comparative assessment of accumulated risks in
groups was carried out using a mathematical model of
proportional risks (Cox regression) in univariate and
multivariate analysis. The risk of occurrence of the tes-
ted event (HR) was calculated and the 95% confidence
interval (CI) for this indicator was determined. The qua-
lity of the model used was determined by estimating
the maximum likelihood (log-likelihood, —2LL). The
condition of multivariate Cox proportional hazards re-
gression analysis (absence of linear relationship between
independent variables, which creates redundancy in the
model) was verified by constructing a correlation matrix.

RESULTS

The patients, who were enrolled in the study for up to
60 months of being in the LTWL and received secondary
prophylaxis through a combination of EVL and NSBB,
were divided into two groups. The first group consisted
of patients (n = 39) who developed re-bleeding despite
prophylaxis, and the second group (n = 12) consisted of
patients who had no recurrent bleeding.

Demographic, clinical, laboratory parameters, as well
as MELD-Na and CTP scores in the groups of patients
with and without RB during their stay in the LTWL are
presented in Table 1.

As can be seen from the table presented, hemoglobin
level, creatinine content, MELD-Na and CTP scores, HE
grade, number of consecutive variceal ligations, mean
HVPG and mean HVPG >14 mmHg, which were high-
er in the RB group than in the non-RB group, reached
significant differences between the compared groups.

In the first group of patients with RB before initiation
of prophylaxis, 14 patients (27.5%) had a single bleeding
episode, and 25 patients (72.5%) had >1 bleeding episo-
de before initiation of prophylactic therapy. As a result
of prophylaxis, 2 out of 39 (5.1%) patients developed
two RB episodes, and 37 out of 39 patients (94.9%)
developed >3 RB episodes.

RB developed within 1 week after the first bleeding
episode in 3 (7.7%) out of 39 patients, within 4 weeks
in 7 (17.9%) out of 39 patients, and within 6 weeks in
10 out of 39 patients (25.6%) awaiting LT.

We compared RB incidence in the two groups of pa-
tients differing in HVPG.
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The first group consisted of patients with HVPG
<14 mmHg (n = 8), and the second group with HVPG
>14 mmHg (n =31). In group 1 and 2, 4 (50%) and 26
(83.9%) patients, respectively, experienced re-bleeding,
difference between groups (p = 0.046).

Using the Kaplan—Meier method, it was established
that the proportion of patients without re-bleeding was
significantly greater in the group of patients with HVPG
<14 mmHg than in the group of patients with HVPG
>14 mmHg (Log Rank = 0.027) (Fig. 1).

We used survival analysis to predict the risk of recur-
rent hemorrhage for patients awaiting LT. This analysis is
used in biomedical research to predict mortality, disease
recurrence, or recovery, or any other outcomes relative to
the time of their occurrence [19]. The influence of inde-
pendent variables (predictors) on RB risk was assessed
using a mathematical Cox proportional hazards model
with calculation of the risk of an adverse event (Hazard
Risk; HR) and determination of the 95% CI.

For this purpose, we used univariate and multivariate
analysis of the mathematical Cox proportional hazards
model (Table 2).

When univariate analysis was applied, a model with
one independent variable was created with calculation
of the hazard ratio (HR), confidence interval (CI) and
assessment of the significance of the effect on the deve-

lopment of adverse event (rebleeding) for each predictor.
All independent variables (predictors), significantly in-
fluencing the development of RB in univariate analysis,
are presented in the first part of Table 2.

As can be seen from Table 2, in the univariate analysis
of the mathematical Cox proportional hazards model,
independent variables that significantly influence the
development of an adverse outcome (rebleeding) were
identified: creatinine level, MELD-Na score, number
of consecutive variceal ligations, HE grade, categorical
HVPG (HVPG <14 mmHg and HVPG >14 mmHg),
HVPG <14 mmHg, HVPG >14 mmHg.

Multivariate analysis involved the creation of a
model designed to assess the independent contribution
of several predictors simultaneously, while determining
the significance of their influence on RB. The role of
all simultaneously acting significant predictors in RB
development in multivariate analysis is shown in the
second part of Table 2. Here, we used the forced-entry
method, in which all variables are simultaneously ente-
red into the model. Statistically significant predictors,
determined by univariate analysis (taking into account
each predictor separately), as well as known risk factors
for RB, regardless of their influence in the univariate
analysis, were selected for inclusion in the multivariate

Table 1
Comparative characteristics of patients with and without recurrent bleeding
(normal and non-normal distribution)
Indicator | RB (n=39), M + SD | NoRB(n=12),M+SD | p value
Normal distribution (M + SD)
Age 51.26 £10.21 46.83 + 7.48 0.17
Hemoglobin (g/L) 86.32 +21.07 116.23 +20.35 0.049
White blood cells (x10°/L) 4.58+1.72 430+ 1.68 0.62
Plasma albumin (g/L) 30.54 £2.96 30.75+2.95 0.83
Creatinine (umol/L) 131.54 £ 10.96 102.33 + 11.02 0.042
INR 1.96 + 0.45 1.78 + 0.39 0.19
MELD-Na (points) 25.56 +4.57 15.49 £ 5.21 0.031
HE grade (points) 1.97 +0.99 125+ 1.14 0.034
mAP (mmHg) 89.26 + 11.32 86.08 + 7.79 0.37
HVPG (mmHg) 16.54 +2.86 13.25+1.14 0.001
HVPG <14 (mmHg) 10.02 + 1.24 13.65 + 1.17 0.35
HVPG >14 (mmHg) 18.61 +£1.12 13.13+1.14 0.04
Number of consecutive EVLs 4.46 + 0.60 1.33 +0.35 0.04
Non-normal distribution (Me; IQR)
Platelets (x10°/L) 91.0 (67.0-111.0) 117.00 (65.6-168.25) 0.45
Bilirubin (umol/L) 76.0 (65.0-85.0) 78.0 (74.75-148.00) 0.17
Na (mmol/L) 131.0 (130.0-134.0) 131.5(129.250-134.25) 0.84
CTP (points) 14.0 (8.0-16.2) 8.0 (8.0-12.5) 0.04
Ascites grade 2.0 (1.0-3.0) 2.5 (2.00-4.0) 0.19
Esophageal varices grade 3.0 (3.0-3.0) 3.0 (2.25-3.0) 0.39

Note: RB, recurrent bleeding; EVL, endoscopic variceal ligation; INR, International normalized ratio, MELD-Na, Model for
End-Stage Liver Disease-Sodium; CTP, Child—Turcotte—Pugh; Na, sodium; HE, hepatic encephalopathy; mAP, mean arterial

pressure; HVPG, hepatic venous pressure gradient.
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analysis model, which is allowed in the construction of
this regression model [19, 20].

As shown in Table 2, a hazard ratio (HR) >1.0 was
significant for HE grade, HVPG (cat.) and HVPG

>14 mmHg, which allows us to consider these factors
as having an independent effect on RB risk. HR shows
how many times the risk of an outcome changes if the
predictor value is changed by one. So, applying it to the
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Fig. 1. Proportion of patients without bleeding and with recurrent bleeding after prophylaxis by endoscopic ligation and non-
selective beta-blockers, depending on HVPG (Kaplan—Meier method with Log-Rank test)

Table 2

Univariate and multivariate analysis of predictors associated with recurrent bleeding after secondary
prophylaxis by a combination of endoscopic variceal ligation and nonselective beta-blockers

Variables Univariate analysis Multivariate analysis

HR (CI) p-value HR (CI) p value
Age 1.005 (0.966-1.044) 0.82 — —
Platelets (x10°/L) 1.002 (0.998-1.007) 0.34 — —
White blood cells (x10°/L) 1.086 (0.970-1.300) 0.37 - -
Plasma albumin (g/L) 1.012 (0.900-1.138) 0.85 — —
INR 2.045 (0.957-4.369) 0.06 — —
Bilirubin (umol/L) 1.002 (0.996-1.007) 0.53 — -
Creatinine (umol/L) 1.002 (0.996-1.007) 0.03 0.924 (0.929-1.063) 0.85
Na (mmol/L) 1.091 (0.988-1.205) 0.08 — —
Hemoglobin (g/L) 1.014 (0.921-1.143) 0.79 - —
MELD-Na (points) 1.236 (1.096-1.394) 0.01 1.172 (0.597-2.301) 0.64
CTP (points) 1.312 (1.070-1.234) 0.003 1.027 (0.852—1.238) 0.78
Ascites grade 0.651 (0.462-0.919) 0.23 0.591 (0.412-0.848) 0.004
Esophageal varices grade 0.780 (0.373-1.631) 0.51 1.362 (0.317-5.847) 0.68
Number of consecutive EVLs 0.881 (0.526-1.473) 0.04 0.512 (0.224-1.173) 0.11
HE grade (points) 1.698 (1.192-2.420) 0.003 1.800 (1.141-2.841) 0.012
mAP (mmHg) 0.989 (0.860-1.019) 0.46 — -
HVPG (mmHg; cat.)* 1.237 (1.015-1.522) 0.012 1.324 (1.050-1.675) 0.007
HVPG <14 (mmHg) 0.563 (0.312-0.789 0.007 0.613 (0.436-0.863) 0.005
HVPG >14 (mmHg) 3.563 (3.131-4.075) 0.009 3.837 (2.995-4.235 0.002

Note. * —variable including two HVPG categories: <14 and >14 mmHg. HR, hazard ratio; EVL, endoscopic variceal ligation;
MELD-Na, Model for End-Stage Liver Disease-Sodium; INR, International normalized ratio; CTP, Child—Turcotte—Pugh;
Na, sodium; HE, hepatic encephalopathy; mAP, mean arterial pressure; HVPG, hepatic venous pressure gradient.

32



CLINICAL TRANSPLANTOLOGY
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Fig. 2. Hazard ratio (HR) for recurrent bleeding as a function of time and magnitude of the categorical variable (<14 mmHg;

>14 mmHg)

results obtained, we can say that if HE grade increases by
one, RB risk increases by 1.8 times, if HVPG increases
by 1 mm, RB risk increases by 1.324 times, and if HVPG
>14 mmHg, RB risk increases by 3.837 times.

HR <1 was significant for the independent variables:
ascites grade and HVPG <14 mmHg (0.591 and 0.613,
respectively). When HR <1, the effect of these factors
was associated with increased survival time, i.e. a factor
that reduces RB risk.

The quality of our chosen model of multivariate Cox
proportional hazards regression is confirmed by estima-
ting the maximum likelihood (log-likelihood or —2L.L).
In the SPSS program, this indicator of the model with
predictors is compared with the indicator of the base
model (without predictors) — Block 0. In our study in the
base model (Block 0), the value of —2LL was 283.940,
after introducing independent variables (predictors) into
the model, —2LL decreased (237.457, Pearson’s Chi-
square = 57.385) at a significance level of 0.0001. This
prevented the acceptance of the null hypothesis, which
in fact means that the predictive ability of the multivari-
ate Cox proportional hazards regression analysis model
improved when independent predictors were included.

We constructed a correlation matrix to test the condi-
tion for multivariate Cox proportional hazards regression
analysis (no linear relationship between independent
variables, which creates redundancy in the model). The
correlations found were very weak (—0.024 to 0.196),
or weak (0.196 to 0.435) and of medium strength of
expression (0.435 to 0.548), which does not negatively
affect application of the model [20].

In multivariate analysis, we plotted the hazard ra-
tio (HR) for different values of the categorical variable
HVPG (<14 mmHg; >14 mmHg) at LT waiting times of
up to 60 weeks (Fig. 2).
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As shown in Fig. 2, RB risk with HVPG >14 mmHg
progressively increases in patients with LT waiting peri-
ods after 25 weeks of LT, while it is absent with HVPG
<14 mmHg, reaching HR = 0.613 at 55 to 60 weeks of
LT waiting time.

DISCUSSION

We showed that rebleeding occurred in 39 out of
51 patients (76.5%) who received first-line prophylactic
therapy (EVL + NSBB) and were waiting for LT for up
to 60 months. Rebleeding occurred early, before 6 weeks,
in almost 25% of patients, and earliest, before 1 week,
in 7.7% of cases.

We believe that the high frequency of RB in our study
is down to several factors. First, as cirrhosis decom-
pensation progresses, EVL has been shown to have no
effect on HVPG [7-9]. Secondly, NSBB (propranolol +
carvedilol) reduces HVPG in those patients who received
prophylactic therapy (propranolol by 10.1% in 23.2%
of cases, carvedilol by 18.6% in 27.7% of cases) [10].
Thirdly, administering NSBB without first determining
the hemodynamic response to it at high HVPG levels,
implies that nonresponders taking these medications
may not respond to treatment [21, 22] and that EVL and
NSBB combination therapy may be less effective [23].

Our research supported the findings of Ardevol et al.
[10], who demonstrated that certain individuals develop
early (up to 6-week) RB even while first-line therapy
(EVL + NSBB) for up to 46 months provides satisfactory
efficacy for secondary rebleeding prophylaxis. However,
the incidence of RB within these periods in our study
was nearly twice as high as the cited study. Perhaps this
difference in the incidence of early recurrent hemorrha-
ge between our study and the study by Ardevol et al.
[10] is due to the larger sample of patients included (51
and 369 patients, respectively). This team of researchers
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showed a high mortality in EVL + NSBB patients during
RB prophylaxis, which is consistent with the study we
have published earlier [23].

The high incidence of rebleeding in secondary pro-
phylaxis is due to progression of cirrhosis with increasing
disease duration (increasing MELD score, increasing
HE and ascites grades, appearance of resistant ascites,
bleeding) and increasing severity of clinically significant
portal hypertension (CSPH) [18, 24-28].

Indicators such as hemoglobin, creatinine, MELD-Na
and CTP scores, the number of consecutive variceal liga-
tions, mean HVPG, and mean HVPG >14 mmHg differed
between patients with and without RB. We listed these as
likely risk factors for this adverse clinical outcome since
the group of RB patients exhibited a substantial change
in these parameters when compared to those without
RB. According to foreign reports, variceal diameter [29],
patient age, duration of the disease (cirrhosis), high CTP
score and variceal size are risk factors for RB [3, 30].

When comparing patients with HVPG <14 mmHg
and HVPG >14 mmHg, we showed that higher HVPG
significantly increased the percentage of patients with
RB who received first-line therapy prophylaxis. This is
consistent with the results of many studies, showing that
progressive increase in HVPG and lack of hemodyna-
mic response to propranolol [33] are the most important
factors in variceal hemorrhage [7-9, 28, 31] and their
recurrences [32, 33].

We found that in both univariate and multivariate
analyses, HE severity (grade), HVPG (cat.) and HVPG
>14 mmHg were significant independent predictors of
RB. Significant independent predictors (MELD-Na, CTP
and creatinine level) in univariate analysis showed no
significant effect on RB risk in multivariate analysis.
It is known that CSPH signs start to appear at HVPG
>10 mmHg, and that the progressive course of these
symptoms correlates with progressive development of
decompensation (larger variceal size with the risk of rup-
ture, bleeding, ascites, HE) [28]. HVPG is a prognostic
indicator for patients with cirrhosis [4, 7, 28] and is a
commonly used predictor of ascites, HE, first bleeding
episode and RB [11, 28].

Our findings somewhat agree with those of Yaru et al.
[25], who found that HVPG size, HE, ascites, and CTP
score are predictive of RB.

We found that RB risk increases 1.324 times when
HVPG increases by 1 mm, and that RB risk increases
3.837 times when HVPG >14 mmHg, which is consis-
tent with other reports. Through multivariate analyses
using Cox logistic regression analysis, Zhao et al. [34]
showed that for every 1 mm increase in HVPG, there
is a 1.534-fold increase in the risk of early rebleeding
within 6 weeks of the first bleeding episode with HVPG
>20 mmHg [OR (odds ratio) = 1.534, 95% CI (CI):
1.062-2.216, p = 0.022)].

34

We have demonstrated that HVPG <14 mmHg and
ascites severity have no prognostic value in predicting
the risk of rebleeding because their respective hazard
ratios in multivariate analysis using the Cox regression
model is HR <1 (0.591 and 0.613, respectively). It is
known that in survival analysis using Cox proportional
hazards regression model, HR <1 indicates the impact
of these factors, resulting in a decrease in the risk of an
adverse event (RB in our instance). In support of these
findings, we cite the study by Liu et al. [1] that showed
that HVPG <15 mmHg is not a predictor of early RB
occurring after the first bleeding episode in patients with
ascites. Wu et al. [35] discovered that in patients with
HVPG of 14 mmHg, rebleeding did not occur within
a year following the initial bleeding episode, while in
those with HVPG of 18 mmHg, rebleeding occurred in
23.6% of cases. Moreover, most rebleeding patients had
HVPG exceeding 18 mmHg (51.3% vs. 31.0%, p=0.021
compared to the group without bleeding.

CONCLUSION

Despite prophylaxis with first-line medication (EVL +
NSBB) given after the first bleeding episode, RB occurs
in up to 60 months of follow-up in 76.5% of patients
who have been waiting for LT for several years due to
lack of a donor organ. Of the patients, approximately
25% developed early RB within 6 weeks of the initial
bleeding episode.

Progressive decompensated cirrhosis, development
of CSPH manifested by ascites, HE, progressive incre-
ase in variceal size and variceal rupture, and variceal
hemorrhage are the causes of RB with a prolonged wait
for LT (about 60 months).

Changes in hemoglobin and creatinine levels, MELD-
Na and CTP scores, the number of variceal ligations in
a row, mean HVPG, and mean HVPG >14 mmHg are
risk factors for RB. HVPG >14 mmHg is the primary
predictor of RB, increasing the risk for a 1-mm change in
gradient value by a factor of 3.837. Higher HE severity
is the second independent predictor. RB risk increases
with a 1.8-fold increase in HE severity.

Early TIPS procedure (preemptive TIPS) is required
for a considerable number of patients with early RB
before 6 weeks in order to lower the risk of recurrent
bleeding and associated mortality.

The authors declare no conflict of interest.
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