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Abstract Background: Between 5% and 20% of patients treated with angiotensin-converting enzyme inhibitors (ACE

inhibitors) develop intolerance. Angiotensin II type 1 receptor antagonists (angiotensin receptor blockers

[ARBs]) can be used as an alternative treatment.

Objective: In this study we aimed to evaluate the tolerability of ARBs in patients with intolerance to ACE

inhibitors.

Data Sources: The electronic databases PubMed, MEDLINE/EMBASE via Dialog, CENTRAL, and ISI

Web of Knowledge were searched.

Study Selection:Randomized controlled trials (RCTs) evaluating ARBs in patients with intolerance to ACE

inhibitors were selected.

Data Synthesis: Risk ratio (RR) and 95% confidence intervals (CIs) were estimated assuming the random

effects method. We found 11 RCTs comparing ARBs with ACE inhibitors, diuretics, or placebo, and one

RCT comparing high-dose versus low-dose ARB.

Results:ARBs had fewer cough events versus ACE inhibitors (RR 0.37; 95%CI 0.28, 0.48). ARBs had drug

discontinuation (RR 0.99; 95% CI 0.84, 1.17) and cough risk (RR 1.01; 95% CI 0.74, 1.39) rates similar to

placebo. Angioedema risk with ARBs was also similar to placebo (RR 1.62; 95%CI 0.17, 15.79). Compared

with placebo, hypotension (RR 2.63; 95%CI 1.77, 3.92), renal dysfunction (RR 2.07; 95%CI 1.45, 2.95) and

hyperkalemia (RR 3.37; 95% CI 1.60, 7.11) were more frequent with ARBs.

Conclusions:ACE inhibitor rechallenge should be discouraged in patients with previous intolerance to ACE

inhibitors due to a higher risk of cough. ARBs had cough and angioedema incidences similar to placebo.

Despite a significantly higher incidence of hypotension, renal dysfunction and hyperkalemia, discontinuation

of ARBs was similar to placebo.

1. Introduction

The renin-angiotensin-aldosterone system (RAAS) plays an

important role in the development and progression of cardio-

vascular diseases.[1] Angiotensin-converting enzyme (ACE)

inhibitors and angiotensin II type 1 receptor antagonists (angio-

tensin receptor blockers [ARBs]) are used to block the RAAS and

to prevent cardiovascular events.[1-3]

About 5–20% of patients treated with ACE inhibitors have

intolerance to these drugs, frequently due to dry cough, angi-

oedema, hypotension, hyperkalemia, or renal dysfunction.[4-7]

In ACE inhibitor-intolerant patients, ARBs can be prescribed

to maintain RAAS blockade in order to decrease cardio-

vascular risk.[8] ARBs are safe drugs with a general safety profile

at least similar to that of ACE inhibitors, as the VALIANT

(Valsartan inAcuteMyocardial InfarctionTrial), OPTIMAAL
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(Optimal Therapy in Myocardial Infarction with the Angio-

tensin IIAntagonist Losartan), andONTARGET (theOngoing

Telmisartan Alone and in Combination with Ramipril Global

Endpoint Trial) trials have shown.[9-11] Some adverse effects

result from RAAS blockade and patients intolerant to ACE

inhibitorsmay bemore likely to experience these adverse effects.

In the CHARM (Candesartan in Heart Failure Assessment of

Reduction in Mortality and Morbidity) program, the incidence

of candesartan discontinuation in patients intolerant to ACE

inhibitors in the CHARM-Alternative trial was 21.5% com-

pared with 17.8% in the CHARM-Preserved population, which

included tolerant and intolerant patients, respectively.[12,13]

The literature lacks a systematic review and discussion about

these issues in this specific population. As more extended in-

formation on safety and tolerability of ARBs in these patients is

required, we aimed to add powered andmore precise data to the

actual literature on this topic. For this purpose we systemati-

cally reviewed the safety profile of ARBs in patients with in-

tolerance to ACE inhibitors through analysis of randomized

controlled trials (RCTs).

2. Methods

2.1 Eligibility Criteria

We searched for RCTs evaluating ARBs in patients with in-

tolerance to ACE inhibitors. Controls were allowed to be other

ARBs, different ARB dose, another active drug, or placebo.

We accepted each study definition of intolerance to ACE

inhibitors regardless of specific type of manifestation. We did

not establish any limits regarding language or follow-up. We

focused on clinical and laboratory adverse events of interest.

Analysed outcomes were discontinuation due to adverse

events, cough, angioedema/anaphylaxis, hypotension, renal

dysfunction, and hyperkalemia. The relapse of the adverse

event relative to the baseline manifestation of ACE inhibitor

intolerance was also studied.

2.2 Information Sources and Search Method

The following databases were searched to retrieve studies:

PubMed, MEDLINE/EMBASE via Dialog, CENTRAL, and

ISI Web of Knowledge. The search was initiated in October

2010, and the last search to update the review with new trials

was performed in March 2011. References of obtained studies

were also searched for any missing trials. See Supplemental

Digital Content 1, for details of the search method, http://

links.adisonline.com/CHZ/A1.

2.3 Studies and Data Selection

The title and abstract of obtained trial citations were

screened by two investigators. Full-text assessment of poten-

tially eligible studies determined inclusion in the systematic

review and meta-analysis in accordance with outlined criteria.

We extracted detailed data about analyzed interventions,

characteristics of the patients, reasons for intolerance, follow-

up and primary outcome, and quantitative data related to se-

lected outcomes. Data entry into software was double-checked.

All disagreements were resolved by consensus.

The reported methodological quality was assessed using the

Jadad score.[14]

2.4 Quantitative Data Synthesis

RevMan software version 5.0.23 (Copenhagen, Nordic Co-

chrane Centre, Cochrane Collaboration) was used to calculate

the risk ratio (RR). Results of individual studies and pooled

analysis were expressed using 95% confidence intervals (CIs).

When cells with a value of zero were present in one arm, RevMan

automatically added 0.5 to each cell to perform calculations.

Meta-analyses were based on the random effects model due

to the different characteristics of study populations with regard

to reason for intolerance. Statistical heterogeneity was con-

sidered when I2 > 50%.

We planned to analyze outcomes according to different

ARBs, ARB dose, and diseases evaluated in the included trials,

particularly hypertension and heart failure.

The chi-squared (w2) test with p-value interaction <0.05 was

used to explore differences in the effects of different ARBs or

different ARB dosages.

3. Results

3.1 Search

After title and abstract screening of citations obtained in

PubMed, MEDLINE/EMBASE via Dialog, CENTRAL, and

ISI Web of Knowledge, 27 studies were selected for full-text

assessment, after which 15 studies were rejected. Two of the

rejected studies were retrospective analyses of patients with

previous angioedema due to ACE inhibitors, one evaluated

different ACE inhibitors in patients with ACE inhibitor-induced

cough, and 12 evaluated other drugs to suppress manifestations

of intolerance to ACE inhibitors such as non-steroidal anti-

inflammatory drugs, theophylline, capsaicin, baclofen, iron, or

sodium cromoglycate.
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Twelve studies were eligible to include in the systematic re-

view.[12,15-27] The data from one RCT were published in three

articles.[15-17] Figure 1 illustrates the phases of study selection.

One included RCT, the HEAAL (Heart Failure End Point

Evaluation of Angiotensin II Antagonist Losartan) study,

evaluated different doses of the same ARB, losartan,[27] and the

remaining 11 RCTs evaluated an ARB against other drugs/
placebo in patients with intolerance to ACE inhibitors.[12,15-26]

We did not find any study comparing different ARBs in this

population.

3.2 Characteristics of the Studies

Seven RCTs had data for ARBs versus ACE inhibitor com-

parison,[15-23] and ten RCTs were used to compare ARBs with

controls that were not directly related to the RAAS such as

diuretics or placebo.[12,15-26] Table I summarizes the main

characteristics of the trials.

Due to heterogeneity in the patients included in the trials and

the use of different ARBs with different dosages, clinical

heterogeneity was assumed and we performed a meta-analysis

using a random effects model irrespective of the I2 value.

3.3 ARB versus ACE Inhibitor/Diuretic/Placebo

A comparison of ARBs versus ACE inhibitors included 564

patients (281 vs 283 respectively). Studies that compared ARBs

with placebo or active drugs without direct effect on the RAAS

evaluated 8845 patients: 4433 in the ARBs arm and 4412

patients in the control arm.

With the exception of Val-HeFT (Valsartan Heart Failure

Trial), all trials enrolled patients with confirmed previous in-

tolerance to an ACE inhibitor. The Val-HeFT substudy in-

cluded patients whowere not previously takingACE inhibitors.

This trial was the first to propose an ARB for cardiovascular

protection in this specific population.[24] A sensitivity analysis

excluding the Val-HeFT subgroup was carried out.

Population size and follow-up varied between studies.

The smallest trial enrolled 84 patients and had a follow-up of

12 weeks.[19] Benz et al.[18] and Rake et al.[23] conducted trials

PubMed
(n = 279)

EMBASE/MEDLINE
via Dialog (n = 807)

Title and
abstract screening

Eligibility

Included

Studies included in
quantitative synthesis

(meta-analysis)
(n = 11)

Full-text articles assessed
for eligibility

(n = 27)

Full-text articles excluded:
   Retrospective studies (n = 2)
   Trial testing different ACE

inhibitors (n = 1)
   Other interventions (n = 12)

NSAID (n = 5)
Theophylline (n = 2)
Capsaicin (n = 2)
Iron (n = 1)
Sodium cromoglycate
(n = 1)
Baclofen (n = 1)

Studies included in
qualitative synthesis

(n = 12)

One study compared different
doses of ARB losartan, HEAAL

CENTRAL
(n = 169)

ISI Web of Science
(n = 220)

Fig. 1. Flowchart showing study selection. ACE = angiotensin-converting enzyme; ARB= angiotensin II type 1 receptor antagonist (angiotensin receptor

blocker); NSAID= non-steroidal anti-inflammatory drug. References: Benz et al.[18]; Chan et al.[19]; Paster et al.[20]; Rake et al.[23]; Tanser et al.[22]; SPICE[25];

TRANSCEND[26]; Val-HeFT[24]; CHARM-Alternative.[12]

ARBs in Patients Intolerant to ACE Inhibitors 265

Adis ª 2012 Springer International Publishing AG. All rights reserved. Am J Cardiovasc Drugs 2012; 12 (4)



T
a
b
le

I.
M
a
in

c
h
a
ra
ct
e
ri
st
ic
s
o
f
th
e
s
tu
d
ie
s
in
c
lu
d
e
d
in

th
e
s
y
s
te
m
a
ti
c
re
v
ie
w

T
ri
a
l

L
o
s
a
rt
a
n
c
o
u
g
h

s
tu
d
y
g
ro
u
p
[1
5
-1
7
]

B
e
n
z
e
t
a
l.
[1
8
]

C
h
a
n
e
ta

l.
[1
9
]
P
a
s
te
r

e
t
a
l.
[2
0
]

T
e
lm

is
a
rt
a
n

c
o
u
g
h
g
ro
u
p
[2
1
]

T
a
n
s
e
r

e
t
a
l.
[2
2
]

R
a
k
e
e
t
a
l.
[2
3
]
V
a
l-
H
e
F
T
n
o
n
-

A
C
E
in
h
b
it
o
r

s
u
b
g
ro
u
p
[2
4
]

S
P
IC
E
[2
5
]

C
H
A
R
M
-

A
lt
e
rn
a
ti
v
e
[1
2
]

T
R
A
N
S
C
E
N
D
[2
6
]
H
E
A
A
L
[2
7
]

Y
e
a
r

1
9
9
4
/1
9
9
5

1
9
9
7

1
9
9
7

1
9
9
8

1
9
9
9

2
0
0
0

2
0
0
1

2
0
0
2

2
0
0
0

2
0
0
3

2
0
0
8

2
0
0
9

P
o
p
u
la
ti
o
n

H
y
p
e
rt
e
n
s
io
n
a
n
d

A
C
E
in
h
ib
it
o
r-

in
d
u
c
e
d
c
o
u
g
h

H
y
p
e
rt
e
n
s
io
n
a
n
d

A
C
E
in
h
ib
it
o
r-

in
d
u
c
e
d
c
o
u
g
h

E
ld
e
rl
y

h
y
p
e
rt
e
n
s
iv
e

p
a
ti
e
n
ts

a
n
d

A
C
E

in
h
ib
it
o
r-

in
d
u
c
e
d

c
o
u
g
h

H
y
p
e
rt
e
n
s
io
n

a
n
d
A
C
E

in
h
ib
it
o
r-

in
d
u
c
e
d

c
o
u
g
h

U
n
c
o
m
p
lic
a
te
d

m
ild

to

m
o
d
e
ra
te

h
y
p
e
rt
e
n
s
io
n

a
n
d
A
C
E

in
h
ib
it
o
r-

in
d
u
c
e
d
c
o
u
g
h

H
y
p
e
rt
e
n
s
iv
e

p
a
ti
e
n
ts

w
it
h

A
C
E
in
h
ib
it
o
r-

in
d
u
c
e
d

c
o
u
g
h

H
y
p
e
rt
e
n
s
iv
e

p
a
ti
e
n
ts

w
ith

h
is
to
ry

o
f

A
C
E
in
h
ib
ito

r-

in
d
u
c
e
d

c
o
u
g
h

H
F
(N

Y
H
A
‡
II
)

w
it
h
E
F
<4

0
%
,

n
o
t
ta
k
in
g
A
C
E

in
h
ib
it
o
rs

P
a
ti
e
n
ts

w
it
h

in
to
le
ra
n
c
e
to

A
C
E
in
h
ib
it
o
rs
.

H
F
(N

Y
H
A
‡
II
)

w
it
h
E
F
<3

5
%

P
a
ti
e
n
ts

w
it
h

in
to
le
ra
n
c
e
to

A
C
E
in
h
ib
it
o
rs
.

H
F
(N

Y
H
A
‡
II
)

w
it
h
E
F
£4

0
%

P
a
ti
e
n
ts

w
it
h

in
to
le
ra
n
c
e
to

A
C
E
in
h
ib
it
o
rs
.

P
a
ti
e
n
ts

w
it
h

h
ig
h
C
V
ri
s
k

P
a
ti
e
n
ts

w
it
h

in
to
le
ra
n
c
e
to

A
C
E

in
h
ib
it
o
rs
.

H
F
(N

Y
H
A
‡
II
)
w
it
h

E
F
£4

0
%

N
o
.
o
f
p
a
ti
e
n
ts

1
3
5

1
2
9

8
4

1
0
0

8
8

1
5
4

1
3
6

3
6
6

2
7
0

2
0
2
8

5
2
9
6

3
8
4
6

M
e
a
n
(S
D
)

a
g
e
,
y

5
6
.2

5
3
.6

7
3

5
7
.1

5
7
.6

(1
1
.6
)

6
0
(1
0
)

5
6
.6

6
7
.2

(1
0
.4
)

6
6
(8
)

6
6
.5

(1
1
)

6
9
.9

(7
.3
)

6
6

In
te
rv
e
n
ti
o
n
s

L
o
s
a
rt
a
n
5
0
m
g
v
s

lis
in
o
p
ri
l2

0
m
g
v
s

h
y
d
ro
c
h
lo
ro
th
ia
z
id
e

2
5
m
g

V
a
ls
a
rt
a
n
8
0
m
g
v
s

lis
in
o
p
ri
l1

0
m
g
v
s

h
y
d
ro
c
h
lo
ro
th
ia
zi
d
e

2
5
m
g

L
o
s
a
rt
a
n

5
0
m
g
v
s

lis
in
o
p
ri
l

1
0
m
g
v
s

m
e
to
la
z
o
n
e

1
m
g

L
o
s
a
rt
a
n

5
0
m
g
v
s

lis
in
o
p
ri
l

2
0
m
g
v
s

p
la
c
e
b
o

T
e
lm

is
a
rt
a
n

8
0
m
g
v
s

lis
in
o
p
ri
l2

0
m
g

v
s
p
la
c
e
b
o

C
a
n
d
e
s
a
rt
a
n

8
m
g
v
s

e
n
a
la
p
ri
l

1
0
m
g
v
s

p
la
c
e
b
o

E
p
ro
s
a
rt
a
n

3
0
0
m
g
v
s

e
n
a
la
p
ri
l

2
0
m
g
v
s

p
la
c
e
b
o

V
a
ls
a
rt
a
n

1
6
0
m
g
v
s

p
la
ce

b
o

C
a
n
d
e
s
a
rt
a
n

1
6
m
g
v
s

p
la
c
e
b
o

C
a
n
d
e
s
a
rt
a
n

3
2
m
g
v
s

p
la
c
e
b
o

T
e
lm

is
a
rt
a
n

8
0
m
g
v
s

p
la
c
e
b
o

L
o
s
a
rt
a
n
1
5
0
m
g
v
s

lo
s
a
rt
a
n
5
0
m
g

A
R
B

L
o
s
a
rt
a
n
5
0
m
g

V
a
ls
a
rt
a
n
8
0
m
g

L
o
s
a
rt
a
n

5
0
m
g

L
o
s
a
rt
a
n

5
0
m
g

T
e
lm

is
a
rt
a
n

8
0
m
g

C
a
n
d
e
s
a
rt
a
n

8
m
g

E
p
ro
s
a
rt
a
n

3
0
0
m
g

V
a
ls
a
rt
a
n

1
6
0
m
g

C
a
n
d
e
s
a
rt
a
n

1
6
m
g

C
a
n
d
e
s
a
rt
a
n

3
2
m
g

T
e
lm

is
a
rt
a
n

8
0
m
g

L
o
s
a
rt
a
n
1
5
0
m
g
v
s

lo
s
a
rt
a
n
5
0
m
g

F
o
llo
w
-u
p

8
w
k

6
w
k

1
2
w
k

8
w
k

8
w
k

8
w
k

6
w
k

2
2
.6
8
m
o

(m
e
a
n
)

1
2
w
k

3
3
.7

m
o

(m
e
d
ia
n
)

5
6
m
o

(m
e
d
ia
n
)

4
.7

y
(m

e
d
ia
n
)

R
e
a
s
o
n
s
fo
r

in
to
le
ra
n
c
e

U
n
c
o
n
fi
rm

e
d

in
to
le
ra
n
c
e

C
o
u
g
h
,
%

1
0
0

1
0
0

1
0
0

1
0
0

1
0
0

1
0
0

1
0
0

N
/A

6
7
.1
%

7
1
.7
5
%

8
8
.2
%

8
6
.0
%

A
n
g
io
e
d
e
m
a
/

a
n
a
p
h
y
la
x
is

N
/A

N
/A

N
/A

N
/A

N
/A

N
/A

N
/A

N
/A

4
.8
%

4
.1
%

1
.3
%

N
/A

H
y
p
o
te
n
s
io
n

N
/A

N
/A

N
/A

N
/A

N
/A

N
/A

N
/A

N
/A

1
5
.2
%

1
2
.9
%

4
.1
%

7
.0
%

R
e
n
a
l

d
y
s
fu
n
c
ti
o
n

N
/A

N
/A

N
/A

N
/A

N
/A

N
/A

N
/A

N
/A

1
1
.1
%

1
1
.6
%

1
.0
%

1
.0
%

P
ri
m
a
ry

o
u
tc
o
m
e

C
o
u
g
h

C
o
u
g
h
a
n
d
b
lo
o
d

p
re
s
s
u
re

C
o
u
g
h

C
o
u
g
h

C
o
u
g
h

C
o
u
g
h

Q
u
a
lit
y
o
f
lif
e

a
n
d
n
o
n
-

p
ro
d
u
c
ti
v
e

c
o
u
g
h

M
o
rt
a
lit
y
,
a
n
d

c
o
m
p
o
s
it
e
o
f

m
o
rt
a
lit
y
a
n
d

c
a
rd
io
v
a
s
c
u
la
r

m
o
rb
id
it
y

T
o
le
ra
b
ili
ty
,
th
e

p
e
rc
e
n
ta
g
e
o
f

ra
n
d
o
m
is
e
d

p
a
ti
e
n
ts

th
a
t

c
o
m
p
le
te

1
2
w
e
e
k
s

tr
e
a
tm

e
n
t

C
o
m
p
o
s
it
e

o
u
tc
o
m
e
:

m
o
rt
a
lit
y
o
r

h
o
s
p
ita

lis
a
ti
o
n

d
u
e
to

H
F

w
o
rs
e
n
in
g

C
o
m
p
o
s
it
e

o
u
tc
o
m
e
:
C
V

d
e
a
th
,

m
y
o
c
a
rd
ia
l

in
fa
rc
ti
o
n
,

s
tr
o
k
e
,
o
r

h
o
s
p
it
a
lis
a
ti
o
n

fo
r
h
e
a
rt
fa
ilu
re

C
o
m
p
o
s
it
e

o
u
tc
o
m
e
:
d
e
a
th

o
r

H
F
h
o
s
p
it
a
lis
a
ti
o
n

C
o
n
ti
n
u
e
d
n
e
x
t
p
a
g
e

266 Caldeira et al.

Adis ª 2012 Springer International Publishing AG. All rights reserved. Am J Cardiovasc Drugs 2012; 12 (4)



with the shortest follow-up: 6 weeks. TRANSCEND (Telmisartan

Randomized Assessment Study in ACE Intolerant Subjects

With Cardiovascular Disease) was the largest and the most

extensive trial, involving 5296 patients with high cardiovascular

risk who were followed over a mean of 56 months.[26] Across all

trials, the patients’ mean ages ranged between 53.6 and 73 years.

Some studies only enrolled patients with ACE inhibitor-

induced cough, but in studies that admitted patients with all

causes of intolerance, cough was the most common with event

rates above 60%. All studieswere designed to assess cough as the

primary outcome with the exception of the placebo-controlled

trials Val-HeFT, SPICE (Study of Patients Intolerant of Con-

verting Enzyme Inhibitors),[25] CHARM-Alternative, and

TRANSCEND.

Trials evaluating ARB versus ACE inhibitor only supplied

data of withdrawals and cough. No other data were obtained

for this comparison.

Reportedmethodological quality assessed by the Jadad scale

ranged between 3 and 4 points. All trials had at least 3 points on

the Jadad scale because they had randomized and blinded de-

signs, and reported patient dropout reasons or loss to follow-up

when these occurred. Trials rated at 4 points reported adequate

randomization methods.

Table II shows the summary of pooled analysis and event

rates according to treatments. None of the outcomes evaluated

presented statistical heterogeneity.

3.3.1 Discontinuation Due to Adverse Events

Meta-analysis showed a non-significant trend towards a

lower rate of ARB withdrawal due to adverse events compared

with ACE inhibitors. The pooled risk ratio was 0.47 (95% CI

0.18, 1.23) [figure 2].Most of the studies in this comparison hadat

least a zero-count cell or a single event in a treatment arm.

Therefore, as sample sizes for both treatments were not im-

balanced, we performed a meta-analysis using Peto’s odds ratio

(OR) estimate in order to obtain a less biased result.[28] The

pooled OR was statistically significant: 0.42 (95% CI 0.20, 0.88).

Discontinuation events were similar in patients treated with

ARBs, placebo (RR 0.99; 95%CI 0.84, 1.17), diuretics (RR 1.50;

95% CI 0.26, 8.52), or both placebo and diuretics (RR 0.99; 95%
CI 0.85, 1.15). Figure 2 shows the forest plot of themeta-analysis.

3.3.2 Cough

Cough was the only outcome with available data in all trials.

The RR of cough was 0.37 (95% CI 0.28, 0.48), favoring ARBs

instead of ACE inhibitors. The incidence of cough was 67%
with ACE inhibitors and, in the same trials, 24% with ARBs.
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ACE inhibitors to prevent a drug withdrawal due to cough.

This meta-analysis also showed that the cough risk was similar

in patients taking an ARB instead of placebo or a diuretic. The

pooled RR was 1.01 (95% CI 0.74, 1.39) for ARBs versus pla-

cebo, RR 1.01 (95% CI 0.76, 1.34) for ARBs versus diuretics,

and RR 1.01 (95% CI 0.76, 1.34) for ARBs versus placebo or

diuretics. The incidence of cough was 1.7% for placebo/diu-
retics and 1.9% with ARBs. Figure 3 shows the forest plot.

3.3.3 Angioedema

The risk of angioedemawas analyzed exclusively by placebo-

controlled trials. We analyzed 8320 patients with intolerance to

ACE inhibitors and angioedema was a rare event, with in-

cidences of 0.12% for ARBs and 0.07% for placebo. The RR

was 1.62 (95%CI 0.17, 15.79) [figure 4] and Peto’s OR was 1.66

(95% CI 0.41, 6.63).

Patients treated with ARBs had an angioedema risk similar

to those taking placebo.

3.3.4 Hypotension

Data from four studieswith 8590 patientswere pooled for hypo-

tension analysis. All these trials were placebo-controlled studies.

Only one study showed significant results favoring placebo.[12]

Meta-analysis demonstrated that, in comparison with pla-

cebo or diuretics, the use of ARBs in patients with previous

ACE inhibitor intolerance was associated with an increased

Table II. Summary of study results

ARBs vs other drugs/placebo RCTs References Patients RR (95% CI) Event rates (%)

Discontinuation due to adverse events (figure 2)

ARBs vs ACE inhibitor 5 18-20, 22, 23 428 0.47 (0.18, 1.23) 4.3 vs 10

ARBs vs placebo/diuretics 9 12, 18-20, 22-26 9015 0.99 (0.85, 1.15] 20.2 vs 21.2

ARBs vs diuretics 2 18, 19 140 1.50 (0.26, 8.52) 4.3 vs 2.9

ARBs vs placebo 7 12, 20, 22-26 8875 0.99 (0.84, 1.17) 20.9 vs 21.9

Cough (figure 3)

ARBs vs ACE inhibitor 7 15-23 564 0.37 (0.28, 0.48) 24.2 vs 66.8

ARBs vs placebo/diuretics 10 12, 15-24, 26 8845 1.01 (0.76, 1.34) 1.9 vs 1.7

ARBs vs diuretics 2 18, 19 140 1.00 (0.51, 1.95) 20 vs 20

ARBs vs placebo 8 12, 15-17, 20-24, 26 8339 1.01 (0.74, 1.39) 1.7 vs 1.4

Angioedema (figure 4)

ARBs vs placebo 3 12, 24, 26 8320 1.62 (0.17, 15.79) 0.07 vs 0.12

Hypotension (figure 4)

ARBs vs placebo 4 12, 24-26 8590 2.63 (1.77, 3.92) 2.3 vs 0.8

Renal dysfunction (figure 4)

ARBs vs placebo 3 12, 25, 26 8224 2.07 (1.45, 2.95) 2.2 vs 1.1

Hyperkalemia (figure 4)

ARBs vs placebo 2 12, 26 7954 3.37 (1.60, 7.11) 3.3 vs 1.1

Previous cough

ARBs vs ACE inhibitor 7 15-23 564 0.37 (0.28, 0.48) 24.2 vs 66.8

ARBs vs placebo/diuretics 8 12, 15-24 1980 1.05 (0.77, 1.44) 7.1 vs 5.5

ARBs vs diuretics 2 18, 19 140 1.00 (0.51, 1.95) 20 vs 20

ARBs vs placebo 6 12, 15-17, 20-23 1840 1.07 (0.75, 1.52) 6.1 vs 4.4

Previous angioedema

ARBs vs placebo 2 12, 26 216 3.01 (0.41, 22.39) 4.1 vs 0.8

Previous hypotension

ARBs vs placebo 2 12, 26 506 2.14 (0.85, 5.39) 5.7 vs 2.5

Previous renal dysfunction (figure 5)

ARBs vs placebo 2 12, 26 283 1.83 (1.01, 3.34) 19.6 vs 10.8

ACE= angiotensin-converting enzyme; ARB= angiotensin II type 1 receptor antagonist (angiotensin receptor blocker); CI = confidence interval; RCT=
randomized controlled trial; RR= risk ratio.
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incidence of hypotensive episodes (2.3% vs 0.8%). The RR was

2.63 (95% CI 1.77, 3.92) [figure 4].

3.3.5 Renal Dysfunction

In this outcome only one of the three included trials had

statistically significant results favoring placebo.[12] Pooled

analysis of three placebo-controlled trials with 8224 individuals

showed that ARBs may cause renal dysfunction in these

patients with a RR of 2.07 (95% CI 1.45, 2.95) [figure 4]. The

incidence was 2.2% for ARBs and 1.1% for placebo.

3.3.6 Hyperkalemia

In an analysis of hyperkalemia from CHARM-Alternative

and TRANSCEND, both trials showed significantly lower

Study or Subgroup
ARB

Events EventsTotal Total
Control

Weight
Risk Ratio

M-H, Random, 95% CI
Risk Ratio

M-H, Random, 95% CI

2.1.1 ARB vs ACE inhibitor
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Test for overall effect: Z = 0.46 (p = 0.65)

2.1.3 ARB vs placebo
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Fig. 2. Discontinuation due to adverse events. ACE =angiotensin-converting enzyme; ARB= angiotensin II type 1 receptor antagonist (angiotensin receptor

blocker); CI= confidence interval; M-H=Mantel-Haenszel.
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events in the placebo arm compared with an ARB. Meta-

analysis showed that ARBs are associated with a higher in-

cidence of hyperkalemia compared with placebo The RR was

3.37 (95% CI 1.60, 7.11) [figure 4]. The rate of events was 3.3%
for ARBs and 1.1% for placebo.

3.3.7 Relapse of Same Adverse Event

Table II shows the RRs of relapse of events with regard to

previous cough, angioedema, hypotension, and renal dysfunction.

Relapse of cough was significantly lower in patients treated

with ARBs versus ACE inhibitors (RR 0.37; 95%CI 0.28, 0.48)

Study or Subgroup
ARB Control Risk Ratio

M-H, Random, 95% Cl
Risk Ratio

M-H, Random, 95% ClEvents

9Benz et al.[18]
3.1.1 ARB vs ACE inhibitor

Benz et al.[18]
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Fig. 3. Forest plot of cough. ACE= angiotensin-converting enzyme; ARB= angiotensin II type 1 receptor antagonist (angiotensin receptor blocker); CI =
confidence interval; M-H=Mantel-Haenszel.
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and the incidence was 24.2% with ARBs versus 66.8% with

ACE inhibitors. Renal dysfunction relapse was significantly

higher in patients taking an ARB compared with placebo (RR

1.83; 95% CI 1.01, 3.34).

In the remaining outcomes no significant relapse differences

were found between ARB and control groups (figure 5).

3.4 Subgroup/Sensitivity Analysis

3.4.1 Arterial Hypertension

Comparisons between ARBs and ACE inhibitors only in-

cluded trials with hypertensive patients and results presented

for discontinuation due to adverse events and cough outcomes

under this comparison are the same as shown above, with a

significantly higher risk for cough in this group of patients with

ACE inhibitors and a trend towards drug discontinuation.

ARBs and placebo/diuretics share a similar risk of drug with-

drawal, cough, and cough relapse in hypertensive patients.

These data are detailed in table III.

3.4.2 Heart Failure

Studies that enrolled patients with heart failure were all

placebo-controlled and included only patients with systolic

dysfunction. Meta-analysis pooling these patients showed that

drug discontinuation, cough, and angioedema were similar

between ARBs and placebo. Hypotension (RR 3.32; 95% CI

2.03, 5.45), renal dysfunction (RR 2.15; 95% CI 1.41, 3.28),

and hyperkalemia (RR 6.35; 95% CI 1.88, 21.38) were sig-

nificantly more frequent with ARBs. Relapse of intolerance

events was based on data from the CHARM-Alternative

4.1.1 Angioedema

Study or Subgroup
ARB Placebo

Events Total Weight
Risk Ratio

M-H, Random, 95% CI
Risk Ratio

M-H, Random, 95% CIEvents

3 1013
2954
185

4152

1013
179

2954

4331
185

1015
91

2972

4259
181

1015
91

62

2972
4078

1015 37.4%
62.6%

100.0%

41.1%
3.7%

51.2%
4.0%

100.0%

64.7%
7.2%

28.1%
100.0%

26.5%

73.5%

0.01 0.1
Favors ARB Favors Placebo

1 10 100

100.0%

2972
181

4168

2
0

5

37 9
0

16
1

5
29

72 26

1

0
3
0

3

Total

CHARM-Alternative[12] 7.01 (0.36, 135.61)
0.67 (0.11, 4.01)

Not estimable
1.62 (0.17, 15.79)

4.12 (2.00, 8.49)
5.62 (0.31, 100.57)

1.82 (0.99, 3.35)
0.98 (0.06, 15.52)
2.59 (1.48, 4.55)

2.30 (1.48, 3.58)
1.19 (0.31, 4.48)
1.86 (0.95, 3.64)
2.07 (1.45, 2.95)

6.35 (1.88, 21.38)

2.68 (1.89, 3.81)
3.37 (1.60, 7.11)

TRANSCEND[26]

Val-HeFT non-ACE inhibitor[24]

Subtotal (95% Cl)

Total events

Heterogeneity: Tau2 = 1.33; χ2 = 1.85, df = 1 (p = 0.17); l2 = 46%
Test for overall effect: Z = 0.41 (p = 0.68)

4.1.2 Hypotension
CHARM-Alternative[12]

SPICE[25]

TRANSCEND[26]

Val-HeFT non-ACE inhibitor[24]

Subtotal (95% Cl)

Total events

Heterogeneity: Tau2 = 0.06; χ2 = 3.65, df = 3 (p = 0.30); l2 = 18%

Test for overall effect: Z = 3.32 (p = 0.0009)

4.1.3 Renal dysfunction
CHARM-Alternative[12]

SPICE[25]

TRANSCEND[26]

Subtotal (95% Cl)

Total events

Heterogeneity: Tau2 = 0.00; χ2 = 0.99, df = 2 (p = 0.61); l2 = 0%

Test for overall effect: Z = 3.99 (p < 0.0001)

4.1.4 Hyperkalemia
CHARM-Alternative[12]

TRANSCEND[26]

Subtotal (95% Cl)

Total events
Heterogeneity: Tau2 = 0.17; χ2 = 1.80, df = 1 (p = 0.18); l2 = 44%
Test for overall effect: Z = 3.19 (p = 0.001)

7
1013

24
179

27

2954
4146

3
13

4393

19 31013

2954
3967

112

131

42

45

1015

2972
3987

Fig. 4. Forest plot of angioedema, hypotension, renal dysfunction, and hyperkalemia. ACE =angiotensin-converting enzyme; ARB=angiotensin II type 1

receptor antagonist (angiotensin receptor blocker); CI = confidence interval; M-H=Mantel-Haenszel.
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trial and renal dysfunction relapse was more frequent

with ARBs versus placebo. Detailed data are displayed in

table III.

3.4.3 Val-HeFT

Inclusion of the Val-HeFT subgroup of patients not taking

an ACE inhibitor was only possible in the following outcomes:

Study or Subgroup

CHARM-Alternative[12]

TRANSCEND[26]

Total (95% CI)

Total events

Test for overall effects: Z = 1.98 (p = 0.05)

31 134 12 100 95.1%
4.9%20

120 100.0% 1.83 (1.01, 3.34)

0.01 0.1

Favors ARB Favors Placebo

1 10 100

0.69 (0.05, 10.39)
1.93 (1.04, 3.56)

1

13

29

163

32

1

Heterogeneity: Tau2 = 0.00; χ2 = 0.52, df = 1 (p = 0.47); I2 = 0%

ARB
Events Total Events Total Weight

Risk Ratio
M-H, Random, 95% CI

Risk Ratio
M-H, Random, 95% CI

Placebo

Fig. 5. Forest plot of renal dysfunction relapse. ARB= angiotensin II type 1 receptor antagonist (angiotensin receptor blocker); CI = confidence interval;

M-H=Mantel-Haenszel.

Table III. Sensitivity analysis[18]

ARBs vs other drugs/placebo Hypertension[15-23]

[RR (95% CI)]

Heart failure[12,24,25]

[RR (95% CI)]

RR excluding Val-HeFT[24]

[RR (95% CI)]

Discontinuation due to adverse events

ARBs vs ACE inhibitor 0.47 (0.18, 1.23)

ARBs vs placebo/diuretics 0.92 (0.30, 2.78) 1.01 (0.85–1.20)

ARBs vs diuretics 1.50 (0.26, 8.52)

ARBs vs placebo 0.63 (0.12, 3.31) 1.01 (0.93, 1.28) 1.01 (0.84–1.22)

Cough

ARBs vs ACE inhibitor 0.37 (0.28, 0.48)

ARBs vs placebo/diuretics 1.08 (0.78, 1.48) 1.01 (0.76–1.34)

ARBs vs diuretics 1.00 (0.51, 1.95)

ARBs vs placebo 1.10 (0.77, 1.58) 0.50 (0.09, 2.73) 1.01 (0.74–1.39)

Angioedema

ARBs vs placebo 7.01 (0.36, 135.61) 1.62 (0.17,15.79)

Hypotension

ARBs vs placebo 3.32 (2.03, 5.45) 2.75 (1.42, 5.34)

Renal dysfunction

ARBs vs placebo 2.15 (1.41, 3.28)

Hyperkalemia

ARBs vs placebo 6.35 (1.88, 21.38)

Previous cough

ARBs vs ACE inhibitor 0.37 (0.28, 0.48)

ARBs vs placebo/diuretics 1.08 (0.78, 1.48)

ARBs vs diuretics 1.00 (0.51, 1.95)

ARBs vs placebo 1.10 (0.77, 1.58) 0.53 (0.10, 2.90)

Previous angioedema

ARBs vs placebo 3.38 (0.14, 80.52)

Previous hypotension

ARBs vs placebo 2.16 (0.79, 5.90)

Previous renal dysfunction

ARBs vs placebo 1.93 (1.04, 3.56)

ACE= angiotensin-converting enzyme;ARB= angiotensin II type 1 receptor antagonist (angiotensin receptor blocker);CI= confidence interval;RR= risk ratio.
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discontinuation due to adverse events, cough, angioedema, and

hypotension. Sensitivity analysis excluding this trial did not

change the significance of analyzed harmful effects (table III).

3.4.4 Analysis According to Different ARBs and ARB Dosage

We did not find any differences in these outcomes between

different ARBs (table IV).

Analysis of ARB dosage effect was only possible in four

outcomes: discontinuation due to adverse events, cough, hypo-

tension, and renal dysfunction (table V).

Valsartan and candesartan were tested with different doses

in different trials. A valsartan 80mg daily dose was not dif-

ferent from valsartan 160mg with regard to drug withdrawals.

Similarly, there was no difference between candesartan 8mg,

16mg, and 32mg with regard to drug withdrawal. Candesartan

32mg did not have a significantly different incidence of cough,

hypotension, or renal dysfunction compared with lower dosages.

3.4.5 Pre-Specified Outcome

Tolerability of ARBs with ACE inhibitor-intolerant patients

was evaluated as a primary outcome in some studies: seven

evaluated cough[17-23] and one study assessed tolerability as the

proportion of patients completing 3 months of treatment.[25]

All previous estimates for ARBs versus ACE inhibitor

comparison only included studies primarily evaluating the

tolerability.

Table IV. Analysis according to different ARBs

Outcome ARB No. of studies No. of patients RR (95% CI) p-Value for interaction

Discontinuation due to adverse events:

ARB vs ACE inhibitor

Losartan 2 122 0.19 (0.02, 1.62) 0.18

Valsartan 1 87 0.32 (0.09, 1.09)

Candesartan 1 128 1.77 (0.44, 7.11)

Eprosartan 1 91 0.24 (0.03, 2.10)

Discontinuation due to adverse events:

ARB vs placebo/diuretics
Losartan 2 122 0.10 (0.01, 1.78) 0.09

Valsartan 2 450 0.82 (0.47, 1.42)

Candesartan 3 2426 1.13 (0.96, 1.34)

Telmisartan 1 5926 0.91 (0.83, 1.00)

Eprosartan 1 91 0.49 (0.05, 5.21)

Cough:

ARB vs ACE inhibitor

Losartan 3 212 0.35 (0.23, 0.53) 0.34

Valsartan 1 87 0.30 (0.16, 0.55)

Candesartan 1 128 0.52 (0.36, 0.76)

Telmisartan 1 57 0.26 (0.11, 0.62)

Eprosartan 1 80 0.23 (0.05, 1.01)

Cough:

ARB vs placebo/diuretics
Losartan 3 210 0.96 (0.63, 1.46) 0.99

Valsartan 2 450 1.13 (0.48, 2.63)

Candesartan 2 2116 1.11 (0.53, 2.31)

Telmisartan 2 5989 0.96 (0.52, 1.76)

Eprosartan 1 80 1.05 (0.16, 7.10)

Angioedema:

ARB vs placebo

Valsartan 1 366 Not estimable 0.42

Candesartan 1 2028 7.01 (0.36, 135.71)

Telmisartan 1 5926 0.67 (0.11, 4.01)

Hypotension:

ARB vs placebo

Valsartan 1 366 2.64 (1.32, 5.30) 0.21

Candesartan 2 2298 4.20 (2.08, 8.46)

Telmisartan 1 5926 1.82 (0.99, 3.35)

Renal dysfunction:

ARB vs placebo

Candesartan 2 2298 2.15 (1.41, 3.28) 0.72

Telmisartan 1 5926 1.86 (0.95, 3.64)

Hyperkalemia:

ARB vs placebo

Candesartan 1 2028 6.35 (1.88, 21.38) 0.18

Telmisartan 1 5926 2.68 (1.89, 3.81)

ACE= angiotensin-converting enzyme;ARB= angiotensin II type 1 receptor antagonist (angiotensin receptor blocker);CI= confidence interval;RR= risk ratio.
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A sensitivity analysis was performed for ARBs versus placebo/
diuretics. Risks of ARBdrug discontinuation (RR 1.21; 95%CI

0.72, 2.05) and cough (RR 1.08; 95%CI 0.78, 1.48) were similar

to those of placebo or diuretics.

3.5 High-Dose ARB versus Low-Dose ARB

The randomized controlled trial HEAAL evaluated high-

dose ARB (losartan 150mg) versus low-dose ARB (losartan

50mg) in 3846 patients with heart failure over 4.7 years: 1927

patients in the high-dose arm and 1919 in the low-dose arm. The

Jadad score for this study was 5.

Outcomes and results are represented in figure 6.

High-dose losartan did not reduce the HEAAL study pri-

mary composite outcome all-cause mortality and hospital-

ization for heart failure. High-dose losartan also did not reduce

individually all-cause mortality or cardiovascular mortality.

The benefits of high- versus low-dose losartan were in heart

failure hospitalizsations. Adverse events were significantly

more frequent with high-dose losartan, particularly hypo-

tension, renal dysfunction, and hyperkalemia, but drug dis-

continuation was similar between the two intervention arms.[27]

4. Discussion

In this review we focused on patients with intolerance to

ACE inhibitors treated with ARBs.

ARB treatment was likely to halve the relative risk of with-

drawal and had a 67% relative risk reduction in the incidence of

cough compared with ACE inhibitors. A placebo-like toler-

ability was also observed regarding drug discontinuation,

cough, and angioedema/anaphylaxis outcomes. This means

that the cardiovascular protection of ARBs can be preserved

without an increased risk of withdrawal or the referred adverse

events.

Compared with ACE inhibitors, ARBs significantly de-

creased the risk of drug withdrawal when more adjusted meta-

analysis was performed using Peto’s method. The relative risk

of treatment discontinuation of anARBwas similar to placebo/
diuretics.

A Cochrane systematic review evaluated ARBs versus pla-

cebo for primary hypertension in an undifferentiated popu-

lation. In contrast to our results, the RR of withdrawals due to

adverse events with ARBs was about one-third less than with

placebo.[29] We studied a special population of patients that

Table V. Analysis of different ARB doses

Outcomes ARB No. of studies No. of patients RR (95% CI) p-Value for interaction

Discontinuation due to adverse events:

ARB vs placebo/diuretics
Valsartan 80mg 1 84 1.50 (0.26, 8.52) 0.47

Valsartan 160mg 1 366 0.77 (0.43, 1.37)

Candesartan 8mg 1 128 1.77 (0.44, 7.11) 0.72

Candesartan 16mg 1 270 1.31 (0.71, 2.43)

Candesartan 32mg 1 2028 1.11 (0.94, 1.32)

Cough:

ARB vs placebo/diuretics
Candesartan 8mg 1 88 1.32 (0.64, 2.70) 0.30

Candesartan 32mg 1 2028 0.50 (0.09, 2.73)

Hypotension:

ARB vs placebo

Candesartan 16mg 1 270 5.62 (0.31, 100.57) 0.84

Candesartan 32mg 1 2028 4.12 (2.00, 8.49)

Renal dysfunction:

ARB vs placebo

Candesartan 16mg 1 270 1.19 (0.31, 4.48) 0.35

Candesartan 32mg 1 2028 2.30 (1.48, 3.58)

ARB=angiotensin II type 1 receptor antagonist (angiotensin receptor blocker); CI = confidence interval; RR= risk ratio.

Study or Subgroup

Discontinuation 148
6

203
454
195

133
0

145
317
131

1927 1919 1.11 (0.88, 1.39)
12.95 (0.73, 229.65)

1.39 (1.14, 1.71)
1.43 (1.25, 1.62)
1.48 (1.20, 1.83)

0.5 0.7 1 1.5 2

1919
1919
1919
1919

1927
1927
1927
1927

Angioedema
Hypotension
Renal dysfunction

Favors Losartan
50 mg

Favors Losartan
150 mg

Hyperkalemia

Losartan 150 mg
Events Total Events Total

Losartan 50 mg Risk Ratio
M-H, Random, 95% CI

Risk Ratio
M-H, Random, 95% CI

Fig. 6. Results of the tolerability profile of the HEAAL trial. CI= confidence interval; M-H=Mantel-Haenszel.
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may bemore prone to adverse events and drug discontinuation.

In addition, the present review included placebo-controlled

studies with longer follow-up than those in the Cochrane re-

view. This allowed us to determine more accurately estimates

for tolerability, concluding that the incidence of withdrawals

with ARBs in ACE inhibitor-intolerant patients was similar to

that seen with placebo.

Despite this favorable ARB tolerability profile, absolute

risks of drug withdrawal were heterogeneous. Studies com-

paring ARBs with ACE inhibitors had 4.3% of event rates

compared with 20.2% in those compared with placebo/
diuretics. Study follow-up may have contributed to this dif-

ference because longer placebo-controlled trials had more

withdrawals than short-term ACE inhibitor studies.

The incidence of cough was significantly lower with ARBs

than with ACE inhibitors. This adverse event showed a re-

producibility of 66.8%with anACE inhibitor, which is consistent

with the 62.7% reported in a previous study.[30] Recurrence of

cough was less frequent in patients treated with ARBs, but it is

important to notice that about a quarter of patients treated with

ARBs will re-experience cough. Surprisingly, the incidence of

coughwas higher in studies with a shorter follow-up. Thismay be

explained because these trials were designed to evaluate cough

relapse in patients with previous cough with an ACE inhibitor.

Most of the studies used questionnaires developed to assess this

adverse event and did not mention efforts to exclude other causes

of cough, with the exception of the Benz et al. study.[18]

Increased bradykinin levels were thought to be related to

ACE inhibitor-induced cough because as opposed to ARBs,

ACE inhibitors are kininase inhibitors. However, the use of an

ACE inhibitor or ARB leads to similar bradykinin levels in the

general population.[31,32] ACE inhibitor-induced cough is likely

to bemultifactorial and idiosyncratic. It may be associated with

substance P, increased levels of kinins due to functional genetic

polymorphisms of ACE, or bradykinin-receptor polymorphisms

in prone patients.[4,33,34] Thus, it was expected that ACE in-

hibitors would have a significantly higher incidence of cough

compared with ARBs in this specific population.

An angioedema event rate of 0.12% in patients with ACE

inhibitor intolerance treated with ARBs was similar to the in-

cidence of angioedema in the placebo arm. In patients with

previous angioedema, the event rate was 4.1%, which was low

compared with data from a previous meta-analysis that showed

a 9.2% risk of probable angioedema.[35] In the same meta-

analysis, the rate of confirmed cases of angioedema was 3.5%.[35]

The referred incidence partially determined by observational data

was similar to that obtained in our study. In the CHARM-

Alternative study, three patients under ARB treatment had an

angioedema episode; however, only one patient stopped can-

desartan.[12] This idiosyncratic event may be severe in some cases

and can be lethal. The understanding of its pathophysiology is

important for the development of effective drugs. The role of

bradykinin in the pathogenesis of this adverse event seems sub-

stantial. Icatibant, an injected bradykinin antagonist that does

not interact with angiotensin II and substance P receptors,

showed promising results in symptom relief and avoidance of

invasive procedures such as tracheotomy and intubation.[36,37]

Hypotension, renal dysfunction, and hyperkalemia events

were superior in the ARB arms compared with placebo. Re-

duced hemodynamic and endocrine effects of angiotensin II are

the probable causes of these adverse events. ARB use may be

accompanied by small increases of creatinine but renal hemo-

dynamics may be improved with long-term therapy and, ex-

cluding the most severe cases, discontinuation of ARBs should

be discouraged.[38,39] However, hypotension and inadequately

decreased resistance of the vascular bed in the absence of a

homeostatic function of angiotensin II can lead to renal dys-

function in patients taking ARBs.[40] Our review shows that

patients with intolerance to ACE inhibitors are not protected

from these adverse effects when treated with ARBs. Hyper-

kalemia is also an adverse effect that these patients taking

ARBs are significantly more susceptible to experience com-

pared with placebo. Interference with the RAAS may result in

functional hypoaldosteronism leading to hyperkalemia.[41]

Data analysed based on previous specific manifestations of

intolerance suggest that patients with previous renal dysfunc-

tion are likely to re-experience the same adverse event. Renal

dysfunction relapse occurred in 19.6% of patients treated with

ARBs. The remaining outcomes did not show significant dif-

ferences between ARBs and other non-ACE inhibitor com-

parators. Data were scarce and most of the weighted results

were based on the CHARM-Alternative study.[12] In patients

with previous cough there was a higher risk of cough relapse if

they continued to take ACE inhibitors instead of ARBs.

Previous studies showed that the cumulative RAAS block-

ade with both ACE inhibitors and ARBs together leads to an

increased risk of drug discontinuation, hypotension, renal

dysfunction, and hyperkalemia in patients with left ventricular

dysfunction.[42,43] In our study, sensitivity analysis pooling

patients with heart failure due to systolic dysfunction had

similar results to referred studies but, in contrast to them, our

meta-analysis did not show a statistically significant risk of

drug withdrawal.

No significant differences were found between different

ARBs, and between different doses of the same ARB in drug

withdrawal, cough, hypotension, or renal dysfunction.
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TheHEAAL studywas a trial designed to determine whether

the ARB dose could influence survival or cardiovascular events.

This trial enrolled patients with established heart failure. No

survival benefit was obtained with high-dose losartan but it

reduced heart failure hospitalizations compared with low-dose

losartan.Despite the higher number of adverse events with high-

dose losartan, most of them did not lead to drug withdrawal,

with a similar rate of drug discontinuation between groups.

The main adverse events in decreasing order of incidence were:

renal dysfunction, hypotension, hyperkalemia, and angio-

edema. Cough was not reported. The cause of angioedema is

multifactorial and seems to be idiosyncratic,[44,45] but this trial

suggests that the ARB dose may influence its occurrence be-

cause six cases were reported in the 150mg arm compared with

none in the 50mg arm. This was not statistically significant but

due to the severity of this adverse event a clinically important

difference could not be excluded and this topic deserves further

study. The other referred events were all dose dependent and

significantly more frequent in the losartan 150mg arm.

4.1 Limitations

This review includes a meta-analysis of randomized con-

trolled trials. Results were pooled from reported outcomes and

not from individual patient data, which is a potential source of

bias in this type of analysis. The definition of each adverse event

in individual studies varied, and this limitation should be taken

into account.

Data presented here were pooled from different treatment

groups with a broad spectrum of baseline characteristics, dif-

ferent proportions of causes of previous ACE inhibitor intol-

erance, heterogeneous effect measures, and different time-line

outcomes. We used random effects meta-analysis; nevertheless

this multiplicity has limitations that need to be considered.[46]

Trials designed to retrieve the incidence of cough in patients

with ACE inhibitor intolerance reported a higher incidence of

this outcome, reflecting differences in methodologies to assess

cough that can limit our conclusions.

In the SPICE study, results for hypotension and renal dys-

function may be underestimated because only patients who

had discontinued drugs due to the mentioned reasons were

reported.[25]

5. Conclusions

In patients with ACE inhibitor intolerance, ARBs are well

tolerated, with discontinuation rates, incidence of cough, and

angioedema risk similar to those with placebo and diuretics.

However, the risk of hypotension, renal dysfunction, or hyper-

kalemia is significantly higher compared with placebo. Patients

with previous intolerance due to renal dysfunction are partic-

ularly susceptible to recurrence: about a fifth of patients with

previous renal dysfunction will also have this adverse event

with ARBs.

In patients with previous ACE inhibitor-induced cough,

drug rechallenge should be discouraged because about two-

thirds of these patients will cough again with an ACE inhibitor

compared with only about a quarter treated with an ARB.

High-dose losartan had more adverse events but a similar

discontinuation rate compared with the lower dose.
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