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ABSTRACT

Background. Carvedilol appears to be more effective than propranolol in the treatment of portal hyper-
tension in cirrhotic patients. Aim. To compare the effects of carvedilol vs. propranolol on systemic and
splanchnic haemodynamics and to evaluate the adverse events associated with these treatments. Material

and methods. We performed a systematic review following the Cochrane and PRISMA recommendations.
Randomised controlled trials comparing carvedilol versus propranolol, in the treatment of portal hyperten-
sion in cirrhotic patients with oesophageal varices, with or without bleeding history were included. The
primary outcome measure was the haemodynamic response to treatment. Results. Four randomised trials
and 153 patients were included; 79 patients received carvedilol (6.25-50 mg/d) and 74 patients received
propranolol (10-320 mg/d). The hepatic vein pressure gradient (HVPG) decreased more with carvedilol than

with propranolol (MD –2.21; 95% CI: –2.83 to –1.60, I2 = 0%, P < 0.00001). Carvedilol was superior to proprano-
lol for reducing HVPG by  20% from the baseline value or to  12 mmHg (OR: 2.93; 95% CI: 1.50 to 5.74,
I
2 = 22%, P = 0.002). Overall adverse events did not differ between. In conclusion, there is limited evidence

suggesting that carvedilol is more effective than propranolol for improving the haemodynamic response in
cirrhotic patients with portal hypertension. Long-term randomized controlled trials are needed to confirm
this information.
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ORIGINAL ARTICLE

BACKGROUND

The exact worldwide prevalence of cirrhosis is un-

defined, but it is estimated at about 0.15% or

400,000 people in the USA.1 Natural history of cir-

rhosis leads to portal hypertension and the develop-

ment of varices and gastrointestinal bleeding.2-5 At

diagnosis, varices are present in 30-40% of compen-

sated patients and in 60% of those with ascites.6 In

cirrhotic patients without varices, the annual inci-

dence of new varices is 5-10 %.7-9 The first haemor-

rhagic event is a signal of decompensate disease; the

1-year rate of this event is about 5% for small varic-

es and 15% for large varices.10 Variceal bleeding is

associated with a 6-week mortality rate of 10-20 %,11

and the one-year mortality rate is 57%. 2

The risk of bleeding can be reduced significantly

by decreasing the hepatic vein pressure gradient

(HVPG) to < 12 mmHg or by 20% from the baseline

value.12,13 The HVPG can be reduced by administra-

tion of a non-selective beta-blocker (NSBB), such as

propranolol. NSBB alone is recommended for pre-

vention of the first bleeding episode and in combina-

tion with band ligation for prevention of

re-bleeding.11 Propranolol is recommended widely in

the treatment of portal hypertension; unfortunately,

more than a half of patients fail to achieve the

haemodynamic objective because of lack of drug effi-

cacy, intolerance to the drug, or adverse effects.

Carvedilol, an NSBB with weak anti- 1 adren-

ergic activity, appears to be more effective than

propranolol in the reduction of portal hyperten-

sion,14-17 but there is inconsistency between stud-

ies involving head-to-head comparisons of

© 2019, Fundación Clínica Médica Sur, A.C. Published by Elsevier España S.L.U. This is an open access article under the CC BY-NC-ND 
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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carvedilol vs. propranolol treatment. The primary

aim of this systematic review and meta-analysis

was to compare carvedilol versus propranolol for

haemodynamic control of portal hypertension in

cirrhotic patients. The secondary aim was to eval-

uate the adverse events associated with both in-

terventions.

MATERIAL AND METHODS

Types of studies

The present systematic review and meta-analysis

is based on Cochrane and PRISMA recommenda-

tions.18,19

We included randomised clinical trials that com-

pared the efficacy of carvedilol versus propranolol

therapy for control of portal hypertension in cir-

rhotic patients. There was no restriction regarding

time, language, or publication status.

Types of participants

All adult patients diagnosed with liver cirrhosis,

portal hypertension and/or oesophageal varices with

or without a history of variceal bleeding were in-

cluded.

Types of interventions

Studies that compared the acute or chronic effect

of carvedilol versus propranolol on haemodynamic

control of portal hypertension were included. We ex-

cluded trials that evaluated interventions other than

carvedilol vs. propranolol monotherapy.

Types of

outcome measures

The primary outcome measure was the haemody-

namic control of portal hypertension defined as the

proportion of patients with HVPG reduced  20%

from the baseline or to  12mmHg. Secondary out-

come measures were other haemodynamic parame-

ters (as wedged hepatic venous pressure, free

hepatic venous pressure, azygos blood flow, hepatic

blood flow, heart rate, cardiac output, mean pulmo-

nary artery pressure, wedge pulmonary artery pres-

sure, right atrial pressure, systemic vascular

resistance), adverse events including hypotension,

reduction in mean arterial pressure, renal function

deterioration, variceal bleeding, and bleeding-related

mortality.

Search methods to identify studies

Electronic searches were performed in the Co-

chrane Library and EMBASE, LILACS and

MEDLINE. The literature search was performed us-

ing the medical subject headings terms “Pro-

pranolol” AND “Carvedilol” AND “Hypertension,

Portal”. No limits were applied. The search results

were examined for abstracts and full versions, and

suitable trials were identified. The search update

was performed in March 2013.

Searching other resources

References of original and review articles were

also reviewed to identify other relevant trials.

Selection of studies

Screening of abstracts and a selection of full-text

articles were performed by two principal reviewers

(NAO, NCT). They independently inspected each tri-

al and applied the inclusion criteria. In case of disa-

greement, a third author reviewed the article.

Justification for study exclusion was documented.

Data extraction and management

Data were extracted from reports by the same two

authors in an independent manner. The extracted

data included the year of trial, location, partici-

pants’ characteristics, number of subjects treated in

each group, dose and duration of propranolol and

carvedilol treatments, outcome measures, and risk

of bias. Discrepancies were resolved through discus-

sion with the other authors.

Assessment of risk of

bias in included studies

The risk of bias was assessed following the in-

structions given in the Cochrane Handbook for Sys-

tematic Reviews of Interventions Version 5.1.0.19

The methodological quality of the trials focused on

randomisation methods assessed by allocation se-

quence generation and allocation concealment. We

included evaluations of blinding, selective reporting,

and incomplete outcome data.

Measures of treatment effect and data analysis

Data analyses were performed using Review Man-

ager (RevMan), version 5.2. (The Nordic Cochrane



Aguilar-Olivos N, et al. ,     2014; 13 (4): 420-428
422

Centre, The Cochrane Collaboration, 2012). For

summary measures, the results of continuous data

are expressed as the mean difference (MD) with 95%

confidence interval (CI), and dichotomous measures

are presented as odds ratio (OR) with 95% CI. For

synthesis of the results, we analysed the data using

both fixed- and random-effects models; when both

models produced similar estimates, the fixed-effect

result is reported. Number needed to treat was cal-

culated.

Assessment of heterogeneity

Heterogeneity of effects across trials was evaluat-

ed by visual inspection of the forest plots and 2 and

I2 statistic for heterogeneity. Statistical heterogenei-

ty was defined as a P value  0.10 for 2 or a I2

value > 25%.

Sensitivity analysis

We analysed the data using both fixed- and ran-

dom-effect models. When both models produced simi-

lar estimates, the fixed-effect result is reported.

Primary outcome is reported in an intention-to-treat

manner.

RESULTS AND DISCUSSION

Study selection and study characteristics

The literature search identified 12 trials and no

additional records after thorough examination of the

references of review articles. A total of four head-

to-head randomised trials14-17 were included in the

systematic review and meta-analysis (Figure 1). The

trials were conducted in Spain,14,16 India,15 and Den-

mark,17 and included a total of 153 patients, 79 of

whom were given carvedilol (dose 6.25-50 mg/d) and

74 were given propranolol (dose 10-320 mg/d). The

characteristics of the included trials are shown in

Table 1. Alcoholic cirrhosis was the principal aetiol-

ogy reported. All patients had severe portal hyper-

tension (HVGP > 12 mmHg) and the presence of

oesophageal varices with or without a history

of variceal bleeding. The percentage of patients with

primary prophylaxis was 36-100% in the studies;

three trials included patients with ascites.14-16

All studies evaluated the intervention effect on

HVGP. The first study evaluated only the acute ef-

fect (60 minutes),14 the second trial reported the

acute and chronic effect (90 minutes and 7 days,

the last measurement was used for analysis),15 the

third investigated the longer-term response (77.7

days),16 and the fourth evaluated both acute and

chronic effects (90 minutes and 92.7 days).17

Assessment of risk of bias in trials

Random sequence generation was reported in

three studies, and the allocation concealment was

reported in only one trial (Table 2). The four trials

used blinded assessment, but only one used blind-

ing of participants and personnel.17 Selective re-

porting of outcome measures was not registered in

any trial.

10 records identified through
database searching

2 additional
records was identified

12 records screened

4 studies included in
qualitative synthesis
(systematic review)

4 studies included in quantitative synthesis (meta-analysis)

8 records excluded:

4 Review articles
1 Comparison with propranolol

plus isosorbide-5-mononitrate
1 Pediatric patients
1 Summaries editor comment
1 Not propranol vs. carvedilol

comparison.

Figure 1. Study screening flow chart.



423
Hemodynamic effect of carvedilol vs. propranolol in cirrhotic patients. ,     2014; 13 (4): 420-428

T
a
b
le

 1
. 

C
h
a
ra

c
te

ri
st

ic
s 

o
f 

h
e
a
d
-t

o
-h

e
a
d
 c

o
m

p
a
ri

n
g
 i
n
c
lu

d
e
d
 t

ri
a
ls

.

S
tu

d
y

In
te

rv
e
n
ti

o
n

D
o
se

A
c
u
te

/
P
a
ti

e
n
ts

M
e
a
n

A
e
ti

o
lo

g
y

P
ri

m
a

ry
Se

c
o
n
d
a
ry

C
h
il
d
 C

A
sc

it
e
s

O
u
tc

o
m

e

m
g
/
d
 P

.O
.

c
h
ro

n
ic

(n
)

a
g
e
 ±

 S
D

 (
y
)

A
lc

o
h
o
l/

V
ir

a
l/

p
ro

p
h
y
la

x
is

p
ro

p
h
y
la

x
is

a
t

a
t

(r
a
n
g
e
)

st
u
d
y
 (

ti
m

e
)

a
t 

b
a
se

li
n
e

O
th

e
r

a
t 

b
a
se

li
n
e

a
t 

b
a
se

li
n
e

b
a
se

li
n
e

b
a
se

li
n
e

n
 (

%
)

n
 (

%
)

n
 (

%
)

n
 (

%
)

n
 (

5
%
)

B
a
ñ
a
re

s,
C

a
rv

e
d
il
o
l

2
5
*

A
c
u
te

 (
6
0
 m

in
)

1
4

5
.4

.6
±
8
.8

8
 (

5
7
)/

n
a
/
n
a

5
(3

6
)

9
 (

6
4
)

2
(1

4
)

7
(5

0
)

T
o
 c

o
m

p
a
re

 t
h
e
 e

ff
e
c
ts

e
t 

a
l.

, 
1
9
9
9

P
ro

p
ra

n
o
lo

l
0
.2

**
A

c
u
te

 (
6
0
 m

in
)

1
4
5

5
1
.4

±
8
.5

8
(5

7
)/

n
a
/
n
a

5
(3

6
)

9
(6

4
)

3
(2

1
)

7
(5

0
)

o
f 

c
a
rv

e
d
il

o
l,

 p
ro

p
ra

n
o
lo

l
(S

p
a
in

)
P
la

ce
b
o

0
A

c
u
te

 (
6
0
 m

in
)

7
5
7
±
1
0
.8

4
(5

7
)/

n
a
/
n
a

3
(4

3
)

4
(5

7
)

2
(2

9
)

6
(8

6
)

a
n
d
 p

la
c
e
b
o
 o

n
 h

e
p
a
ti

c
a
n
d
 s

y
st

e
m

ic
h
a
e
m

o
d
y
n
a
m

ic
s 

in
 p

a
ti

e
n
ts

w
it

h
 
c
ir

rh
o
si

s.

D
e
,

e
t 

a
l.

,
C

a
rv

e
d
il

o
l

2
5
*

A
c
u
te

 (
9
0
 m

in
)

1
8

4
2
.3

±
1
1
.9

5
(2

8
)/

9
(5

0
)/

4
(2

2
)

1
1
(6

1
)

7
(3

9
)

4
(2

2
)

1
2
(6

7
)

T
o
 c

o
m

p
a
re

 t
h
e
 e

ff
e
c
ts

 o
f

2
0
0
2

P
ro

p
ra

n
o
lo

l
8
0
*

A
c
u
te

 (
9
0
 m

in
)

1
8

4
7
.3

±
1
2
.9

1
0
(5

5
)/

5
(2

8
)7

3
(1

7
)

1
1
(6

1
)

7
(3

9
)

5
(2

8
)

1
6
(8

9
)

c
a
rv

e
d
il

o
l 

a
n
d
 p

ro
p
ra

n
o
lo

l
(I

n
d
ia

)
C

a
rv

e
d
il

o
l

1
2
.5

*
C

h
ro

n
ic

 (
7
 d

)
1
5
-1

7
**

*
4
2
.3

±
1
1
.9

-
1
1
(6

1
)

7
(3

9
)

4
(2

2
)

1
2
(6

7
)

o
n
 H

V
P
G

 a
c
u
te

ly
 a

n
d
 o

v
e
r

P
ro

p
ra

n
o
lo

l
8
0
*

C
h
ro

n
ic

 (
7
d
)

1
4
-1

6
**

*
4
7
.3

±
1
2
.9

-
1
1
(6

1
)

7
(3

9
)

5
(2

8
)

1
6
(8

9
)

7
 d

a
y
s,

 i
n
 c

ir
rh

o
ti

c
s 

w
it

h
o
e
so

p
h
a
g
e
a
l 

v
a
ri

c
e
s.

T
h
e
re

 w
a
s 

m
o
n
it

o
re

d
b
lo

o
d
 p

re
ss

u
re

, 
p
u
ls

e
 r

a
te

a
n
d
re

n
a
l 
fu

n
c
ti

o
n
.

B
a
ñ
a
re

s,
C

a
rv

e
d
il
o
l

3
1
 (

1
2
.5

-5
0
)

C
h
ro

n
ic

2
6

5
7
.9

±
1
.5

6
(2

3
)/

1
8
(6

9
)/

2
(8

)
2
6
(1

0
0
)

0
(0

)
3
(1

2
)

1
0
(3

8
)

T
o
 c

o
m

p
a
re

 t
h
e
 e

ff
e
c
ts

 o
f

e
t 

a
l.

, 
2
0
0
2

(7
8
±
2
9
 d

)
lo

n
g
te

rm
 c

a
rv

e
d
il

o
l

(S
p
a
in

)
P
ro

p
ra

n
o
lo

l
7
3
 (

1
0
-1

6
0
)

C
h
ro

n
ic

2
5

5
8
.4

±
2
.2

9
(3

6
)/

1
6
(6

4
)/

0
2
5
(1

0
0
)

0
(0

)
4
(1

6
)

6
(2

4
)

th
e
ra

p
y

v
s.

 p
ro

p
ra

n
o
lo

l 
o
n

(7
8
±
2
9
 d

)
sy

st
e
m

ic
 a

n
d
 s

p
la

n
c
h
n
ic

h
a
e
m

o
d
y
n
a
m

ic
s 

a
n
d
 o

n
re

n
a
l 

fu
n
c
ti

o
n
 i

n
 a

 l
a
rg

e
se

ri
e
s 

o
f 

p
a
ti

e
n
ts

 w
it

h
c
ir

rh
o
si

s.

H
o
b
o
lt

h
,

C
a
rv

e
d
il
o
l

6
.2

5
A

c
u
te

 (
9
0
 m

in
)2

2
-

-
-

-
-

-
T
o
 c

o
m

p
a
re

 t
h
e
 a

c
u
te

e
t 

a
l.

, 
2
0
1
2

P
ro

p
ra

n
o
lo

l
8
0

A
c
u
te

 (
9
0
 m

in
)2

2
-

-
-

-
-

-
a
n
d
 l

o
n
g
-t

e
rm

 e
ff

e
c
ts

(D
e
n
m

a
rk

)
C

a
rv

e
d
il
o
l

1
4
 (

6
.2

5
-

C
h
ro

n
ic

2
1

5
8
.2

±
6
.8

1
8
(8

6
)/

2
(9

)/
1
(5

)
1
6
(7

6
)

5
(2

4
)

6
(2

9
)

n
a

o
f 

c
a
rv

e
d
il

o
l 

w
it

h
 t

h
o
se

2
5
)*

*
(9

7
.7

±
1
3
.6

 d
)

o
f 

p
ro

p
ra

n
o
lo

l 
o
n
 H

V
P
G

P
ro

p
ra

n
o
lo

l
1
2
2
 (

8
0
-

C
h
ro

n
ic

1
7

5
6
.2

±
6
.1

1
2
(7

1
)/

1
(6

)/
4
(2

3
)

1
2
(7

1
)

5
(2

9
)

4
(2

4
)

n
a

in
 p

a
ti

e
n
ts

 w
it

h
 c

ir
rh

o
si

s
3
2
0
)*

*
(9

2
.7

±
1
3
.6

 d
)

a
n
d
 p

o
rt

a
l 

h
y
p
e
rt

e
n
si

o
n
.

* 
F
ix

e
d
 d

o
se

. 
**

 I
n
tr

a
v
e
n
o
u
s 

in
fu

si
o
n
 (

m
g
/
k
g
/
h
).

 *
**

 I
t 

w
a
s 

re
p
o
rt

e
d
 d

if
fe

re
n
t 

n
u
m

b
e
rs

 o
f 

p
a
ti

e
n
ts

 a
c
c
o
rd

in
g
 t

o
 m

e
a
su

re
m

e
n
ts

. 
n

a
: 

n
o
t 

a
v
a
il

a
b
le

. 
H

V
P
G

: 
h
e
p
a
ti

c
v
e
n
o
u
s 

p
re

ss
u
re

 g
ra

d
ie

n
t.



Aguilar-Olivos N, et al. ,     2014; 13 (4): 420-428
424

Study or subgroup            Carvedilol            Propranolol Odds Ratio

Events Total Events Total Weight M-H, Fixed, 95% CI

Bañares, 1999 9 14 2 14 7.1% 10.80 (1.69, 68.94)
De, 2002 11 18 10 18 38.5% 1.26 (0.33, 4.74)
Bañares, 2002 13 26 5 25 25.2% 4.00 (1.15, 13.90)
Hobolth, 2012 13 21 7 17 29.2% 2.32 (0.63, 8.58)

Total (95% CI) 79 74 100-0% 2.93 (1.50, 5.74)
Total events 46 24

Heterogeneity: 2 = 3.83, df = 3 (P = 0.28); I2 = 22%
Test for overall effect: Z = 3.15 (P = 0.002)

Synthesis of results

Carvedilol was superior to propranolol in reduc-

ing HVPG by  20% from the baseline value or to

 12 mmHg (OR: 2.93; 95% CI: 1.50 to 5.74, I2 =

22%, P = 0.002) (Figure 2). The percentage of pa-

tients achieving this objective was 60% with

carvedilol versus 35% with propranolol, with a

number needed to treat of 4. The magnitude of re-

duction in HVPG was also greater with carvedilol

(MD: –2.21; 95% CI: –2.83 to –1.60, I2 = 0%, P <

0.00001) (Figure 3).

All haemodynamics parameters recorded are sum-

marised in Table 3. The wedged hepatic venous pres-

sure decreased significantly (MD: –2.79; 95% CI:

–3.64 to –1.93, P < 0.00001), but the free hepatic

venous pressure was not different (MD: –0.58; 95%

CI: –1.20 to 0.03, P = 0.06).

All studies reported mean arterial pressure

(MAP), the overall effect on MAP did not differ be-

tween groups (MD: –4.01; 95% CI: –10.76 to 2.74,

I2 = 79%, P = 0.24) (Figure 4). Systemic vascular

resistance (SVR) and cardiac output (CO) were re-

ported only in the studies by Bañares, et al.14,16 The

first study by Bañares, et al.14 reported a significant

decrease in SVR, but the second study did not.16

Our meta-analysis showed a greater reduction in

SVR in the carvedilol group (MD: –115.23; 95% CI:

–182.76 to –47.70, P = 0.0008). For CO, results

from individual studies and the overall meta-analy-

sis did not differ between groups (MD: 0.09; 95% CI:

–0.18 to 0.36, P = 0.52). Heart rate was reported in

all studies and was higher with carvedilol (MD:

2.36; 95% CI: 0.69 to 4.03, P = 0.006).

Three studies14-16 included mean pulmonary arte-

rial pressure (MPAP), right arterial pressure (RAP),

and wedge pulmonary arterial pressure (WPAP).

Carvedilol decreased MPAP (MD: –4.32; 95% CI: –

5.07 to –3.57, P < 0.00001), RAP (MD: –2.47;

95% CI: –3.13 to –1.81, P < 0.00001), and

WPAP (MD: –4.17; 95% CI: –4.88 to –3.45, P<

0.00001).

Finally, the hepatic14-17 and azygos14-16 blood flow

was evaluated. Hepatic blood flow was not different

Figure 2. Forest plot of the comparison carvedilol vs. propranolol. Outcome: HVPG decrease  20% from baseline value or
to < 12 mmHg.

Table 2. Assessment of risk of bias summary for each included study.

Author Random Allocation Blinding Blinding of Incomplete Selecting
sequence concealment (detection participants outcome reporting
generation bias) and personnel data

Bañares, Unclear Unclear High risk Low risk High risk High risk
et al., 1999 of bias of bias of bias of bias

De, High risk Unclear High risk Unclear High risk High risk
et al., 2002 of bias of bias of bias of bias

Bañares, High risk Low risk High risk Low risk Low risk High risk
et al., 2002 of bias of bias of bias of bias of bias of bias

Hobolth, High risk High risk High risk High risk Low risk High risk
et al., 2012 of bias of bias of bias of bias of bias of bias

Odds Ratio
M-H, Fixed, 95% CI

0.01 0.1 1 10 100
   Favours Propranolol Favours Carvedilol
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Study or Carvedilol Propranolol Mean Difference
subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI (mmHg)

(mmHg) (mmHg) (mmHg)(mmHg)

Bañares, 1999 73 3 14 83 3 14 32.3% -10.00 (-12.22, -7.78)
De, 2002 82.2 12.62 17 86.2 13.29 15 21.0% -4.00 (-13.01, 5.01)
Bañares, 2002 81.2 14.21 24 83.8 14.54 22 22.2% -2.60 (-10.92, 5.72)
Hobolth, 2012 92.1 11.2 21 89.5 10.8 17 24.6% 2.60 (-4.42, 9.62)

Total (95% CI) 76 68 100.0% -4.01 (-10.76, 2.74)

Heterogeneity: Tau2 = 35.44, 2 = 14.18, df =3 (P = 0.003); I2 = 79%
Test for overall effect: Z = 1.16 (P = 0.24)

Study or                         Carvedilol Propranolol Mean Difference
subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI (mmHg)

(mmHg) (mmHg) (mmHg)(mmHg)

Hobolth, 2012 14.1 4 21 16.1 4.3 17 5.3% -2.00 (-4.67, 0.67)
Bañares, 2002 15.2 3.92 24 17.6 3.28 22 8.6% -2.40 (-4.48, -0.32)
De, 2002 13.6 5.42 17 13.1 5.31 16 2.8% 0.50 (-3.16, 4.16)
Bañares, 1999 15.4 1 14 17.7 0.8 14 83.3% -2.30 (-2.97, 1.63)

Total (95% CI) 76 69 100.0% -2.21 (-2.83, -1.60)

Heterogeneity: 2 = 2.23, df = 3 (P = 0.53); I2 = 0%
Test for overall effect: Z = 7.09 (P < 0.00001)

Figure 3. Forest plot of the comparison: carvedilol vs. propranolol. Outcome: post-treatment HVPG.

Table 3. Haemodynamics analyses from randomised clinical trials comparing efficiency of carvedilol vs. propranolol on portal
hypertension in cirrhotic patients.

Number Number MD (95% CI) P value I
2 statistic

of trials of patients (%)

HVPG (mmHg) 4 145 -2.21 (-2.83 to –1.60) < 0.001 0
WHVP (mmHg) 3 112 -2.79 (-3.64 to –1.93) < 0.001 0
FHVP (mmHg) 3 112 -0.58 (-1.20 to 0.03) 0.06 0
MAP (mmHg) 4 144 -4.01 (-10.76 to 2.74) 0.24 79
SVR (dyn·s/cm5) 2 74 -115.23 (-182.76 to –47.70) 0.0008 0
CO (L/min) 2 74 0.09 (-0.18 to 0.36) 0.52 57
HR (beats/min) 4 144 2.36 (0.69 to 4.03) 0.006 59
MPAP (mmHg) 3 103 -4.32 (-5.07 to –3.57) < 0.001 0
WPAP (mm/Hg) 3 103 -4.17 (-4.88 to –3.45) < 0.001 42
RAP (mmHg) 3 104 -2.47 (-3.13 to –1.81) < 0.001 52
ABF (mL/min) 2 74 100.98 (57.28 to 144.68) < 0.00001 60
HBF (L/min) 3 100 0.04 (-0.07 to 0.14) 0.51 43

HVPG: hepatic venous pressure gradient. WHVP: wedged hepatic venous pressure. FHVP: free hepatic venous pressure. ABF:
azygos blood flow. HBF: hepatic blood flow. MAP: mean arterial pressure. HR: heart rate. CO: cardiac output. MPAP: mean pulmo-
nary artery pressure. WPAP: wedge pulmonary artery pressure (mmHg). RAP: right atrial pressure. SVR: systemic vascular resis-
tance. MD: mean difference. CI: confidence interval.

(MD: 0.04; 95% CI: –0.07 to 0.14, P = 0.51), but the

azygos blood flow was increased in the carvedilol

group (MD: 100.98; 95% CI: 57.28 to 144.68, P <

0.00001).

The heterogeneity was low for all outcomes, ex-

cept for mean artery pressure.

Adverse events

Adverse events leading to withdrawal were not dif-

ferent between the groups (OR: 0.48; 95% CI: 0.16–

1.43, I2 = 0%, P = 0.19) (Figure 5). The rate of

orthostatic or symptomatic hypotension did not

Figure 4. Forest plot of the comparison carvedilol vs. propranolol. Outcome: orthostatic or symptomatic hypotension.

Mean Difference
IV, Fixed, 95% CI (mmHg)

-10 -5 0 5 10
Favours Carvedilol Favours Propranolol

Mean Difference
IV, Random, 95% CI (mmHg)
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Study or           Carvedilol             Propranolol Odds Ratio
subgroup Events Total Events Total Weight M-H, Fixed, 95% CI

De, 2002 (1) 1 18 2 18 20.0% 0.47 (0.04, 5.71)
Bañares, 2002 2 26 3 25 29.9% 0.61 (0.09, 4.01)
Hobolth, 2012 3 21 5 17 50.1% 0.40 (0.08, 2.00)

Total (95% CI) 65 60 100.0% 0.48 (0.16, 1.43)
Total events 6 10

Heterogeneity: 2 = 0.11, df = 2 (P = 0.95); I2 = 0%
Test for overall effect: Z = 1.32 (P = 0.19)

Table 4. Summary of adverse events reported from randomised clinical trials comparing efficiency of carvedilol vs. propranolol on
portal hypertension in cirrhotic patients.

Number Carvedilol Propranolol OR (95% CI) P I
2

of trials (n/N) (n/N) value statistic
(%)

Events leading to withdrawal 3 6/68 10/65 0.48 (0.16–1.43) 0.19 0
Orthostatic or symptomatic hypotension 2 14/68 9/65 1.60 (0.64–4.02) 0.32 0
Dizziness 1 0/24 2/22 0.17 (0.01–3.69) 0.26 na
Impotence 1 0/24 2/22 0.17 (0.01–3.69) 0.26 na
Headache 1 1/24 1/22 0.91 (0.05–15.54) 0.95 na
Chest pain 1 1/24 0/22 2.87 (0.11–74.26) 0.52 na
Skin rash 1 1/24 0/22 2.87 (0.11–74.26) 0.52 na
Cold extremities 1 5/24 3/22 1.67 (0.35–7.98) 0.52 na
Diarrhoea 1 0/24 2/22 0.17 (0.01–3.69) 0.26 na
Encephalopathy 1 3/26 4/25 0.68 (0.14–3.42) 0.64 na
Shortness of breath 2 12/50 7/47 1.80 (0.64–5.07) 0.26 0
Increased diuretic use 2 14/50 6/47 2.65 (0.92–7.65) 0.07 0
Variceal bleeding 2 1/42 3/40 0.39 (0.06–2.78) 0.35 0
Mortality 2 1/42 2/40 0.63 (0.10–3.93) 0.62 32

OR: odds ratio. CI: confidence interval. na: not applicable.

Table 5. Renal function after carvedilol or propranolol treatment for portal hypertension in cirrhotic patients.

Number Number MD P value I
2 Statistic

of trials of patients (95% CI) (%)

GFR (mL/min) 1 46 -13.00 (-29.85 to 3.85) 0.13 na

Serum creatinine (mg/dL) 2 79 0.03 (-0.08 to 0.13) 0.65 0

Urea (mg/dL) 1 33 -13.00 (-37.46 to 11.46) 0.30 na

Serum sodium (mEq/L) 1 46 -0.10 (-2.18 to 1.98) 0.93 na

Serum potassium (mEq/L) 1 46 -0.10 (-0.38 to 0.18) 0.48 na

Urinary sodium 1 46 36.00 (-13.00 to 85.00) 0.15 na
excretion (mEq/d)

Plasma renin 1 46 -0.43 (-2.56 to 1.70) 0.69 na
activity (mg/mL/h)

Body weight (kg) 1 46 4.30 (-2.53 to 11.13) 0.22 na

Plasma volume (L) 1 46 0.40 (0.12 to 0.68) 0.005 na

GFR: glomerular filtration rate. MD: mean difference. CI: confidence interval. na: not applicable.

Figure 5. Forest plot of the comparison carvedilol vs. propranolol. Outcome: events leading to withdrawal of medication. (1)

Carvedilol: One patient with ascites had symptomatic hypotension, subsequently developed oliguria and was take off the drug.

Odds Ratio
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differ between groups (OR: 1.60; 95% CI: 0.64-4.02,

P = 0.32) (Table 4). Other adverse effects such as

dizziness, impotence, headache, chest pain, skin

rash, cold extremities, diarrhoea, and encephalopathy

were evaluated by one trial,17 which showed no differ-

ences between carvedilol and propranolol (Table 4).

Renal function, including glomerular filtration

rate; serum concentrations of creatinine, urea, sodi-

um, and potassium; urinary sodium excretion; plas-

ma renin activity; and body weight did not differ

between the treatments (Table 5). Bañares, et al.16

found a higher plasma volume in the carvedilol

group (MD: 0.40; 95% CI: 0.12 to 0.68, P = 0.005),

and two studies16,17 reported a tendency toward in-

creased diuretic consumption in the carvedilol group

(OR: 2.65; 95% CI: 0.92 to 7.65, P = 0.07).

Finally, variceal bleeding and mortality were re-

ported in two trials,15,17 and these did not differ be-

tween treatments (Table 4).

This systematic review and meta-analysis ana-

lysed the current head-to-head randomised trials

comparing carvedilol versus propranolol for portal

hypertension in cirrhotic patients. Portal pres-

sure decreased more with carvedilol compared

with propranolol treatment. A higher percentage

of patients showed a reduction in HVPG by  20%

from the baseline value or to  12 mmHg after

carvedilol than after propranolol administration.

Analysis of adverse events showed no significant

differences between carvedilol and propranolol.

The results of this meta-analysis suggest that

carvedilol could be an alternative for primary and

secondary variceal bleeding prophylaxis in select-

ed cirrhotic patients.

Differences in the specific doses of carvedilol

and propranolol used to treat portal hypertension

might have contributed to the differences between

the studies. Studies with higher doses of

carvedilol14,16 were those that showed statistically

significant differences in their favour. This agrees

with the previous finding by Bañares, et al. that

the haemodynamic effect of carvedilol is dose de-

pendent.14 However, some studies have suggested

that lower doses of carvedilol (12.5 mg/d) provide

a good portal pressure-reducing effect with less

systemic vasodilation.20,21 Previously, two meta-

analysis abstracts comparing carvedilol vs. pro-

pranolol in portal hypertension were

published.22,23 Razon-Gonzalez, et al. find that

carvedilol is superior to propranolol in reducing

HVPG (-8.36, 95% CI: -9.43 to -7.28, p < 0.00001),

but MAP is significantly reduced in carvedilol

group (-8.62, 95% CI: -9.63 to -7.61, P < 0.00001).

Sinagra, et al. reported chronic effect of carvedilol

vs. propranolol in HVPG reduction (-6.79, 95% CI:

-12.04 to -1.54), but severe hypotension and need

for increasing diuretics was reported with

carvedilol.

In clinical practice, the findings of our meta-anal-

ysis may benefit patients who are unresponsive to

treatment with propranolol because a higher per-

centage of patients, about 25%, reached the target

HVPG reduction after carvedilol administration. In

this concern, the greater therapeutic potential of

carvedilol over propranolol has recently been dem-

onstrated in a pragmatic design.24

In regard to adverse events, we did not find sig-

nificant differences in the meta-analysis. However

this should be considered carefully in clinical prac-

tice or future clinical trials. Acute administration of

carvedilol seems to cause significant systemic va-

sodilatation, and could worsen the hemodynamics in

the cirrhotic patients.

We found some limitations in this review. A low

number of patients were considered in each trial and

the results for some haemodynamics were obtained

from a minimum number of patients. Another limi-

tation is that there was no standardisation of

the carvedilol and propranolol doses, so the ranges

were broad and we find some heterogeneity between

the studies. Finally, the studies were conducted

with short follow-up periods; thus, there is no infor-

mation from long-term comparisons and no data on

clinical outcomes such as the long-term adverse ef-

fects, variceal bleeding, and mortality.

Future studies are needed with a larger number of

patients and long-term monitoring, directed at clini-

cal outcomes, mainly variceal bleeding and mortality.

CONCLUSION

This systematic review and meta-analysis showed

limited evidence suggesting that carvedilol is more

effective than propranolol for improving the haemo-

dynamic response in cirrhotic patients with portal

hypertension. However the effect on adverse events

is not clear and should be assessed carefully.

ABBREVIATIONS

� CO: cardiac output.

� HPVG: hepatic vein pressure gradient.

� MAP: mean arterial pressure.

� MD: mean difference.

� MPAP: mean pulmonary arterial pressure.

� NSBB: non-selective beta blocker.
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� RAP: right arterial pressure.

� SVR: systemic vascular resistance.

� WPAP: wedge pulmonary arterial pressure
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