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Atrial Fibrillation: a common disease

AF accounts for 1/3 of all patient discharges
with arrhythmia as the principal diagnosis

Unspecified
SVT 6% 18%

PVCs 6%

AFI 4%
SSS 9%

AV Block .
8%
SCD 3% yr A VF 2%

Baily D. J Am Coll Cardiol 1992;19(3):41A



ATRIA: Prevalence of AF by age and sex
17,974 adults with AF between 1996—-1997; study population 1.89 million
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ATRIA: Projected number of patients with AF
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Stroke risk is increased in AF

Framingham Heart Study, 30-year follow-up, N = 5184

Stroke rate Population
Age  Prevalence (per 1000 patient-years) attributable
group AF AF- AF+ risk (%)*
60-69 1.8% 4.5 21.2 7.3
70-79 4.7% 9.0 48.9 16.5
80-89 10.2% 14.3 71.4 30.8

*Adjusted for BP Adapted from Wolf PA, et al. Arch Intern Med. 1987;147:1561-1564.



Mortality and AF
Hospitalized patients with CV disease

B With AF (n = 13,558) Il Without AF (n = 13,195)
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*Significantly different from patients
with AF at P < 0.05 Wolf PA, et al. Arch Intern Med. 1998;158:229-234,



Atrial Fibrillation and Isolated Systolic Hypertension

The Systolic Hypertension in the Elderly Program and Systolic
Hypertension in the Elderly Program-Extension Study

Tudor D. Vagaonescu, Alan C. Wilson, John B. Kostis

Abstract—We performed a post hoc analysis of the Systolic Hypertension in the Elderly Program database to assess the
incidence of atrial fibrillation in the elderly hypertensive population, its influence on cardiovascular events, and whether
antihypertensive treatment can prevent its onset. The Systolic Hypertension in the Elderly Program was a double-blind
placebo-controlled trial in 4736 subjects with isolated systolic hypertension aged =60 years. Atrial fibrillation was an
exclusion criterion from the trial. Participants were randomly assigned to stepped care treatment with chlorthalidone and
atenolol (n=2363) or placebo (n=2371). The occurrence of atrial fibrillation and cardiovascular events over 4.7 years
as well as the determination of cause of death at 4.7 and 14.3 years were followed. Ninety-eight subjects (2.06%)
developed atrial fibrillation over 4.7 years mean follow-up, without significant difference between treated and placebo
groups. Atrial fibrillation increased the risk for: total cardiovascular events (RR 1.69; 93% CI 1.21 to 2.36), rapid death
(RR 3.29; 95% CI 1.08 to 10.00), total (RR 5.10; 95% CI 3.12 to 8.37) and nonfatal left ventricular failure (RR 5.31;
93% CI3.09 to 9.13). All-cause and total cardiovascular death were significantly increased in the atrial fibrillation group
at 4.7 years (HR 3.44; 95% CI 2.18 to 3.42; HR 2.39; 95% CI 1.05 to 5.43) and 14.3 vears follow-up (HR 2.33; 95%
Cl 1.83to 2.98; HR 2.21; 95% CI 1.54 to 3.17). Atrial fibrillation increased the risk for total cardiovascular events, rapid
death, and left ventricular fatlure. All-cause mortality and total cardiovascular mortality were significantly increased in
hypertensives with atrial fibrillation at 4.7 and 14.3 vears follow-up. ( Hypertension. 2008:51:1352-1356.)




Aprtnpiakn Ymrépraon — KoAmiky Mapuapuyn

Benjamin E et al, Framingham Heart Study, JAMA 1994:

DM (OR, 1.4 for men and 1.6 for women), HTN (OR, 1.5 for men and 1.4 for women),
CHF (OR, 4.5 for men and 5.9 for women), and valve disease (OR, 1.8 for men
and 3.4 for women) were significantly associated with risk for AFib in both sexes.

Modification of risk factors for CVD may have the added benefit of diminishing
the incidence of AF

Psaty BM et al, Circulation 1997:

The use of diuretics, a history of valvular HD, CHD, advancing age, higher levels of SBP,
height, glucose and left atrial size were all associated with an increased risk of AF

Kannel WB et al, Am J Cardiol. 1998:

Because of its high prevalence in the population, HTN was responsible for more AF
in the population (14%) than any other risk factor
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CHF (OR, 4.5 for men and 5.9 for women), and valve disease (OR, 1.8 for men
and 3.4 for women) were significantly associated with risk for AFib in both sexes.

Modification of risk factors for CVD may have the added benefit of diminishing
the incidence of AF

Psaty BM et al, Circulation 1997:

The use of diuretics, a history of valvular HD, CHD, advancing age, higher levels of SBP,

height, glucose and left atrial size were all associated with an increased risk of AF

Kannel WB et al, Am J Cardiol. 1998:

Because of its high prevalence in the population, HTN was responsible for more AF
in the population (14%) than any other risk factor



Pulse Pressure and Risk of New-Onset Atrial Fibrillation

Gary F. Mitchell; Ramachandran S. Vasan; Michelle J. Keyes; et al.
JAMA. 2007;297(7):709-715 (doi:10.1001 /jama. 297 .7.709)

Figure. Incidence of Atrial Fibrillation According to Quartiles of Pulse Pressure
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Influence of Systolic and Diastolic Blood Pressure on the
Risk of Incident Atrial Fibrillation in Women

David Conen, MD, MPH; Usha B. Tedrow, MD. MSc: Bruce A. Koplan, MD, MPH;
Robert J. Glynn., ScD: Julie E. Buring, ScD: Christine M. Albert. MD. MPH

Background—The influence of systolic and diastolic blood pressure (BP) on incident atrial fibrillation (AF) 1s not well
studied among initially healthy, middle-aged women.

Methods and Results—A total of 34 221 women participating in the Women's Health Study were prospectively followed up
for mcident AF. The risk of AF across categories of systolic and diastolic BP was compared by wvse of Cox
proportional-hazards models. During 12.4 vears of follow-up, 644 incident AF events occurred. Using BP measurements at
baseline, we discovered that the long-term risk of AF was significantly increased across categories of systolic and diastolic
BP. Multivariable-adjusted hazard ratios for systolic BP categonies (<120, 120 to 129, 130 to 139, 140 to 159, and
=160 mm Hg) were 1.0, 1.00 (95% CI, 0.78 to 1.28), 1.28 (95% CI, 1.00 to 1.63). 1.56 (95% CI, 1.22 t0 2.01), and 2.74 (95%
CL, 1.77 to 4.22) (P for trend <0.0001). Adjusted hazard ratios across baseline diastolic BP categories (<<63. 63 to 74, 75 to
84, 85 to 89, 90 to 94, and =95 mm Hg) were 1.0, 1.17 (95% CL. 0.81 to 1.69), 1.18 (95% CI, 0.84 to 1.65), 1.53 (95% CI,
.05 10 2.23), 1.35 (95% CL 0.82 to 2.22), and 2.15 (95% CI, 1.21 10 3.84) (P for trend=0.004). When BP changes over time
were accounted for in updated models, multivariable-adjusted hazard ratios were 1.0, 1.14 (95% CI, 0.89 to 1.40), 1.37 (95%
CL 1.07to 1.76), 171 (95% CL 1.33t0 2.21), and 2.21 (95% CI. 1.45 to 3.36) (P for trend <20.0001) for systolic BP categories
and 1.0, 1.12 (95% CI, 0.82 to 1.52), 1.13 (95% CI, 0.83 to 1.52), 1.30 (95% CI, 0.89 to 1.88), 1.50 (95% CI. 1.01 to 1.88),
and 1.54 (95% C1. 0.75 to 3.14) (P for rend=0.026) for diastolic BP categories.

Conclusions—In this large cohort of initially healthy women, BP was strongly associated with incident AF, and svstolic BP was
a better predictor than diastolic BP. Systolic BP levels within the nonhypertensive range were independently associated with
mcident AF even after BP changes over time were taken into account. (Circulation. 2009;119:2146-2152.)

Key Words: blood pressure B cardiovascular diseases m atrial fibrillation ® epidemiology ® hypertension B women




Age-adjusted prevalence of LA enlargement
according to 8-year average SBP in men and women
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Association between LA size and the incidence of AF
in the Cardiovascular Health Study
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Echocardiographic Predictors of
Nonrheumatic Atrial Fibrillation

The Framingham Heart Study
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Blood pressure control and risk of incident atrial fibrillation
Thomas et al. Am J Hypertens. 2008 October ; 21(10): 1111-1116

Background—Atrial fibrillation (AF) is a common arrhythmia that affects over 2 million people
in the United States. We sought to determine whether the risk of incident AF among patients treated
for hypertension differs by the degree of blood pressure control.

Methods—A population based, case-control study of 433 patients with verified incident AF and
899 controls was conducted to investigate the relationship between average achieved systolic (SBP)
and diastolic (DBP) blood pressure and risk of AF. All patients were members of an integrated health
care delivery system and were pharmacologically treated for hypertension. Medical records were
reviewed to confirm the diagnosis of new onset AF and to collect information on medical conditions,
health behaviors, and measured blood pressures. Average achieved SBP and DBP were calculated
from the three most recent outpatient blood pressure measurements.

Results—Compared with the reference level of 120-129 mm Hg, for categories of average achieved
SBP of <120, 130-139, 140-149, 130-159, 160-169 and =170 mm Hg, the odds ratios (93%
confidence interval) for incident AF were 1.99(1.10,3.62), 1.19(0.78, 1.81), 1.40 (0.93, 2.09), 2.02
(1.30,3.15),2.27(1.31,3.93) and 1.84 (0.89, 3.80), respectively. Based on the population attributable
fraction (PAF), we estimated that, among patients with treated hypertension, 17.2% (93% CI 4.3%,
28.3%) of incident AF was attributable to an average achieved SBP =140 mmHg.

Conclusion—Among patients treated for hypertension, uncontrolled elevated SBP and SBP <120
mm Hg were associated with an increased risk of incident AF.




Blood pressure control and risk of incident atrial fibrillation
M.C. Thomas et al. Am J Hypertens. 2008 October ; 21(10): 1111-1116

Odds Ratio (95% Cl)
Odds Ratio (959% CI)

<65 6560 70-74 7579 80-84 85-80 9004 =05
Average Achieved Diastolic Blood Pressure (mm Hg)

<120 120129 130139 140-149 150-159 160-169 >=170
Average Achieved Systolic Blood Pressure (mm Hg)




Regression of Electrocardiographic Left Ventricular
Hypertrophy and Decreased Incidence of New-Onset
Atrial Fibrillation in Patients With Hypertension

Peter M. Okin; Kristian Wachtell; Richard B. Devereux; et al.
JAMA. 2008;296(10):1242-1248 (doi:10.1001 jama.296.10.1242)

Figure. Rate of New-Cnset Atrial Fibrillation
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AF — Antithrombotic Therapy

TABLE 11. Risk Factors for Ischemic Stroke and Systemic
Embolism in Patients With Nonvalvular Atrial Fibrillation

Risk Factors Relative Risk

Previous stroke or TIA 2.5
Diabetes mellitus 1.7
History of hypertension 1.6

Heart failure 1.4
Advanced age (continuous, per decade) 1.4

TABLE 13. Antithrombotic Therapy for Patients With Atrial Fibrillation

Risk Category Recommended Therapy

Mo risk factors Aspirin, 81 to 325 mg daily

One moderate-risk factor Aspirin, B1 to 325 mg daily, or warfarin (INR 2.0
to 3.0, target 2.5)

Ay high-risk factor or more than 1 Warfarin (INR 2.0 to 3.0, target 2.5)*
moderate-risk factor

Less Validated or Weaker
Risk Factors Moderate-Risk Factors High-Risk Factors

Female gender Age greater than or equal to 75 y Previous stroke, TIA or embolism
Age 65 to 74 y Hypertension Mitral stenosis

Coronary artery disease Heart failure Prosthetic heart valve*

Thyrotoxicosis LV gjection fraction 35% or less
Diabetes mellitus

*If mechanical valve, target international normalized ratio (INR) greater than 2.5,
MR indicates international normalized ratio; LV, left ventricular; and TIA, transient ischemic attack.




2007 Guidelines for the Management of Arterial Hypertension ESH/ESC
Journal of Hypertension 2007;25:1105-1187
Increased LV mass and LA enlargement: independent predictors of the new-onset AF

Hypertensive pts with these alterations appear to require intensive therapy

BP control appears to be strictly required, when anticoagulant treatment is given,
because stroke and bleeding episodes are more frequent when SBP is 2140mmHg

ACEls - ARBs: less incidence of new AF - may be preferable antihypertensive agents
Also in pts with previous episodes of AFib

Conformation of large ongoing trials is desirable

In permanent AFib: BBs and non-dihydropiridine Ca antagonists
(in order to control ventricular rate)



Table 6 Conditions favouring use of some antihypertensive drugs versus others

Thiazide diuretics Beta-blockers Calcium antagonists Calcium antagonists
(dihydropyridines) (verapamil/diltiazem)
o Isolated systolic « Angina pectoris » lsolated systolic hypertension  « Angina pectoris
hypertension (elderly) « Post-myocardial infarction (elderly) « Carotid atherasclerasis
* Heart failure + Heart failure * Angina pectoris « Supraventricular tachycardia
» Hypertension in blacks + Tachyarrhythmias » LV hypertrophy
* Glaucoma » Carotid/Coronary
* Pregnancy Atherasclerosis
» Pregnancy
* Hypertension in blacks

ACE inhibitors Angiotensin receptorantagonists Diuretics (antialdosterone) Loop diuretics

* Heart failure + Heart failure + Heart failure « End stage renal disease
o LV dysfunction » Post-myocardial infarction » Post-myocardial infarction * Heart failure

» Post-myocardial infarction e« Diabetic nephropathy

+ Diabetic nephrapathy + Proteinuria/Microalbuminuria

» Non-diabetic nephropathy LV hvpertraphy

» LV hypertrophy

o Carotid atherosclerosis » Metabolic syndrome

* Proteinuria/ ¢ ACEl-induced cough
Microalbuminuria

fibrillation
» Metabolic syndrome

ACEl: ACE inhibitors; LV: Left Ventricle.
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Fibrosis in left atrial tissue of patients with atrial fibrillation
with and without underlying mitral valve disease

A Boldt, U Wetzel, J Lauschke, J Weigl, J Gummert, G Hindricks, H Kottkamp, S Dhein
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Objective: To examine the hypothesis that major extracellular matrix (ECM) profeins are expressed
differently in the left atrial tissue of patients in sinus rhythm (SR), lone atrial fibrillation (AF), and AF with
underlying mitral valve disease [MVD).

Design: Case-control study.

Patients: 118 patients with lone AF, MVD+AF, and SR.

Main outcome measures: Collagen |, collagen Ill, and fibronedtin protein expression measured by
quantitative western blotting techniques and immunohistochemical methods.

Results: Protein concentrations increased in pafients with AF (all forms) compared with those in SR [all
forms): collagen 1 {1.15 (0.11) v 0.45 (0.28), respectively; p = 0.002), collagen Ill (0.74 [0.05) v 0.4
[0.11); p = 0.002, and fibronectin (0.88 (0.06) v 0.62 (0.13); p = 0.08). Especially, collagen | was
similarly enhanced in both lone AF (1.4% (0.15) and MVD+AF (1.53 [0.16) compared with SR [0.56
[0.28); both p = 0.01). Collagen lll was not significantly increased in lone AF but was significantly
increased in AF combined with MVD (0.84 (0.07) both compared with SR (0.46 [0.11); p = 0.01). The
concentration of fibronectin was not significantly increased in lone AF and MVD+AF (both compared with
SR). Furthermore, there was a similar degree of enhanced collagen expression in paroxysmal AF and
chronic AF,

Conclusions: AF is associated with fibrosis. Forms of AF differ from each other in collagen lll expression.
However, there was no systematic difference in ECM expression between paroxysmal AF and chronic AF.
Enhanced concentrations of ECM proteins may have a role in structural remodelling and the pathogenesis

of AF as a result of separation of the cells by fibrotic depositions.



Pathophysiologic Effects of Angiotensin Il

Abnormal TPAI-1/
vasoconstriction thrombosis

Platelet
aggregation

TContractility

Activate SNS . \ Superoxide
Angiotensin || JCEIEEL

ascular smooth
TVasopressin muscle growth

TAldosterone

TEndothelin Myocyte growth
TCollagen
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Effects of Angiotensin-Converting Enzyme Inhibition on the
Development of the Atrial Fibrillation Substrate in Dogs
With Ventricular Tachypacing-Induced Congestive
Heart Failure

Danshi Li, MD, PhD; Kaori Shinagawa, MD; Li Pang, MD; Tack Ki Leung, MD: Sophie Cardin, BSc:
Zhiguo Wang, PhD; Stanley Nattel, MD

Background—Atnal structural remodeling creates a substrate for atrial fibrillation (AF). but the underlying signal
transduction mechanisms are unknown. This study assessed the effects of ACE inhibition on arrhythmogenic atrial
remodeling and associated mitogen-activated protein kinase (MAPK) changes in a dog model of congestive heart failure
(CHF ).

Methods and Results—Dogs were subjected to various durations of ventricular tachvpacimg (VTP, 220 to 240 bpm) in the
presence or absence of oral enalapril 2 mg - kg™ - d™". VTP for 5 weeks induced CHF, local atrial conduction slowing,

and interstitial fibrosis and prolonged atrial burst pacing—induced AF. Atnal angiotensm I concentrations and MAPK

expression were increased by tachypacing, with substantial changes i phosphorylated forms of ¢-Jun N-terminal kinase
(INK), extracellular signal-regulated kinase (ERK). and p38-kinase. Enalaprl significantly reduced tachypacing-
induced changes in atrial angiotensin 11 concentrations and ERK expression. Enalapril also attenuated the effects of CHF
on atrial conduction (conduction heterogeneity index reduced from 3.120.4 1o 1.9+0.2 ms/mm. P<0.05). atrial fibrosis
(from 119+ 1 1% o 7.5+04%, P=<001)._and mean AF duration (from 651164 to 218+75 seconds, P<<0.05),
Vasodilator therapy of a separate group of VTP dogs with hydralazine and isosorbide mononitrate did not alter
CHF-induced fibrosis or AF promotion.

Conclusions—CHF-induced ncreases i angiotensin 11 content and MAPK activation contribute to arrhythmogenic atrial
structural remodeling. ACE inhibition mterferes with signal transduction leading to the AF substrate in CHF and may
represent a useful new component to AF therapy. (Circulation. 2001:104:2608-2614.)




Enalapril Decreases the Incidence of Atrial Fibrillation in
Patients With Left Ventricular Dystunction

Insight From the Studies Of Left Ventricular Dystunction (SOLVD) Trials

Emmanuelle Vermes, MD; Jean-Claude Tardif, MD; Martial G. Bourassa, MD; Normand Racine, MD:
Sylvie Levesque, MSc: Michel White, MD; Peter G. Guerra, MD; Anique Ducharme, MD, MSc

Background—Atnal fibrillation (AF) 1s frequently encountered in patients with heart faillure (HF) and 15 also a predictor
of morbidity and mortality in this population. Recent experimental studies have shown electrical and structural atrial
remodeling with increased fibrosis in animals with HF and have suggested a preventive effect of ACE mhibitors (ACE1)
on the development of AF. To verify the hypothesis that ACE1 prevent the development of AF in patients with HF, we
conducted a retrospective analysis of the patients from the Montreal Heart Institute (MHI) included n the Studies Of
Left Ventricular Dysfunction (SOLVD).

Methods and Results—Clinical charts were reviewed and serial ECGs interpreted by a single cardiologist blinded to drug
allocation. Patients with AF or flutter on the baseline ECG were excluded. Baseline characteristics were obtained from
the SOLVD databases. The mean follow-up was 2.9£1.0 years. Of the 391 patients randomly assigned at MHI, 374
were 1n sinus rhythm at the time of random assignment, with 186 taking enalapril and 188 taking placebo. Baseline
characteristics were similar in the two groups except for a higher incidence of previous myocardial infarction in the
enalapril group. Fifty-five patients had AF during the follow-up: 10 (5.4%) in the enalapril group and 45 (24%) in the
placebo group (P<<0.0001). By Cox multivariate analysis, enalapril was the most powerful predictor for risk reduction
of AF (hazard ratio, 0.22; 95% CI, 0.11 to 0.44; P<<0.0001).

Conclusions—Treatment with the ACEi enalapril markedly reduces the risk of development of atrial fibrillation i patients
with left ventricular dystunction. (Circulation. 2003;107:2926-2931.)




Prevention of atrial fibrillation in patients with symptomatic chronic heart failure
by candesartan in the Candesartan in Heart failure:
Assessment of Reduction in Mortality and morbidity (CHARM) program

<7601 pts with symptomatic CHF and reduced
or preserved LV systolic function were randomized

to Candesartan or placebo

% Treatment with the ARB candesartan reduced
the incidence of AF

Placebo Candesartan
<+ There was no heterogeneity of the effects OR (95% Cl) = 0.81 (0.66 - 1.0)
: ’ Number of patfients who developed AF during the course of the study
of candesartan in preventing AF between by treatment group: candesartan [white box) er placebo [black box).
6379 patients {83.9%) did not have AF on the baseline ECG. Of
these, 392 patients (6.15%) developed AF during follow-up, 177
[5.55%) in the candesartan group and 215 (6.74%) in the placebo
group [OR 0.812, 95% C1 0.662-0.998, P = .048). Alter adjustment
for the prespecified baseline covariates, the OR was 0.802 {95% Cl
0.650-0.990, P = .039).

the 3 component trials




Valsartan reduces AF in CHF:
the Val-HeFT study

Patients with HF were randomised, single-
blind, to valsartan (40-160 mg/bid) or placebo,
in addition to their medication for HF

Age > 70 yrs | | 1.51 (1.17 - 1.95)
Male gender +—il— 1.53 (1.07 - 2.18)
BNP > 97 pg/mL ——12.28 (1.75 - 2.98)

0 05 1 15 2 25 3
NoAF AF

Maggioni AP et al. Am Heart J 2005;149:548-557

Probability of AF
0.157
= Placebo
Val
0.1 alsartan
0.05°
ul} 3 6 9 12 15 18 21 24 27
Months
Variable Valsartan | Placebo p
2205 2190 -
113 174
5.12% 7.95% | 00002




Randomised trial of old and new antihypertensive drugs in elderly patients:
cardiovascular mortality and morbidity the Swedish Trial in Old Patients with
Hypertension-2 study

6614 patients aged 70-84 years with HTN
( BP >180 mm Hg systolic, >105 mm Hg diastolic, or both)

Conventional ACE inhibitors Calcium
drugs group  group antagonists group

Total mortality

Cardiovascular mortality
Fatal myocardial infarction

scular mortality
Other mortality and morbidity
All myocardial infarction
All str

mHIImJ
Frequer f atrial ’r|t|r|II ation
Frequency of congestive heart failure 15-4 |1* ".

Table 5: Frequency of events per 1000 patient-years



Effect of angiotensin-converting-enzyme inhibition compared with conventional
therapy on cardiovascular morbidity and mortality in hypertension:
the Captopril Prevention Project (CAPPP) randomised trial

10 985 pts 25—66 yrs with a measured DBP= 100 mm Hg on two occasions were randomly
assigned captopril or conventional antihypertensive treatment (diuretics, BBs)

Event (n) Captopril group Conventional group

Fatal myocardial infarction 27 35
Fatal stroke 20 2
Other cardiovascular deaths 23 24
Sudden death 6 14
Non-fatal myocardial infarction 137

Non-fatal stroke 173
Ischaemic heart disease 258
Atrial fibrillation 117
Congestive heart failure 75
Diabetes mellitus 337

|

Transient ischaemic attacks 3




Angiotensin Il Receptor Blockade Reduces New-Onset Atrial Fibrillation

and Subsequent Stroke Compared to Atenolol
The Losartan Intervention for End Point Reduction in Hypertension (LIFE) Study

OBJECTIVES This study was designed to evaluate whether different antihypertensive treatment regimens
with similar blood pressure reduction have different effects on new-onset atrial fibrillation
(AF).

BACKGROUND It is unknown whether angiotensin II receptor blockade is better than beta-blockade in
preventing new-onset AF.

METHODS In the Losartan Intervention For Endpoeint reduction in hypertension (LIFE) study 2,193
hypertensive patients and patients with electroc 11dmrf1.1m documented left ventricular
tnputmpm were randormized to once-daily losartan- or atenolol-based antihvpertensive

therapy. Electrocardiograms were Minnesota coded centr ally, and 8,851 patients without AF
by electrocardiogram or history, who were thus at risk of dev cloping AF, were tollowed tor
4.8 = 1.0 years.

RESULTS New-onset AF occurred in 150 patients randomized to losartan versus 221 to atenolol (6.8 vs
10.1 per 1,000 person-vears; relative risk 0.67, 95% confidence interval [CI] 0.55 to 0.83, p

< 0.001) despite similar blood pressure reduction. Patients receiving losartan tended to stay
in sinus rhythm longer (1,809 £ 225 vs. 1,709 £ 254 days from bmllm p = 0.057) than
those receiving atenolol Moreover, patients with new- onset AF had two-, three- and fivefold
increased rates, ILHI_"L_-._UELI , of cardiovascular events, stroke, and hospitalization for heart
failure. There were tewer composite end points (n = 31 vs. 51, hazard ratio = 0.60, 95% CI
0.38 to 0.94, p = 0.03) and strokes (n = 19 vs. 38, hazard ratio = 0.49, 95% CI 0.29 to 0.86,
p = 0.01)in pntlunm who developed new-onset AF in the losartan compared to the atenolol
rreatment arm of the study. Furthermore, Cox regression analysis showed that losartan (21%
risl reduction) and new-onset AF both 111deLndL11t1} p.udu&d stroke even when adjusting
tor traditional risk factors.

CONCLUSIONS Our novel finding is that new-onset AF and associated stroke were significantly reduced by
losartan- -_:1111pl11ad to atenolol-based antihy putumu treatment with similar blood pressure
reduction. (] Am Coll Cardiol 200::,—15.?12 9) © 2005 by the American College of
Cardiology Foundation




Angiotensin Il Receptor Blockade Reduces New-Onset Atrial Fibrillation
and Subsequent Stroke Compared to Atenolol
The Losartan Intervention for End Point Reduction in Hypertension (LIFE) Study

8 HR: 0.67 [95% Cl: 0.55-0.83], p<0.001.
.3 _7- Adj. HR: 0.67 [95% CI: 0.55-0.83], p<0.001.
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Reduced incidence of new-onset atrial fibrillation with angiotensin Il receptor blockade:

the VALUE trial

BACKGROUND: Atrial fibrillation (AF) is the most common arrhythmia and increases
cardiovascular risk in hypertensive patients. Therefore, in the Valsartan Antihypertensive Long-
term Use Evaluation (VALUE) a prespecified objective was to compare the effects of valsartan and
amlodipine on new-onset AF.

METHODS: A total of 15 245 hypertensive patients at high cardiovascular risk received valsartan
80-160 mg/day or amlodipine 5-10 mg/day combined with additional antihypertensive agents.
Electrocardiograms were obtained every year and analyzed centrally for evidence of left ventricular
hypertrophy and new-onset AF.

RESULTS: At baseline, AF was diagnosed in 2.6% of 7649 valsartan recipients and 2.6% of 7596
amlodipine recipients. During antihypertensive treatment the incidence of at least one documented
occurrence of new-onset AF was 3.67% with valsartan and 4.34% with amlodipine [unadjusted
hazard ratio 0.843, [95% confidence interval (Cl): 0.713, 0.997], P = 0.0455]. The incidence of
persistent AF was 1.35% with valsartan and 1.97% with amlodipine [unadjusted hazard ratio 0.683
(95% CI: 0.525, 0.889), P = 0.0046].

CONCLUSIONS: Valsartan-based treatment reduced the development of new-onset AF,
particularly sustained AF in hypertensive patients, compared with amlodipine-based therapy.
These findings suggest that angiotensin Il receptor blockers may result in greater benefits than
calcium antagonists in hypertensive patients at risk of new-onset AF



Maintenance of Sinus Rhythm
After Conversion From Persistent AF
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Use of enalapril to facilitate sinus rhythm maintenance

after external cardioversion of long-standing persistent atrial fibrillation

Results of a prospective and controlled study

Aims This study aimed to assess whether enalapril could improve cardioversion
outcome and facilitate sinus rhythm maintenance after conversion of chronic atrial
fibrillation (AF).

Methods and results Patients with chronic AF for more than 3 months were assigned
to receive either amiodarone (200 mg orally 3 times a day; group I: n=75) or the
same dosage of amiodarone plus enalapril (10 mg twice a day; group Il: n=70) 4 weeks
before scheduled external cardioversion. The end-point was the time to first
recurrence of AF. In 123 patients (86.2%), AF was converted to sinus rhythm. Group I
had a trend to a trend to a lower rate of immediate recurrence of AF than group | did
(4.3% s 14.7%, P=0.067). Kaplan-Meier analysis demonstrated a higher probability of
group Il remaining in sinus rhythm at 4 weeks (84.3% vs 61.3%, P=0.002) and at the
median follow-up period of 270 days (74.3% vs 57.3%, P=0.021) than in group Il
Conclusion The addition of enalapril to_amiodarone decreased the rate of
immediate and subacute arrhythmia recurrences and facilitated subsequent
long-term maintenance of sinus rhythm after cardioversion of persistent AF,
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Prevention of AF by ACE-l and ARBs

Meta-analysis of 11 studies, 56308 pts

Treatment Control RR Weight RR
Study nMN ) nN (95%Cl Random) % (95%CI Random)
01 Heart Failure
Van Den Berg 217 7M1 - 1.7 0.45(0.13,1.57)
SOLVD 10/186 45 /188 —_. 43 0.22[0.12,0.43)
ValHeFT 116 /2209 173 12200 — 18 0.67(0.53,0.84)
Charm 17912769 216 12749 125 0.82(0.88,1.00)
Subtotal(95%Cl) 307 /5171 441 f5148 ( T > 309 0.56[0.37,0.85)
Test for heterogeneity chi-square=15.01 df=3 p=0.0018
Test for overall effect z=-2.72 p=0.007
02 Hypertension
CAPP 117 15432 13515493 —- 14 0.87(0.68,1.11)
LIFE 17914417 252 14387 - 1286 0.71(0.58,0.89)
STOPH2 200 /2205 357 /4408 130 1.12(0951.32)
Subtotal(95%Cl) 496 12114 744 114289 371 0.88(0.66,1.19]
Test for heterogeneity chi-square=13.34 df=2 p=0.0013
Test for overall effect z=-0.82 p=04
03 Atrial Fibrillation
Madrid 9/79 22175 —_— 43 0.39[019,0.79]
Ueng 18770 32175 —_— 70 0.60[0.37,0.97]
Subtotal(95%Cl) 277149 54 1150 . 114 0.52(0.350.79}
Test for heterogeneity chi-square=1.03 df=1 p=0.31
Test tor overall effect z=-3.13 p=0.002
04 Post-Myocardial Infarction
TRACE 22/790 421787 B ——— 66 0.52(0.31,0.87)
GISSI 665 18865 721 78846 140 0.92(0.83,1.02]
Subtotal(95%Cl) 687 19655 763 /98633 207 0.73[(0.43,1.26)
Test tor heterogeneity chi-square=4 64 df=1 p=0.031
Test for overall effect z=-1.12 p=0.3
Total(95%Cl) 1517 127089 2002 129220 Q) 1000 0.72(0.60,0.85)

Test for heterogenety chi-square=48.50 df=10 p<0.00001
Test for overall effect z=-3.74 p=0.0002

T
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Favours treatment

5 10
Favours control

ACE-l =28%
ARBs =29%

Pts with HF benefited
the most (RRR= 43%)

In pts with HTN overall,
there was no significant

reduction in AF
(RRR=12%, p=0.4)



Meta-analysis: inhibition of renin-angiotensin system prevents
new-onset atrial fibrillation

BACKGROUND: Epidemiologic studies suggest that inhibition of RAAS with ACEIls and ARBs may prevent
development of atrial fibrillation

OBJECTIVE: The objective of the study was to assess if there is significant indication for using ACEIls and
ARBs in the prevention of new-onset AF and to identify the target patient population

METHODS: PubMed and Cochrane clinical trials database were searched from 1980 through March 2005
together with the review of citations. Nine randomized controlled human trials reporting the prevention of
new-onset AF by inhibition of RAAS were identified. Information about study design, follow-up, intervention,
population, outcomes, and methodology quality was extracted

RESULTS: The mean follow-up of the studies ranged from 6 months to 6.1 year. The pooled estimate using
random effects model was 0.82 (95% CI 0.70-0.97) for prevention of new-onset AF and 0.61 (95% CI 0.46-
0.83) for primary prevention of AF. The angiotensin-converting enzyme inhibitors (0.75, 95% CI1 0.57-0.99)
had greater protective effect than angiotensin receptor blockers (0.81, 95% CI 0.62-1.06). Patients with
heart failure benefited the most (0.57, 95% CI 0.37-0.89). The test for heterogeneity between studies was
significant. There was no consistent visual or statistical evidence of publication bias

CONCLUSION: The use of ACEls and ARBs had an overall effect of 18% risk reduction in new-onset AF
across the trials and 43% risk reduction in patients with heart failure



Inefficiency of renin-angiotensin inhibitors in preventing atrial fibrillation in patients with a normal heart

= AIM: Recent scientific evidence has emphasized the possible role of inhibitors of the RAAS
in preventing arrhythmic relapses in patients with paroxysmal or persistent AFib and co-existing LVH
or LV dysfunction

= METHODS: In order to verify the effects of these drugs on patients with a normal heart, we collected
a series of 187 pts admitted to our division of cardiology for paroxysmal or persistent AFib
All pts underwent cardioversion (with antiarrhythmic drugs and/or by electrical cardioversion) and were
discharged in SR. Episodes of recurrent arrhythmia were recorded during a mean follow-up period was 2
yrs. Pts were subdivided into 2 groups according to Tx: group 1 comprised pts receiving RAAS inhibitors,
group 2 comprised those not receiving Tx with these agents. All 91 pts in group 1 and 76 of those in group
2 had HTN. Among the 91 pts in the group 1, 55 were treated with ACEls and 36 with ARBs. There were
no statistically significant differences in CV risk factors or antiarrhythmic drug use between the 2 groups

m  RESULTS: In group 1, 83% of pts experienced <2 recurrences of AFib during the follow-up period, while
17% had >2 episodes. In group 2, 86% of pts experienced <2 relapses during the follow-up period, while
the remaining 14% had >2 relapses. There was no statistically significant difference between the 2 groups
(P=0.85). A subgroup analysis showed that treatment with angiotensin receptor blockers, BBs, diuretics,
and Ca-blockers brought no advantage in SR maintenance

m  CONCLUSION: In our sample of hypertensive patients with a healthy heart, treatment with ACE inhibitors
showed no statistically significant advantage in the prevention of atrial fibrillation relapses



Valsartan for Prevention of Recurrent Atrial Fibrillation
The GISSI-AF Investigators™

BACKGROUND

Atrial fibrillation is the most common cardiac arrhythmia, and no current therapy is
ideal for control of this condition. Experimental studies suggest that angiotensin 11—
receptor blockers (ARBs) can influence atrial remodeling, and some clinical studies
suggest that they may prevent atrial fibrillation.

METHODS Valsartan

We conducted a large, randomized, prospective, placebo-controlled, multicenter trial
to test whether the ARB valsartan could reduce the recurrence of atrial fibrillation.
We enrolled patients who were in sinus rhythm but had had either two or more
documented episodes of atrial fibrillation in the previous 6 months or successful
cardioversion for atrial fibrillation in the previous 2 weeks. To be eligible, patients
also had to have underlying cardiovascular disease, diabetes, or left atrial enlarge-
ment. Patents were randomly assigned to receive valsartan or placebo. The two pri-
mary end points were the time to a first recurrence of atrial fibrillation and the pro-
portion of patients who had more than one recurrence of atrial fibrillation over the
course of 1 year.

Placebo

Probability of First Recurrence

RESULTS

A total of 1442 patients were enrolled in the study. Atrial fibrillation recurred in 371 Months since Randomization
of the 722 patients (51.4%) in the valsartan group, as compared with 375 of 720

(52.1%) in the placebo group (adjusted hazard ratio, 0.97; 96% confidence interval

[CI], 0.83 to 1.14; P=0.73). More than one episode of atrial fibrillation occurred in

194 of 722 patients (26.9%) in the valsartan group and in 201 of 720 (27.9%) in the

placebo group (adjusted odds ratio, 0.89; 99% CI, 0.64 to 1.23; P=0.34). The results

were similar in all predefined subgroups of patients, including those who were not

receiving angiotensin-converting—enzyme inhibitors.

CONCLUSIONS
Treatment with valsartan was not associated with a reduction in the incidence of
recurrent atrial fibrillation. (ClinicalTrials.gov number, NCT00376272.)
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AF prevention by candesartan
The CHARM Program

= 7601 patients with CHF :
Randomised to candesartan
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il Presorved 1l 0.894 (0.618 - 1.295)
= Follow-up 37.7 months Alternative + 779 (0.608 - 0.997
m AF pre-specified endpoint Added EAL ﬂgio.)m

m No AF on baseline ECG
83.9%
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Candesartan better Placebo better

Ducharme A ef al. Am Heart J 2006;152:86-92.



Prevention of Atrial Fibrillation

Report From a National Heart, Lung, and Blood Institute Workshop

m Atrial fibrillation (AF) is the most common arrhythmia in the United States
and other developed countries

m  AF is associated with significant morbidity and mortality, including :
m a 4-to 5-fold increased risk for stroke,1,2

m A doubling of risk for dementia,3,4

m a tripling of risk for heart failure,2 and

m a40% to 90% increased risk for overall mortality.2,5

m  Growth in the size of the AF population and increased recognition of the
morbidity, mortality, diminished quality of life, and high healthcare costs
associated with AF have spurred numerous investigations to developmore
effective treatments for AF and its complications.Many risk factors for AF
have been described, and some promising preventive strategies have been
identified. However, although AF treatment has been studied extensively, AF
prevention has received relatively little attention.



Effects of the angiotensin-receptor blocker telmisartan on
cardiovascular events in high-risk patients intolerant to
angiotensin-converting enzyme inhibitors: a randomised
controlled trial

The Telmisartan Randomised AssessmeNt Study in ACE iNtolerant subjects with cardiovascular Disease (TRANSCEND) I nvestigators™

BE6G patiants entered run-in phasa

Telmisartan  Placeho Hazard ratio palue
740 (111%) ecluded (N=2054)  (N=2972)  (95%Cl)

F1L{4-7%) poar com pliance
135(2-0%) comsent withdrawn Any heart fallure 191(65%)  197(66%) 008 (080-110) 0828

—" 37 107%) raised creatinine of potssium Revascularisation procedures MO(ILE%) 300(131%)  000(077-103) 0133
53 (%) synptamati:fy potersion Mew diabetes or fasting glucese I/l IR0(20-1%) 393 (216%) 091(079-1.05) 0203
3{0-05%) deaths ew diabetesor fasting glucose =7 mmolil. — 350(20:1%)  303(216%) 0-91({074-1.05) 203

200 (3-0%) athar raasare Mew clinical diagnasis of diabetes 200(110%)  245(12:8%) 08E{071-102) 0081

Mew atrial fibrillation 182(6:4%)  180(63%)  102(0-83-126) 0820

Mew left ventricular hypertraphy 128(50%)  202(79%)  062(060-078) <0001

Cancers V(80%)  204(60%)  L17(047-142) 0004

¥
o6 patients rardomisad

L l Anginawith hospitalisation and ECG changes 253 (846%) 287 (97%) 088 (074-104) 0135

Any cardiovascular hospitalisation 080(330%) 0.927(0-85-099) 0025

2054 assigned talmizartan 2072 assigned placebo Mumber of patients hospitalised 1477 (50-00) 1626 (L4 0977(093-102) 0300
Total martality 364(123%)  49(117%)  105(001-122) 0401
_.| 10 lest o felkr-up —M Blostiofollow-up *Relative risk, rather than hazard ratio,
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Table 4: Other secondary events and hospitalisations




“Upstream” Therapies in AF

Therapies

Possible Target

Hypertension

Heart failure

Direct effects (anti-fibrotic,
antiarrhythmic)

Hypertension, heart failure
Direct effects (anti-fibrotic,
antiarrhythmic?)

Coronary artery disease
Systemic atherosclerosis
Direct effects (anti-
inflammatory, antioxidant)

Anti-inflammatory effects

Lipid-lowering effects
Direct antiarrhythmic effects

Atrial Remodeling
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>
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Disease "%"%?
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Trials of RAAS inhibition in AF prevention

Favors treatment Favors control

ACEls
CAPP Captopril —
GISSI Lisinopril —=
HOPE Ramipril —
SOLVD Enalapril =
STOP-H2 Enalapril T
TRACE Trandolapril —_—
Ueng Enalapril —_—
Van den Berg Lisinopril =
Subtotal <>
ARBs
CHARM Candesartan ——
LIFE Losartan —8—
Madrid Irbesartan =
ValHeFT Valsartan —a—
Subtotal Subtotal <>
Total Total <>
I T T T 1
0.1 0.2 0.5 1.0 2.0 5.0
RR* (95% Cl)

Salehian O et al. Am Heart J. 2007;154:448-53.
*Random-effects model Healey JS et al. J Am Coll Cardiol. 2005;45:1832-9.
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