
Methods

Results (cont’d)Background Baseline Characteristics

Conclusions

Are Angiotensin Receptor Blockers as safe as Angiotensin Converting Enzyme Inhibitors in Patients 
with Heart Failure?

A Systematic Review and Meta Analysis of Randomized Controlled Trials
Rachid Lakhdar, MD1, Mouaz H. Al-Mallah, MD2, David E Lanfear, MD3

¹Henry Ford Hospital Internal Medicine Department, Detroit, MI,2 Division of Cardiovascular Imaging, Brigham and Women's Hospital, Boston, MA
3 Henry Ford Heart and Vascular Institute, Detroit, MI

Angiotensin converting enzyme inhibitors (ACE-I) are standard care in all 
patients with heart failure without contraindications.
Concerns related to adverse effects limit the use of ACE-I in some patients. 
Angiotensin receptor blockers (ARB) directly block the action of angiotensin 
II at the receptor level and have no effect on bradykinin production, which 
lead to some of the adverse effects seen with ACE-I (cough, angioedema).
The most recent heart failure guidelines recommend that ARB may be used 
as alternatives to ACE-I as first-line therapy for patients with mild to 
moderate heart failure and reduced left ventricular ejection fraction (class IIA 
recommendation). However, it is not clear whether a superior safety profile 
of ARB’s justify equal footing with ACE-I.
ARB and ACE-I have shown similar efficacy in a growing number of 
randomized trials in heart failure patients. However, the safety and 
tolerability of ACE-I and ARB has not received as much scrutiny. Most trials 
were not primarily designed to assess safety and tolerability.
We therefore, performed a systematic review and meta-analysis of 
randomized controlled trials to test the hypothesis that ACE-I and ARB have 
the same tolerability and safety profile in patients with heart failure.

All randomized, placebo-controlled trials that looked into the use of ACEI 
and ARB use in CHF patients were identified using a 2-level search strategy
We searched public domain databases including MEDLINE, the Cochrane 
database, EMBASE and BIOSIS Previews
We used the following key words: heart or cardiac failure, angiotensin 
converting enzyme inhibitors and angiotensin receptor blockers as well as 
individual medication names
Relevant studies were identified through a manual search of secondary 
sources, including references of initially identified articles and proceedings 
from national cardiology meetings from 2003 through 2006
We excluded trials that did not have an ACEI or ARB arm, those that did not 
report  safety, tolerability and side effects of the studied drugs
The search was performed without any language restrictions
Trials were not excluded based on the number of patients or follow-up 

duration.
We characterized the methodological quality of the trials by using a scoring 
system developed by Jadad and colleagues which is based on the description 
of randomization, blinding, and withdrawals and can range from 0 to 5, 
where higher score indicates better methodological quality
The meta-analysis was performed by computing Odds Ratio (OR) using 
random-effects model 
Inter- study heterogeneity was quantified by means of I2

The flow diagram summarize the research strategy :

This meta-analysis included data from seven clinical trials with a total of 
20143 patients,10308 patients were assigned to the ARB arm while 9835 
patients were assigned to ACE inhibitor arm.
The overall incidence of adverse events in the trials included was low 

with the highest prevalence in VALIANT and OPTIMAAL trials. 
ARB’s showed a lower rate of any adverse effect compared to ACE-I 
(HR 0.58) but the significance was not strong (p=0.02) and there was 
heterogeneity between trials in this outcome.
Contrary to this, ARB’s had a strong association with risk of worsening 
renal function (HR 1.6, p<0.00001).
There was a trend toward hyperkalemia with ARBs but the difference 
between the two arms was not statistically significant
Cough was the most reported side effect (in 6 out of 7 trials), and as 
expected cough and angioedema were more common with ACE-I.
There was no difference observed in risk of hypotension. 
There was no evidence of publication bias on visual inspection of the 
funnel plot.
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Results

The cumulative evidence suggests that although ARB are associated 
with a lower overall risk of adverse events, they are strongly associated 
an increased risk of worsening renal function in heart failure patients. 
The clinical relevance of this finding requires further study, until which 
ARB should remain 2nd line therapy except for patients that are thought 
to have ACE-I related cough or angioedema.

Discussion
ARB use is associated with less overall adverse events compared with the 
use of ACE-I in patients with heart failure.  However, breaking down 
these events reveals that ARB’s are strongly associated with an increased 
risk of worsening renal function, but reduced risk of cough or 
angioedema.
Side effects related to reduced Angiotensin II formation (hypotension, 
hyperkalemia and renal failure) are the same or higher with ARB use, 
whereas effects thought to be related to increased kinins (cough, 
angioneurotic edema and anaphylactoid reactions) were expectedly lower 
with ARB’s, since ACE is also a Kininase. 
The mechanism of the an increased risk of worsening renal function with 
ARB use is unclear. HF patients (who are often also prescribed diuretics) 
may be an especially vulnerable population to this adverse event due to 
their typical fluctuations in fluid status including occasional 
hypovolemia. Given the strong association of worsening renal function 
with outcomes among heart failure patients, this a particular important 
adverse effect to consider in this population. 
One might predict a parallel increase in incidence of hyperkalemia with 
the worsening renal function with ARB use. However, no difference was 
found between the two drugs. The fact that the difference failed to reach 
statistical significance may be due to the low incidence and/or low 
reporting of hyperkalemia in the included studies, limiting our power for 
this endpoint. 
Hypotension, on the other hand was well reported across the trials with a 
moderate event rate. There appears to be no difference between the two 
drugs when all the trials were combined. 
When VALIANT was excluded in the sensitivity analysis, a statistically 
significant increase of hypotension incidence was found with ACE-I 
compared to ARB with no heterogeneity among the trials.
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7 RCT included in    the meta-
analysis

Review: Safety Meta-analysis (ACE vs. ARB)
Comparison: 05 ACEI Vs ARB                                                                                                
Outcome: 01 Any side effects                                                                                           

Study  ARB  ACEI  OR (random)  Weight  OR (random)
or sub-category  n/N  n/N  95% CI  %  95% CI  Year

 DICKSTEIN et al.          42/108             38/58         14.84      0.33 [0.17, 0.65]         1995
 ELITE                     43/352             77/370        19.02      0.53 [0.35, 0.79]         1997
 OPTIMAAL                 202/2733           387/2744       21.97      0.49 [0.41, 0.58]         2002
 VALIANT                 1437/4909          1388/4909       22.62      1.05 [0.96, 1.15]         2003
 ELITE II                 148/1578           228/1574       21.56      0.61 [0.49, 0.76]         2004

Total (95% CI) 9680               9655 100.00      0.58 [0.38, 0.90]
Total events: 1872 (ARB), 2118 (ACEI)
Test for heterogeneity: Chi² = 81.21, df = 4 (P < 0.00001), I² = 95.1%
Test for overall effect: Z = 2.43 (P = 0.02)
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 Favours ARB  Favours ACEIReview: Safety Meta-analysis (ACE vs. ARB)
Comparison: 04 ACEI Vs ARB                                                                                                
Outcome: 02 worsening  renal function                                                                                  

Study  ARB  ACEI  OR (random)  Weight  OR (random)
or sub-category  n/N  n/N  95% CI  %  95% CI  Year

 DICKSTEIN et al.           0/108              0/58                Not estimable          1995
 ELITE                      5/352              3/370         2.08      1.76 [0.42, 7.43]         1997
 RESOLVED                   2/332              0/109         0.46      1.66 [0.08, 34.77]        1999
 VALIANT                  232/4909           148/4909       97.46      1.60 [1.29, 1.97]         2003

Total (95% CI) 5701               5446 100.00      1.60 [1.30, 1.97]
Total events: 239 (ARB), 151 (ACEI)
Test for heterogeneity: Chi² = 0.02, df = 2 (P = 0.99), I² = 0%
Test for overall effect: Z = 4.44 (P < 0.00001)
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 Favours ARB  Favours ACEIReview: Safety Meta-analysis (ACE vs. ARB)
Comparison: 03 ACEI Vs ARB                                                                                                
Outcome: 02 Cough                                                                                                      

Study  ARB  ACEI  OR (random)  Weight  OR (random)
or sub-category  n/N  n/N  95% CI  %  95% CI  Year

 DICKSTEIN et al.           3/108              4/58          5.28      0.39 [0.08, 1.79]         1995
 ELITE                      0/352             14/370         1.71      0.03 [0.00, 0.59]         1997
 REPLACE                    9/301              4/71          7.90      0.52 [0.15, 1.73]         2001
 OPTIMAAL                 256/2733           512/2744       38.40      0.45 [0.38, 0.53]         2002
 VALIANT                   85/4909           245/4909       34.94      0.34 [0.26, 0.43]         2003
 ELITE II                   5/1578            42/1574       11.77      0.12 [0.05, 0.29]         2004

Total (95% CI) 9981               9726 100.00      0.33 [0.23, 0.48]
Total events: 358 (ARB), 821 (ACEI)
Test for heterogeneity: Chi² = 14.09, df = 5 (P = 0.02), I² = 64.5%
Test for overall effect: Z = 5.72 (P < 0.00001)
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 Favours ARB  Favours ACEIReview: Safety Meta-analysis (ACE vs. ARB)
Comparison: 02 ACEI Vs ARB                                                                                                
Outcome: 02 Angioedema                                                                                                 

Study  ARB  ACEI  OR (random)  Weight  OR (random)
or sub-category  n/N  n/N  95% CI  %  95% CI  Year

 ELITE                      0/352              3/370         2.91      0.15 [0.01, 2.89]         1997
 OPTIMAAL                  10/2733            22/2744       45.55      0.45 [0.21, 0.96]         2002
 VALIANT                   12/4909            22/4909       51.54      0.54 [0.27, 1.10]         2003

Total (95% CI) 7994               8023 100.00      0.48 [0.29, 0.80]
Total events: 22 (ARB), 47 (ACEI)
Test for heterogeneity: Chi² = 0.75, df = 2 (P = 0.69), I² = 0%
Test for overall effect: Z = 2.82 (P = 0.005)
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 Favours ARB  Favours ACEIReview: Safety Meta-analysis (ACE vs. ARB)
Comparison: 01 ACEI Vs ARB                                                                                                
Outcome: 01 Hyperkalemia                                                                                               

Study  ARB  ACEI  OR (random)  Weight  OR (random)
or sub-category  n/N  n/N  95% CI  %  95% CI  Year

 DICKSTEIN et al.           0/108              0/58                Not estimable          1995
 ELITE                      2/352              6/370        34.56      0.35 [0.07, 1.73]         1997
 RESOLVED                   0/332              0/109               Not estimable          1999
 VALIANT                   62/4909            43/4909       65.44      1.45 [0.98, 2.14]         2003

Total (95% CI) 5701               5446 100.00      0.88 [0.23, 3.35]
Total events: 64 (ARB), 49 (ACEI)
Test for heterogeneity: Chi² = 2.88, df = 1 (P = 0.09), I² = 65.2%
Test for overall effect: Z = 0.18 (P = 0.86)
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 Favours ARB  Favours ACEI
Review: Safety Meta-analysis (ACE vs. ARB)
Comparison: 06 ACEI Vs ARB                                                                                                
Outcome: 01 Hypotension                                                                                                

Study  ARB  ACEI  RR (random)  Weight  RR (random)
or sub-category  n/N  n/N  95% CI  %  95% CI  Year

 DICKSTEIN et al.           3/108              4/58          5.72      0.40 [0.09, 1.74]         1995
 ELITE                      8/352              5/370         9.07      1.68 [0.56, 5.09]         1997
 RESOLVED                   3/327              1/109         2.61      1.00 [0.11, 9.51]         1999
 OPTIMAAL                 365/2733           445/2744       40.93      0.82 [0.72, 0.94]         2002
 VALIANT                  739/4909           582/4909       41.67      1.27 [1.15, 1.40]         2003

Total (95% CI) 8429               8190 100.00      1.02 [0.70, 1.48]
Total events: 1118 (ARB), 1037 (ACEI)
Test for heterogeneity: Chi² = 29.45, df = 4 (P < 0.00001), I² = 86.4%
Test for overall effect: Z = 0.08 (P = 0.94)
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