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Inhibition of the Renin-Angiotensin System
for Prevention of Atrial Fibrillation
THEODOROS ZOGRAFOS, M.D. and DEMOSTHENES G. KATRITSIS, M.D., PH.D.
From the Department of Cardiology, Athens Euroclinic, Athens, Greece

Atrial fibrillation (AF) is a source of considerable morbidity and mortality. There has been compelling
evidence supporting the role of renin-angiotensin system (RAS) in the genesis and perpetuation of AF
through atrial remodeling, and experimental studies have validated the utilization of RAS inhibition for
AF prevention. This article reviews clinical trials on the use of angiotensin-converting enzyme inhibitors
(ACEIs) and angiotensin receptor blockers (ARBs) for the prevention of AF. Results have been variable,
depending on the clinical background of treated patients. ACEIs and ARBs appear beneficial for primary
prevention of AF in patients with heart failure, whereas they are not equally effective in hypertensive
patients with normal left ventricular function. Furthermore, the use of ACEIs or ARBs for secondary
prevention of AF has been found beneficial only after electrical cardioversion. Additional data are needed
to establish the potential clinical role of renin-angiotensin inhibition for prevention of AF. (PACE 2010;
33:1270–1285)
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The Burden of Atrial Fibrillation
Atrial fibrillation (AF) is the most common

sustained cardiac arrhythmia and a source of
considerable morbidity and mortality. The pres-
ence of AF accounts for a 50–90% increased risk
for overall mortality in the Framingham Heart
Study.1 AF is also associated with significant
morbidity, including a four- to fivefold increased
risk for stroke,2,3 a twofold increased risk for
dementia,4,5 and a tripling of risk for heart failure.3
In the Framingham Study, the percentage of
strokes attributable to AF increases steeply from
1.5% at 50–59 years of age to 23.5% at 80–
89 years of age.2 AF and its associated morbidity
represent a significant socio-economic burden
on the health-care system consuming between
0.9% and 2.4% of total National Health Service
expenditure in the UK, while in the USA, total
Medicare costs are 8.6–22.6% higher for patients
with AF in all age-sex strata.6,7 Additionally, the
Euro Heart Survey on AF identified inpatient care
and interventional procedures as the principal
components of the increased economic burden
posed by AF.8 Consequently, treatment of patients
with AF and, more importantly, primary or
secondary prevention of AF, may yield significant
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benefits by reducing mortality and morbidity as
well as health-care costs.

The recognition of novel risk factors for the
development of AF and the fact that current anti-
arrhythmic drug therapy to maintain sinus rhythm
is limited by inadequate efficacy and potentially
serious adverse effects,9 have increased interest
in novel therapeutic approaches that target AF
substrate development.10 Among them, the inhi-
bition of the renin-angiotensin-aldosterone system
(RAAS) has been considered useful in the primary
and secondary prevention of AF, particularly in
patients with left ventricular hypertrophy (LVH)
or heart failure.

The RAAS is a major endocrine/paracrine
system involved in the regulation of several
cardiovascular processes.11 Its primary mediator,
angiotensin II, is an octapeptide, formed from
the liver-derived 485-aminoacid precursor an-
giotensinogen through a process involving the
enzymatic activities of renin and angiotensin-
converting enzyme (ACE).10 Angiotensin II binds
to the angiotensin II type 1 (AT1) receptor,
which mediates the pathways that lead to
vasoconstriction and water retention, increased
renal tubular sodium reabsorption, impaired
endothelial function, stimulation of connective
tissue deposition, and low-density lipoprotein
cholesterol transport. Angiotensin II also binds
to the angiotensin II type 2 (AT2) receptor that
mediates vasodilation, decreases renal tubular
sodium reabsorption, improves endothelial func-
tion, and inhibits cell growth and connective
tissue deposition. These opposing effects of the
two receptors are believed to be regulated through
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receptor expression patterns. In adults, AT1 is
constitutively expressed in a wide range of
tissues of the cardiovascular, renal, endocrine, and
nervous system. By contrast, AT2 expression is
activated during stress and is mainly restricted to
the pancreas, heart, kidney, brain, adrenals, and
vasculature.12 Three classes of antihypertensive
drugs that involve inhibition of the RAAS have
been developed. Angiotensin receptor blockers
(ARBs) modulate blood pressure by inhibiting
the activation of the AT1 receptor by angiotensin
II. In doing so, a feedback mechanism increases
angiotensin II synthesis, which, during stress,
leads to AT2 activation. ACE inhibitors (ACEIs)
modulate blood pressure by inhibiting ACE-
mediated production of angiotensin II. Recently,
a direct renin inhibitor has been developed that
blocks RAAS further upstream.12

A growing body of evidence implicates
angiotensin II and the RAAS in the development
and maintenance of AF and supports the beneficial
effects of ACEIs and ARBs in AF treatment.

The Role of RAAS in the Pathogenesis of AF
Atrial Stretch and AF

Atrial arrhythmias frequently occur under
conditions associated with atrial dilatation.13 The
effect of atrial pressure in atrial refractoriness was
evaluated in several animal models as well as in
humans.14–16 Increased atrial pressure results in an
increased susceptibility to AF that is associated
with shortening of the atrial effective refractory
period (AERP), possibly by opening of stretch-
activated ion channels.17 There is evidence that
these changes are completely reversible after the
release of the atrial stretch, resulting in prompt
termination of AF.14

The effects of angiotensin on left atrial
pressure have been long known, with angiotensin
increasing left atrial systolic pressure through
increased left ventricular end-diastolic pressure.18

Immediate or sustained reduction of left atrial
pressure, estimated by pulmonary capillary wedge
pressure, is a well-established effect of ACEIs
in patients with congestive heart failure (CHF).19,20

Furthermore, in animal models of heart failure,
direct measurements of left atrial pressure have
demonstrated similar effects for ARBs.21,22 There-
fore, ACEIs and ARBs may reduce atrial suscep-
tibility to AF by reducing atrial stretch, although
there are data supporting that further mechanisms
are involved in the antiarrhythmic properties of
RAAS inhibition. In an animal model of ventricu-
lar tachypacing (VTP)-induced CHF, it has been
shown that although a hydralazine/isosorbide
mononitrate vasodilator combination may have
similar effects with an ACEI in reducing left atrial

pressure, ACE inhibition is more successful in
reducing burst pacing-induced AF promotion.23

Structural Remodeling

Fibrosis plays a key role in the development of
a vulnerable substrate for AF mainly by promoting
conduction heterogeneity. Atrial fibrosis results
from deregulated extracellular matrix metabolism
with excessive fibrillar collagen deposition, gen-
erally in response to a cardiac insult.24

The proinflammatory and profibrotic effects
of angiotensin II have been well described
(Fig. 1).25,26 In vitro studies of neonatal and adult
rat cardiac fibroblasts have shown that angiotensin
II directly stimulates cardiac fibroblast prolifera-
tion and collagen synthesis via AT1 receptors.27–29

Angiotensin II binding to AT1 receptors induces
a phosphorylation cascade that activates mitogen-
activated protein kinases (MAPKs), which stim-
ulate proliferation of fibroblasts, cellular hyper-
trophy, and apoptosis. In contrast, activation of
the AT2 receptor can inhibit MAPK via activation
of different phosphatases. Thus, activation of the
AT2 receptor has antiproliferative effects.30

Besides these direct actions of angiotensin II,
there is strong evidence that angiotensin II regu-
lates cardiac fibroblast function indirectly as well,
via specific growth factors.31 Principal candidate
mediators of angiotensin II profibrotic effects in-
clude transforming growth factor-beta 1 (TGFβ1),
osteopontin (OPN), and endothelin-1 (ET-1),31

with several studies supporting that the profibrotic
effects of angiotensin II are primarily mediated by
the induction of TGFβ1 production.27,32 TGFβ1
itself is strongly profibrotic and induces cardiac
fibroblast differentiation and collagen synthesis.33

Furthermore, cardiac overexpression of TGFβ1 in
transgenic mice results in selective atrial fibrosis,
conduction heterogeneity, and AF propensity.34

In addition to its direct and indirect effects
on collagen synthesis, angiotensin II has been
also shown to regulate collagen degradation by
modulating interstitial matrix metalloproteinase
(MMP) and tissue inhibitor of metalloproteinase
(TIMP) activity.30 Imbalances between MMPs and
TIMPs have been reported in atrial tissue in
both clinical and animal studies of AF,30 and
can be reflected in serum concentrations of these
biomarkers.35

The role of angiotensin II on collagen
regulation is increased in AF. Studies have
shown increased atrial expression of ACE and
increased activation of the angiotensin II-related
intracellular signal transduction pathway in fib-
rillating human atria.36 In a canine model of
VTP-induced CHF, CHF was shown to result
in atrial overexpression of angiotensin II, which
resulted in the development of an AF-promoting

PACE, Vol. 33 October 2010 1271



ZOGRAFOS AND KATRITSIS

Figure 1. Representation of the major pathways involved in structural remodeling. ACE =
angiotensin-converting enzyme; ACEIs = ACE inhibitors; ARBs = angiotensin receptor
blockers; PDGFR = platelet-derived growth factor receptor; EGFR = epidermal growth factor
receptor; TGFβ1 = transforming growth factor-beta 1; TGFβR = transforming growth factor-
beta receptor; AT1R = angiotensin II type1 receptor; MAPK = mitogen-activated protein kinase;
ROS = reactive oxygen species; Jak = Janus kinase; STAT = signal transducers and activators of
transcription; TF = transcription factors.

substrate.23,37 These effects of elevated atrial tissue
angiotensin II concentration on the development
of atrial fibrosis and AF have also been verified
in transgenic mice with cardiac-restricted ACE
overexpression.38

Inhibition of the RAAS results in attenuation
of structural remodeling. ACE inhibition has been
shown to prevent increases in tissue angiotensin
II concentration and attenuate fibrosis and AF
maintenance.23,37,39,40 Similar effects on atrial
fibrosis41 and AF maintenance have been achieved
by selective AT1 receptor blockade.42

Electrical Remodeling

Using a goat model of AF, Wijffels et al.
in their seminal study have demonstrated that
when AF is maintained artificially, the duration
of burst pacing-induced paroxysms progressively
increases until AF becomes sustained.43 The
phenomenon of “AF begets AF” is seen in clinical

practice as with time it becomes more and more
difficult to keep a patient with AF in sinus rhythm.
Electrical remodeling refers to the development of
an atrial substrate that promotes AF perpetuation
and may involve alterations in ionic currents
and properties of cellular excitability (Fig. 2).11,44

Wijffels et al. have demonstrated that the increased
propensity to AF is associated with shortening of
the AERP in accordance with the multiple wavelet
theory.43 This tachypacing-induced shortening
of the AERP was subsequently attributed to a
reduction of action potential duration (APD)
secondary to the progressive downregulation of
the transient outward current (Ito) and the L-
type Ca2+ current (ICa,L).45 Effects of angiotensin
II on the ICa,L remain controversial, with studies
reporting angiotensin II increasing, decreasing,
or even having no effect on ICa,L.10,46 The role
of angiotensin II in Ito downregulation is better
understood. AT1 receptor forms a complex with
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Figure 2. Pathophysiology of electrical remodeling. During the upstroke of the action potential,
the opening of the L-type Ca2+ channel (ICaL) leads to Ca2+ entry in the cell and triggers further
Ca2+ from the sarcoplasmic reticulum. Ca2+ overload contributes to ICaL downregulation, followed
by a shorter AP plateau and reduced AP duration (APD), thus promoting functional reentry. It
also activates the Na+/Ca2+ exchange pump (NCX), causing delayed afterdepolarizations and
triggered activity. Inhibition of RAAS has been shown to modulate intracellular Ca2+ cycling and
NCX activity in the pulmonary veins, although evidence is not conclusive. Changes in inward-
rectifier K+ currents, mainly IK1 and IKACh, have been reported in AF and they contribute to APD
shortening. Reduced refractory period and conduction velocity result in reduced wavelength,
thus enabling smaller functional reentry circuits to be present in the atria. This process produces
a pro-arrhythmic substrate in the atria, which in combination with increased ectopic triggering
activity facilitates AF perpetuation. Modified from reference 44.

Kv4.3 (the pore-forming α-subunit underlying
Ito) and regulates its cell-surface expression.47

Stimulation of AT1 receptor with angiotensin II
leads to internalization of the complex, resulting
in Ito reduction. Recently, a rabbit model demon-
strated that ACE inhibition increases ICa,L current
density but does not prevent its downregulation
from tachypacing, whereas it has no influence
on Ito current density although it can prevent its
tachypacing-induced downregulation.46

Regardless of its specific action on ionic
currents, Nakashima et al., in a canine model,
have shown that ACEI or ARB treatment results
in complete inhibition of the shortening of AERP
normally induced by rapid atrial pacing.48

A newly discovered proarrhythmic effect
of RAAS is modulation of gap junctions. Gap
junctions provide low-resistance pathways for the
propagation of impulses between cardiomyocytes,
and are predominantly situated at the intercalated

discs at cell poles, contributing to cardiac
anisotropy.49 They are formed by the alignment
of two hemichannels, called connexons, each
composed of six connexins (Cx). In the human
heart, there are mainly three Cx isoforms, namely,
Cx40, Cx43, and Cx45. Cx43 is expressed in all
chambers of the heart, but predominantly in the
ventricles, while Cx40 is mainly expressed in
atrial tissue and in the conduction system. Cx45
has been detected primarily in the conduction
system of the heart and during early development
of the heart.50 Several studies have indicated the
importance of Cx40 for impulse conduction in
the atria and have associated Cx40 gene poly-
morphisms with the development of nonfamilial
AF51; however, evidence regarding the pathogenic
role of Cx40 in AF is conflicting.52 Ambiguity
mostly regards Cx40 protein expression levels,
while most of the available data indicate that
AF is associated with heterogeneous expression
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and lateralization of Cx40.52 The effects of
angiotensin II on atrial Cx40 modulation have
not been fully investigated, although it was
recently reported that cardiac-restricted ACE over-
expression causes transcriptional downregulation
and reduces protein expression of atrial Cx40.53

Angiotensin II effects on Cx43 have been studied
more extensively. Aminoacid motifs of the C-
terminus of the Cx43 molecule are susceptible to
phosphorylation and functional Cx43 is usually
phosphorylated.54 Conversely, dephosphorylation
of Cx43 is associated with electrical uncoupling
of cardiomyocytes.11 Angiotensin II has been
implicated in downward remodeling of Cx43,
through dephosphorylation, whereas treatment
with ACEIs or ARBs has attenuated this effect.55–57

Although these findings may not be directly
applicable to Cx40 and AF, they indicate that Cx
function may be modified by RAAS inhibition and
warrant further investigation.

RAAS Gene Polymorphisms and AF

In a case-control study, Gensini et al. geno-
typed the insertion/deletion (I/D) polymorphism
of the ACE gene in patients with persistent AF
and identified ACE DD genotype as a predisposing
factor for persistent AF.58 Furthermore, it was
recently reported that the ACE I/D polymor-
phism modulates response to anti-arrhythmic
drug therapy in patients with lone AF, DD
genotype being associated with lowest rates of
symptomatic response.59 Polymorphisms of the
angiotensinogen gene have also been associated
with nonfamilial AF.60 Recent evidence supports
significant interactions between angiotensinogen
gene haplotypes and ACE I/D polymorphism
resulting in increased susceptibility to AF.61,62

Clinical Evidence
The case for a causative role of the RAAS in

the development of AF is supported by clinical
data. Studies on primary prevention, especially in
patients with heart failure, have been promising
but the benefits of using ACEIs or ARBs for
the secondary prevention of AF have not been
established.

Primary Prevention

Heart Failure

The effect of RAAS inhibition in reducing the
incidence of new onset AF is most pronounced in
populations with heart failure (Table I). Vermes
et al., in a retrospective analysis of the SOLVD
trial, have shown that enalapril reduces the risk of
AF development in patients with various degrees
of heart failure.63 Similarly, a retrospective
analysis of the Val-HeFT trial demonstrated that

a reduction in the risk of AF can be achieved by
blocking the RAAS further downstream using the
ARB valsartan.64 Since 92.5% of the patients in
the Val-HeFT trial were receiving concomitantly
ACEIs, it was demonstrated that ARBs can exert a
favorable effect on AF prevention on top of current
heart failure treatment. The benefit of adding an
ARB to ACEI treatment was also supported by
the results of the CHARM trial.65 Patients in the
CHARM trial were enrolled into three component
trials based on left ventricular ejection fraction
(LVEF) and ACEI treatment. CHARM-Alternative
included patients with LVEF ≤0.40 not treated
with ACEIs because of prior intolerance, CHARM-
Added included patients with LVEF ≤0.40 treated
with an ACEI, and CHARM-Preserved included
patients with LVEF >0.40 and allowed ACEI treat-
ment (20% in the candesartan group and 23% in
the placebo group were receiving ACEIs by the end
of the study). Candesartan reduced the incidence
of new onset AF and there was no heterogeneity
of the effect of candesartan between the three
component trials, although the most pronounced
effect of candesartan in reducing AF risk was
observed in the CHARM-Alternative trial.65

According to the provided evidence, ACEI or
ARB use in patients with heart failure, apart from
the established favorable influence on the long-
term prognosis of heart failure,66 seems to confer
additional benefits by preventing AF.

Post-MI

Available evidence from two studies re-
garding the use of ACEIs following MI seems
contradictory. Pedersen et al. reported that pa-
tients with impaired left ventricular function
secondary to acute myocardial infarction had
significantly lower incidence of AF at the end of
a 2- to 4-year follow-up when they were treated
with trandolapril.67 Significant data regarding the
incidence and prognostic significance of AF after
MI were reported by Pizzetti et al. based on
the GISSI-3 trial.68 Patients in the GISSI-3 trial
were randomized within 24 hours of acute MI
to receive oral lisinopril or no lisinopril and
glyceryl trinitrate or no glyceryl trinitrate. The
authors reported that AF occurred in 665 patients
randomized to lisinopril and 721 controls, but
noticed that 319 of these 1,386 patients had AF
on the admission electrocardiogram, that is to say
before treatment allocation. Since the subsequent
treatment allocation of these 319 patients is not
known, it is not possible to estimate the actual
effect of lisinopril on AF development. Therefore,
although according to data from the TRACE study
ACEI treatment reduces the incidence of AF,
further studies are needed to corroborate these
findings.
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RAAS INHIBITION AND AF

Hypertension

The evidence on using ACEIs or ARBs for
the primary prevention of AF in hypertensive
patients with normal left ventricular function
is rather inconclusive. In the CAPPP and the
STOP-H2 trials, ACEIs were compared with other
antihypertensive regiments for a mean follow-up
time of 6.1 and 5 years, respectively. In both trials,
treatment with ACEIs did not reduce the incidence
of new-onset AF.69,70 In contrast, L’Allier et al.
in a retrospective, longitudinal, cohort study
comparing ACEIs with calcium channel blockers,
concluded that ACEIs were associated with a
reduced adjusted hazards ratio for new onset AF
and reduced AF-related hospitalizations.71 A post
hoc analysis of the LIFE trial, which compared
the ARB losartan with the β-blocker atenolol,
produced similar results. Patients receiving losar-
tan had significantly lower incidence of new-
onset AF and associated stroke.72 However, the
LIFE trial was different from the other above-
mentioned hypertension trials in that it used an
ARB rather than an ACEI, and it enrolled patients
with LVH who would supposedly have more
advanced hemodynamic abnormalities and higher
activation of the RAAS than patients in other
hypertension trials.73 Using methodology similar
to L’Allier et al., a recent nested case-control
study provided some evidence that long-term
antihypertensive treatment with ACEIs, ARBs, or
β-blockers may decrease the risk of new-onset AF
compared with treatment with calcium channel
blockers.74 However, both studies were observa-
tional and could be confounded by treatment
selection bias, while AF diagnosis could not be
validated.

Increased Cardiovascular Risks

Two reports with contradicting results have
analyzed data regarding AF prevention in patients
with increased cardiovascular risk.75,76 Salehian
et al. analyzed data from the HOPE clinical trial
and reported that treatment with ramipril did not
reduce the rate of new onset AF compared to
placebo.75 Conversely, Schmieder et al. reported
that valsartan-based antihypertensive treatment
reduced the development of new-onset AF com-
pared to amlodipine, using data from the VALUE
trial.76 A possible explanation for the apparent
discrepancy is that all patients in the VALUE
trial had hypertension and approximately one-
fourth had electrocardiographic evidence of LVH,
whereas only half of the participants in HOPE had
hypertension with approximately 8.5% of them
having LVH.77 This is probably reflected in the
low incidence of new AF in HOPE, which was
reported to be 2.1%.

In conclusion, evidence regarding the efficacy
of RAAS inhibition as primary prevention of AF in
hypertensive patients or patients with increased
cardiovascular risk is at best equivocal. Patients
with the highest probability of an increased
activation of the RAAS seem to benefit the most
from ACEIs or ARBs.

Postoperative AF

The effects of RAAS inhibition on the
prevention of postoperative AF have been exam-
ined in a multicenter, prospective, observational
analysis of 4,657 patients undergoing coronary
artery bypass graft surgery. Among several risk
factors identified, postoperative use of ACEIs
was associated with reduced incidence of new-
onset AF.78 A randomized trial in 128 patients
undergoing cardiac surgery has, also, shown that
ACEIs or the combination of ACEIs and candesar-
tan can reduce the rate of postoperative AF.79

Contradictory results were reported in a post hoc
cohort evaluation of patients who were enrolled
in the AFIST II and III clinical trials. In the
338 patients who had undergone cardiac surgery,
ACEIs and ARBs were associated with reduced
odds of developing postoperative AF, albeit not
statistically significant.80

Secondary Prevention

Clinical studies of ACEIs and ARBs in
secondary prevention of AF are summarized in
Table II.

Prevention after Cardioversion

The first clinical trial investigating a potential
role of RAAS inhibition in the prevention of AF
recurrence after electrical cardioversion (ECV) was
published in 1995 by van den Berg et al. The re-
searchers compared CHF patients receiving lisino-
pril 6 weeks before and 6 weeks after cardioversion
with CHF patients receiving placebo but did not
observe a statistically significant decrease in recur-
rent AF. It should be noted that maintenance of si-
nus rhythm in the lisinopril group compared to the
control group was approximately double (71% vs
36%); however, small sample size (n = 30) did not
allow for statistical significance.81 Several other
trials have also assessed the effect of ACEIs or
ARBs in secondary prevention after cardioversion.
In a small, nonrandomized, post hoc analysis,
Van Noord et al. did not observe an effect of
ACEI pretreatment on sinus rhythm maintenance
following ECV.82 Similarly, Dagres et al. did not
find a benefit of irbesartan in reducing the risk
of AF recurrence. Besides small sample size, the
short duration of irbesartan treatment prior to ECV,
which is evident in the lack of difference in blood
pressure before and after ECV between patients
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and controls, may be responsible for this result.
Nevertheless, this study demonstrated that treat-
ment with irbesartan attenuates left atrial stunning
after cardioversion.83 A similar lack of effect on the
recurrence rate of AF for candesartan treatment
was reported in the CAPRAF trial.84 The authors
attributed these results in the relatively short time
of candesartan treatment before ECV (median time:
29 days) which is manifested in the absence of
significant differences in blood pressure between
the treatment and placebo groups. Although this
time was adequate for an effect on electrical re-
modeling, as reported by a post hoc subset analysis
of the CAPRAF trial,85 the authors hypothesized
that longer treatment and possibly a higher dosage
would be needed for an effect on structural re-
modeling. Recently, the results of a trial aiming to
verify ACEI effectiveness in preventing relapses of
lone AF after cardioversion were reported.86 At the
end of a 3-year follow-up, ramipril treatment suc-
ceeded in reducing AF recurrences and preventing
left atrium enlargement, which has been demon-
strated to occur in the natural history of lone
AF.87

Three trials have estimated the effects of com-
binations of amiodarone with an ACEI or an ARB
in preventing AF recurrences after cardioversion
and compared them with amiodarone alone.88–90

The addition of an ACEI or an ARB to amiodarone
improved significantly sinus rhythm maintenance
and there is evidence that this anti-arrhythmic
effect is dose-dependent, at least for irbesartan.90

The above-mentioned data support a bene-
ficial role of ACEIs or ARBs in sinus rhythm
maintenance after cardioversion, primarily when
RAAS inhibition is used as an adjunct to
amiodarone.

Prevention after Catheter Ablation

The potential of ACEIs or ARBs for im-
proving the outcome after catheter ablation has
been assessed in several retrospective studies
(Table II).91–95 A common finding in all but one of
them is that RAAS inhibition did not reduce the
incidence of AF recurrences after the procedure.
Evidence from these studies raises the question
whether ACEIs or ARBs have the potential to
invert atrial remodeling in patients with drug-
refractory AF. Another issue arising is whether
the use of agents known to prevent fibrosis may
as well reduce scar formation, thereby reducing
the efficacy of the ablation.96

Prevention in the Setting of Paroxysmal AF

Considerable research has also been con-
ducted for the prophylactic use of ACEIs and
ARBs against recurrences of paroxysmal AF.
Two clinical trials have compared the long-term

efficacy of the losartan-amiodarone or perindopril-
amiodarone combination with amiodarone alone
or combined with amlodipine.97,98 In both cases,
the use of losartan or perindopril was associated
with improved sinus rhythm maintenance. Simi-
larly, in a retrospective analysis of patients with
predominantly paroxysmal AF, the combination
of enalapril with amiodarone compared with
amiodarone monotherapy was proven to enhance
sinus rhythm maintenance and prevent the
development of atrial structural remodeling.99

Conducting a post hoc analysis, Murray et al.
identified the patients who were randomized to
the rhythm-control arm of the AFFIRM trial and
compared AF recurrence with exposure to ACEIs
or ARBs.100 They observed no beneficial role for
RAAS inhibition in the overall study population;
however, subgroup analysis revealed that ACEIs
and ARBs reduced the risk of AF recurrence
in patients with a history of CHF or impaired
left ventricular function. Data from the CTAF
trial also did not support an additional benefit
of RAAS inhibition against AF recurrence in
patients treated with conventional antiarrhythmic
treatment.101 Recently, results from GISSI-AF,
a well-designed large, randomized trial, were
reported.102 A total of 1,442 enrolled patients with
a history of recent AF were randomly assigned to
receive valsartan or placebo and were followed
up for a year. The rate of AF recurrences in the
valsartan group was not significantly lower than
in the placebo group. A possible limitation of this
study is that patients in the valsartan group had a
significantly higher prevalence of coronary artery
disease and peripheral artery disease. This may
confer a higher risk of AF to these patients, even
though cardiovascular risk factors associated with
AF were evenly distributed between valsartan
and placebo groups. In addition, it may also
explain the unexpected finding of increased
thromboembolic events in the valsartan group.
Another potential limitation could be that 58%
of the patients in the valsartan group and 56%
of the placebo group were receiving concomitant
ACEI treatment; thus, the RAAS was already
inhibited in these patients. Therefore, the GISSI-
AF trial did not address the question whether
RAAS inhibition is important in AF prevention,
but the clinically more significant question if there
is an additional benefit by adding ARBs to ACEIs.
Such a benefit was supported by Val-HeFT and
CHARM trials,64,65 although this was not the case
with GISSI-AF.102

Meta-Analyses and Future Trials
A common limitation of most of clinical

studies regarding primary prevention of AF with
RAAS inhibition is that they were conducted post
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Table III.

Relative Risk of Atrial Fibrillation in Published Meta-Analyses

Total Effect Secondary
ACEIs Heart Prevention

Meta-Analysis and ARBs ACEIs ARBs Failure Hypertension Post-MI after ECV

Madrid et al.107 0.57 – – – – – –
2004 [0.39–0.82]*

Healey et al.108 0.72 0.72 0.71 0.56 0.88 0.73 0.52
2005 [0.60–0.85] [0.56–0.93] [0.60–0.84] [0.37–0.85] [0.66–1.19] [0.43–1.26] [0.35–0.79]

Anand et al.109 0.82 0.75 0.81 0.57 0.94 0.73 –
2006 [0.70–0.97] [0.57–0.99] [0.62–1.06] [0.37–0.89] [0.72–1.23] [0.43–1.26]

Kalus et al.110 0.51 0.31 0.64 – – – 0.39
2006 [0.36–0.72] [0.11–0.86] [0.54–0.75] [0.20–0.75]

Salehian et al.75 0.73 0.75 0.70 0.55 0.88 – 0.52
2007 [0.62–0.86] [0.60–0.94] [0.59–0.83] [0.39–0.79]‡ [0.66–1.19]† [0.35–0.79]

Jibrini et al.111 0.81 0.87 0.70 0.68 0.77 0.90 0.49
2008 [0.76–0.87]* [0.80–0.94]* [0.62–0.79]* [0.59–0.79] [0.69–0.86] [0.81–0.99] [0.33–0.72]

*No distinction between primary and secondary prevention trials.
†Patients with left ventricular dysfunction were excluded.
‡Left ventricular dysfunction trials.
ACEI = angiotensin-converting enzyme inhibitor; ARB = angiotensin receptor blocker; MI = myocardial infarction; ECV = electrical
cardioversion.
Data are presented as relative risk (RR) and 95% confidence interval.

hoc and they used annual electrocardiograms or
patient-reported symptoms for the detection of
AF, thus under detecting asymptomatic short-
lasting AF. However, it is now well known from
catheter ablation studies that patients with AF
may not provide reliable data on the frequency
and duration of their paroxysms.103,104 Up to
50% of AF episodes may escape detection and
diagnosis following AF ablation.105,106 This also
applies to secondary prevention trials, especially
for paroxysmal AF. Clinical trials of RAAS
inhibition in secondary prevention of AF usually
employ frequent electrocardiographic monitoring;
however, they are hampered by small sample
sizes. Thus, a relative uncertainty about results is
a common feature of all AF trials.

Several meta-analyses of the available trials
have been conducted.75,107–111 A beneficial effect
of ACEIs and ARBs against AF development
has been a consistent finding in all (Table III).
This effect was more pronounced in patients
with heart failure,75,107–109,111 while in two of
these meta-analyses it was completely abrogated
when considering patients with hypertension
and normal left ventricular function.75,108 When
secondary prevention trials were pooled, meta-
analyses showed a significant relative risk re-
duction in AF recurrences after cardioversion
by both ACEIs and ARBs.108,110,111 A recent
meta-analysis, incorporating data from GISSI-

AF and the recent paper by Belluzzi et al.,86

reached similar conclusions regarding the ben-
eficial effects of RAAS inhibition in secondary
prevention of AF. Analyzing primary prevention
trials, this meta-analysis observed no effects of
RAAS inhibition in reducing AF incidence in
populations other than heart failure patients.112

A common finding in most of these meta-analyses
is the comparable effect of both ACEIs and ARBs
against AF development.108,111 This finding is
corroborated by the recently reported data from
the ONTARGET and TRANSCEND trials.113 In
ONTARGET, new-onset AF was documented in
6.9% of the patients receiving ramipril and 6.7%
of the patients receiving telmisartan, supporting
similar effects of both interventions. Furthermore,
data from TRANSCEND show that telmisartan
did not reduce the incidence of new-onset AF
when compared with placebo. The ONTARGET/
TRANSCEND results further support that RAAS
blockade reduces the risk of AF mainly in
patients with heart failure and LVH. The
lack of beneficial effects should be attributed
to the exclusion of patients with heart fail-
ure from ONTARGET/TRANSCEND and the
relatively small proportion of patients with
LVH.113

Forthcoming trials are expected to further
elucidate the efficacy of ACEIs and ARBs in
primary and secondary prevention of AF. The

PACE, Vol. 33 October 2010 1281



ZOGRAFOS AND KATRITSIS

J-RHYTHM II and the ANTIPAF trials are designed
to evaluate the use of ARBs in reducing the
recurrence rate of paroxysmal AF and their results
are eagerly awaited.114,115 Other studies of the anti-
arrhythmic effects of RAAS inhibition on patients
undergoing cardiac surgery [NCT00141778], or
patients with hypertension and permanent pace-
makers [NCT00225667], are also underway.

Conclusions
There has been compelling evidence sup-

porting the role of RAAS in the genesis and
perpetuation of AF. Experimental studies have

demonstrated the beneficial effects of ACEIs and
ARBs on AF prevention; however, clinical studies
on the efficacy of such therapeutic interventions
have produced variable results depending on
the clinical background of treated patients. In
patients with heart failure, ACEIs and ARBs
appear particularly useful for primary prevention
of AF. Meta-analyses of secondary prevention
trials also suggest significant risk reduction after
cardioversion with the use of ACEIs and ARBs.
Additional data are needed to further elucidate
the clinical role of RAAS inhibition for primary
and secondary prevention of AF.
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