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Abstract

Background and aims Endoscopic variceal ligation (EVL)
plus beta blocker is the mainstay treatment after index
bleed to prevent rebleed. Primary objective of this study
was to compare EVL plus propranolol versus EVL plus
carvedilol on reduction of HVPG after 1 month of therapy.
Methods Patients of cirrhosis presenting with index eso-
phageal variceal bleed received standard treatment (So-
matostatin therapy f/b EVL) following which HVPG was
measured and patients were randomized to propranolol or
carvedilol group if HVPG was >12 mmHg. Standard
endotherapy protocol was continued in both groups. HVPG
was again measured at 1 month of treatment.

Results Out of 129 patients of index esophageal variceal
bleed, 59 patients were eligible and randomized into car-
vedilol (n = 30) and propranolol (n = 29). At 1 month of
treatment, decrease in heart rate, mean arterial blood
pressure (MAP) and HVPG was significant within each
group (p = 0.001). Percentage decrease in MAP was
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significantly more in carvedilol group as compared to
propranolol group (p = 0.04). Number of HVPG respon-
ders (HVPG decrease >20 % or below 12 mmHg) was
significantly more in carvedilol group (22/29) as compared
to propranolol group (14/28), p = 0.04.

Conclusion Carvedilol is more effective in reducing portal
pressure in patients with cirrhosis with esophageal bleed.
Though a larger study is required to substantiate this, the
results in this study are promising for carvedilol. Clinical
trials online government registry (CTRI/2013/10/004119).
Trial registration number CTRI/2013/10/004119

Keywords Carvedilol - HVPG - Propranolol - Secondary
prophylaxis

Abbreviations
AIH Autoimmune hepatitis

EHPVO  Extrahepatic portal venous obstruction

EVL Endoscopic variceal ligation

HCC Hepatocellular carcinoma

HVOTO Hepatic venous outflow tract obstruction
HVPG Hepatic venous pressure gradient

LFTU Left to follow-up

MAP Mean arterial blood pressure

NASH Non-alcoholic steatohepatitis

TIPS Transjugular intrahepatic portosystemic shunt
Introduction

Gastroesophageal varices are present in ~50 % of patients
with cirrhosis, with a rate dependent on the severity of liver
disease (42 % of patients who are Child A vs. 72 % in
Child B/C) [1]. Varices develop at a rate of 7-8 % per year
and the transition from small to large varices occurs at the
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same rate, more commonly among patients with Child B/C
cirthosis [2]. Variceal hemorrhage occurs at a rate of
5-15 % per year depending on the presence of risk factors,
with variceal size, red wale marks on varices, and advanced
liver disease (Child B or C) identifying patients at a high
risk of variceal hemorrhage [3]. Six-week mortality with
each episode of variceal hemorrhage is still around
15-25 % and also depends on the severity of the liver
disease [4]. Late rebleeding occurs in ~60-70 % of
untreated patients, usually within 1-2 years of the initial
hemorrhage [5].

Thus, treatment/prevention of portal hypertension rela-
ted bleeding with endoscopic methods and beta-blockers is
the mainstay at present. The goal is to prevent the first
episode of bleeding and, if the first episode of bleeding has
occurred, to prevent any subsequent bleeding because each
episode of bleeding is associated with significant mortality
and healthcare costs. A systematic review concluded that
there was limited evidence suggesting that carvedilol is
more effective than propranolol for improving the hemo-
dynamic response in cirrhotic patients with portal hyper-
tension. Long-term randomized controlled trials were
required to confirm this information [6].

Carvedilol is a racemic mixture that has potent non-
selective beta receptor and weak alpha receptor blocking
activity. It is 2-4 times more potent than propanolol as a
beta receptor blocking drug. It has two enantiomeric forms
R and S. The S enantiomer is mainly responsible for the
beta blocking effect of carvedilol whereas both forms
contribute to alpha 1 blockade [19]. It is rapidly absorbed
orally with absolute bioavailability of around 25 %. It has a
rapid onset of action of 1-2 h and an elimination half-life
of 6-10 h. Excretion is mainly biliary and does not require
dose adjustment in renal failure [7].

Carvedilol has a greater portal hypotensive effect than
propranolol in patients with cirrhosis, suggesting a greater
therapeutic potential. There have been promising results
with carvedilol [8], but there is lack of randomized trials
comparing carvedilol and propranolol for secondary pro-
phylaxis in variceal bleed.

The objective of the present study was to compare the
efficacy of endoscopic variceal band ligation (EVL) plus
propranolol and EVL plus carvedilol in the reduction of
HVPG at 1 month in patients who presented with index
variceal bleeding.

Methods
Study design

In this single centre, open-label randomized trial, patients
were recruited prospectively from 1 June to 31 December
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2013. All the patients presenting during the study period
were screened for inclusion criteria. Randomization was
done via computer-generated random numbers. Random
numbers were placed inside opaque white serially labeled
envelopes and opened after the first successful HVPG
measurement.

The primary objective of the study was to compare the
reduction in HVPG in both groups at 4 weeks in patients of
cirrhosis with index esophageal variceal bleed.

Study participants

Patients of cirrhosis presenting with index variceal bleed in
the emergency department were screened for inclusion
criteria: age 18-70 years, willing to undergo hepatic
venous pressure gradient measurements as per the protocol
and willing to give informed consent for participation in
the study. Patients were excluded for the following
conditions:

1. Refusal to provide consent to participate in the study.
2. Previous medical, surgical or endoscopic treatment for
portal hypertension.

3. Neoplastic disease of any site.

4. Splenic or portal vein thrombosis.

5. Pregnancy.

6. Contraindication to beta-blockers (atrioventricular

block, sinus bradycardia with heart rate <50 beats
per minute, arterial hypotension with systolic blood
pressure <90 mmHg, heart failure, asthma, peripheral
arterial disease, or diabetes needing insulin treatment).
7. Renal failure.
8. Bleeding source other than esophageal varix.

Methodology

Definitions and method of measuring HVPG are given in
the supplementary material.

Management of acute upper gastrointestinal bleed

Those who had variceal bleed were managed with Inj
Somatostatin Infusion at a rate of 250-500 mcg/h for
3 days, and Inj Cefotaxime 2 g given thrice daily after
sensitivity testing. They were also given intravenous fluids
and blood products including packed RBC, fresh frozen
plasma and platelet-rich plasma as indicated.

Those who were detected to have active bleed were
considered for urgent upper gastrointestinal endoscopy
(within 6 h of presentation) and variceal ligation. Those
who were not actively bleeding were given endotherapy
within 24 h of presentation. After days 3-5, hepatic venous
pressure gradient was measured and randomization to the
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carvedilol (initial dose 3.125 mg twice daily) or the pro-
pranolol group (initial dose 40 mg once daily) was made.
No stratification of the study population for underlying
etiology of cirrhosis was done. Patients detected to have
cirrhosis because of hepatic venous outflow tract obstruc-
tion were not included.

Patients who were found to be eligible for study inclu-
sion were offered hepatic vein pressure gradient measure-
ment and were randomized only after the first measurement
was successful and above 12 mmHg.

Monitoring

Patients were reviewed in the outpatient department and
the dose of propranolol was increased in increments of
2040 mg every third day to achieve the target heart rate
between 55 and 60 per min or intolerance or the maximum
dose of 320 mg daily whichever was earlier. Those in the
carvedilol group had their dose increased in increments of
3.125 mg every third day to achieve the target heart rate of
55-60 per min or intolerance or a total daily dose of 25 mg
which ever happened earlier. HVPG was measured at 4-6
weeks after the initial measurement to quantify the change.
During the study period and thereafter patients were con-
tinued on the endotherapy schedule at 3- to 4-week inter-
vals until eradication of the varices.

Data record and statistical analysis

The data were documented in predesigned proformas. Data
analysis was done using Stata software v.11.2 (Statcorp, USA).

For continuous variables, the two-sample 7 test with equal
variance was used. If the standard deviation for these vari-
ables was high, the two-sample Wilcoxon rank sum (Mann—
Whitney) test was applied to adjust the variance. For values
before and after treatment, the paired ¢ test was used. For
categorical variables data, Fisher’s exact test was applied. A
p value less than 0.05 was considered statistically significant.

Results

During the study period, a total of 129 patients presented
with index variceal bleed. The CONSORT diagram of
patients is shown in Fig. 1

There was no difference in demographic variables and
baseline characteristics of patients in the two groups
(Table 1).

Effects on hemodynamic parameters

Mean arterial pressure (MAP), radial pulse rate and HVPG
between the two study groups were not statistically

different at baseline. At 1 month, there was also no sig-
nificant difference between two study groups (Table 2).

The median dose of carvedilol to achieve a heart rate of
55-60/min was 6.25 mg/day (6.25-12.5 mg) and that of
propranolol was 40 mg/day (40-80 mg).

If the results were calculated as percentage change, it
was observed that MAP decreased to a greater degree in the
carvedilol group and was statistically significant.

If the change in HVPG was stratified as HVPG
responder versus non-responder (defined as a reduction in
HVPG >20 % from baseline or an absolute decrease below
12 mmHg), it was observed that the HVPG responders
were significantly more in the carvedilol group (Table 3).

Adverse events

Both drugs had a similar adverse effects profile. There was
no serious adverse event in either group. Tolerance of
medicines and discontinuation of study medications were
not statistically different between the two groups (Table 4).

There were two patients in the carvedilol group requir-
ing drug withdrawal or a decrease in the dose. One patient
with breathing difficulties required withdrawal and one
patient with postural hypotension required a decrease in the
dose. In the propranolol group, one patient required a
decrease in the dose for breathing difficulties and two
required a decrease in the dose for postural hypotension.
There was one episode of rebleed in each group, occurring
on day 7 in the carvedilol group and day 9 in the propra-
nolol group.

Discussion

In patients with cirrhosis having variceal bleed, the com-
bination of beta-blockers and band ligation is the preferred
therapy as it results in lower rebleeding compared to either
therapy alone. Hemodynamic studies indirectly measure
the degree of portal hypertension in cirrhotic patients.
Significant portal hypertension is defined as a hepatic
venous pressure gradient (HVPG) of greater than
10 mmHg [9]. It has been estimated that every increase of
1 mmHg in HVPG increases the risk of decompensation by
11 % [10].

Primary prophylaxis involves the prevention of bleed in
patients with high risk varices. Several randomized con-
trolled trials and meta analysis comparing the efficacy of
beta-blockers to endoscopic variceal ligation (EVL) have
shown a small but significant lower incidence of first var-
iceal bleed but no survival advantage in the EVL group.
Non-selective beta-blockers demonstrated superiority to
placebo in preventing the first bleed [11-15]. For sec-
ondary prophylaxis, to prevent rebleed, the combination of
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Fig. 1 CONSORT diagram of
patients
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EVL and non-selective beta-blockers is more effective than
either of them alone.

In our study, we have shown that, when used for sec-
ondary prophylaxis of esophageal variceal bleeding com-
bined with endoscopic variceal ligation, carvedilol and
propranolol both cause significant decreases in heart rate,
mean arterial pressure and hepatic vein pressure gradient.
The percentage change caused in mean arterial pressure is
significantly more with carvedilol. This is similar to the
previous study by Lin in which, on acute administration,
carvedilol was more effective than propranolol plus isosor-
bide-5-mononitrate in the reduction of HVPG [16]. Carve-
dilol administration causes an increase in hepatic blood flow,
but its systemic effects are similar to those of propranolol
plus isosorbide-5-mononitrate. Our study has also shown
similar hemodynamic effects between the two groups.

In our study, we have documented the HVPG response
for the percentage decrease in HVPG in both arms. Similar
results were reported by a long-term effect study of car-
vedilol and propranolol on HVPG in 38 patients. It was a
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blinded RCT between carvedilol (n = 21) and propranolol
(n =17). HVPG measurements were repeated after
90 days of treatment. HVPG decreased by 19.3 + 16.1 %
(p < 0.01) and by 12.5 £ 16.7 % (p < 0.01) in the car-
vedilol and propranolol groups, respectively, with no sig-
nificant difference between treatment regimens (p = 0.21)
[17]. In our study, the decrease in HVPG was similar but
more robust and statistically significant (p < 0.001) for
both groups with no difference between the groups
(p <0.11).

HVPG response in both groups with a more robust
decrease in HVPG in the carvedilol group has been noted
and is in agreement with previous studies [14, 18, 19].
When patients are stratified, in the present study 75 %
patients are HVPG responders for carvedilol which is
similar to the 64 % of a study by Benares et al, but sur-
prisingly propranolol caused a response in 50 % patients
which is very much above the 14 % response shown in the
previous study [16]. The patient population of the two
studies appears similar except that our study has evaluated
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Table 1 Demographic variables and baseline characteristics of patients

Variable Carvedilol (n = 30) Propranolol (n = 29) p value

Male (%) 29/30 (96.70 %) 26/29 (89.70 %) 0.30

Age (years) (mean £ SD) 41.7 £ 13.1 45 + 9.8 0.85

Etiology: Alcohol/Viral/NASH/AIH/Cryptogenic 14/10/2/0/4 14/7/2/1/5 0.92

Child score: A/B/C 10/18/2 (33.3, 60, 6.7 %) 4/21/4 (13.8, 72.4, 13.8 %) 0.20

Grade of Esophageal Varix II/II/IV 0/15/15 (0, 50, 50 %) 1/14/14 (3.45, 48, 48 %) 1.00

Hepatic encephalopathy 0/30 0/29 -

Ascites 0/1/2/3 14/12/4/0 8/15/4/2 0.30

0 = None

1 = Mild

2 = Mod

3 = Gross

Hemoglobin (g/dl) 9.43 + 1.60 10.06 £ 2.31 0.92

Albumin (g/dl) 3.61 £ 0.40 3.28 + 0.50 0.00

Bilirubin (mg/dl) 2.17 £ 2.57 230 £ 1.63 0.17

Urea (mg/dl) 29.40 £+ 12.8 27.1 £ 132 0.26

Creatinine (mg/dl) 0.89 + 0.22 0.80 £ 0.23 0.84

NASH non-alcoholic steatohepatitis, ATH autoimmune hepatitis

g;rziﬁezter?ifg) (izn;izlz fter Parameter Carvedilol Propranolol p value

treatment in the two groups MAP at baseline (mmHg) (n = 30) 85.36 £ 6.16 (n = 29) 83.48 + 5.88 0.12
MAP at 1 month (mmHg) (n=29) 75.62 + 6.09 (n = 28) 76.57 £+ 4.61 0.74
HVPG at baseline (mmHg) (n = 30) 17.73 £+ 3.07 (n=129) 17.31 &+ 3.02 0.29
HVPG at 1 month (mmHg) (n=129) 1293 + 341 (n =28) 13.53 £ 3.70 0.74
Heart rate before treatment (bpm) (n = 30) 89.06 &+ 5.21 (n =29)91.06 &+ 5.22 0.93
Heart rate after treatment (bpm) (n=29) 62.27 + 2.81 (n = 28) 63.35 &+ 3.55 0.89

Table 3 Percentage change in outcomes in the two groups

Outcome Carvedilol (n = 29) Propranolol (n = 28) p value

% change in MAP at 1 month 11.2 £ 5.17 7.8 £ 4.16 0.01

% change in HVPG 27.1 £ 15.20 224 £ 134 0.11

HVPG responders (HVPG decrease >20 % or below <12 mmHg) 22/29 (75 %) 14/28 (50 %) 0.04

HVPG decrease below 12 mmHg 3/29 (10.3 %) 2/28 (7.1 %) 0.62

patients after their esophageal bleeding. In contrast to the
above study in which measurements were made after 1 or
2 h, in the current study measurements were done after
4 weeks.

Lo et al. showed that carvedilol was as effective as
nadolol plus isosorbide-5-mononitrate in the prevention of
gastroesophageal variceal rebleeding with fewer severe
adverse events and similar survival [20]. In this study,
patients were randomized to carvedilol (n = 61) and

nadalol plus isosorbide-5-mononitrate (n = 60). Patients
were followed up for a median period of 30 months. There
was no difference in rebleeding rate (51 vs. 26 %,
p = 0.46), but patients on carvedilol had fewer severe
adverse events, which occurred in 1 patient in the carve-
dilol group and 17 patients in the nadolol plus isosorbide-5-
mononitrate (p < 0.0001).

In our study, the number of HVPG responders (HVPG
decrease >20 % or below 12 mmHg) was significantly
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Table 4 Adverse events at

1 month Adverse effect Carvedilol (n = 30) Propranolol (n = 29)  p value
Breathing difficulty 2/30 (6.67 %) 3/29 (10.71 %) 0.47
Fatigue 5/30 (16.67 %) 5/29 (17.86 %) 0.58
Hypotension 1/30 (3.33 %) 7129 (7.14 %) 0.47
Encephalopathy 0/30 0/29 -
Increase in diuretics 4/30 (13.3 %) 6/29 (21.4 %) 0.32
Requirement of drug withdrawal or decrease 2/30 (6.89 %) 3/29 (10.7 %) 0.46
Rebleed 1/30 (3.33 %) 1/29 (3.57 %) 0.74
Serious adverse event 0/30 0/29 -

more in the carvedilol group (22/29) as compared to the  References

propranolol group (14/28; p = 0.04). Though we do not
have long-term follow-up of the patients for rebleeding to
compare, we are hopeful that the HVPG response will get
translated into meaningful clinical outcomes of decreased
rebleeding. There was only one rebleed in each group at
1 month. Adverse events in both groups were not signifi-
cant (p < 0.05) and only three patients in the carvedilol
group and two patients in the propranolol group required
dose reduction. Attrition was one patient in the first month
in each group.

The study has obvious shortcomings. Firstly, though it is
a randomized trial, it is not double-blinded. So, a double-
blinded study in the future with similar patient profiles can
give strength to the available evidence. Secondly, this trial
has assessed the hemodynamic response only by the
decrease in HVPG. How much of the HVPG response
actually gets translated into a decreased incidence of
rebleeding and also a decrease in the risk of decompensa-
tion needs to be seen in longer follow-up studies.

Conclusion

On the basis of this study, we can state that, in patients with
variceal bleed due to portal hypertension related to cir-
rhosis, carvedilol with endoscopic variceal ligation for
prevention of rebleeding is an effective treatment. It leads
to a statistically higher number of patients on carvedilol
having an adequate response as compared to propranolol.
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