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Effects of candesartan and propranolol combination
therapy versus propranolol monotherapy in reducing
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Background/Aims: Angiotensin receptor blockers (ARBs) inhibit activated hepatic stellate cell contraction and are
thought to reduce the dynamic portion of intrahepatic resistance. This study compared the effects of combined
treatment using the ARB candesartan and propranolol versus propranolol monotherapy on portal pressure in patients
with cirrhosis in a prospective, randomized controlled trial.

Methods: Between January 2008 and July 2009, 53 cirrhotic patients with clinically significant portal hypertension
were randomized to receive either candesartan and propranolol combination therapy (26 patients) or propranolol
monotherapy (27 patients). Before and 3 months after the administration of the planned medication, the hepatic venous
pressure gradient (HVPG) was assessed in both groups. The dose of propranolol was subsequently increased from 20 mg
bid until the target heart rate was reached, and the candesartan dose was fixed at 8 mg qd. The primary endpoint was
the HVPG response rate; patients with an HVPG reduction of >20% of the baseline value or to <12 mmHg were defined
as responders.

Results: The mean portal pressure declined significantly in both groups, from 16 mmHg (range, 12-28 mmHg) to 13.5
mmHg (range, 6-20 mmHg) in the combination group (P<0.05), and from 17 mmHg (range, 12-27 mmHg) to 14 mmHg
(range, 7-25 mmHg) in the propranolol monotherapy group (P<0.05). However, the medication-induced pressure reduction
did not differ significantly between the two groups [3.5 mmHg (range, -3-11 mmHg) vs. 3 mmHg (range, -8-10 mmHg),
P=0.674]. The response rate (55.6% vs. 61.5%, P=0.435) and the reductions in mean blood pressure or heart rate also did
not differ significantly between the combination and monotherapy groups.

Conclusions: The addition of candesartan (an ARB) to propranolol confers no benefit relative to classical propranolol
monotherapy for the treatment of portal hypertension, and is thus not recommended. (Clin Mol Hepatol 2014;20:376-383)

Keywords: Portal hypertension; Angiotensin receptor blocker; Non-selective beta blocker; Cirrhosis; Hepatic venous
pressure gradient

Abbreviations: Corresponding author : Moon Young Kim

ARB, angiotensin receptor blocker; AT1-R, angiotensin Il type 1 receptor; Department of Internal Medicine, Yonsei University Wonju College of
HVPG, hepatic venous pressure gradient; HSC, hepatic stellated cells; Medicine, Wonju Severance Christian Hospital, 20 llsanro, Wonju 220-701,
IHR, intrahepatic résistance; NSBB, non-selective beta blocker; PH, Korea

portal hypertension; RAA, renin-angiotensin-aldosterone Tel: +82-33-741-1229, Fax: +82-33-745-1228

E-mail: drkimmy@yonsei.ac.kr

*Jae Hyun Kim and Jung Min Kim contributed equally to this study.

Received : Nov. 13,2014/ Revised : Dec. 8, 2014/ Accepted: Dec. 9, 2014

Copyright © 2014 by The Korean Association for the Study of the Liver
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0/)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



INTRODUCTION

Portal hypertension (PH) is a critical prognostic factor for pa-
tients with cirrhosis.” The risk of PH related complications increas-
es when hepatic venous pressure gradient (HVPG) elevates to
more than 10 mmHg.** Variceal bleeding is one of the most com-
mon and severe complications in patients with cirrhosis. The mor-
tality rate of acute variceal bleeding reaches about 25%.%” An in-
crease of portal pressure depends on elevated intrahepatic
resistance (IHR) and amount of portal blood flow into the liver.
Non-selective beta blocker (NSBB) decreases the latter one
through reduction of cardiac output and splanchnic vasoconstric-
tion and consequently reduces PH. Although NSBB is still the most
essential medical approach in the management of PH until now,
the response rate is just about 50-60% and only reduction of
portal blood flow cannot satisfy clinical demands,® and the needs
for development of new medical approach especially to decrease
IHR have increased.

The renin-angiotensin-aldosterone (RAA) system plays multiple
key roles in the pathogenesis of chronic liver disease and portal
hypertension. Angiotensin Il which act on angiotensin Il type 1 re-
ceptor (AT1-R) is a main actor in RAA system and elevated in liver
cirrhosis.”® Increased angiotensinil accelerates hepatic fibrosis by
activation of hepatic stellated cells (HSCs) and producing of extra-

Exclusion:
Refuse informed consent (n=64)

Liver cirrhosis (n=231)

EGD<F1 (n=50)
Liver failure (n=11)
SBP (n=38)
Hepatic encephalopathy (n=12)

EF<50% (n=13)
Malignancy (n=12)

Eligible patients (n=61)
HVPG measurement
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cellular matrix. In addition, the activated HSC by angiotensin Il
contracts and induce the increase of IHR.""" For this reason, The
regulation of Angiotensin Il using AT1-R blockers (ARB) has been
expected as a new medical approach in the management of portal
hypertension by decrease of IHR.” However, AT1-R blockers alone
did not show better effect than NSBB through many previous
studies.”"*"® Therefore, this study aimed to identify the combina-
tion effect of ARB and NSBB comparing with NSBB monotherapy
in reducing of PH.

PATIENTS AND METHODS
Study population

Patients between 19 and 75 years of age with liver cirrhosis
who visited the Wonju College of Medicine Wonju Severance
Christian Hospital from January 2009 to July 2012 were consid-
ered eligible for the study. All cirrhotic patients who admitted hos-
pital to get an intensive examination for PHT or to manage the al-
ready developed PHT related complications such as variceal
hemorrhage or ascites were consider for this study. The target in-
clusion criteria were any etiology originated cirrhotic patients who
needed anti-portal hypertension therapy with severe portal hyper-

HVPG<12 mmHg excluded (n=8)

and randomized into two groups

HVPG=12 mmHg: Finally enrolled (n=53),

Randomization

Combination therapy group (n=27)

Monotherapy group (n=26)

Figure 1. Flow chart of study. EF,
ejection fraction; SBP, spontaneous

After 3 months, 25 completed follow-up HVPG
2 were withdrawn,
(1 for ingestion of alcohol, 1 for lost to follow-up)

After 3 months, 24 completed follow-up HVPG

(1 for ingestion of alcohol, 1 for lost to follow-up)

bacterial peritonitis; EGD, esophago-
gastroduodenoscopy; HVPG, hepat-
ic venous pressure gradient; NSBB,
non-selective beta blocker.
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tension more than 12 mmHg in HVPG. The diagnosis of liver cir-
rhosis was confirmed in 231 patients by liver biopsy and the pres-
ence of varices in the esophagogastroduodenoscopy, laboratory
data, or image studies, including ultrasonography and computer
tomography (CT) scans, in the others. Patients who did not pro-
vide informed consent or had hepatocellular carcinoma, other ma-
lignancies within the past 3 years, severe hepatic failure (serum
bilirubin level >5 mg/dL or hepatic encephalopathy), thrombosis in
the inferior vena cava or hepatic or portal vein, uncontrolled infec-
tious conditions (such as spontaneous bacterial peritonitis or sep-
sis), heart failure greater than NYHA class Ill, acute renal failure or
severe chronic renal failure (eGFR <30 mL/min/1.73 m?), uncon-
trolled hypertension, pregnancy or lactation, or any other medical
or psychiatric problems deemed to be unsuitable for clinical study
were excluded. After all exclusions, 61 patients were ultimately
enrolled in this study (Fig. 1). For 61 patients, the measurement of
hepatic venous pressure gradient (HVPG) was undertaken with
general basic serologic and radiologic tests. As a result, 8 patients
who showed HVPG less than 12 mmHg were excluded and finally
53 patients were enrolled. Of 53 enrolled patients, the etiology of
cirrhosis was classified 3 groups. 43 patients were alcoholic cause,
8 patients were B viral cause and 2 patients were mixed cause (al-
cohol+ B viral). And subjects with varix were 21 in monotherapy
group, 26 in combination group. Subjects with variceal bleeding
history were 1 in monotherapy group, 7 in combination group.
Subjects with ascites were 14 in monotherapy group, 16 in combi-
nation group.

The presented study was approved by the institutional review
board (IRB) for human research at the Yonsei University Wonju
Severance Christian Hospital and written informed consent for the
treatment and examination was obtained in all patients.

Study design

This study was done prospectively as a randomized open-la-
beled controlled trial involving one center in Republic of Korea.
The primary endpoint was to compare response rate (%) between
two groups based on follow-up HVPG after a 3-month of treat-
ment. The response was defined when HVPG was reduced more
than 20% from baseline or to an absolute value of less than 12
mmHg. The study groups were composed of two depends on the
anti-PH medication. One was combination group of candesartan
and propranolol and the other was propranolol monotherapy
group. Baseline and follow up HVPG after 3 months medication
were measured in all enrolled patients. After measurement of
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baseline HVPG, patients were randomized into two groups by the
pharmacy at Wonju Severance Christian Hospital using serially
numbered sealed envelopes in batches that designated a patient
to one of two treatments. Combination therapy of oral candesar-
tan and propranolol was given to 26 patients, and monotherapy
of propranolol was given to 27. In combination group, 8 mg of
candesartan was given daily to all patients with propranolol. The
initial dose of propranolol was 40 mg a day and it was elevated by
additional 40mg every other day to a maximum dose of 360mg to
reach 25% reduction from baseline heart rate or minimal heart
rate of 55 beats per minute to both combination and monotherapy
groups. If a patient was intolerable or had less than 55 beats of
heart rate per minute or systolic blood pressure of less than
90mmHg, the dose of propranolol was gradually reduced to the
level which was tolerable to the patient. If the abnormal response
persisted despite of dose reduction, the drug was temporarily dis-
continued. When the symptoms and signs improved, the drug was
reintroduced in a dose less than the dose that caused the abnor-
mal response. If the response occurred again during dose modifi-
cation, the patient was dropped from the study. After 3 months
later 2 patients (1 for ingestion of alcohol, 1 for lost to follow up)
in combination therapy group and 2 patients (1 for ingestion of al-
cohol, 1 for intolerance) in monotherapy group were withdrawn.
Then 25 patients of combination therapy group and 24 patients of
monotherapy group were completed study with follow up HVPG
measurement and entered data analysis (Fig. 1).

Hepatic venous pressure gradient measurement

All enrolled patients underwent measurement of HVPG between
the 7"-10"days of admission. HVPG was measured after an over-
night fast. The right HV was catheterized per cutaneously through
the femoral vein, and pressure was recorded in both the wedged
position and the free position with a 7-F balloon-tipped catheter
(Arrow International, Erding, Germany). All measurements were
performed at least in triplicate, and permanent tracings were ob-
tained on a multichannel recorder. HYPG was determined by sub-
tracting the free HV pressure from the wedged HV pressure.”
The coefficient of variation of HYPG measurement was 7%.

Statistical analysis
Categorical variables were expressed as proportions. Continu-

ous variables were expressed as the median, range. Because of
small numbers included patients in both, we used non-parametric
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analysis. To compare differences between two groups, continuous
data were analyzed using Mann-Whitney U test, while categorical
data were analyzed using the chi-square and Fisher exact tests.
The Wilcoxon test was conducted to compare paired continuous
variables within a group. P-value of less than 0.05 was taken to
indicate a statistically significant difference. Statistical analysis
was performed with IBM SPSS Statistics 20 (SPSS Inc., Chicago, IL,
USA).

Table 1. General characteristics of the patients

Jae Hyun Kim, et al.
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RESULTS
General characteristics of subjects

There was no difference in general characteristics between the
combination and propranolol monotherapy group (Table 1). The mean
dose of propranolol was 140 (80-240) mg in combination therapy
group and 160 (80-280) mg in monotherapy group (P=0.344).

Monot::tazl;))l group Combl?;:;;\)group Povalue

Age, years 52 (43-66) 56 (43—67) 0173
Sex ratio (%) 21(77.8):6(22.2) 25(96.2):1(3.8) 0.048
Propranolol dose (mg) 160 (80—280) 140 (80—240) 0.344
Mean BP (mmHg)

Baseline 86.7 (63.3-96.7) 88.3(63.3-113.3) 0.183

Follow up 83.3 (66.7-110) 83.3 (60—-123.3) 0.795
Heart rate

Baseline 75 (65—-90) 80 (64—898) 0.097

Follow up 70 (50—84) 69 (50-97) 0.536
Child-Pugh class (A/B/C) 13/14/0 7/15/4
Child-Pugh score

Baseline 7(5-12) 7 (5-15) 0.25

Follow up 5(5-9) 6 (5-9) 0.693
MELD score

Baseline 9(6-18) 10 (2-16) 0.157

Follow up 8 (6—16) 9 (5-16) 0.06
Etiology (%)

Alcohol 19 (70.4) 24(92.3)

HBV 6(22.2) 2(7.7)

Alcohol + HBV 2(74) 0(0)
Albumin (g/dl) 33(25-43) 32(2.3-37) 048
Prothrombin time (INR) 113 (0.92-1.51) 1.24 (1.05—1.50) 0.094
Creatinine

Baseline .7 (04-3.1) 7 (04-1.1) 0.391

Follow up 7(0.5-27) 9(0.5-2.2) 0.002
Platelet count (/mm?) 91000 (52000—262000) 90500 (31000—368000) 0403
AST (U/L) 53 (25-168) 55.5 (25-188) 0.769
ALT (U/L) 20 (5-172) 27 (10—-205) 0.533
Na (mmol/L)

Baseline 139 (134-144) 138 (130-144) 0.246

Follow up 139 (133-144) 141 (131-145) 0.053

HVPG, hepatic venous pressure gradient; INR, international normalized ratio; AST, aspartate transaminase; ALT, alanine transaminase; Na, sodium.
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Table 2. Comparison of the change in the hepatic venous pressure gradient between the propranolol monotherapy group and the propranolol and

candesartan combination therapy group

Monotherapy group Combination group P-value

No. of patients 26
HVPG (mmHg)

Baseline 17 (12-27) 16 (12-28) 0.694

Follow up 14 (7-25) 13.5 (6—20) 0914
The change of HYPG (mmHg) 3 (-8-10) 5 (-3-11) 0.674
The change of HVPG (%) 22.2 (-66.6—-58.8) 21.8 (-18.7—60) 0.783
The change of mean blood pressure (mmHg) 0(-30-23) 6 (-26.6—334) 0.079
The change of heart rate 4 (-10-30) 0 (-17-30) 0.090

HVPG, hepatic venous pressure gradient.

P<0.001 P<0.001
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Figure 2. Comparison of the HVPG (mmHg) between baseline and 3
months after treatment in each group. The HVPG reduced significantly in
both groups after 3 months of treatment (P<0.007). In the combination
group, the HVPG reduced from 16 mmHg (range, 12-28 mmHg) to 13.5
mmHg (range, 6-20 mmHg) after 3 months of treatment with propranolol
plus candesartan (P<0.001). In the propranolol monotherapy group, the
HVPG reduced from 17 mmHg (range, 12-27 mmHg) to 14 mmHg (7-25
mmHag) after 3 months of treatment (P<0.001).

Treatment response between two groups

Response rates were 61.5 % (16 out of 26) in combined therapy
group, and 55.6 %(15 out of 27) in propranolol monotherapy
group (P=0.435). In combination group, the HVPG reduced signifi-
cantly from 16 (12-28) mmHg to 13.5 (6-20) mmHg after 3
months treatment (P<0.001). The monotherapy group also
showed significant reduction in HVPG from 17 (12-27) mmHg to
14 (7-25) mmHg (P<0.001) (Fig. 2). However, the reduced pres-
sure by medication between the two groups had no significance
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difference (P=0.674). In addition, the relative pressure change
rates by HVPG were 22.2 (-66.6-58.8)% in the monotherapy
group and 21.8 (-18.7-60)% in the combination group, and there
was no significance difference (P=0.783) (Fig. 3.). Mean blood
pressure and reduction in pulse rate also showed no statistical dif-
ference between the two groups. Child-Pugh and MELD score
change also showed no difference between two groups (Table 2).

Adverse reactions

In propranolol monotherapy group, there were two cases of or-
thostatic dizziness, two cases of generalized weakness, and a case
of acute bradycardia. Incombined group, there were two cases of
acute bradycardia, and two cases of orthostatic dizziness. The re-
lated symptoms were managed. In both groups there was no he-
patic failure or AV block.

DISCUSSION

Prevention of variceal growing and bleeding is very crucial in
managing and treating patients with cirrhosis. NSBB is the only
generally recommended medication to reduce increased portal
pressure, and lowers portal pressure mainly through attenuation
of portal blood flow.” The use of NSBB demonstrated a mean re-
duction in portal pressure of 15%,”“and a satisfactory hemody-
namic response was observed in about 58% of patients with cir-
Moreover, about 15% of these patients were either
hypersensitive to NSBB or unable to continue the treatment. In

rhosis.”
addition, NSBB is known to unable to prevent the occurrence of

new varices.”
For this reason, a number of studies have been undertaken to

http://www.e-cmh.org
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Figure 3. Comparison of the change in HYPG (mmHg) and in the change ratio of HVPG after 3 months of therapy to reduce portal hypertension. A
Both treatment groups exhibited significant changes in the mean HVPG: by 3.5 mmHg (range, -3-11 mmHg) in the combination therapy group, and by 3
mmHg (range, -8-10 mmHg) in the monotherapy group, with no significant difference between the two groups (P=0.674). B The change ratio of HVPG
was also significantly altered in both groups: by 6.6% (range, -26.6-33.4%) in the combination therapy group, and by 22.2% (range, -66.6-58.8%) in the
monotherapy group, also with no significant difference between the groups (P=0.783).

develop a new medical therapy for portal hypertension. In this re-
gard, the potential improvement in resistance to blood flow within
the liver has increasingly drawn attention. IHR is composed of two
components. One is static component by extracellular matrix de-
position and structural changes of hepatic sinusoids. The other is
relatively dynamic and reversible portion which is caused by sinu-
soidal twist and contraction by activated HSCs which play the key
role in hepatic fibrosis.”"* The former and the latter account for
about 70-80% and 20-30% of total intrahepatic resistance, re-
spectively. Therefore, theoretically, the inhibition of HSCs can alle-
viate PH by reducing IHR. Angiotensin Il is the substance that has
an ultimate effect in the RAA system, and is known to be involved
in pathologic mechanism of increasing IHR in chronic liver diseases
by inducing the contraction of HSCs."

ARBs like irbesartan and losartan have been tested with the aim
to reduce portal pressure in many clinical trials. Almost studies
studied about the HVPG response rate with ARB monotherapy,
however the results were controversial. Some studies showed ben-
efit effect' " but other papers showed that ARB was not appro-
priate to clinical use because of hazard effects such as hypoten-
sion and renal impairment with”® or without portal pressure
reduction."™***" As mentioned above, in the all previous study
ARB was applied alone, and the effective dose was too high and
resulted many complications such as renal impairment. Therefore
in the present study we tried to compare ARB and NSBB combina-
tion therapy with NSBB monotherapy for the first time. We aimed
to investigate whether the combination therapy with just safe
range dose of ARB and standard dose of NSBB could reduce both
intrahepatic resistance and portal blood flow and show better

http://www.e-cmh.org

HVPG response rate compared to NSBB monotherapy. Therefore,
we fixed the dose of candesartan as daily 8 mg to prevent renal
complication, and we added and elevated propranolol dose de-
pend on patients hemodynamic condition in combination group.

As a result, the rates and features of side effects were similar
between two groups. The biochemical examination, liver and renal
functions, electrolyte balance as well as blood cell contents did
not change in either group. In addition, no serious side effects, in-
cluding renal failure or hepatic decompensation, were noted.
Mean blood pressure changed mildly but significantly between the
initiation and completion of the study. However, no patient had a
hypotensive reaction that required cessation of medication during
treatment, which is indicative of good tolerance. Candesartan ad-
ministration was deemed to be safe in terms of circulatory hemo-
dynamics as well as liver function in patients with liver cirrhosis
with PH.

However, the addition of candesartan to propranolol did not
show additional effect in the lowering of PH. The result could be
explained by several reasons. First of all, we need to think about
the dose of candesartan. Unlike propranolol, as mentioned above,
to avoid renal complication ARB dose was fixed as same dose in
all enrolled patients. We previously reported the beneficial effects
of ARB on hepatic fibrosis in a rat model and clinical trial."*** Of
the ARBs, candesartan is a potent long-lasting selective agent,
which can produce strong antagonism because of its tight binding
and slow dissociation from AT1-Rs. Therefore, its doses (8 mg
once a day) were lower than those of other antagonists®”' but it
showed enough effect in anti-fibrosis. We predicted its dose
would be also enough to the intrahepatic resistance and PH. How-
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ever, the result between anti-fibrotic effect and anti-portal hyper-
tensive effect was different and there is a possibility that the dose
of ARB was not enough to reduce the HSC contractility and intra-
hepatic resistance. The pharmacokinetic individuality of candesar-
tan also might affect the results.

In the line of above reason, per oral administration of ARB to
the level that reduces the intrahepatic resistance probably needs
very high dose however it is impossible in clinical practice because
of risk of too severe hypotension and serious renal problem. It
suggests the limitation of ARB in the application of PH treatment.

In addition, ARB absorbed through gastrointestinal tract can act
with so many AT1-R in splanchnic organ before it arrives at portal
blood flow into liver and it can also induce to unexpected direction
in hemodynamics and aggravation of hyperdynamic circulation.
Therefore, when we put together all above thing, special delivery
system to carry ARBs into the liver at an optimum level needs to be
developed in order to ensure desirable effect of ARB by applying
clinically desirable dose without other organs side effects.

This study has several limitations. First of all, this study was per-
formed without statistical design for proper sample size and we
cannot deny the possibility that this point attenuated the statisti-
cal results and power. In addition, the fixation of ARB dose can be
another limitation of this study to investigate the effect of combi-
nation therapy.

In conclusion, in the present study, the combined therapy of
candesartan, an ARB and propranolol, showed significant de-
crease in HVPG after 3 months therapy; however the response
rate was not better than propranolol monotherapy. ARB additional
therapy to NSBB seems less effective within the traditional clinical
dose and administration method and further well designed study
for variable ARB's dose and clinical situation need to be followed.
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