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Introduction

How angiotensin inhibition might protect 
against AF is not completely known. There is a 
plausible scientific basis for the notion that inhi-
bition of the renin-angiotensin system can reduce 
the incidence of AF.1 To best of our knowledge, 
angiotensin receptor blockers (ARBs) have been 
shown to be effective in the prevention of AF de-
spite the fact that this essential benefit appears to 
be limited to patients with systolic left ventricu-
lar (LV) dysfunction or LV hypertrophy associat-
ed with hypertension.2 Three mechanisms have 
been suggested to explain antiarrhytmic actions 
of ARBs in AF. First; improved LV-hemodynam-
ics and reduced atrial stretch. Second; supressed 
angiotensin-II induced fibrosis and third, direct 
modulation of ion-channel function.1 Both ani-
mal and human studies suggest that angiotensin 
II is involved in electrical and atrial myocardial 
remodeling.3,4 In an animal model, inhibition of 
angiotensin II with captopril or candesartan pre-
vented shortening of the atrial effective refracto-
ry period and atrial electrical remodeling during 
rapid atrial pacing,3 while atrial tissue obtained 
during open heart surgery from patients with AF 
revealed downregulation of AT1 receptor pro-
teins and upregulation of AT2 receptor.4

Post hoc analyses of randomized trials and nonran-
domized observations suggested that angiotensin 
converting enzyme (ACE) inhibitors and ARBs re-
duce the incidence of new AF in a variety of set-
tings including the treatment of left ventricular 
dysfunction and hypertension, and after coronary 
artery bypass graft surgery. The possible efficacy of 
angiotensin inhibition for the prevention of AF was 
addressed in a meta-analysis of 11 trials with over 
56,000 patients.2 In that meta-analysis almost all of 
data involved new onset rather than recurrent AF. 
ACE inhibitors and ARBs significantly reduced the 
risk of the development of AF (relative risk reduc-
tion [RRR] 28 %); the benefit was equivalent with 
the 2 classes of drugs. The benefit was greatest in 
patients with heart failure (RRR 44%), and was not 
significant in hypertension (RRR 12%). There was 
a significant reduction in the risk of AF recurrence 
when used after cardioversion (RRR 48%). How-
ever most of the data in the meta-analysis were 
derived from subset analyses of trials performed 
for reasons other than prevention of AF (eg, heart 
failure, post-MI, or hypertension). In addition, het-
erogeneity and the likely presence of publication 
or ascertainment bias lessen the strength of the 
evidence. On the other hand in GISSI-AF trial, 1442 
patients in sinus rhythm and a history of symptom-
atic AF were assigned to receive either valsartan or 
placebo.5 All patients had underlying cardiovascu-



lar disease, diabetes, or left atrial enlargement. In 
contrast to the earlier data, GISSI-AF found that 
valsartan did not prevent recurrent AF. At 1 year 
follow-up, there was no significant difference be-
tween valsartan or placebo in the proportion of 
patients who had more than 1 episode of AF or in 
the median time from randomization to the first 
recurrence of AF. Although 57 % of patients were 
taking an ACE inhibitor and 70% were taking ar-
rhythmic drugs at baseline that were continued 
throughout the trial and might have confounded 
the results, the outcomes in subgroup analysis 
were similar in the patients who were or were not 
being treated with such agents. Another possible 
contributor to the lack of benefit in GISSI-AF was 
a low prevalence of heart failure/left ventricular 
dysfunction (8%), since the meta-analysis cited 
above found that the benefit was greatest in pa-
tients with these conditions.2

There are currently seven commercially available 
ARBs, with telmisartan offering unique pharma-
cologic features compared with the other agents 
of its class. Telmisartan displays insurmountable, 
but reversible binding to the AT1 receptor, and it 
has the highest binding affinity for this receptor 
among commercially available ARBs.6 Telmisartan 
modulates peroxisome proliferator-activated re-
ceptor γ (PPARγ), an established therapeutic tar-
get in the treatment of insulin resistance, diabetes, 
and metabolic syndrome.7 A recent report on the 
ONTARGET study8 indicated that 80 mg of telmis-
artan daily was equivalent to the ACE inhibitor 
ramipril, and was effective in preventing relapses 
of lone AF.9 In this issue of the Journal of Atrial 
Fibrillation Maeda and his associates investigated 
the dose-dependent effects of telmisartan on the 
prevention of AF in patients associated with risk 
factors.10 One hundred hypertensive patients were 
randomized to take 40 mg or 80 mg of telmisartan 
for 24 months. At the end of the follow-up, the in-
cidence of AF was lower in the high-dose group 
than in the low-dose group. Moreover, the propor-
tion of AF recurrences in the patients with a past 
history of paroxysmal AF was lower in the high-
dose group than in the low-dose group. Concor-
dantly our group has recently showed that telmis-
artan significantly lowered P-wave dispersion 
values, indicative of nonhomogenous conduction 
in the left atrium and AF frequency in patients 
with hypertension after 6-month treatment.11
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In conclusion although there is a plausible scien-
tific basis for the notion that inhibition of the re-
nin-angiotensin system can reduce the incidence 
of AF the greatest benefit was seen in patients with 
heart failure/left ventricular dysfunction in whom 
therapy with an ACE inhibitor or ARB is prob-
ably already indicated. A number of initial stud-
ies suggested that ACE inhibitors and ARBs might 
prevent new onset and recurrent AF. However, 
the available data do not support the use of these 
drugs solely for the prevention of AF. I believe that 
additional prospective definitive trials are needed 
to clarify the role of ARBs in the prevention of AF 
recurrence. 
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Introduction

Atrial fibrillation (AF) is a frequently encoun-
tered tachyarrhythmia that can substantially im-
pair quality of life through symptom production, 
adverse consequences (such as stroke, systemic 
embolization, heart failure, hospitalization, 
death), economic impact, and more.1, 2 In many 
patients AF is progressive and reaches a pattern 
(frequency, duration, and/or severity of symp-
toms) for which the patient seeks therapy. Such 
therapy often includes an antiarrhythmic strat-
egy.3

When antiarrhythmic drug therapy is chosen, the 
agent may be selected from among those drugs 
approved by regulatory agencies (such as the 
federal Food and Drug Administration [FDA] 
in the U.S.) that have an indication for use in AF 
(such as, alphabetically: dofetilide, dronedarone, 
flecainide, propafenone, quinidine, sotalol), or 
the agent may be selected “off-label” from other 
available drugs for which the medical literature 
offers support for AF management -- amioda-
rone being, perhaps, the major representative of 
this latter approach.

Recently, the drug ranolazine, an agent approved 

in the U.S. for the management of angina pectoris, 
has attracted attention as a potential antiarrhyth-
mic agent for AF (off-label) as ranolazine has been 
demonstrated to have antiarrhythmic actions, in-
cluding effects on the “late sodium current” and 
potassium flux, among others.4-13 Recent reports 
have been published indicating that ranolazine has 
been effective as “pill-in-the-pocket” therapy for 
pharmacologic conversion of recent onset AF,13 for 
AF occurring acutely after cardiac surgery, and in 
selected other circumstances of limited duration. 
The following case, in which the patient compul-
sively tracked his episodes of AF in a detailed log, 
clearly demonstrates the potential of ranolazine 
for the chronic management of progressive, drug-
resistant, paroxysmal AF.

Case Report

The patient was a 45 year old male at our first en-
counter in 1993, at which time he gave a history of 5 
episodes of documented symptomatic paroxysmal 
AF (PAF) between 1990 and 1993. Rate control was 
attained with digoxin, which reduced the severity 
of his symptoms but did not abolish their occur-
rence. Figure 1 demonstrates the course of his AF 
from 1990 to the present time. A thorough inves-
tigation into the possible etiology of his PAF was 



unrevealing aside from a familial link on the male 
side of his family and a personal and familial ten-
dency towards sinus bradycardia [his father had 
AF and a permanent pacemaker]. All hematologi-
cal studies (including thyroid function) were nor-
mal, as was chest X ray, ECG (aside from his PAF), 
echocardiography, and stress testing with nuclear 
and echocardiographic images on different occa-
sions. When PAF occurred, it was associated with 
irregular palpitations, mild dyspnea, vague weak-
ness, and mild chest discomfort (prior to rate con-
trol with digoxin but not after it). Episode dura-
tion varied from 1 hr to 24 hrs as judged from his 
episode log, which he kept in detail. Commonly 
their onset was nocturnal.

In 2006, because of an increase in the frequency 
and average duration of his episodes, a trial of 
omega-3 fish oil was begun, without effect, and, 
in addition, he was given flecainide, 300 mg single 
dose, to use as “pill-in-the-pocket” therapy to at-
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tain pharmacologic abbreviation of the episodes, 
which worked well. Nonetheless, his episodes in-
creased in frequency [see Figure 1], such that he 
then underwent trials of twice daily administra-
tion of flecainide, then propafenone, then diso-
pyramide. Each of these had minimal effect on his 
episode frequency; each was associated with both-
ersome side effects; and each, in turn was discon-
tinued. He declined to be hospitalized for a trial of 
dofetilide, and declined trials of sotalol or amioda-
rone out of concern that they would provoke the 
need for pacemaker insertion. Between 2006 and 
mid 2009, the patient documented in his log 156 
episodes -- despite the periods of antiarrhythmic 
drug use as noted above. In mid 2009, a trial of 
ranolazine was begun, in addition to his digoxin. 
Initially he was given 1000 mg twice daily, but this 
was soon reduced to 500 mg twice daily because 
of constipation. Since being on ranolazine, he has 
noted only 5 episodes, all brief, with none at all 
over the past 5 months.

Figure 3: A time plot of the frequency of paroxysmal AF events and simultaneous drug therapy. The top, middle, and bottom
time bars are continuous.



Discussion 

PAF is a very common dysrhythmia that: is often 
associated with significant impairment on quality 
of life; usually requires therapy; can remain sta-
ble in its pattern, can progress in frequency, and/
or can presage the development of persistent epi-
sodes requiring cardioversion and/or the develop-
ment of permanent AF.1, 2

Antiarrhythmic drug therapy may be effective in 
managing PAF, as defined by a reduction in fre-
quency, duration, and severity of episodes to the 
point of being acceptable to the patient (but rarely, 
if ever, to the point of permanent elimination).2, 3 
Antiarrhythmic therapy may also reduce hospital-
ization for AF, heart failure from AF, and, perhaps 
in some circumstances, mortality associated with 
AF.14 Antiarrhythmic therapy, however, may also 
be associated with fatal or debilitating adverse 
consequences, including (for drugs) organ toxic-
ity, ventricular proarrhythmia, bradyarrhythmias 
and conduction disturbances, hemodynamic de-
terioration/heart failure, and death, and (for non-
pharmacologic therapy) procedural complica-
tions, including death, perforation, embolization, 
and others.1, 2 Accordingly, there is a pressing need 
for additional effective and safer therapies.

Some new therapies will come through well de-
signed industry development programs. Others 
may come from careful clinical observations of 
“off-label” experience. That is the purpose of re-
porting the case herein. Ranolazine is an already 
marketed antianginal compound which in its 
development program has been found to be free 
from organ toxicity; ventricular proarrhythmia; 
the provocation of bradyarrhythmias, conduction 
defects, or hypo/hypertension; or hemodynamic 
impairment. It has also been found to possess 
electrophysiological actions that may provide an-
tiarrhythmic benefit for AF (among other arrhyth-
mias) as well as protection against the generation 
of torsades de pointes that can accompany the use 
of several of our currently available antiarrhyth-
mic drugs.4-13

In the current case, with episodes more closely 
tracked than in any previously published, ranola-
zine provided now long-term beneficial manage-
ment of AF in a patient with a progressive pattern 

that failed to improve with class IC and IA antiar-
rhythmics, and has done so without the provoca-
tion of any worsening of his sinus bradycardia or 
the production of any other serious adverse effect.

This case adds strength to the growing body of lit-
erature indicating the potential role of ranolazine 
for the management of AF. Importantly, regard-
less of whether any subsequent investigations 
demonstrate a high degree of efficacy or only a 
modest one for ranolazine, cases such as this do 
reveal the importance of individual observations 
(“the power of one”) in conjunction with clinical 
trials in advancing our knowledge base concern-
ing therapeutic options and advancement.
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Introduction

The discovery of the role of the pulmonary veins 
(PVs) in atrial fibrillation (AF) has facilitated us 
to perform an anatomy-based ablation, “PV isola-
tion”. Although several new mapping technologies 
have been developed, activation mapping during 
ongoing AF is still challenging. To improve the ef-
ficacy of AF ablation, therefore, we attempted to 
find the second “hot spot”. The superior vena cava, 
ligament of Marshall, coronary sinus and posterior 
LA have been reported as second critical areas for 
AF ablation. However, there remain patients who 
are refractory to catheter ablation targeting all of 
those above areas. Di Biase et al. recently demon-
strated that the left atrial appendage (LAA) is one 
of the structures which is attributable to the recur-
rence of arrhythmias after PV isolation.1 In their 
study, the LAA was targeted using focal ablation 
technique or electrical isolation, if triggers from 
the LAA were documented. Electrical isolation of 
the LAA was effective in as high as 85% of the pa-
tients, as compared to a success rate of only 32% 
using focal ablation targeting the earliest activa-
tion site. Isolation of the LAA was feasible in all 
patients with a relatively low rate of complications 
(pericardial effusions, 1.8%). Thus, LAA isolation 
can be an option in patients who have had recur-
rences despite PV isolation.

The emerging issue is which ablation technique 

should be performed first after the PV isolation. 
Di Biase et al. performed LAA isolation in only 
patients in whom firing was documented in the 
LAA usually with administration of isoproter-
enol. In that study, LAA firing was documented 
in 27% of the patients with recurrences, which 
accounts for only 6.7% of all the patients that un-
derwent AF ablation in their centers. More than 
a decade ago, we administered isoproterenol to 
induce triggers for PV focal ablation. Thus, we 
know isoproterenol is not always effective for the 
induction of arrhythmias. Even among the pa-
tients who did not exhibit any LAA firing, a cer-
tain number of those patients may benefit from 
LAA isolation.

Another issue with the LAA isolation is the risk 
of future thromboembolisms. Almost half of the 
patients exhibited excellent LAA contraction at 
6-months of follow-up. This may be due to pas-
sive blood flow or electrical reconnection. In the
patients with depressed LAA contraction, how-
ever, the continuation of anticoagulation therapy
or LAA occlusion needs to be considered. In pa-
tients with excellent LAA contraction at the mid-
term follow-up, it is unknown whether or not
the LAA contraction will remain that way for the
next 10 years. There remain issues to be solved
concerning the LAA isolation; however, we rec-
ognized that the LAA is an important source of
triggers in AF in addition to the thoracic veins.
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Introduction

It is well known that angiotensin-converting en-
zyme (ACE) inhibitors and angiotensin-II type 

I receptor blockers (ARBs) are not only effective 
in treating hypertension but also in reducing the 
morbidity and mortality in various disease condi-
tions including atrial fibrillation (AF),1 coronary 

Corresponding Address :  Shingo Maeda, MD, 1-26-1 Kyonancho, Musashino-city, Tokyo, 180-8610, Japan.

Effect of High-dose Telmisartan on the Prevention 
of Recurrent Atrial Fibrillation in Hypertensive 

Patients
Shingo Maedaa,d, Mitsuhiro Nishizakib, Noriyoshi Yamawakeb, Takashi Ashikagab, Kensuke Iharab, 
Tadashi Muraib, Hiroyuki Fujiib, Harumizu Sakuradac, Masayasu Hiraokad, Mitsuaki Isobed

aDepartment of Cardiology, Musashino Red Cross Hospital, Tokyo, Japan, bDepartment of Cardiology, Yokoha-
ma-Minami Kyosai Hospital, Yokohama, Japan, cDepatment of Cardiology, Tokyo Metropolitan Hiroo Hospital, 
Tokyo, Japan, dDepartment of Cardiovascular Medicine, Tokyo Medical and Dental University Graduate School, 
Tokyo, Japan.

 www.jafib.com 11 Oct-Nov, 2010 | Vol 3 | Issue 3                             

Abstract

Background: Telmisartan has been shown to exert an equivalent action as ramipril on the prevention of 
cardiovascular events, but the dose-dependent actions of telmisartan on the prevention of events remain 
unknown.

Objective: We investigated the dose-dependent effects of telmisartan on the prevention of AF in patients 
associated with risk factors.

Methods: One hundred hypertensive patients were randomized to take 40 mg (low-dose group: n=57) or 
80 mg (high-dose group: n=43) of telmisartan for 24 months. The primary endpoints were defined as a 
new development and/or recurrence of atrial fibrillation (AF).

Results: The mean values of the blood pressure in both groups decreased significantly and to similar 
degrees after 24 months, in the low-dose (p < 0.01) and high-dose (p < 0.01) groups. At the end of the 
follow-up, the incidence of AF was lower in the high-dose group than in the low-dose group (p < 0.05). 
Moreover, the proportion of AF recurrences in the patients with a past history of paroxysmal AF was 
lower in the high-dose group than in the low-dose group (p < 0.05). Further, using a logistic regression 
model, there were no risk factors associated with the incidence of AF.

Conclusion: The results indicated that telmisartan in low doses was as effective in controlling the blood 
pressure as in high doses, but high doses of telmisartan had beneficial effects on preventing the recur-
rence of AF in hypertensive patients.



artery disease (CAD),2 and congestive heart fail-
ure (CHF).3 The action of high-dose telmisartan 
was shown to be equivalent to that of highdose 
ramipril in preventing cardiovascular events in the 
Ongoing Telmisartan Alone in Combination with 
Ramipril Global Endpoint Trial (ONTARGET).4 It 
is not known, however, whether lowdose telmis-
artan can exert as effective an action as high-dose 
telminsartan in preventing cardiovascular events. 
Therefore, we investigated the dosedependent ef-
fects of telmisartan on the prevention of AF in pa-
tients associated with risk factors. 

Materials and Methods 

Study Population

The patients were eligible for this study if they 
were older than 30 years old and had essential 
hypertension with a systolic blood pressure (SBP) 
of > 140 mmHg and/or diastolic blood pressure 
(DBP) of > 90 mmHg. Both treated and untreated 
hypertensive patients were included. Further-
more, each patient had more than one risk factor 
for cardiovascular disease in addition to hyper-
tension. The risk factors included a past history 
of AF, CAD with vessel revascularization, CHF, 
renal disease (RD), stroke, diabetes mellitus (DM) 
and dyslipidemia (DL). The patients with a past 
history of AF were defined as patients who had 
either two or more episodes of symptomatic AF 
documented by an electrocardiogram (ECG), in-
cluding 24-hour ambulatory ECG monitoring, in 
the previous 6 months before the enrollment into 
this study. Moreover, the patients with a past his-
tory of AF took antiarrhythmics or beta-blockers 
to maintain sinus rhythm for at least 8 weeks, a 
period considered long enough to ensure a steady 
state of the drug concentration, before the enroll-
ment into this study. Further, according to the 
definition of the HRS/EHRA/ECAS, paroxysmal 
AF (PAF) is defined as recurrent AF (> 2 episodes)
that terminates spontaneously within 7 dayse.5 

Patients who had suffered from a cardiovascular 
event or stroke within the previous year were ex-
cluded from the study. Patients with CHF with an
NYHA grade 3 or higher, or serum creatinine level
higher than 3.0 mg/dL were also excluded. The 
use of other anti-hypertensives, antiarrhythmics, 
antiplatelet drugs, anti-coagulant drugs, statins 
and anti-diabetic drugs were allowed, but the 
doses of those drugs were kept unchanged dur-

ing the study. RD was defined as an estimated glo-
merular filtration rate (eGFR) of less than 60mL/
min/1.73m2. We calculated the eGFR using a modi-
fied Modification of Diet in Renal Disease (MDRD) 
equation6: eGFR (mL/min/1.73m2) = 175 × (serum 
creatinine)-1.154 × (age)-0.203×0.741 (×0.742 if fe-
male). DL was defined as a low-density lipopro-
tein cholesterol (LDL-C) level of ≥ 140 mg/dl, high-
density lipoprotein cholesterol (HDL-C) level of < 
40 mg/dl or triglyceride level (TG) of ≥ 150 mg/dl. 
One hundred consecutive hypertensive patients, 
who met the above criteria, were randomized to 
take 40mg of telmisartan daily (low-dose group) 
or 80 mg daily (high-dose group), and were fol-
lowed at the outpatient clinic for 24 months. The 
study protocol was approved by the ethic com-
mittees at Yokohama Minami Kyosai Hospital. A 
written informed consent was obtained from all 
patients before enrollment in the study.

Measured Parameters and Endpoints

The blood pressure (BP) was measured with a 
mercury sphygmomanometer in the sitting posi-
tion after 10 minutes of rest in a quiet room, and 
all caffeine-containing drinks that might influence
the BP were withheld for 12 hours before the BP 
measurement. The SBP and DBP were measured 
twice by a single investigator, each separated by 
≥ 5 minutes. The higher BP value was taken into 
the database. Phase І and the loss of the V Korot-
koff sounds from the brachial artery were used as 
the systolic and diastolic pressures, respectively, 
and the heart rate was measured using the ECG. 
We compared the following parameters between 
the two groups: clinical characteristics, past medi-
cal history, baseline concomitant medications, BP, 
heart rate, laboratory data, echocardiographic 
findings and hospital outcomes defined as the in-
cidence of AF, CAD, CHF, RD, strokes, DM, DL 
or death. All the parameters except for the BP and 
heart rate were measured at the beginning and 
during the 24-months of the follow-up study. The 
BP and ECG were measured each month of the 
follow-up at the outpatient clinic. To identify the 
frequency and duration of asymptomatic AF epi-
sodes, all patients underwent 24-hour ambulatory
ECG monitoring every 4 weeks using a SEER 
Light Holter recorder (GE Healthcare Inc., Mil-
waukee). The recording was always started after 
the drug intake and was performed throughout 
a full 24-hour period, during which the subjects 
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were allowed to follow their normal daily routine, 
after they had left the laboratory. The patients 
were also asked to report any episodes of palpita-
tions, take their pulse and, in the presence of ir-
regular beats, receive an ECG as early as possible. 
Only AF episodes documented by ECG recordings 
were considered a new onset or recurrence. Pal-
pitations alone were not taken into consideration 
since they were the patients’ subjective appraisal. 
The primary endpoints of the study were defined 
as the new development and/or recurrence of AF. 
The outcome of CAD was defined as the need for 
vessel revascularization for coronary events, and 
that of CHF as hospitalization due to
cardiac decompensation.

Statistical Analysis

Statistical analyses were performed using SPSS 
version 10.0 software (SPSS Inc., Chicago, Illinois).
The potential risk factors were assessed by the as-
sociation and incidence of AF. Data are expressed
as the mean ± SD for continuous variables. The 
continuous variables of the baseline data were ex-
amined by a Student’s t test, and the comparisons
between that data obtained before and after the 
treatment were analyzed by a paired t test. The 
Fishers exact test was used for categorical vari-
ables. The endpoints were analyzed on an inten-
tion- to-treat basis. A p value of < 0.05 was consid-
ered significant. We used standard methods for the 
analysis of the case-control data and used logistic 
regression models to estimate the odds ratio (OR) 
as a measure of the relative risk. We presented the 
results from the univariate and multivariate mod-
els that were controlled for the incidence of AF, 
age, sex, history of CHF, taking ACE inhibitors or 
beta-blockers, left atrial dimension (LAD), left ven-
tricular ejection fraction (LVEF) and BNP (brain 
natriuretic peptide) level. The event-free curves of 
AF were illustrated using a Kaplan-Meier analysis. 
A p value of < 0.05 was considered significant.

Results 

Baseline Characteristics

Table 1 presents the baseline clinical characteristics 
of the low-dose (n = 57) and high-dose groups (n = 
43). There were no statistical differences between 
the two groups in terms of the clinical characteris-
tics, past medical history, use of baseline concomi-
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tant medications, data of the BP and heart rate, 
and CHADS2 score. In the low-dose group, 6 pa-
tients (11%) had PAF, and 4 (9%) in the high-dose 
group had PAF at baseline. In the patients with a 
past history of PAF, there were no differences in 
the frequency of AF episodes (0.6 ± 0.3 vs. 0.5 ± 0.3 
times / month, p = N.S.) between the low-dose and 
high-dose groups at baseline.

Blood Pressure and Heart Rate

At baseline, 91% of the patients in the low-dose 
group and 97% in the high-dose group had under-
gone antihypertensive therapy other than telmis-
artan before the enrollment in the study. The ratio
of those taking other hypertensive drugs did not 
differ between the two groups [Table 1]. [Figure 1]
shows the changes in the BP (A) and heart rate (B)
during the study. There was a substantial reduc-
tion in the SBP and DBP values 12 months after 
the treatment in both groups. At the end of the fol-
lowup, the SBP decreased by 13 mmHg (p < 0.01; 
versus baseline) in the low-dose group and by 17 
mmHg in the high-dose group (p < 0.01; versus 
baseline). The degree of the SBP decrease did not 
differ between the two groups. The DBP also de-
creased by a mean of 8 mmHg in both groups at 
the end of the 24 months. The heart rate did not 
change at baseline, or 12 or 24 months after the 
treatment.

Changes in the Laboratory Data and Echo-
cardiographic Parameters

[Table 2] shows the laboratory data and echocar-
diographic parameters at baseline and after 24 
months of follow-up. There were no differences in 
any of the laboratory data at baseline or 24 months 
both in the low-dose and high-dose groups (A). 
As for the echocardiographic parameters, there 
was no difference in the LAD or LVEF at baseline 
in the two groups as well as between the baseline 
and after 24 months in each group (B).

Incidence of Endpoints During the Study

Various cardiovascular events and other outcomes
were observed in both groups during the study, 
however, the number of patients developing such
events were less than 7 [Table 3, 4]. There was a 
tendency toward a lesser incidence of events in 
the high-dose group than in the low-dose group, 
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but a statistical difference was achieved only for 
the incidence of AF [Table 3]. The incidence of AF 
at 24 months was 0 / 41 patients (0%) in the high-
dose group and 5 / 55 patients (9%) in the low-dose 
group (p < 0.05). Four patients with chronic AF 
at baseline in the low-dose and highdose groups 

were excluded from the analysis. Among the 5 pa-
tients with AF, 4 had a recurrence and the remain-
ing one had a new onset. The recurrence rates of 
AF in the patients with a history of paroxysmal 
AF were lower in the highdose group than in the 
low-dose group (0 / 4 pts [0%] vs. 4 / 6 pts [67%], p 
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Table 1 Patient Characteristics

Variable Low-dose group (n = 57) High-dose group (n = 43) p value

Clinical characteristics
Age (years) 70 ± 12 71± 13 N.S.
Gender (M/F) 34 / 23 25/18 N.S.
Body mass index (kg/m 2) 3.9 ± 5.1 25.4 ± 4.2 N.S.
Medical history variables
Paroxymal atrial fibrillation 6 (11%) 4 (9%) N.S.
Atrial fibrillation episodes (per month) 0.6 ± 0.3 0.5 ± 0.3 N.S.
Chronic atrial fibrillation 2 (4%) 2 (5%) N.S.
Coronary artery disease 19 (33%) 15 (35%) N.S.
single-vessel disease 5 / 19 (26%) 5 / 15 (33%) N.S.
multi-vessels disease 14 / 19 (74%) 10 / 15 (67%) N.S.
Congestive heart failure 10 (18%) 3 (7%) N.S.
Renal dysfunction 24 (42%) 22 (51%) N.S.
Stroke 5 (9%) 4 (9%) N.S.
Diabetes mellitus 9 (16%) 10 (23%) N.S.
Dyslipidemia 28 (49%) 26 (60%) N.S.
Baseline concomitant medication use
ACE inhibitors 4 (7%) 1(2%) N.S.
Beta-blockers 15 (26%) 13 (30%) N.S.
Ca-blocker 30 (53%) 26 (60%) N.S.
Diuretics 12 (21%) 7 (16%) N.S.
Anti-arrhythmic drugs 2 (4%) 3 (7%) N.S.
Antiplatelet drugs 24 (42%) 20(46%) N.S.
Anticoagulant drugs 8 (14%) 5 (12%) N.S.
Statins 22 (38%) 21 (49%) N.S.
Diabetic drugs 7 (12%) 9 (21%) N.S.
Presentation variables
Systolic blood pressure (mmHg) 148 ±17 153 ±12 N.S.
Diastolic blood pressure (mmHg) 82 ± 13 80 ± 13 N.S.
Heart rate (bpm) 71 ± 13 69 ± 9 N.S.
CHADS2 score 1.8 ± 1.0 2.0 ± 0.8 N.S.
0 0 (0%) 0 (0%) N.S.
1 25 (44%) 15 (35%) N.S.
2 20 (35%) 20 (46%) N.S.
3 7 (12%) 6 (14%) N.S.
4 5 (9%) 2 (5%) N.S.

Data are presented as the mean ± SD or percent. The body mass index was calculated as the weight in kilograms divided by the
square of the height in meters. ACE inhibitors = angiotensin-converting enzyme inhibitors; Ca-blocker = calcium-channel block-
ers.
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< 0.05). Table 5 shows the clinical characteristics in 
the patients with a history of paroxysmal AF. In 3 
of 4 patients with recurrence of documented AF us-
ing the 24-hour ambulatory ECG monitoring in the 
low-dose group, the AF episode duration tended to 
be shorter at 24 months (43 ± 42 to 30 ± 34 minute, 
p = N.S.). In the remaining patient the AF changed 
to chronic AF during the follow-up period. In ad-
dition, one patient had a past history of CHF, how-
ever, and other 5 had no new CHF in the follow-up. 
Moreover, the mean level of the BNP was 44 ± 37 
μg/ml [Table 5].

There were no differences between the low-dose
group and high-dose group in regard to the inci-
dence of other outcomes [Table 4]. One patient died 
due to a stroke in the low-dose group, and there 
was no difference in the number of deaths be-
tween the two groups. By using a logistic regres-
sion model, there were no risk factors associated 
with the incidence of AF [Figure 2]. In the Kaplan-
Meier analysis, the patients in the low-dose group 
had a higher risk for AF than those in the high-dose 
group (p < 0.05) [Figure 3] at 24 months. However, 

there was no difference in the incidence of events 
at 12 months.

Discussion

ACE inhibitors and ARBs are known to prevent 
various cardiovascular events in high risk hy-
pertensive patients.1-3 The Losartan Interven-
tion For Endpoint reduction in hypertension 
(LIFE) study1 and the Valsartan Antihypertensive 
Long-term Use Evaluation (VALUE) trial7 dem-
onstrated that ARBs prevented cardiovascular 
morbidity and death in patients with hyperten-
sion more effectively than beta-blockers or Ca 
channel blockers. Moreover, those studies indi-
cated that the angiotensin II receptor blockers 
prevent the development of AF in hypertensive 
patients. Furthermore, a recent report on the ON-
TARGET study4 indicated that 80 mg of telmis-
artan daily was equivalent to the ACE inhibitor 
ramipril, and was effective in preventing relapses 
of lone AF.8 Further, with a dose of 10 mg daily, 
not only did it have an antihypertensive action 
but it also prevented atrial fibrillation. It is not 

Figure 1: Changes in the blood pressure (Left, A) and heart rate (Right, B) at baseline, during treatment with 40 mg (Low-dose
group) and 80 mg (High-dose group) of telmisartan. P = between-group differences; N.S. = not significant; bpm = beats per
minute



known, however, whether low-dose telmisar-
tan can exert as effective an action as high-dose 
telminsartan in preventing cardiovascular events. 
Therefore, we examined the antihypertensive and 
preventive effects of telmisartan in low and high 
doses in hypertensive patients with risk factors. It 
was reported that treatment with 40 and 80 mg of 
telmisartan achieved a similar degree of a BP re-
duction with the two different doses.9 Our results 
confirmed a similar time course and degree of an-
tihypertensive effects on the BP reduction with the 
40 and 80 mg doses of telmisartan. Several stud-
ies also indicated that dose-dependent actions of 
telmisartan were observed for other parameters 
than a BP reduction.10 In our study, different ef-
fects of the 40 and 80 mg doses of telmisartan on 
the cardiovascular complications were noted only 
for the recurrence rate of AF and not for the other 
parameters. A beneficial action against AF was 
observed after 24 months of treatment, while the 
antihypertensive effects had already been noted 
after only 12 months of treatment. In the GISSI-
AF trail,11 no significant reduction was found in 
the incidence of recurrent AF among the patients 
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receiving valsartan compared with those receiving 
a placebo at one year. At least more than one year 
may be necessary to prevent the development of 
AF with the effects of the ARBs in this study. Thus, 
in contrast to the antihypertensive effects, the pre-
ventive effects against cardiovascular risk factors 
seemed to be a time consuming process. While the 
prevention of AF recurrences was achieved in the 
high dose group, no other differences in the pa-
rameters were apparent between the 80 mg and 
40 mg groups. This may partly be related to the 
study protocol involving a relatively short follow-
up period of 24 months. ACE inhibitors and ARBs 
seem to prevent AF by reversing the changes in 
the cardiac structure and function. Left ventricu-
lar hypertrophy and left atrial enlargement are 
important factors for cardiac remodeling associ-
ated with hypertension and heart failure as well as 
the development of clinical AF.12 As to the basis of 
the structural remodeling involving an increased 
susceptibility to the development and mainte-
nance of AF, atrial fibrosis is an important feature 
of the substrate, which alters the function of the 
slow and inhomogeneous conduction. Slow and 
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Figure 2: Logistic regression analysis of the various parameters. The corresponding values of each parameter are presented for 
atrial fibrillation. CHF = congestive heart failure; ACE = angiotensin-converting enzyme; LAD = left atrial dimension; LVEF = left 
ventricular ejection fraction; BNP = brain natriuretic peptide.
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inhomogeneous conduction is a pre-requisite for 
the development of reentrant tachyarrhythmias 
such as AF. A variety of signaling systems seem 
to be involved in the promotion of atrial fibrosis, 
and angiotensin II and related mediators are sup-

posed to play a central role in this process.13 Actu-
ally, Kumagai et al.14, 15 studied the chronic effects of 
ARBs on the rapid-pacing AF model in dogs. They 
demonstrated that the AF duration was significant-
ly shortened after 5 weeks of treatment with ARBs 
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Figure 3: Kaplan-Meier analysis of atrial fibrillation. The patients in the low-dose group had a higher risk for AF than those in 
the high-dose group at 24 months. However, there was no difference in the incidence of events at 12 months.

Table 2 Laboratory Values and Echocardiographic Findings After 24 Months

Variable Low-dose group High-dose group

Baseline 24 months p value Baseline 24 months p value
A: Laboratory values
Creatinine (mg/dl) 0.9 ± 0.3 0.9 ± 0.3 N.S. 0.9 ± 0.4 0.9 ± 0.3 N.S.
eGFR(mL/min/1.73sqm) 60 ± 17 63 ± 17 N.S. 61 ± 21 65 ± 20 N.S.
Potassium (mEq/l) 4.2 ± 0.3 4.2 ± 0.4 N.S. 4.1 ± 0.4 4.1 ± 0.4 N.S.
Glucose (mg/dl) 109 ± 24 120 ± 46 N.S. 122 ± 43 132 ± 45 N.S.
HbA1c (%) 5.8 ± 1.1 6.0 ± 1.0 N.S. 5.9 ± 0.9 6.0 ± 1.0 N.S.
T-CHO (mg/dl) 184 ± 26 188 ± 32 N.S. 186 ± 30 179 ± 34 N.S.
LDL-C (mg/dl) 110 ± 21 115 ± 27 N.S. 109 ± 27 104 ± 31 N.S.
HDL-C (mg/dl) 48 ± 13 52 ± 8.9 N.S. 53 ± 15 51 ± 14 N.S.
TG (mg/dl) 118 ± 57 127 ± 61 N.S. 129 ± 68 122 ± 46 N.S.
BNP (μg/ml) 103 ± 140 70 ± 93 N.S. 56 ± 85 53 ± 63 N.S.
B: Echocardiographic findings
LAD (mm) 40± 8 40 ± 6 N.S. 40 ± 7 42 ± 7 N.S.
LVEF (%) 68 ± 10 69 ± 9 N.S. 68 ± 11 69 ± 8 N.S.

Data are presented as the mean ± SD or percent. eGFR = estimated glomerular filtration rate; HbA1c = hemoglobin A1c; T-CHO 
= total cholesterol; LDL-C = low-density lipoprotein cholesterol; HDL-C = high-density lipoprotein cholesterol; TG = triglyceride; 
BNP = brain natriuretic peptide; LAD = left atrial diameter; LVEF = left ventricular ejection fraction.
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as compared to the control with improvement in 
the conduction but no effects on the refractory 
period, another determinant of reentry. Improve-
ment in the conduction could be achieved through 
the prevention of fibrosis leading to the attenua-
tion of the structural remodeling caused by angio-
tensin II and related mediators. Thus, prevention 
of AF by ARBs may, at least in part, be explained 
by the anti-fibrotic effects of the drugs. Moreover, 
telmisartan is the only ARB, which has a unique 
property of activating peroxisome proliferators-
activated receptor-γ (PPAR-γ) .16, 17 An activator of 
PPAR-γ, pioglitazone, has recently been shown to 
attenuate both atrial fibrosis and AF promotion in 
rabbit models with CHF.18 Therefore, telmisartan 
may have a direct action on the process of atrial 
reverse-remodeling and, furthermore, the block-
ade of angiotensin-II may suppress not only AF 
promotion by preventing structural remodeling, 
but also AF recurrence, by improving the arrhyth-
mogenic substrate.

Study limitation

Our study had several limitations. First, this study
was a single-arm study without any controls, and
was not a double-blinded, cross-over trial. The 
numbers of the study population were rather 
small and there was a low incidence of serious ad-
verse events. Multicenter studies with large num-
bers of participants are necessary to confirm the 
beneficial dose-dependent effects of telmisartan in 
hypertensive patients. Second, in order to assess 
the frequency and duration of arrhythmias in ei-
ther silent or symptomatic AF episodes, we might 
have to use memory-loop ECG recording instead 
of 24-hour ambulatory ECG monitoring. Third, the 
follow-up in this study of a period of 24 months 
was relatively shorter than that in the other clinical 
trials, which were usually conducted for at least 
five years.

Conclusions

The present results indicated that telmisartan in 
low doses was as effective for controlling the blood
pressure as high doses, but high-dose telmisartan 
had beneficial effects on preventing the recurrence
of AF in high-risk hypertensive patients
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Table 5 Clinical Characteristics in Patients with a History of Paroxysmal Atrial Fibrillation

Low-dose group (n=6) High-dose group (n=4)

Case 1 2 3 4 5 6 1 2 3 4
Age 58 66 78 74 64 72 65 66 71 77
Sex male female male female male male male male female female
Past history of CHF no no no yes yes yes no no no no
Beta-blocker use no no yes yes yes yes no no no yes
Anti-arrhythmic use yes yes no no no no yes yes yes no
BNP (μg/ml) 20 8 56 90 9 59 8 72 49 32
LAD (mm) 40 32 45 42 35 41 35 44 33 40
LVEF (%) 63 60 72 58 68 81 69 63 73 76
Systolic BP mmHg (0M) 156 146 140 164 140 174 150 142 150 160
Systolic BP mmHg (24M) 138 125 135 133 138 130 135 118 138 136
Diastolic BP mmHg (0M) 90 76 80 91 65 80 90 80 75 90
Diastolic BP mmHg (24M) 70 65 70 76 78 70 75 64 70 80
HR bpm (0M) 69 60 70 70 74 60 64 68 61 61
HR bpm (24M) 66 61 75 70 78 64 69 72 66 60
AF recurrence yes yes yes yes no no no no no no
AF episodes per month (0M) 0.5 0.8 1 0.5 0.25 0.33 0.2 0.8 0.4 0.4
AF episodes per month (24M) 0.5 0.5 1 CAF 0 0 0 0 0 0
AF duration min (0M) 18 20 92 25 9 5 16 4 8 21
AF duration min (24M) 9 12 70 CAF 0 0 0 0 0 0

CHF = congestive heart failure; BNP = brain natriuretic peptide; LAD = left atrial diameter; LVEF = left ventricular ejection frac-
tion; BP = blood pressure; M = month; HR = heart rate; AF = atrial fibrillation; CAF = chronic AF.
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Introduction

To prevent recurrence of paroxysmal atrial fibril-
lation (AF, events <7 days) isolation of pulmo-
nary vein (PV) triggers results in success rates 
of up to 0.9 (i.e. 90%).1 Recent evidence suggests 
that complete circumferential antral ablation is 
not even necessary for PV isolation.2 When AF 
persists beyond one week, electrical and ana-
tomic substrate remodeling typically occurs. Ini-
tially, when remodeling is slight, the arrhythmia 
can be terminated by PV isolation with only a 
few left atrial ablation lesions required in addi-
tion.3 However if longstanding persistent atrial 
fibrillation is present (defined as event dura-
tion > 6 months4 or > 1 year5) greater left atrial 
substrate modification is necessary.6-7 Since the 
atrial substrate is remodeled heterogeneously, 
the ablation protocol and outcomes are operator-
biased, and left atrial flutters can occur after ab-
lation.7 In longstanding fibrillation, large lesions 
are often needed with electrical isolation of large 
swaths of free wall, which may be difficult due to 
current limitations in catheter ablation technol-
ogy.8 Chronically remodeled atria may become 
so structurally and electrophysiologically altered 
that arrhythmia is maintained even with exten-
sive catheter ablation.9 Extensive lesion size can 
increase risk of collateral damage, affect atrial 
transport function and coronary sinus patency,3, 

7 it can promote arrhythmia development, and 
may even be proarrhythmic.3

To improve outcome in treatment of longstanding 
persistent AF, attention has centered on detection 
of areas of slowed conduction and wavefront pivot 
caused by tissue anisotropy, as well as regions of fi-
brotic change, both of which can cause electrogram 
fractionation.10-11 Fractionated electrograms often 
include high frequency components, which repre-
sent potential triggers for onset and maintenance of 
fibrillation and are therefore candidate sites for ab-
lation. In the time domain, high frequency compo-
nents are manifested as more frequent electrogram 
deflections resulting in increased measured rate of 
occurrence. In the frequency domain, the dominant 
frequency (DF) i.e., the largest spectral component 
in the range of interest12 can be measured to deter-
mine areas of high frequency. Indeed, in a prospec-
tive ablation study, targeting of high DF sites re-
sulted in termination of AF in 53% of paroxysmal 
and 11% of persistent AF.13 When real-time electro-
gram analysis is available in the clinical EP lab, sites 
at which ablation prolongs cycle length are likely to 
be AF drivers.14 The endpoints for substrate abla-
tion include elimination of fractionated signals or 
their transformation into discrete electrograms, as 
well as slowing or organization of local fibrillatory 
cycle length (thus diminishing frequency at sites of 
high DF).15 One significant problem with both time 
and frequency substrate mapping for identifica-
tion of candidate sites is that changing electrogram 
morphology, along with motion artifact, can alter 
the electrogram profile and substantially affect ac-
curacy.16-18



Overview of the Study

In this journal review ‘Outcomes of long-standing 
persistent atrial fibrillation ablation: A system-
atic review’ by Dr. Anthony Brooks et al. is dis-
cussed.19 This comprehensive review reports on 
the effect of various ablation interventions on out-
come in patients with longstanding persistent AF. 
The authors used the PubMed database to con-
duct a search of the literature from 1990 - 2009 for 
relevant studies. Included studies were separated 
by technique: PV isolation (PVI) alone, pulmonary 
vein antrum ablation with or without confirmed 
isolation (PVAI), linear ablation in addition to 
PVI/PVAI, posterior wall box isolation, the step-
wise ablation approach, and targeting of complex 
fractionated atrial electrograms (CFAEs). A main 
finding was that the high variation in success, both 
within and between techniques, suggests that the 
optimal ablation method for longstanding persis-
tent AF is as yet to be determined. However, the 
authors note that effective treatment is possible by 
using several isolation techniques in combination, 
with the inclusion of repeat procedures, and/or by 
including pharmacologic intervention when nec-
essary. Part of the high variation between studies 
is likely due to the lack of uniform standards in 
reporting. For example, the duration from inter-
vention to ‘success’ is investigator-defined.

Much of the findings of the Brooks et al. review19 
is summarized in Table 1 of their study, entitled 
‘Single, multiple, multiple/antiarrhythmic drug 
-assisted clinical success and complication rates
for persistent/long-standing persistent AF’. Means
from their Table 1 are shown in row 1 of Table 1
below. For all studies included in the Brooks et al.
review, the average number of patients enrolled
was 51.7, with the success rate increasing from sin-
gle ablation procedure (0.43) to multiple ablation
procedures (0.62) to multiple + drug intervention
(0.69). To contrast the results on the high versus
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low end of the success rate scale, Table 1 of the 
Brooks et al. review was reordered according to 
the single-procedure success rate. From the reor-
dered list, the means for all parameters when sin-
gle procedure success was ≥0.5 are shown in row 
2 of Table 1 below (greater success). The means for 
single procedure success ≤ 0.33 are shown in row 
3 of Table 1 below (lesser success). In each case 
(all three rows), the mean number of patients N 
included in each study is similar. Additionally, the 
success fraction increases substantially from pa-
tients with a single procedure only to patients who 
have had multiple ablation procedures (p<0.01 for 
each row). There is also an increase in success frac-
tion from multiple procedure to multiple + drug 
(not significant). Although there are differences in 
the complication rate in Table 1, they are not sig-
nificant due to the lower number of studies report-
ing this parameter.

Additional information can be gleaned by the 
types of interventions that were done for each 
type of procedure as compiled in Brooks et al. In 
the case of studies with single procedures having 
success rate ≥0.5, five were PVI/PVAI + CFAE (one 
included linear ablation also), three were stepwise 
procedure studies, two were PVAI + linear abla-
tion, and one each were CFAE, PVA, and posterior 
box only. Left atrial substrate ablation may there-
fore be important, particularly by targeting CFAE, 
to improve outcome in treatment of longstanding 
persistent AF. Yet, the best success rates are still at 
most 0.6 for single procedures, and even multiple 
procedures with pharmacologic intervention are 
maximally successful to ~0.8. Hence, the Brooks et 
al. review highlights the need for better targeting 
of AF sources particularly for the 20% of patients 
in which the interventions were unsuccessful. In 
contrast, of the studies having a single procedure 
success rate ≤ 0.33, four used CFAE ablation only, 
three used pulmonary vein isolation only, and in 
one there was pulmonary vein isolation with lin-

Table 1 Summary of Brooks et al. Findings

Type # Patients #Studies Single Multiple Mult/Drug Complic.

All 51.7±29.3 34 0.43±0.15 0.62±0.17 0.69±0.27 3.56±3.41
Single ≥ 0.5 48.0±23.7 13 0.58±0.08 0.76±0.09 0.81±0.12 3.29±2.52
Single≤0.33 48.6±26.5 8 0.24±0.07 0.44±0.16 0.45±0.17 2.21±2.25

Calculated values are listed as mean ± standard deviation. # = number, Single = single ablation procedure success rate, Multiple 
= multiple ablation procedure success rate, Mult/Drug = multiple ablation procedure success rate with drug intervention, Com-
plic. = complications.



ear ablation. Thus the use of single interventions 
only during each procedure often have an unsuc-
cessful outcome (Table 1).

Discussion and Future Directions 

Several tools have recently emerged which may 
enhance targeting of arrhythmogenic left atrial 
sites. Although DF measurement has shown initial 
promise, methodological difficulties have become 
apparent.16-18 Using the standard approach to 
measure DF consists of filtering and rectification 
which distorts the electrograms, and the method is 
sensitive to additive random and phase noise (i.e., 
slight shifts in the local activation rate) which can 
render the measured DF less accurate.16-18 Recent 
work to reduce these effects include optimization 
of the bandpass and lowpass filter coefficients20 
as well as by using ensemble spectral analysis 
that does not require filtering.20-21 Using these lat-
ter methods, the paroxysmal posterior - anterior-
left atrial DF gradient was of greater significance 
as compared to the same gradient as measured 
with the standard approach.20 Although high DF 
regions can represent epicardial breakthrough 
rather than focal drivers of arrhythmia,22-23 the sig-
nificant differences in DF spatial gradient and dif-
ferences between paroxysmal and persistent AF 
may yield important mechanistic information as 
well as being a tool for mapping heterogeneous 
areas. Additionally, CFAE are currently identified 
either by visual inspection or by an automated 
peak-counting process.24  Perhaps more pertinent 
to characterization of CFAE is the electrogram 
morphology.25 This new automated method was 
used to detect significant differences in the char-
acter of CFAE in paroxysmal versus longstanding 
persistent AF patients, as well as significant spa-
tial differences in CFAE morphology at PV ostia 
versus the left atrial free wall. Such information 
is potentially useful to distinguish CFAE regions 
which are crucial to the arrhythmogenic process 
from bystander areas.

In summary, the Brooks et al. review19 is an im-
portant compilation that shows that there is a 
wide variation in success rates in studies of pa-
tients with longstanding persistent AF. Many of 
the studies with greatest single-procedure success 
rate included intervention by substrate mapping 
and ablation, particularly via targeting of CFAE, 

in addition to PV isolation. The review is there-
fore suggestive of the need to increase accuracy in 
targeting arrhythmogenic zones in the left atrium. 
Development of new quantitative methods for 
substrate characterization, in combination with 
imaging approaches, can potentially be useful to 
improve mechanistic understanding of the rela-
tionship between anatomic and electrophysiologic 
remodeling in the left atrium, their relationship to 
pulmonary vein triggers, and subsequent devel-
opment of longstanding persistent atrial fibrilla-
tion.
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Introduction

Obesity is an established risk factor for atrial fibril-
lation (AF).1 In fact, it has been reported that the in-
creasing prevalence of obesity in the United States 
could account for up to 60 % of the increasing inci-
dence of age and sex adjusted AF.2 Adipose tissue 
has been shown to be highly metabolically active 
and secretes several proinflammatory mediators; 
however, different fat depots differ in metabolic 
and inflammatory activity.3 Pericardial fat produc-
es several inflammatory cytokines and is believed 
to play an important role in cardiovascular pathol-
ogy, and particularly in coronary artery disease.4-7 

There exists increasing evidence that links AF and 
inflammation. The concentration of serum C-reac-
tive protein (CRP), a marker of systemic inflam-
mation, is increased in patients with AF, and has 
been associated with the development of new AF 
as well as AF persistence.8-9 Given the association 
of AF with central obesity and systemic inflamma-
tion, investigating the role of pericardial fat, a local 
fat depot with high inflammatory potential, is of 
interest. Al Chekakie et al.10 investigated the asso-
ciation of atrial fibrillation and pericardial fat.

Study Summary

Al Chekakie et al. 10 test the hypothesis that atrial 

fibrillation is associated with pericardial fat. The 
study population consisted of consecutive pa-
tients who underwent cardiac CT for AF ablation 
(N=197) or to investigate potential cardiac symp-
toms with no history of AF (N=76). Pericardial fat 
volume was determined by manually tracing the 
pericardium and using a threshold setting of -190 
to -30 Hounsfield units to identify adipose tissue.

The results show that pericardial fat volume was 
significantly larger in patients with AF as com-
pared to patients in sinus rhythm (101.6 ± 44.1 vs 
76.1 ± 36.3 ml, p<0.001). Furthermore, there was a 
step wise increase of pericardial fat volume with 
increasing AF burden: 76.1 ± 36.3 ml in normal 
sinus rhythm versus 93.9 ± 39.1 ml in paroxysmal 
AF and 115.4 ± 49.3 ml in persistent AF, p<0.001. 
Regression analysis showed that pericardial fat 
volume was found to be independently associ-
ated with atrial fibrillation (odds ratio 1.13; 95% 
confidence interval: 1.03 to 1.24, p=0.01) and was 
also found to be associated with both paroxysmal 
(odds ratio 1.11; 95% confidence interval: 1.01 to 
1.23, p=0.04) and persistent AF (odds ratio 1.18; 
95% confidence interval: 1.05 to 1.33, p=0.004) 
after adjusting for age, sex, body mass index, 
hypertension, diabetes mellitus, valvular heart 
disease, left ventricular ejection fraction, and left 
atrial enlargement.



Clinical Interpretation and Implica-
tions 

Obesity is an important risk factor of atrial fibrilla-
tion, and has been associated with several cardio-
vascular comorbidities which have been shown 
to increase AF risk such as hypertension, diabetes 
mellitus, congestive heart failure, and obstructive 
sleep apnea.1 Visceral obesity, and particularly 
pericardial fat, has been the subject of several re-
cent studies investigating the association of local 
fat depots, inflammation, and cardiovascular dis-
ease; three of which have looked at the association 
of pericardial fat and AF.4-7, 10-12 In these studies, 
pericardial fat volume10, 12 and posterior left atri-
al epicardial fat pad thickness11 were associated 
with atrial fibrillation after adjusting for age, sex, 
body mass index, comorbid cardiovascular risk 
factors,10-12 and left atrial size.10-11 Atrial fibrillation 
has been associated with inflammation, but the 
mechanism of this association remains unclear. As 
pericardial fat is directly contiguous with the atria 
and has been reported to exert a local inflamma-
tory milieu, this association may provide a mecha-
nistic explanation and contribute to further under-
standing AF pathogenesis.

The study by Al Chekakie et al.10 suggests sev-
eral important clinical implications. Pericardial 
fat volume was found to be associated with AF 
independent of left atrial size and independent of 
other known AF risk factors, and may prove to be 
an important risk factor for development of AF. 
However, currently the cause and effect relation-
ship between AF and pericardial fat is not clear, 
and it would be interesting to prospectively study 
patients without a prior history of AF who under-
go cardiac CT to answer this question.

In this study of AF patients referred for AF abla-
tion, a statistically significant step wise increase 
in pericardial fat volume was noted with increas-
ing AF burden such that the pericardial fat depot 
was larger in patients with persistent AF than 
patients with paroxysmal AF, who in turn had 
a larger pericardial fat volume than patients in 
normal sinus rhythm. Prior studies on CRP have 
shown a similar trend with AF burden and that 
patients with higher serum CRP tend to have AF 
recurrence after electrical cardioversion.13 Given 
the inflammatory potential of pericardial fat, it 
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is possible that patients with a larger pericardial 
fat volume may have a more malignant substrate, 
and this suggests a need to investigate the role of 
pericardial fat and post ablation AF recurrence. 
Furthermore, investigating the inflammatory mi-
lieu of pericardial fat at a molecular level may lead 
to discovery of potential therapeutic targets in AF 
management.

The study by Al Chekakie et al.10 has several limi-
tations that were noted by the authors including 
selection bias and the potential for uncontrolled 
confounding. It is interesting to note that the age 
of included AF patients are younger than the typi-
cal AF population and likely represent a subgroup 
of symptomatic patients despite pharmacological 
management that required referral for AF abla-
tion. It is unclear if the operators measuring peri-
cardial fat volume where blinded to AF status. 
Also, the authors did not account for the differ-
ence in coronary artery disease among the study 
groups, given the association of coronary artery 
disease with pericardial fat volume. In conclusion, 
this study shows that pericardial fat volume is as-
sociated with AF, and suggests the need to further 
investigate this association which may prove to 
have important clinical and mechanistic implica-
tions.
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Introduction

Since its first description in 19981 there has been 
an exponential increase in the number of abla-
tions performed for atrial fibrillation (AF). Abla-
tion of paroxysmal AF is now considered stan-
dard second line therapy after treatment with 
a single antiarrhythmic drug according to the 
AHA/HRS consensus document.2 Persistent AF 
has also become a more common target of ab-
lative therapy and studies have suggested that 
a more extensive ablation may confer better re-
sults.3-5 However, with more extensive ablation 
strategies, the incidence of post ablation atrial 
tachycardias (AT) has increased. These ATs are 
often highly symptomatic and resistant to anti-
arrhythmic medication (AAD). This review sum-
marizes the incidence, mechanism, diagnosis and 
treatment of ATs occurring after AF ablation. 

Incidence

The incidence of post ablation AT is associated 
with the strategy and extent of prior ablation. In 
our experience using an ablation approach that 
incorporates wide proximal circumferential pul-
monary vein isolation confirmed with a circular 
mapping catheter, ablation of non-pulmonary 
vein AF triggers, and avoidance of any linear left 
atrial lesions or ablation of fractionated electro-
grams, the post ablation incidence of AT is quite 
low (3.2%).6 However, when a solely anatomical 
approach of circumferential ablation around the 
PV ostia is performed without confirming electri-
cal isolation, the incidence of ATs is much higher, 
ranging from 10% to 24%.7, 8 This has led to most 
centers abandoning the solely anatomic approach 
to AF ablation. Some investigators have attempted 
the routine use of roof and mitral annular lines as 
prophylaxis against post ablation macroreentrant 
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Abstract

The occurrence of left atrial tachycardias (AT) after catheter ablation for atrial fibrillation (AF) is com-
mon, especially after more extensive ablation of persistent AF. These AT are invariably symptomatic and 
often do not respond to medical therapy. The initial strategy involves ventricular rate control, cardiover-
sion, and observation as some tachycardias may resolve with time. For persistent ATs, effective manage-
ment frequently requires catheter intervention. Careful characterization of the tachycardia mechanism 
is essential in designing an effective ablation strategy that would also avoid further creation of pro-ar-
rhythmic substrate. With this review, we summarize the incidence, mechanism, diagnosis and treatment 
of ATs occurring after AF ablation.



tachycardias. Using this approach, AT incidence 
has ranged from 10%9 to 30%.3, 8, 10, 11 When abla-
tion of complex fractionated electrograms alone 
is performed, post ablation AT may occur in ap-
proximately 15-25% of patients.5, 12 With a more 
extensive ablation involving PVI isolation, em-
piric lines and electrogram based ablation all per-
formed during the same procedure, the incidence 
of AT has been reported as high as 50%.3, 7, 13, 14

Early versus Late Recurrence

AT can occur early or late after AF ablation. Early 
ATs are defined as AT occurring within 3 months 
after ablation and late ATs those that occur after 
the 3 month post-ablation period. The incidence 
of AT is particularly high in the early period post 
ablation with 89% of all ATs occurring the first 
month, 9% in the second and 2% in the third 
month.13 Although early AT occurrence does pre-
dict late AT or recurrence of AF13, 15 approx imately 
one-third of tachycardias may resolve with con-
servative management.16 The presence of hyper-

tension, persistent AF, left atrial (LA) size>4 cm, 
presence of structural heart disease and the lack of 
a successful ablation of all targeted PV have been 
independently correlated with early atrial tachyar-
rhythmias occurrence.16, 17 The much higher inci-
dence of AT during the early post-ablation period 
may partially be related to radiofrequency related 
inflammatory changes. Until the development of 
well defined fibrosis, tissue edema and inflamma-
tion can be pro-arrhythmic. In addition, like in all 
cases of acute local cardiac inflammation, ablation 
is likely to mount a systemic inflammatory re-
sponse. Inflammation both at tissue and systemic 
levels are related to the development of arrhyth-
mias. ATs that persist after a 3 month period or oc-
cur late after AF ablation typically do not usually 
resolve spontaneously and warrant intervention.13

Mechanism and Prevention

Post ablation ATs can be divided based on their 
mechanism as focal or macro-reentrant [Figure 
1]. The mechanism of AT is usually related to the 
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Figure 1: Mechanisms of typical post ablation tachycardias based on electroanatomic mapping. Panels A and B show focal 
tachycardias originating from the left and right superior pulmonary veins respectively. Panels C and D show typical macroreen-
trant tachycardias with clockwise mitral annular flutter at panel B and counterclockwise mitral annular flutter in panel D. LSPV 
left superior pulmonary vein, RSPV right superior pulmonary vein, MV mitral valve.



prior ablation technique. In our early experience 
using segmental PV isolation, the most common 
type of AT was a focal pattern originating from a 
segment of a previously isolated PV.18 These find-
ings are in agreement with the findings of Ouyang 
and colleagues19 who found that more of 80% of 
left ATs had focal origin from the PV. In contrast, 
when linear ablation is performed in addition to 
PVI, the majority of AT are macroreentrant.16 

Although PV tachycardias often appear focal on 
electroanatomic mapping [Figure 1], they dem-
onstrate electrophysiologic characteristics consis-
tent with reentry,6 including a flat-plus-increasing 
resetting curve, no change in tachycardia cycle 
length in response to adenosine, and the presence 
of mid-diastolic potentials.20 In support of a micro-
reentrant mechanism, Oral and coworkers showed 
that an atrial input is often required for PV AT per-
petuation.10 We believe that creation of such small 
reentrant circuits in the PV ostia is the direct result 
of non contiguous ablation resulting in slow con-
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duction in a segment of the PV. In support of the 
above notion, reconnection of pulmonary veins is 
associated with both AT and recurrence of AF.18  

Therefore, a circumferential approach to PV isola-
tion should be performed and accompanied with 
confirmation of PV isolation to decrease the inci-
dence of AT as well as AF recurrence after abla-
tion.

Macroreentrant ATs seem to be more common 
after wide area of circumferential PV ablation 
or after linear ablation.3, 21 Of the macroreentrant 
tachycardias, perimitral flutter is the most com-
mon, followed by roof dependent reentry and 
reentry around anatomic obstacles created by 
prior ablation including PVs.11, 16 Linear ablation 
can lead to reentrant AT if block is not achieved 
facilitating slow conduction and reentry. In sup-
port of the proarrhythmic effect of non-complete 
linear ablation, Chae et al. reported that the criti-
cal isthmus in the vast majority of post ablation 
macroreentrant AT involves a prior ablation line 
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Figure 2: Characteristic P wave morphology of focal tachycardias originating from pulmonary vein ostia. Notice that these 
tachycardias are inferiorly directed and positive throughout the precordial leads. Leads I, aVL and V1 are important in distin-
guishing left from right pulmonary vein origin and amplitude in the inferior leads help differentiating superior from inferior 
pulmonary veins. See text for details. LSPV left superior pulmonary vein, RSPV right superior pulmonary vein, LIPV left infe-
rior pulmonary vein, RIPV right inferior pulmonary vein.



and therefore consistent with a gap-related mech-
anism.9 Similarly, delivery of noncontiguous le-
sions in the LA during an electrogram based strat-
egy may create isolated barriers that can serve as 
the center of a reentrant circuit, or create partially 
depolarized myocardium that might be a source 
of automatic or triggered rhythms.

It is therefore, apparent that the most important 
strategy in preventing post ablation ATs is to min-
imize the use of linear ablation during the index 
procedure. Isolation of PV should be the main-
stay of therapy. In our experience, linear ablation 
should only be created to address clinical relevant 
macroreentrant tachycardias. In a recent paper, 
the best predictor of post-ablation mitral annular 
flutter was prior creation of a prior mitral isthmus 
ablation line.22 In cases where inducible or clinical 
arrhythmias dictate linear ablation, every effort 
should me made to confirm bidirectional block 
across any deployed lines.

Surface ECG Recognition

Although extensive prior ablation may alter the 
surface ECG morphology of the tachycardia,23 the 
P-wave morphology may be quite useful when
only PV isolation has been performed. One must
obtain a clear P-wave that is not obstructed by a
superimposed QRS or T wave. Examining the ECG
after a premature ventricular complex or during
AV block produced with ad enosine is extremely
valuable. A clear isoelectric baseline among P-
waves in all 12 leads of the ECG suggests a focal
mechanism, whereas continuous activation sug-
gests a macroreentrant mechanism [Figures 2 and
3]. At rapid rates, however, these two mechanisms
may be difficult to distinguish.

Most focal ATs originate from the PV ostia. These 
can be readily identified as they are inferiorly di-
rected and positive throughout the precordial 
leads, indicating a superoposterior left atrial ori-
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Figure 3: Surface ECG and biatrial activation map of counterclockwise mitral annular flutter. Continuous electrical activation 
without presence of isoelectric baseline between the flutter waves is suggestive of a macroreentrant tachycardia. Flutter waves 
are typically positive in all precordial leads with V2 of smaller amplitude that V1 and V3 since the mitral annulus is an anterior 
structure. In addition, flutter waves are inferiorly directed flat to negative in lead I. The right panel shows an electroanatonic 
biatrial map of the tachycardia that confirms the counterclockwise rotation of perimitral flutter with passive activation of the 
right atrium. RSPV right superior pulmonary vein, TV tricuspid valve, SVC superior vena cava, IVC inferior vena cava, MV 
mitral valve, LPV left superior pulmonary vein.
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gin. AT from the left PVs typically appear posi-
tive in V1 with a characteristic M shape P wave. In 
lead I, and are usually flat or biphasic and clearly 
negative in aVL [Figure 2]. Right PV ATs have a 
signature late peaking positive P wave in V1. In 
lead I they have a significant positive component, 
and lead aVL is flat or biphasic [Figure 2]. In the 
majority of cases inferior leads are positive for all 
four pulmonary veins as all PV are located fairly 
superiorly in the horizontal plain axis. Neverthe-
less, tachycardias originating from the very bottom 
of the inferior PVs may have a negative P wave in 
the inferior leads. Inferior leads may help in distin-
guishing left from right pulmonary veins as right 
veins typically give AT with a II/III ration of >1 
as opposed to a ratio close to 1 for AT originating 
form left PVs.

The most common macroreentrant AT is mitral 
annular flutter, a largely iatrogenic arrhythmia. 
Counterclockwise mitral annular flutter (CCL MA) 

is positive in V1 and throughout the precordi-
um. Flutter (F) wave in V2 typically has small-
er amplitude than V1 and V3 and may have a 
small initial negative component. In addition, 
F waves are positive in the inferior leads and 
maintain negativity in lead aVL. Lead I can be 
negative, have a negative component or isoelec-
tric [Figure 3]. Clockwise (CL) MA flutter has 
also positive F wave in lead V1 and the right 
precordial leads with often with a small initial 
negative component in the lateral precordial 
leads (V4-V6). The polarity in the limb leads is 
opposite to CCL MA flutter, thus negative in the 
inferior leads and positive in leads I and aVL. 
Due to continuous activation during atrial flut-
ter, it is often difficult identify the onset of flut-
ter wave. Based on our observations, the onset 
of flutter waves correlate with 80ms before the 
peak of the flutter wave in V1.

The differential diagnosis between left superior 

Figure 4: Focal atrial tachycardia originating from the left superior pulmonary vein (LSPV). Electrograms from two decapolar 
catheters and the mapping catheter (Map) are shown. One decapolar catheter is placed in the coronary sinus (CS) with proximal 
poles (CS9, 10) at the CS ostium and the other along the free wall of the right atrium (Crista). Panel A shows the CS activation 
sequence which is earlier at CS3, 4 suggestive of a tachycardia originating from the left atrium. Panel B shows entrainment from 
LSPV. Notice the similar LA activation sequence during pacing and the post-pacing interval within 20ms of the tachycardia 
cycle length. Panel C displays the electroanatomical map of the tachycardia.



PV AT and CCL MA flutter can be challenging as 
both are positive in the inferior leads and across 
the precordium with a M-shaped P wave in V1. 
However, a negative component in lead I or an 
initial negative component in lead V2 suggests 
CCL left atrial flutter. In addition, MA flutters 
tend to have a cycle length of 240ms with less 
variation in cycle length than focal ATs however, 
there is a considerable overlap especially in pa-
tients with prior ablation lines.

Differentiation between CCL-MA and CL isth-
mus dependent right atrial flutter can also be 
challenging. Both are inferiorly directed; howev-
er, negative flutter wave in lead V1 is supportive 
of CL right atrial flutter. Finally, CL MA flutter is 
best distinguished from CCL right atrial flutter 
by lead I as CL MA flutter has a positive F wave 
in lead I, while CCL right atrial flutter is flat or 
biphasic in that lead.

Management

Management of post AF ablation tachycardias 

 www.jafib.com 32 Oct-Nov, 2010 | Vol 3 | Issue 3                              

largely depends on timing of occurrence, symp-
tomatology and type of prior ablation. As previ-
ously mentioned, ATs often occur during the first 
three months after ablation without necessar-
ily predicting procedure failure as up to a third 
of them may resolve with conservative manage-
ment.21 In the case of severe symptoms, earlier 
intervention is sometimes warranted. Atrioven-
tricular nodal agents should be maximized to 
achieve ventricular rate control. In our experience 
however, rate control is very difficult to achieve 
with pharmacologic agents. While AAD improve 
early recurrence of AF, its use has been associated 
with higher incidence of post ablation ATs (28% 
in patients receiving AAD versus 11% not receiv-
ing AAD; P<0.02).24 In addition, use of AAD was 
not superior to placebo in terminating ATs once 
they occur.24 The above paradox may be explained 
by AAD-related slowing of electrical conduction, 
a property inherent to Class IC antiarrhythmic 
agents. In our opinion, electrical cardioversion is 
indicated for early occurring persistent symptom-
atic AT. If the AT recurs soon after cardioversion, 
we would typically wait for at least 2 weeks for 
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Figure 5: An example of counterclockwise mitral annular flutter. Panel A demonstrates that the activation pattern is distal-to-
proximal in the coronary sinus (CS). Entrainment from the distal CS (Panel B, arrow) and superior mitral annulus (Panel C, 
arrow) with PPI-TCL <20ms establishes the diagnosis. The electroanatomic activation map is shown in Panel D.
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the ablation lesions to heal and for inflammation 
to subside before performing a repeat cardiover-
sion. Although some have reported spontaneous 
resolution of AT occurring as late as 6 months af-
ter ablation, in our experience tachycardias that 
persist more than 3 months after ablation rarely 
resolve spontaneously and ablation is the most 
effective treatment.

Electrophysiologic Study – Diagnostic Ma-
neuvers

Whenever conservative measures are ineffective, 
an electrophysiologic study (EPS) is the neces-
sary next step for diagnostic and therapeutic 
purposes. The timing of the EPS depends again 
on the symptomatology, prior ablation strat-
egy and type of AF. In cases of paroxysmal AF 
where the clinical AT seem to correlate with a 

previously identified PV trigger, subacute PV re-
connection is the most likely mechanism. In those 
cases, we tend to repeat EPS earlier than 3 months 
to address PV reconnection. At the other end of 
the spectrum, in cases of persistent AF with exten-
sive prior ablation we usually exhaust conserva-
tive measures during an initial 3-month period, 
awaiting for the atrial substrate to stabilize prior 
to repeating an EPS.

Electroanatomical activation mapping and en-
trainment maneuvers remain the cornerstone 
methods to identify the mechanism of the tachy-
cardia and plan an effective ablation strategy. If a 
patient presents in AT, activation in the coronary 
sinus (CS) catheter gives rapid and valuable infor-
mation about the origin of the tachycardia. Distal 
to proximal activation of the CS catheter excludes 
right atrial flutter or flutter around the septal pul-
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Figure6: An example of a roof dependent left atrial flutter. Panel A: Electroanatomic map demonstrating “early-meets-late” on 
the roof of the left atrium. The range of the earliest and latest activation encompasses >95% of the TCL. Panel B shows passive ac-
tivation of the mitral annulus excluding mitral annular flutter or figure-of-8 reentry. Panel C: Electrograms from two decapolar 
catheters and a mapping catheter (Map) are shown. One decapolar catheter is placed in the coronary sinus (CS) with proximal 
poles (CS9, 10) at the CS ostium and the other along the free wall of the right atrium (crista). The CS activation is predominantly 
distal-to-proximal but has a “fused” pattern consistent with a roof dependent left atrial flutter. Entrainment with PPI-TCL<20ms 
from the left atrial roof confirms the diagnosis of a roof dependent flutter. Ablation connecting the right and left superior pul-
monary veins terminated the tachycardia.



 www.jafib.com 34 Oct-Nov, 2010 | Vol 3 | Issue 3                              

monary veins, whereas proximal to distal activa-
tion can be seen in right atrial flutter, CCL MA 
flutter, reentry around the septal PVs or focal ATs 
from the septal PVs [Figures 4, 5]. Simultaneous 
activation of distal and proximal CS suggests ATs 
originating from the LA roof. We typically per-
form entrainment pacing from the cavotricuspid 
isthmus, prox imal and distal coronary sinus pri-
or to transseptal puncture to exclude right atrial 
flutter and guide subsequent left atrial mapping. 
It should be noted that if a prior mitral isthmus 
line has been performed, then the CS activation 
pattern is less useful.

Once access to the left atrium is achieved, initial 
mapping usually begins with interrogating all 
four pulmonary veins for evidence of reconnec-
tion with a circular mapping catheter. Presence 
of mid-diastolic, low amplitude, fragmented or 
double potentials around the PV ostia is sugges-
tive of an AT origin. Although, gaps in PV isola-
tion are often encountered, the culprit vein can be 

identified by a characteristic reversal in activation 
with PV potential preceding the atrial potential at 
the reconnection site. Common areas of reconnec-
tion are the anterior ridge between the left PVs and 
left atrial appendage and inferior aspect of right 
inferior PV.

We next perform detailed activation mapping of 
the left atrium. A tachycardia with focal origin on 
the activation map with concentric spread originat-
ed from partially reconnected PV ostia is typically 
seen in patients with a PV reentry circuit [Figure 
4]. Non-PV focal tachycardias can also be identi-
fied with the most common sites of origin include 
the posterior left atrium, and limbus of the fossa 
ovalis, left atrial appendage (LAA), CS ostium or 
inside the CS. If a macroreentrant AT is present, an 
“early meets late” pattern of activation is present, 
and the map incorporates the entire tachycardia 
cycle length [Figure 1, 3, 5, 6].

Once the activation map suggests a tachycardia 

Journal of Atrial Fibrillation Featured Review 

Figure 7: Double loop or figure-of-8 left atrial flutter. Electroanatomic map showing tachycardia rotating around the mitral an-
nulus (panel A) as well as through the left atrial roof (panel B). Pacing from the proximal CS, distal CS, septal mitral annulus, 
and posterior roof all had PPI-TCL < 20ms. LSPV left superior pulmonary vein, RSPV right superior pulmonary vein, LIPV left 
inferior pulmonary vein, RIPV right inferior pulmonary vein, MV mitral valve, CS coronary sinus.
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Figure 8: Algorithm to establish the diagnosis the mechanism of left atrial flutters occurring after AF ablation. Cavotricuspid 
isthmus=CTI; coronary sinus=CS; PPI post pacing interval; TCL tachycardia cycle length; LA left atrium; RA right atrium. PV 
pulmonary vein.
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mechanism, entrainment should be performed for 
confirmation prior to ablation. For a macroreen-
trant AT, entrainment from only 4 specific ana-
tomic locations can often identify the tachycardia 
circuit. These sites include 1) the proximal CS 2) 
the distal CS 3) the septal MA and 4) the posterior 
LA roof. Entrainment with a post-pacing interval 
– tachycardia cycle-length (PPI-TCL) within 20ms
from proximal and distal CS and septal MA is con-
sistent with MA flutter [Figure 5]. When both the
proximal CS and LA roof are part of circuit a mac-
roerentry around the septal veins is suggested.
Similarly, entrainment with PPI<20ms from the
distal CS and roof suggests macroreentry around
the left PVs. Finally, when the proximal CS, distal
CS, septal MA and posterior LA roof are found to
participate in the circuit one should consider fig-
ure-of-8 mitral flutter [Figure 7]. Figure 8 shows a

diagnostic algorithm for approaching macroreen-
trant atrial tachycardias after AF ablation. For a 
focal AT, entrainment should be performed from 
the area of earliest activation or with mid-diastol-
ic potentials to determine if it is a critical part of 
the reentry circuit. Higher output pacing may be 
required to capture in areas of diseased myocar-
dium.

Reviewing the prior ablation strategy is also im-
portant for mapping macroreentrant AT, as in the 
majority of cases the critical isthmus transverses 
an incomplete ablation line.19 Therefore, we ex-
amine all previously created lines for reconnected 
segments and look for low amplitude, fragmented 
or double potentials that represent slow conduc-
tion. In our experience and others, the reentry cir-
cuit with a protected isthmus can be identified in 

Figure 9: Electrograms demonstrating conduction block across the mitral annular line between the left pulmonary veins and 
mitral annulus. Electrograms from three decapolar catheters and ablator are shown. One decapolar catheter is placed in the 
coronary sinus (CS) with proximal poles (CS9, 10) at the CS ostium. Another catheter is placed along the free wall of the right 
atrium (crista) and a third circular catheter (Lasso) is inside the left lower pulmonary vein. Panel A: While pacing from the map-
ping catheter (MapD) located in the left atrial appendage, baseline CS conduction occurs in the distal-to-proximal direction. 
Panel B: After endocardial ablation along the mitral isthmus, pacing from the appendage continues to show distal-to-proximal 
activation consistent with continued conduction through the mitral isthmus. Panel C: After epicardial ablation inside the CS 
opposite to the endocardial line, mitral isthmus block is achieved as indicated by the reversal of CS activation while pacing from 
the left atrial appendage.



 www.jafib.com 37 Oct-Nov, 2010 | Vol 3 | Issue 3                              

Journal of Atrial Fibrillation Featured Review 
majority of cases.19 

The mechanism of tachycardia is not identified 
with the above maneuvers. Common problems 
are a fast and unstable tachycardia, non-sustained 
tachycardia, multiple interchangeable circuits or 
non-inducible tachycardias. Cycle length variabil-
ity of >15% of the tachycardia cycle length over a 
1-minute observation is suggestive of a focal ori-
gin; however, a variability of less than 15% of the
AT cycle length was non conclusive for either ar-
rhythmia.25

Electrophysiologic Study – Ablation Strategy

After confirming the mechanism of the AT we then 
proceed with an ablation strategy to address the 
specific mechanism. For a focal AT, ablation is typ-
ically focused on the “early” region with a post-
pacing interval closest to the tachycardia cycle 
length. This will typically involve a reconnected 
PV ostium. If the site of earliest activation is inside 
the PV, ablation should be performed proximally 
at the PV antrum to reisolate the PV. Whether ad-
ditional ablation lesions at the site of earliest acti-
vation inside the PV will reduce recurrences is un-
known, however we typically avoid this to reduce 
the risk of PV stenosis and since most patients do 
well with PV reisolation alone.

For a macroreentrant tachycardia, a linear le-
sion connecting the nearest anatomic boundaries 
should be performed. If MA flutter is the con-
firmed mechanism, the mitral isthmus line can be 
performed by creating a line from the lateral mitral 
annulus to the left lower pulmonary vein. An ir-
rigated ablation catheter is typically required with 
power delivery up to 40 watts.26 Epicardial abla-
tion lesions inside the CS opposite the endocrdial 
line are usually required more than 50% of cases 
to create complete isthmus block. An irrigated ab-
lation catheter with power settings of 20-25W is 
typically required inside the CS. Attention should 
be made during RF application inside the CS to 
maintain the catheter orientation toward the right 
atrium. Occasionally, lesions inside the CS may be 
limited by inability to deliver adequate power. In 
this case, cardioversion and completion of the line 
in sinus rhythm can be performed. Even if tachy-
cardia terminates during ablation, additional abla-
tion should be performed until bidirectional block 

is achieved. This can be achieved by noting a re-
versal in the CS activation sequence from distal-to-
proximal to proximal-to-distal while pacing from 
the left atrial appendage [Figure 9]. Performing an 
activation map during LAA pacing is another way 
to confirm isthmus block [Figure 10]. During abla-
tion, particular attention should be given to seg-
ment closer to the left inferior vein as this is the 
most common site of reconnection.27 If the original 
tachycardia was figure-of-8 reentry, then the flut-
ter may change to a roof dependent flutter once 
complete mitral isthmus block has been achieved. 
Again, noticing the change in cycle length and/or 
activation pattern is important for recognizing the 
occurrence of a new tachycardia [Figure 11]. In the 
case of a roof dependant macroreentrant flutter, a 
roof line can be delivered by ablating between the 
left and right superior PVs. Catheter stability in this 
region is often challenging, and use of a steerable 
sheath should be considered. Conduction block 
across the roof line can be documented by record-
ing inferior-superior activation of the posterior 

Figure 10: Intracardiac electrograms recorded from the cor-
onary sinus (CS), right atrium (crista) and ablation catheter 
(ABL) in a patient with figure-of-8 reentry around the mitral 
annulus and through the left atrial roof. During mitral isth-
mus ablation, there is an abrupt change in coronary sinus 
activation without a change in tachycardia cycle-length. This 
suggests that mitral isthmus block has been achieved but the 
tachycardia persists using the second limb around the right 
pulmonary veins utilizing the left atrial roof. Linear ablation 
connecting the right and left superior pulmonary veins termi-
nated the tachycardia.
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wall during LAA pacing, or by performing a repeat 
activation mapping the LA during LAA pacing. In 
some cases, figure-of-8 reentry around the mitral 
annulus and through the LA roof can be found. In 
this case, one can either perform 1) both the mitral 
isthmus and LA roof lines to interrupt the AT or 2) 
perform a long line from the RSPV to the MA. We 
prefer the 2 short lines, as it can be quite difficult to 
achieve block across the long RSPV to MA line and 
this line may distort left atrial conduction includ-
ing delaying conduction to the LAA. If tachycardia 
persists after performing a mitral annular and roof 
line, a more anterior mitral annular line can be de-
livered. If tachycardia persists after creation of the 
mitral annular and roof lines, one should repeat 
entrainment maneuvers to be sure the tachycardia 
path has not changed. If the same tachycardia is 
confirmed, cardioversion to sinus rhythm can be 
performed. If block along the lines is not present, 
continued ablation in sinus rhythm or during LAA 
pacing to achieve block will typically render the 
tachycardia noninducible.

In cases where tachycardia is not inducible, un-

mappable or unstable, one should proceed with 
re-isolation of the PVs, which may be the source 
of many focal tachycardias and can be required to 
trigger macroreentrant arrhythmias. The surface 
ECG may be the only useful tool to guide therapy 
in these cases. If the appearance was consistent 
with a focal PV AT, then PV reisolation is sufficient. 
If the ECG and AT CL is consistent with a macro-
reentrant mitral flutter, then creation of a linear 
lesion at the mitral isthmus may be warranted, 
providing that bidirectional isthmus block can be 
achieved.

Conclusions

In summary, post ablation ATs have become in-
creasingly more common and constitute a signifi-
cant clinical problem as they are typically very 
symptomatic. The occurrence of these ATs is a di-
rectly related to the extent of ablation performed in 
the initial procedure and are therefore more preva-
lent in persistent AF patients undergoing stepwise 
ablation that combines pulmonary vein isolation 

Figure 11: Activation map of the left atrium during pacing from the left atrial appendage after ablating the mitral isthmus with 
linear ablation between the left inferior pulmonary vein and mitral annulus (red dots). Note that activation occurs in a coun-
terclockwise direction around the mitral annulus with latest activation lateral to the line, demonstrating mitral isthmus block.
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with linear and electrogram based ablation. Ab-
sence of conduction block across ablation lesions 
is of critical importance as it allows the genera-
tion of areas of slow conduction that provide the 
substrate for micro and macro reentrant circuits. 
Effective management of post-ablation ATs fre-
quently requires catheter intervention, as medical 
therapy is frequently ineffective. Such interven-
tion should always be guided by careful char-
acterization of the tachycardia mechanism that 
would allow targeted ablation and avoid further 
creation of pro-arrhythmic substrate.
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Introduction

Atrial fibrillation (AF) is the most common cardiac 
rhythm disorder in clinical practice, with an esti-
mated prevalence of 0.4% to 1% in the general pop-
ulation,1 increasing with age to 8% in those older 
than 80 years.2 The recognized risk factors for de-
veloping AF include age, hypertension, structural 
heart disease, diabetes mellitus, and hyperthy-
roidism.3 However, the etiology remains unclear 
in a significant number of patients younger than 
age 60 in whom no cardiovascular disease or any 
other known causal factor is present. This condi-
tion is termed lone AF4 and may be responsible for 
as many as 30% of patients with paroxysmal AF 
seeking medical attention.5, 6

Although regular physical activity clearly reduces 
cardiovascular morbidity risk,7, 8 in recent years 
long-term endurance sport practice has been rec-
ognized as a risk factor for AF9-16 [table 1]. How-
ever, the underlying mechanism explaining this 
association is unclear.

The aim of this review is to analyze the evidence of 
the association between AF and endurance sport 
practice, the pathophysiological mechanisms re-
sponsible for this association, the clinical charac-
teristics of this arrhythmia, and the available ther-
apeutic options. 

Atrial Fibrillation and Endurance Sport

In 1998, Karjalainen et al.9 evaluated the presence 

of AF in 228 veteran male orienteers (cross-country 
runners) and compared this with AF prevalence 
in a matched control group. Lone AF was diag-
nosed in 12 orienteers (5.3%) vs. 2 control subjects 
(0.9%). Our group has analyzed the proportion of 
patients with lone AF who engage in frequent and 
long-term sports activity.10 In a cohort of 1160 con-
secutive patients seen at the outpatient arrhythmia 
clinic, 70 individuals had lone AF and all were <65 
years of age. Of these 70 patients, 32 reported en-
gaging in endurance sport practice, defined as at 
least 3 hours a week. Surprisingly, 63% of all men 
with lone AF in this study actively participated in 
sports, significantly higher than the 15% of males 
in the general population. A case-control study of 
the same population of LAF patients and two age-
matched controls from the general population for 
each case found the risk of developing LAF was 
more than five times greater [OR 5.06(1.35–19)] in 
those currently practicing an endurance sport.12 
This association was observed at more than 1500 
lifetime hours of sport practice, suggesting the ex-
istence of a threshold point. A further study of lone 
AF incidence among marathon runners, compared 
to sedentary men, demonstrated a higher inci-
dence of AF in runners (annual incidence: 0.43/100 
for runners, 0.11/100 for sedentary men).15

Heidbuchel et al.16 assessed the influence of sports 
activity on the risk of AF after the ablation of atrial 
flutter. Of 137 patients undergoing ablation of the 
right atria isthmus because of atrial flutter, 31 (23%) 
regularly participated in endurance sports. A his-
tory of competitive sports practice was associated 
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with a higher post-ablation risk of developing AF 
[multivariate HR 1.81 (1.10–2.98, P 0.02)]; ongoing 
practice of an endurance sport (19 patients) after 
the ablation also increased the risk of AF [multi-
variate HR 1.68 (0.92–3.06), P 0.08].

Baldesberger et al.13 recruited 62 Swiss cyclists 
who had participated at least once in the Tour 
de Suisse professional bicycle race in 1955–1975 
and compared the incidence of arrhythmias with 
a control group of 62 male golfers. The controls, 
matched for age, weight, hypertension, and car-
diac medication, had never engaged in high en-
durance training. Paroxysmal or persistent AF or 
atrial flutter was reported more often in the cy-
clists (P 0.028).

In contrast with these previous studies, Pellicia 
et al.17 reported that LAF was uncommon among 
competitive athletes and the incidence was simi-
lar to that observed in the general population. 
However, the study was performed in young ath-
letes at the height of their activity, while studies 
supporting the association have been performed 
in middle-aged individuals, after many years of 
sport practice. Additionally, the largest and most 
recent epidemiological study.18 supports that this 
association is not a matter of selection: after ad-
justment for multiple potentially confounding 
lifestyle factors and health conditions, vigorous 
exercise activity was associated with an increased 
risk of developing AF.

Pathophysiology of AF in Endurance Ath-
letes

AThe pathophysiologic mechanisms responsible 
for increased AF risk in individuals who practice 
an endurance sport remain unclear.19 Research has 
focussed on autonomic nerves and the possibility 
of exercise-related structural changes in the atria.

Influence of the autonomic nervous system

In the past decade, the role of the cardiac auto-
nomic nervous system (ANS) in the initiation and 
maintenance of AF has been actively investigated. 
Several basic and clinical studies have indicated 
that initiation of paroxysmal AF requires the ac-
tivation of both the sympathetic and parasympa-
thetic components of the cardiac ANS.20-23 Coumel24 
studied the influence of autonomic innervations 
in the appearance of AF and atrial flutter, finding 
that “vagal AF”: [1] predominantly affects males 
between 30 and 50 years of age [2] , usually occurs 
at night and rarely occurs between breakfast and 
lunch when the sympathetic tone is high [3], rare-
ly occurs during exercise or emotional stress [4], is 
frequently triggered during relaxation after stress 
and [5] is often preceded by bradycardia lasting 
from seconds to hours. However, he did not es-
tablish a relationship between these episodes of 
AF and sport practice. Experimental animal mod-
els have demonstrated that atrial fibrillation can 
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Table 1 Studies demonstrating an increased risk in AF in individuals practicing endurance sports. Repro-
duced with permission of Mont et al. [19].

Studies Type of study % Men Age Type of sports Cases/controls

Kaarjalainen et al Longitudinal case/
control 100% 47±5 runners

49±5 controls Orienteering 262/373

Mont et al
Retrospective/com-
pared to general
population

100% 44 ±13 sports
49 ±11 non-sports Endurance sports >3h/week 70 lone AF

Elosua et al Retrospective case/
control 100% 41±13 AF patients

44±11 controls

Endurance sports Current 
practice and >1500 cumu-
lated hours of practice

51/109

Heidbuchel et at
Case/control in 
patients undergoing 
flutter ablation

83% 53±9 sports
60±10 controls

Cycling, running or swim-
ming >3hours/
week

31/106

Molina et al Longitudinal case/
control 100% 39±9 runners

50±13 sedentary Marathon running 252/305

Baldesberger et al Longitudinal case/
control 100% 67±7 cyclist

66±6 golfers Cycling 134/62

Mont et al GI-
RAFA study

Prospective case/
control 69% 48±11 Endurance sports 107/107



be induced by acetylcholine25 and that increasing 
vagal tone shortens the atrial refractory period, 
which, combined with atrial stimulation, induces 
AF.26 In the GIRAFA study, 70% of consecutive pa-
tients with lone AF had vagal AF. Therefore, the 
increased vagal tone induced by endurance sport 
practice could facilitate the appearance of AF.

Exercise and structural changes in the atria (fi-
brosis, inflammation and dilatation)

Whether long-term endurance sport practice in-
duces structural changes in the atrium (e.g., en-
largement, fibrosis) that may create a favourable 
substrate for the disease- similar to hypertension 
or structural heart disease as a consequence of 
chronic volume and pressure overload- is a matter 
of debate. A small study by Frustaci et al.27 ana-
lyzed the structural changes in the atria of patients 
with lone AF. Inflammatory lymphonomonuclear 
infiltrates, compatible with myocarditis, were 
found in 66% of the patients; a non-inflammatory 
cardiomyopathic process in 17%; and patchy fibro-
sis in the remaining 17%.

Recent experimental data from our group show 
that endurance exercise may induce fibrosis in a rat 
model of chronic exercise, particularly at the atrial 
and right ventricular level.28 Therefore, it seems 
that endurance exercise may produce pathological 
changes in the heart, at least in an experimental 
model. Lindsay and Dunn29 showed an increase 
in humoral markers of fibrosis in veteran athletes 
compared to sedentary subjects, suggesting that 
long-term sport practice may provoke fibrosis as 
part of the hypertrophic process in veteran ath-
letes.

Much attention has been devoted in the past few 
years to the role of inflammation in AF. The con-
tribution of the inflammatory cascade to AF onset 
is suggested by the high incidence of AF in post-
operative cardiac patients, who are in a state of 
intense inflammation.30, 31, 32 Other studies have 
suggested that inflammation leads to “atrial myo-
carditis” with subsequent electrical and structural 
atrial changes, resulting in AF initiation and per-
sistence.33, 34 Left atrial dysfunction has been de-
scribed in patients with increased CRP but with-
out AF, suggesting that inflammation affects left 
atrial function.35 Many studies have related an 
increase in CRP and interleukins in both paroxys-
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mal and persistent AF.34-36 Elevated CRP and IL-6 
might also contribute to generation and perpetua-
tion of AF, as evidenced by marked inflammatory 
infiltrates, myocyte necrosis, and fibrosis found in 
atrial biopsies of patients with lone AF.27

Additionally, previous studies have found that 
excessive training may lead to tissue injury, which 
activates circulating monocytes, in turn produc-
ing large quantities of IL-1β and/or IL-6 and/or 
TNF-α and systemic inflammation. Their findings 
show a relationship between these inflammatory 
biomarkers and AF.37, 38 However, there are no 
studies in the literature that confirm an associa-
tion between AF, inflammation and exercise.

Although the underlying mechanism for structur-
al changes is not clear, recent echocardiographic 
data suggest that structural remodelling is often 
present in the atrium of elite athletes without AF. 
Pelliccia et al.17 described the remodelling induced 
by exercise in elite sport athletes. Their study 
shows that those involved in regular endurance 
practice have a larger atrium than the sedentary 
controls. Furthermore, a significant proportion 
(20%) showed enlarged atria according to estab-
lished normal values.

GIRAFA study data14 showing that patients with 
LAF had a larger atrium than the controls sug-
gest that subtle structural changes at the atrial 
level may account for the appearance of AF. The 
study further showed that patients with a first 
episode of AF had the same atrial size compared 
to those suffering recurrences, which might mean 
that structural changes were present before onset 
of AF. On the other hand, patients with AF had 
larger LV mass, even after normalizing for body 
surface area. This further supports the idea that 
exercise had some repercussions in the ventricles, 
although the diastolic function index did not dif-
fer from sedentary controls. Although diastolic 
dysfunction has been proposed as the mechanism 
for atrial enlargement, it seems that volume and 
pressure overload act directly in the atrium, even 
before acting at the ventricular level.

Clinical Characteristics of Sport-related 
Atrial Fibrillation

The typical clinical profile of sport-related AF is a 
man in his forties or fifties who has been involved 
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in regular endurance sport practice since his youth 
and is still active in middle age. The AF is usually 
paroxysmal with crisis, initially very occasional 
and self limited, then progressively increasing in 
duration. Characteristically, AF episodes occur at 
night or after meals. As many as 70% of patients 
may suffer predominantly from vagal AF.14 Since 
the AF crisis rarely occurs during exercise, the pa-
tient is reluctant to accept a relationship between 
the arrhythmia and sport practice. The crises typi-
cally become more frequent and prolonged over 
the years and AF becomes persistent. Progression 
to permanent AF has been described by Hoogs-
teen et al.11 in 17% of individuals in an observa-
tional series. In the GIRAFA study, 43% presented 
persistent AF.14 The AF crisis frequently coexists 
with common atrial flutter in many patients.

Treatment for AF in Athletes

Data’s on the reversibility of arrhythmia upon 
sport cessation are scarce. Furlanello et al.39 de-
scribed a good response to sport abstinence in 
top-level athletes with AF. Our observations sug-
gest that limiting physical activity seems to signif-
icantly reduce the number of crises, particularly 
in those with recent onset and minimally dilated 
atrium. However, these patients are very depen-
dent on physical activity and it is difficult for them 
to follow this advice to reduce the risk associated 
with endurance sport practice. Biffi et al.40 also 
showed a very significant decrease in ventricular 
ectopy in athletes upon sport cessation.

After all of the potential contributing factors have 
been eliminated (i.e., medical conditions such as 
hyperthyroidism, pericarditis, Wolff-Parkinson-
White syndrome, hypertrophic cardiomyopathy 
or long QT syndrome; substances such as cocaine, 
caffeine, anabolic steroids and sympathomimet-
ics in cold medicines), the recommendation of the 
Study Group on Sports Cardiology of the Euro-
pean Association for Cardiovascular Prevention 
and Rehabilitation41 is that athletes in an early 
stage of paroxysmal AF discontinue training for 
two months to stabilize sinus rhythm. The degree 
of improvement during this resting period deter-
mines if athletes can resume their training.

In athletes without other cardiac disorders, the 
recommendation for sports participation also 
largely depends on the ventricular rate during AF. 

If there is a history of high ventricular rate or hemo-
dynamic instability during AF, the athletes should 
be instructed to stop exercising if palpitation or 
related symptoms occur. Such patients may need 
medications that slow the ventricular rate, ideally 
at doses that do not cause sinus bradycardia at rest 
or chronotropic incompetence during exercise. 
When the heart rate during recurrent paroxysms 
of AF (or during permanent AF) is acceptable at 
an athlete’s maximum physical performance and 
there are no signs of hemodynamic impairment, 
sports activity can be resumed.

Task Force 7 of the 36th Bethesda Conference42 rec-
ommended that athletes with asymptomatic AF in 
the absence of structural heart disease be permit-
ted to participate in any competitive sport, provid-
ed they maintain a ventricular rate that increases 
and slows appropriately and is comparable to that 
of a normal sinus response in relation to the level 
of activity, while receiving no therapy or therapy 
with AV nodal-blocking drugs. Asymptomatic ath-
letes who have AF episodes lasting 5 to 15 s with 
no increase in duration during exercise can partici-
pate in all sports.

The possible long-term role of medications (ACE 
inhibitors, angiotensin inhibitors, Calcium-an-
tagonists or beta-blockers) in preventing cardiac 
hypertrophy remains to be elucidated, although 
angiotensin inhibitors do seem to play a role in 
improving the results of cardioversion or AF abla-
tion.43,44 Particular caution should be exercised with 
the monotherapeutic use of class 1 antiarrhythmic 
drugs in AF patients. These drugs may prevent 
AF recurrences, but also can convert AF into slow 
atrial flutter, which may conduct one-to-one to the 
ventricles during situations of high sympathetic 
tone.45, 46 Impregnation of the ventricles with the 
class 1 drug will lead to broad QRS complexes (re-
sembling VT) and profound negative inotropic ef-
fects that can result in cardiogenic shock and even 
sudden death. Class 1 drugs can be initiated for the 
prevention of AF episodes after adequate ventricu-
lar rate control during exercise has been assured.

When therapy with class 1 drugs is indicated in 
athletes, a combination with diltiazem or prophy-
lactic ablation of the flutter circuit must be consid-
ered. The “hybrid” therapy of class 1 drugs and 
the ablation of flutter may obviate the need for 
maintenance therapy with bradycardic agents.47, 48
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In some athletes with paroxysmal AF, class 1 drugs 
can be used for acute reconversion therapy, known 
as the “pill-in-the pocket” approach.49 It is prudent 
to instruct these patients to refrain from sports as 
long as the arrhythmia persists and until at least 
one half-life of the antiarrhythmic drug has passed.

On the other hand, circumferential pulmonary 
vein ablation (CPVA) is established as an effective 
and safe treatment of AF, with success rates rang-
ing from 30% to 85% in the general population.50 

A study by Furlanello et al.51 described a highly 
successful ablation series, with 90% success after 
a mean of two ablation procedures in 20 athletes, 
without major complications.

A recent study by our group of CPVA effective-
ness after a first procedure52 showed no differ-
ence between a population of endurance athletes 
with lone AF and other patients with AF [figure 
1]; endurance sport practice was not a predictor 
of the results of the ablation procedure. Our study 
confirmed LA diameter and long-standing AF as 
the most powerful predictors of AF recurrence 
after CPVA; in addition, persistent AF showed a 
trend toward a higher probability of recurrence 

(p=0.054).

In patients with predominant atrial flutter, abla-
tion of the flutter is frequently associated with a 
higher incidence of AF recurrences, as pointed 
out by Heidbuchel et al.16 However, although 
ablation seems to be quite effective, endurance 
sport cessation associated with drug therapy 
seems to us a more suitable approach as an initial 
therapy, particularly in non-professional veteran 
athletes.

In competitive and leisure-time athletes with un-
successful rhythm control or under rate control 
therapy, anticoagulation may be necessary de-
pending on the presence of classic risk factors for 
thromboembolic events.53 Anticoagulation thera-
py excludes these individuals from sports with a 
risk of bodily collision or trauma.41

Conclusions

Regular exercise has proven to be a healthy habit 
that decreases risk factors and atherosclerosis. 
However, long-term endurance sport practice 
has been demonstrated to increase the risk for 

Figure 1: Kaplan-Meier curves for long-term freedom from recurrent arrhythmias after a single ablation procedure in lone AF 
athletes group (dashed line) and control group (solid line). Reproduced with permission from Calvo et al. (52).



recurrent AF, showing a relationship between 
accumulated hours of practice and AF risk. The 
underlying mechanisms remain to be elucidated, 
although structural atrial changes (dilatation and 
fibrosis) are probably present. Therefore, further 
studies are needed to clarify whether a threshold 
limit for the intensity and duration of physical ac-
tivity may prevent AF, without limiting the car-
diovascular benefits of exercise.
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Introduction

Pregnancy is accompanied by a variety of cardio-
vascular changes in normal women. At first, the 
levels of estrogens increase and cause augmented 
adrenergic receptors sensitivity; also the blood vol-
ume and the cardiac output increase; this results in 
myocardial stretch and an increase in cardiac end 
diastolic volumes. Moreover the augmented sinus 
heart rate may cause altered myocardial refracto-
riness, potentially setting up or stabilizing re-en-
try. All of these changes in pregnant women are 
thought to promote arrhythmogenesis.1

Most pregnant women complain of palpitation, 
dizziness, and even syncope, but these symp-
toms are rarely associated with significant cardi-
ac arrhythmias. Shotan et al. demonstrate a high 
incidence of ectopic activity in normal healthy 
patients presenting with symptoms, mostly palpi-
tations, during gestation, but usually they are not 
predictive of cardiac arrhythmia.2 Whereas atrial 
fibrillation (AF) is the most common arrhythmia 
in adults, affecting ~ 0.5% to 1% of the total popu-
lation and > 8% of patients older than 80 years, it 

is unusual during pregnancy.3 Szekely et al. in a 
study on pregnant women with rheumatic heart 
disease, found that atrial fibrillation was present at 
the onset of pregnancy in 8% of women but a new 
onset atrial fibrillation occurred during pregnancy 
only in 2.5% of women.4 Moreover Khairy et al. in 
a study of 90 pregnancies of 53 women with con-
genital heart disease, did not show any AF.5

When a healthy woman develops AF during preg-
nancy, she should be evaluated for congenital 
heart disease, rheumatic valvular disease, alco-
hol abuse, electrolyte imbalance and hyperthy-
roidism.6-7 It is advisable to consider that in some 
cases AF may be also a potential adverse effect of 
terbutaline therapy, a beta-2-sympathomimetic 
medication used since the 1970s to treat preterm 
labor. In 1998 the Food and Drug Administration 
alerted physicians and other health professionals 
to concerns about subcutaneous administration of 
terbutaline sulfate via infusion pump for off-label 
use as treatment and prevention of preterm labor 
(tocolytic therapy).8-9

The AF in pregnancy state can represent a benign, 
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Abstract

Pregnancy is accompanied by a variety of cardiovascular changes in normal women; all of these changes 
are thought to promote arrhythmogenesis. Atrial fibrillation is unusual during pregnancy and it can rep-
resent a benign, self-limited lone atrial fibrillation or can be hemodynamically significant in parturient 
with or without structural heart disease. Management of atrial fibrillation should be the same as in non-
pregnant women, but requires faster intervention, even in patients with a normal heart function, and 
cautious use of medication to avoid harm to the fetus. We might remember that synchronized electrical 
cardioversion has been performed safely during all stages of pregnancy.



self-limited lone AF or can be hemodynamically 
significant in parturient with or without struc-
tural heart disease; the reduction in blood pres-
sure occasionally can result in fetal bradycardia 
and in the need for immediate treatment with 
antiarrhythmic drugs, electrical cardioversion, or 
urgent caesarean section; in these cases the cardi-
ologist should manage the patient working with 
an obstetric specialist.

If there isn’t acute heart failure, the initial manage-
ment is the ventricular rate control with digoxin, a 
β-blocker, or a nondihydropyridine calcium chan-
nel antagonist to extend diastolic filling time10; 
however, intravenous administration of digitalis 
glycosides or nondihydropyridine calcium chan-
nel antagonists to patients with AF and a preexci-
tation syndrome may paradoxically accelerate the 
ventricular response and it is not recommended.11 
About β-blockers the data suggest that cardiose-
lective agents such as metoprolol and atenolol are 
the preferred agents because they might interfere 
less with β2- mediated peripheral vasodilation 
or uterine relaxation and because the incidence 
of fetal hypoglycemia associated with them is 
very low. Digoxin has a long history of safe and 
effective use in pregnant women; it crosses the 
placenta freely but it is not teratogenic and does 
not cause adverse effects in the fetus if appropri-
ately dosed; only digitalis toxicity has been asso-
ciated with miscarriage and fetal death; however 
we might remind that during the third trimester, 
serum digoxin levels may appear falsely elevated 
due to the presence of digoxin-like substances in-
terfering with radioimmunoassay.12-13 Verapamil 
and diltiazem are indicate only in selected case 
and when β-blockers and digoxin are unsuccess-
ful because the use of verapamil during pregnan-
cy has been reported in some cases as the cause 
of maternal and/or fetal bradycardia, heart block 
and depression of contractility and there is also 
a retrospective analysis of 27 newborns exposed 
during the first trimester to diltiazem that sug-
gests a possible association with congenital mal-
formations at birth.14

When the patients, after control rate, are hemody-
namically stable it could be better to wait 24 h be-
cause quite frequently the patients will spontane-
ously convert to sinus rhythm.15-16-17 On the other 
hand, in patients with persistent AF it is advisable 
to convert AF back to normal sinus rhythm, with 

electrical or pharmacological cardioversion, to 
avoid potential fetal harm by the side effects of the 
antiarrhythmic and rate control medication and 
possible hemodynamic instability related to the 
tachycardia. If possible the cardioversion should 
be considered within 48 h of the onset of AF to 
minimize thromboembolic complications and to 
avoid the need for anticoagulation which is diffi-
cult to monitor and is associated with fetal risks.

All commonly used antiarrhythmic drugs cross 
the placenta. The risks of congenital malforma-
tions at birth are higher if the exposure to drugs is 
during the first trimester but even after this period 
undesirable effects may still occur including de-
pression of uterine blood flow, interference with 
fetal growth and with labor.

Quinidine has the longest record of safety in preg-
nant women; even if rarely it may cause mild 
uterine contractions, premature labor, neonatal 
thrombocytopenia, and, at toxic doses, damage to 
the fetal eighth cranial nerve, but it remains the 
agent of choice, for pharmacological cardioversion 
in hemodynamically stable patients who develop 
AF during pregnancy. Also procainamide is safe; 
however the prolongation of the QT interval to 
longer than 500 msec during drug therapy with 
quinidine or procainamide should prompt a criti-
cal reevaluation of the risks and benefits of that 
therapy and consideration of therapeutic alterna-
tives, in concert with a search for underlying pre-
disposing factors such as hypokalemia or drug in-
teractions.18-19 Flecainide and propafenone are also 
used for treatment of atrial fibrillation; no terato-
genic effects were reported and none of the case 
reports of maternal flecainide and propafenone 
use had shown adverse effects in the fetus, but de-
spite this facts insufficient experience with these 
drugs is available to assess their safety.20 Sotalol is 
generally regarded as safe, but it is known that it 
prolungs QT duration and also for this drug, there 
are not yet sufficient clinical experiences and re-
ports regarding its use in pregnancy.

On the other hand amiodarone, when used in preg-
nancy, is associated with serious adverse effects 
such as fetal hypothyroidism (9% of newborns of 
mothers on chronic amiodarone therapy) hyper-
thyroidism and goitre; given amiodarone’s poten-
tial side effects, its use should be avoided during 
pregnancy unless absolutely needed.21-22 Ibutilide 
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and ajmaline have few case reports and their tera-
togenic potential in humans is unknown.23-24

When the pregnant woman’s AF cannot be chemi-
cally converted, if the patient becomes hemody-
namically unstable, but even in stable patients in 
order to avoid the use of drugs, electrical cardio-
version could be performed as it seems to be safe 
at all stages of pregnancy. In some case reports the 
cardioversion has been also repeated more times in 
pregnant women with good results, for the mother 
and the fetus. However during and immediately 
after maternal cardioversion, fetal monitoring is 
recommended because transient fetal dysrhyth-
mia has been reported. Nevertheless significant ef-
fects on the fetus would not be expected because 
the mammalian fetus has been shown to have a 
high fibrillation threshold and the current density 
reaching the uterus is usually very small. Electrical 
cardioversion can be performed under sedation 
with propofol, which is chosen for its rapid onset, 
short duration and safety in pregnancy. Cardio-
version might even be performed initially without 
the use of antiarrhythmic drugs, thereby avoiding 
potential side effects. Anti-arrhythmic therapy is 
reserved for patients with recurrent, hemodynam-
ically significant episodes of atrial fibrillation.25-26

Also in pregnancy protection against thromboem-
bolism is recommended for all patients with AF 
except those with lone AF and/or low thromboem-
bolic risk (young individuals without clinical or 
echocardiographic evidence of cardiopulmonary 
disease, including hypertension); in these cases, 
the risks of anticoagulation outweigh its benefits. 
Therapy with anticoagulant or aspirin should be 
chosen according to the stage of pregnancy.

The safety of aspirin ingestion during the first tri-
mester remains uncertain; data from human stud-
ies are contradictory. On the contrary, available 
evidence suggests that low-dose aspirin during 
the second and third trimester is safe for the fe-
tus.27-28

The role of anticoagulation to prevent systemic 
arterial embolism has not been systematically 
studied in pregnant women with AF and recom-
mendations for their use are based on case series 
and the opinion of experts; moreover their use is 
based predominantly on experience in patients 
with prosthetic heart valves or venous thrombo-
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embolism.

Warfarin, the preferred agent for long-term anti-
coagulation outside pregnancy, is teratogenic and 
is associated with a 15% to 56% reported risk of 
miscarriage and, depending on the case series, 
has up to a 30% risk of congenital anomalies; 
moreover it should be contraindicated during the 
first trimester of pregnancy29; less commonly, it 
causes central nervous system abnormalities and 
fetal bleeding with exposure after the first trimes-
ter. However in CARPREG study 6 pregnancies 
in which the mother received warfarin during all 
or part of pregnancy embryopathy was not ob-
served.30

The preferred agents for anticoagulation in 
pregnancy are heparin compounds. Neither un-
fractionated heparin (UFH) nor low-molecular-
weight heparin (LMWH) crosses the placenta and 
both are considered safe in pregnancy. Further-
more, LMWH has a better safety profile, with few-
er side effects such as thrombocytopenia, bleed-
ing and osteoporosis.

In pregnancy, a higher dose of anticoagulant and 
more frequent administration of UFH or LMWH 
are required to maintain therapeutic level because 
of the increase in plasma volume, glomerular fil-
tration rate and placenta degradation heparinase; 
additionally, there is an increase in protein bind-
ing of heparin. For full-dose anticoagulation, 
LMWH should be given subcutaneously in a dose 
of 100 anti-Xa U/kg twice daily and the dose ad-
justed to maintain the anti-Xa level between 0.5 
and 1.0 U/mL 4 to 6 hours after injection, UFH is 
adjusted to target midinterval aPTT in therapeu-
tic range (1.5–2.5), and the dose of warfarin is ad-
justed to therapeutic INR of 2–3. UFH or LMWH 
should be discontinued 12 hours before planned 
induction of labor. Heparin or LMWH should be 
started postpartum and overlapped with warfarin 
for 4 to 5 days.31-36 To minimize bleeding compli-
cations, resumption of anticoagulation should be 
postponed until 12 hours after vaginal delivery, 
2 to 12 hours after epidural removal, or 24 hours 
after cesarean delivery.

In conclusion, AF is a rare occurrence during 
pregnancy. In women with permanent AF and 
heart disease consultations regarding the poten-
tial risk should be available prior to pregnancy. 
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Management of AF should be the same as in non-
pregnant women, but requires faster intervention, 
even in patients with a normal heart function, and 
cautious use of medication to avoid harm to the 
fetus. Because no drug is absolutely safe, pharma-
cologic therapy is best avoided during pregnancy 
or used only when necessary. We might remem-
ber that synchronized electrical cardioversion 
has been performed safely during all stages of 
pregnancy for tachyarrhythmias unresponsive to 
drug therapy and associated with hemodynamic 
decompensation but it could be the first treatment 
for AF and it could avoid the drugs use.
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Introduction

Non-valvular atrial fibrillation is a common car-
diac arrhythmia with serious neurological mor-
bidity. Various studies have reported prevalence 
rates of atrial fibrillation (AF) of approximately 
1% of the population.1-4 Affecting mostly the el-
derly, with as many as 1 in 10 experiencing AF in 
their 80s,5 the incidence of AF has been increasing 
in recent decades. With the aging of the popu-
lation, these patterns are expected to continue 
well into the 21st century, with a prediction of a 
2.5-3 fold increase in the number of AF patients 
by 2050.3, 5-8 In addition, with the rise of other 
comorbidities (such as coronary artery disease, 
hypertension, diabetes), more successful cardiac 
interventions and longer survival with congested 
heart failure (CHF), the estimates of morbidity 
and mortality of AF based on historical data may 
be failing to predict the true scope of the world-
wide burden of AF. 

Atrial Fibrillation and Risk of Stroke

Atrial fibrillation predisposes to thrombus for-
mation, usually in the left atrial appendage, with 
the resulting cardioembolism producing both 

cerebral and systemic emboli, and cerebral infarct 
arguably being its most serious sequelae. While 
advancing age, hypertension, diabetes and prior 
stroke or TIA overlap as risk factors for stroke 
sufferers with and without AF, the stroke rates in 
patients with atrial fibrillation are several times 
higher than their age and risk-factor matched con-
trols.9 The attributable stroke rates due to atrial fi-
brillation skyrocket from 1.5% at age 50-59 years to 
23.5% at age 80-89 years.10 Stroke is currently the 
third-leading cause of mortality and the premier 
cause of disability in the U.S and several studies 
have demonstrated that strokes in patients with 
AF tend to be more disabling than in patients 
without AF.11, 12 While the overall risk of stroke in 
patients with non-valvular AF is 3-4% per year, the 
range for a particular patient may vary widely (as 
much as twenty-fold) based on patient’s age and 
clinical risk factors.13, 14 A systemic review of seven 
studies by the Stroke in Atrial Fibrillation Working 
Group conducted in 2007 identified several consis-
tent risk factors for stroke including prior stroke or 
TIA (RR 2.5, 95%CI (1.8 3.5)), increasing age (RR 1.5 
per decade, 1.3 1.7), hypertension (RR 2.0, 1.6 2.5), 
and diabetes mellitus (RR 1.7, 1.4 to 2.0).13 Other 
factors like female sex, history of heart failure or 
coronary artery disease were found to be less re-
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Abstract

Non-valvular atrial fibrillation is a common and from a neurological perspective the most significant car-
diac arrhythmia with a growing world-wide incidence. It also carries a significant associated morbidity 
and mortality, with cardioembolic strokes arguably being the most disabling sequelae. This brief review 
will highlight the important studies and the latest treatment modalities available for stroke prevention 
in patients with non-valvular atrial fibrillation.



liable predictors in this review, although several 
studies have supported the importance of these 
risk factors, but whether or how they affect the 
likelihood of future stroke clearly requires further 
investigation.15-22 In clinical practice, patients with 
atrial fibrillation often have many of the above 
co-morbidities and teasing out the exact cause of 
stroke can be hard in an individual patient. For 
instance, aortic arch atheroma or low ejection frac-
tion which are relatively rare but well-established 
conditions which cause stroke, they often co-exist 
with AF and may present competing mechanisms 
for embolic phenomena.

Stroke Risk Stratification Models

A simple and accurate stratification of stroke risk 
in AF has been the holy grail of numerous stud-
ies14 with a variety of stratification scales devel-
oped, leading to varying subgroupings and po-
tentially conflicting treatment recommendations.9 
Traditionally, three of the most prominent risk 
stratification systems are the CHADS2 (Conges-
tive heart failure, Hypertension, Age, Diabetes, 
Stroke/TIA) risk assessment for non-valvular AF, 
the American College of Chest Physician Guide-
lines and the American College of Cardiology/
American Heart Association/European Society of 
Cardiology Guidelines.1, 23-25 CHADS2 score, the 
most frequently-used, is a point system with one 
point assigned to presence of Congestive Heart 
Failure (C), Hypertension (H), Age ≥ 75 (A) and 
Diabetes (D) and two points to previous Stroke 
or TIA (S2). A total score ranges from 0 to 6 [See 
Table 1], corresponding to the classical categories 
of low, intermediate and high risk. Annual stroke 
risks were determined to be less than 2% (Total 
score of 0, low risk), 2-4% (score of 1 or 2, interme-
diate risk) and greater than 4% up to 20% (scores 
of 3-6, high risk) [see Table 2].23 A later revision of 
the CHADS2 score categorized the high risk group 

as scores 2-6 and shrunk the intermediate group to 
those with a score of 1.

The recommendations currently favor no anti-
thrombotic or anticoagulation therapy for pa-
tients with no risk factors (lone atrial fibrillation), 
either aspirin or warfarin for a CHADS2 score of 
one (Classic CHADS2 offered either therapy for 
CHADS2 scores of 1 or 2) and anticoagulation 
being favored for scores 2-6. The CHADS2 score 
has the advantage of being easily administered, 
simple, well-validated and requiring no extensive 
radiological or serological testing to administer 
and is good at identifying low risk subjects. This 
score is accessible and easy to use for the many 
physicians involved in the treatment and care 
of AF patients. It also has limitations: it places a 
significant portion of patients into the clinically-
confusing intermediate risk group and in stroke 
patients with AF does not distinguish between the 
different etiologies of previous strokes. CHADS2 
scoring system also dichotomizes the patients’ age 
instead of treating it as a more continuous risk fac-
tor and does not account for evidence of systemic 
thromboembolism. It does not clearly define the 
diagnosis of CHF, and relies on historical risk fac-
tors, failing to take into account other stroke risk 
factors (female sex, low ejection fraction, periph-
eral vascular disease, et).26 These limitations make 
this stratification less accurate and potentially not 
nimble enough to account for the complicated 
interplay between all the risk factors that lead to 
cardioembolism and strokes in atrial fibrillation. 
The predictive ability of the CHADS2 score (c sta-
tistic hovering around 0.6 with 1 being a perfect 
predictive value and 0.5 pure guesswork) is not 
ideal, perhaps reflecting some of its limitations; 
however, no other scheme fares significantly bet-
ter.27, 28 Recently, some modifications to the classic 
CHADS2 scale to incorporate some additional risk 
factors or the reweighing of the existing compo-
nents have been proposed, with improvement in 
its predictive power (c statistic 0.68-0.72).29
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Table 1 CHADS2 Stroke Risk Stratification Scheme 
for Patients with Non-Valvular AF

RISK FACTORS SCORE

C Recent congestive heart failure 1
H Hypertension 1
A Age ≥75 years 1
D Diabetes mellitus 1
S2 History of stroke or TIA 2

Table 2 Classic CHADS2 Score and Annual Stroke 
Risk for Patients With Non-Valvular AF

TOTAL CHADS2 
SCORE

ANNUAL 
STROKE RISK

STROKE RISK 
CATEGORY

0 < 2 % LOW
1 or 2 2 – 4 % INTERMEDIATE
3 to 6 4 – 20 % HIGH



Several of the above limitations of the risk scor-
ing systems in AF have been addressed in re-
cent guidelines.25, 30 In 2006, National Institute for 
Health and Clinical Excellence (NICE), evidence 
was provided for previous stroke or TIA, being 
elderly (≥75 years), structural heart disease, hyper-
tension and previous MI as independent risk fac-
tors for stroke in patients with AF. Evidence was 
less strong for heart failure and diabetes. The pres-
ence of peripheral artery disease, valve disease, 
impaired left ventricular function; aortic plaque 
and carotid artery disease were also incorporated 
into the stratification models. Important potential 
risk factors such as being female or having thy-
roid disease were not included in this risk strati-
fication. The patients were sub-divided into three 
groups: high (previous ischemic stroke or TIA or 
thrombembolic event, age ≥ 75 (with hypertension 
diabetes or vascular disease) or clinical evidence of 
valve disease or heat failure or impaired left ven-
tricular function on echo), moderate risk (age≥65 
with no high risk factors or age <75 with hyper-
tension, diabetes or vascular disease) or low risk 
(age<65 with no moderate or high risk factors). 
Similar to the CHADS2 score, high risk group 
should be placed on anticoagulation, low risk on 
anti-platelet therapy and moderate group could be 
treated with either. The NICE guidelines rely on 
echocardiography, a wider array of risk factors and 
a step-wise stratification of age, presumably lead-
ing to a more accurate stratification scheme. The 
NICE and the Birmingham 2006 criteria were used 
to construct a modified Birmingham 2009 schema, 
which was expressed as the CHA2DS2-VASc acro-
nym.31 The risk factors of Congestive heart failure/
left ventricle dysfunction, Hypertension, Age 65-
74, Diabetes mellitus, Vascular disease (prior MI, 
PAD or aortic plaque) and female Sex were each 
given a score of 1. Age≥75 and prior Stroke, TIA 
or systemic Thromboembolism was each given a 
score of 2. This stratification combines the sim-
plicity of CHADS2 with the more comprehensive 
stroke risk pool of Birmingham 2006 and NICE cri-
teria. Moreover, it classifies only 15.1% of patients 
into the potentially clinically-confusing intermedi-
ate category and 9.2% were classified as low-risk 
with no thromboembolic events recorded for this 
group. The C-statistic at 0.606 was comparable 
to other schema. Using this approach, it seems, 
a clinician will find most of his atrial fibrillation 
patients will need anticoagulation, with a small 
portion that will be in the ambiguous intermediate 
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group; and the ones who do not need anti-coagu-
lation seem to be safe on anti-platelet agents and 
have very low risk of thromboembolic events. As 
an example, CHADS2 would classify a 66 year-old 
man with AF and hypertension and MI and a 60 
year-old man with AF and HTN as both having a 
score of 1, with either antiplatelets and anticoagu-
lation as potential treatment choices. The future 
stroke risk between the two is likely not the same, 
a difference noted by the CHA2DS2-VASc score, 
with the same patients receiving scores of 3 and 
1 respectively, leading to disparate management 
recommendations.

A recent systemic review of 18 studies was con-
ducted assessing stroke risk factors in AF, risk 
stratification and cost effectiveness.32 Previous 
stroke or TIA, age over 75, hypertension, previ-
ous MI and structural heart disease were identi-
fied as predictive stroke risk factors. Left ventricu-
lar dysfunction by echo was determined to be a 
risk factor for stroke, while a clinical diagnosis 
of heart failure was a less clear predictive entity. 
Coronary and peripheral artery33, 34 diseases and 
complex aortic plaque were noted to contribute to 
stroke risk in varying degrees. Echocardiography 
was shown to be useful in identifying left atrial 
dilatation and left ventricular dysfunction in cas-
es where the patient’s stroke risk was unclear by 
clinical criteria alone.

European Society of Cardiology guidelines, just 
published this summer, adopt a more compre-
hensive approach of Birmingham 2009 and oth-
er recent schema while avoiding the descriptive 
(“low”, “moderate” and “high”) characterizations 
of stroke risk from the older classifications25 The 
authors believe that these qualitative terms are 
confusing and poor predictors for the risk occur-
rence of stroke, and prefer to treat the risk spec-
trum as a continuum. The risk factors are divided 
into major (prior stroke or TIA, thromboembo-
lism and older age (≥75 years), with the presence 
of mitral stenosis or prosthetic heart valves also 
placing patients at high risk) and clinically rele-
vant non-major (heart failure, especially with left 
ventricle function of ≤ 40%, hypertension, diabe-
tes, female sex, age 65-74, and vascular disease 
(aortic plaque, PAD or prior MI)). A presence of 
any single major risk factor or two clinically rel-
evant non-major risk factors would necessitate 
anti-coagulation. These recommendations add 
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several steps to weed out patients with CHADS2 
score of 1 or 0 who possess additional stroke risk 
factors and place them in the more beneficial anti-
coagulation therapy. Even for patients with one 
non-major risk factor, although both treatment 
options are offered, anticoagulation is preferred. 
Whether this classification offers risk stratification 
for optimal treatment superior to previous classi-
fication systems in patients with AF will need to 
be validated. With new thrombin inhibitors which 
are gaining wider acceptance as oral anticoagu-
lants for AF, the risk-benefit balance of CHADS2 
and other risk stratification models’ therapeutic 
recommendations will need to be re-evaluated.

Atrial Fibrillation Treatment for Stroke Pre-
vention

Warfarin, Aspirin, Clopidogrel

A series of trials in the past quarter century were 
conducted to determine the best therapy for pre-
vention of cardioembolic strokes in patients with 
nonvalvular atrial fibrillation.35-41 The initial study 
was the Copenhagen AFASAK study, published 
in 1989, which consisted of 1007 outpatients with 
chronic non-rheumatic atrial fibrillation, random-
ized to three arms: warfarin (INR 2.8-4.2), Aspi-
rin 75mg or Placebo. The primary and secondary 
points for the 2-year duration of the study were 
cerebral or systemic embolism and death respec-
tively.

The adverse events on warfarin were less than a 
third as likely (1.5%) compared to aspirin (6.0%) or 
placebo (6.25%).35 In 1990, The Boston Area Anti-
coagulation Trial for Atrial Fibrillation (BAATAF) 
compared 212 warfarin-treated patients with low 
INR of 1.2 -1.5 to 208 patients in the control group 
(no anticoagulation, but the patients could choose 
to take aspirin) with the average follow up of 2.2 
years. There were 2 strokes in the warfarin group 
(0.4% per year) and 13 strokes in the control group 
(3% per year) for a reduction of stroke of 86% 
when taking warfarin. The death rates were also 
lower in the warfarin (2.25%) compared to control 
(5.97%) with equal amounts of fatal hemorrhag-
es, but a higher rate of minor hemorrhages in the 
warfarin group [36]. The first of Stroke Prevention 
in Atrial Fibrillation Studies (SPAF I), published 
in 1991, included 1330 participants followed for a 

mean of 1.3 years. The primary outcomes (strokes 
and systemic embolisms) occurred in 2.3% of war-
farin-treated patients versus 7.4% in the placebo 
arm for a 67% reduction of risk. The warfarin-in-
eligible aspirin-treated patients had 3.6% events 
compared to 6.3% of placebo for a reduction of risk 
of 42%. The risk of bleeding was virtually the same 
in all 3 arms, ranging from 1.4-1.6% [37]. European 
Atrial Fibrillation Trial (EAFT), published in 1993, 
included 1007 patients (average age 73) random-
ized to warfarin (INR 2.5-4), Aspirin 300mg or 
placebo for secondary prevention of repeat TIA or 
strokes and followed for an average of 2.3 years. 
The annual rate of outcome events (vascular death, 
myocardial infarction, strokes or systemic embo-
lism) in warfarin-eligible patients was 8% in those 
taking the anticoagulant and 17% assigned to the 
placebo group. Aspirin provided a more modest 
benefit, with 15% of annual outcome events, com-
pared to 19% in those on placebo. The bleeding 
rates were slightly higher on warfarin (2.8%) com-
pared with 0.9% on aspirin, with no intracranial 
bleeds identified in either group.40 A more recent 
study, the Birmingham Atrial Fibrillation Treat-
ment of the Aged Study (BAFTA), assessed the 
optimal treatment for a more elderly population. 
Published in 2007, it enrolled 973 patients (mean 
age 81.5) randomly assigned to warfarin (INR 2-3) 
or aspirin 75mg and followed for an average of 2.7 
year; it found the rate of events (ischemic or hem-
orrhagic strokes, or clinically significant arterial 
emboli) was half in warfarin compared to aspirin 
with an annual risk of extracranial hemorrhage 
higher in aspirin (1.6%) vs warfarin (1.4%). These 
findings were significant, suggesting that elderly 
patients can benefit from anticoagulation therapy 
in a relatively safe manner ; a finding contrary to 
the common belief that “it is just too dangerous to 
anti-coagulate” the elderly.41 SPAF II and III were 
published in the mid 1990s with each of these trials 
suggesting superiority of anticoagulation therapy 
over aspirin and placebo/controls.42, 43 

A meta-analysis of 16 studies encompassing 9874 
patients was performed in 1999.44 The pooled anal-
ysis showed that dose-adjusted warfarin reduced 
stroke by 62% (95% CI 48%-72%) compared to pla-
cebo, with an absolute risk reduction of 2.7% per 
year for primary prevention and 8.4% for second-
ary prevention. The risk of intracranial hemor-
rhage was 0.3% a year with adjusted-dose warfarin 
and 0.1% with placebo. In the same meta-analysis, 
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aspirin had a reduction of stroke of 22% (95% CI 
2% - 38%) with an absolute reduction of 1.5% per 
year for primary prevention and 2.5% for second-
ary prevention. The comparison of dose-adjusted 
warfarin to aspirin showed the former reducing 
stroke by 36% (95% CI 14%-52%) compared to the 
latter but also having a higher rate of intracranial 
hemorrhages with a relative risk of 2.1 (95% CI 
1.0-4.6) with no statistically significant difference 
in overall mortality.44 A later meta-analysis by the 
same group, conducted in 2007 of 28,044 patients 
with a mean age of 71 years and encompassing 29 
studies showed dose-adjusted warfarin to reduce 
stroke of 64% (95% CI 49%-74%) compared to pla-
cebo while antiplatelet therapy provided a more 
modest reduction of 22% (95% CI 6%-35%).45 [See 
Table 3]. Adjusted-dose warfarin was again prov-
en more effective compared to aspirin providing a 
39% (95% CI 22%-52%) relative risk reduction. An-
ticoagulation provided an absolute risk reduction 
in all strokes of 2.7% per year. The number need-
ed to treat(NNT) to prevent one stroke was 37 for 
primary prevention and 12 for secondary preven-
tion.45 This review found only modest increases in 
major hemorrhages during anticoagulation com-
pared to placebo or anti-platelets therapy; how-
ever, many participants took warfarin before the 
start of the trials and their mean age was in the 70s. 
Thus, these results may under-estimate the risk of 
bleeding in warfarin-naïve and older patients.

Given the above evidence of the superiority of 
warfarin, what about patients who are not suitable 
for anticoagulation with warfarin? Atrial Fibrilla-
tion Clopidogrel Trial with Irbesartan for Preven-
tion of Vascular Events (ACTIVE-A) trial random-
ized 7554 patients who were ineligible for warfarin 
to either clopidogrel or a placebo and followed 
them over several years (median 3.6 year follow-
up): 3.3% of those on aspirin and placebo and 2.2% 
on aspirin and clopidogrel suffered a stroke.46 This 

showed clopidogrel and aspirin offering extra 
protection with relative risk reduction of 0.72 
(95% CI 0.62-0.83; P<0.001) compared to aspi-
rin alone. However, dual platelet therapy also 
conferred a greater risk of major bleeding (2.0% 
per year) compared to aspirin alone (1.3% per 
year). Patients who were eligible for warfarin 
were enrolled into the other arm of the trial, 
ACTIVE-W, comparing warfarin directly to 
combination of aspirin and clopidogrel.47 The 
study was stopped early due to the clear supe-
riority of warfarin over combination therapy 
with a relative risk of primary outcomes were 
1.44 ( 95% CI 1.18-1.76) in dual antiplatelet ther-
apy compared to anti-coagulation. Another Ac-
tive W sub-study examined the rate of strokes 
or other non-cerebral emboli in paroxysmal vs 
sustained atrial fibrillation.48 The annualized 
risk of stroke or systemic embolism was 2.0 in 
paroxysmal AF compared with 2.2 in sustained 
AF with a relative risk of 0.87 (95% CI 0.59-1.30, 
p = 0.496). After adjusting for confounding base-
line variables, the relative risk was 0.94 (95% CI 
0.63-1.40). Similar results were found in Atrial 
Fibrillation Follow-up Investigation of Rhythm 
Management (AFFIRM) trial which random-
ized patient to rhythm-control and rate-control 
arms. Over 4000 patients were enrolled, but the 
results showed nearly identical stroke risks in 
both groups with most events occurring after 
warfarin was stopped or the INR became sub-
therapeutic.49 These studies suggest that the 
risk of embolism remains high with perceived 
rhythm control and anticoagulation should be 
continued based solely on the underlying risk 
factors for stroke and bleeding complications.

Surgical Procedures: Closure of Left arterial 
Appendage

Surgical procedures have been considered for 
prevention of cardioembolism from non-valvu-
lar atrial fibrillation, based on the knowledge 
that the majority of thrombi form in the left 
atrial appendage. Currently, the two main left 
atrial appendage closure devices being stud-
ied are the PLAATO system and the Watch-
man device. Percutaneous Left Atrial Append-
age Transcatheter Occlusion (PLAATO) study 
enrolled 180 patients with non-valvular atrial 
fibrillation and contraindications to warfarin 
who underwent a device implantation with a 

Table 3 Stroke Prevention in Patients With AF: A 
meta-analysis of 28,044 patients in 29 studies

No of 
Trials

No of 
Patients

RRR (95% Confi-
dence Intervals)

Warfarin vs. 
Placebo 6 2900 64% (49-74%)

Warfarin vs. 
Aspirin 12 12,963 Warfarin vs. 

Aspirin
Antiplatelets vs. 
Placebo 8 4,876 Antiplatelets vs. 

Placebo



good rate of success 90% (95% CI 83.1-92.9%) 
and also a significant amount of morbidity (6 
cardiac tamponades (3.3%) and one embolisa-
tion of the device into the aorta (0.6%)) and mor-
tality (2 patients died within 24 hours( 1.1%)).50 
The trial had a relatively short follow-up of 129 
patient-years during which 3 strokes (2.3% per 
year) occurred and was terminated prematurely 
for financial reasons. The patient selection was 
slightly different for PROTECT AF where inves-
tigators selected 707 patients eligible for warfarin 
and randomized them to closure (463 patients) 
or to the control group of anticoagulation with 
warfarin (244 patients). The patients were fol-
lowed for 1065 patient-years monitoring for the 
primary endpoint of stroke, systemic embolism 
or cardiovascular death.51 The event rate was 3% 
for the intervention group and 4.95% for the con-
trols with the rate ratio of 0.62 (95% CI 0.35-1.25) 
meeting the study’s non-inferiority parameters. 
The interventional arm had a relatively high rate 
of complications with almost 5% experiencing 
serious pericardiac effusion, requiring drainage 
and 3.5% experiencing major bleeding, requir-
ing transfusion. Some of the shortcomings of the 
trial included a relatively short follow-up, the 
interventional arm patients continuing the war-
farin for several months after the implantation of 
the device and the INR goal being achieved only 
66% of the time in the control group– all aspects 
that need to be addressed in further studies. With 
an improved periprocedural safety record and a 
carefully selected subgroup of patients, these de-
vices may prove a viable and effective alterna-
tive for patients with very high risk for bleeding 
complications.

Other Medication: Statins, ACE-I, ARBs

In the past decade, two meta-analysis looked at 
the role of statins, ACE-inhibitors and ARBs in 
preventing AF. Statins are thought to act by de-
creasing inflammation, thrombosis and fibrosis, 
with 6 studies of 3557 patients showing a 61% 
reduction in the incidence of recurrent AF.52 
ACE-inhibitors and ARBs effect the activation 
of the RAS system and may be potent inhibitors 
of electrical and structural cardiac remodeling 
and decrease atrial conduction times; they re-
duced the risk of new-onset atrial fibrillation by 
28% in the meta-analysis, overall.53 More recent 
data from Angiotensin II-antagonist in Paroxys-
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mal Atrial Fibrillation (ANTIPAF) trial, presented 
at the European Cardiology Society meeting in 
August, 2010 had contradictory results.54 It ran-
domized 425 patients with paroxysmal atrial fi-
brillation to receive olmesartan or a placebo and 
followed them for a year. No difference in over-
all AF burden (the primary endpoint) nor time to 
first AF recurrence, symptomatic AF recurrence, 
onset of persistent AF, number of strokes, clinic 
or hospital visits (secondary endpoints) between 
an ARB or a placebo was found. The results sug-
gest that ARBs may be more effective in primary 
preventions or longer follow-up might be needed 
to elucidate their effects as secondary prevention 
agents. Clearly, more comprehensive studies are 
needed before these drugs are recommended for 
patients with atrial fibrillation.

Risk of Bleeding and Bleeding Risk Scales

While warfarin has been proven to be an effective 
treatment for atrial fibrillation; its use has been 
curtailed by the risk and fear of bleeding compli-
cations. In the past decade it has been established 
that the optimal INR goal for patients with atrial 
fibrillation is 2.5 with 2.0 to 3.0 being the range. If 
it is below the range, there is an increased risk of 
ischemic stroke; if above it, the risk of hemorrhage 
goes up.55, 56 A systematic review of risk factors for 
anticoagulation-related complications in patients 
with atrial fibrillation from 9 studies was conduct-
ed with numerous potential risk factors for bleed-
ing being identified.57 For increasing age, female 
gender, uncontrolled hypertension and a history 
of cerebrovascular disease or thromboembolism 
the evidence was inconclusive. For polypharma-
cy, history of MI or ischemic cardiac disease, the 
evidence was found to be more convincing, with 
polypharmacy showing the most robust results. In 
a separate study, increasing age was found to be a 
factor for intracranial hemorrhage in AF patients, 
regardless of warfarin use.58 As mentioned above, 
BAFTA showed convincing evidence of the safety 
of anticoagulation in the elderly. These results 
have to be interpreted with caution, however.

The patients with higher CHADS2 scores were 
excluded from this study and 80% were taking 
anti-thrombotic therapy, thus constituting a pos-
sible survivor effect. It seems that age has been 
established as a risk factor for increased incidence 
of ischemic strokes, atrial fibrillation and hemor-
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rhagic strokes, thus posing a clinical conundrum 
with the population most likely to benefit is 
also most likely to suffer potentially devastating 
bleeding side effects.

Elderly and feeble patients with atrial fibrilla-
tion are more prone to falling and it is this fact 
that has been stated as a reason to keep them off 
anti-coagulation. A study found that patients 
on warfarin who were at high-risk for falling 
suffered more than twice the intracranial hem-
orrhage compared to other participants in the 
study, mostly due to four-fold increase in trau-
matic hemorrhage.59 The 30-day mortality after 
an intracranial hemorrhage was significantly 
higher in patients on warfarin (51.8%) vs. those 
than who were not (33.6%). However, the rela-
tive risk reduction of anticoagulation was 25% 
for patients who were at high risk of falls when 
their CHADS2 score was 2 or above. There was 
no overall reduction in risk in patients who had 
a CHADS2 score of 0 or 1. The results showed 
that patients with a high risk of stroke still ben-
efit from anti-coagulation, despite the increase in 
mortality and morbidity due to increased bleed-
ing. Precautions such as regular exercise, bone-
strengthening regimen and walking aids should 
logically be implemented to minimize their risk 
of falling. Another study using a Markov deci-
sion analytic model to determine the preferred 
treatment approach, demonstrated warfarin 
therapy, regardless of age, was preferred (12.90 
quality-adjusted life-years per patient, vs 11.17 
quality-adjusted life-years for aspirin and 10.15 
for no therapy at all).60 It was found that a person 
has to fall 295 times in a year before warfarin is 
no longer considered the optimal therapy. A later 
review found that other risk factors such as alco-
holism, thrombocytopenia, non-compliance with 
monitoring show surprisingly little supporting 
and even conflicting evidence about their effect 
on risk of bleeding.61 

Several bleeding score stratifications have also 
been proposed.62-64 A composite bleeding stratifi-
cation score with the acronym HEMORRHAGES 
(Hepatic or renal disease, Ethanol abuse, Ma-
lignancy, Older (than 75 years of age), Reduced 
platelet count or function, Re-bleeding risk, Hy-
pertension (uncontrolled), Anemia, Genetic fac-
tors, Excessive fall risk and Stroke) with each risk 
factor worth one point was proposed.65 In a reg-

istry of 3791 Medicare patients, the risk of hem-
orrhage was 1.9 ( 95% CI 0.6-4.4) per 100 point-
years for a HEMORRHAGES score of 0 and 12.3 
(95% CI 5.8-23.1) for a HEMORRHAGES score 
of 5 or greater. The score had a C statistic of 0.67. 
More recently, a more simplified and user-friend-
ly hemorrhagic stratification has been proposed, 
the HAS-BLED which is an acronym for Hyper-
tension, Abnormal renal or liver function (1 point 
each), Stroke, Bleeding, Labile INRs, Elderly (age 
>65) and Drugs or alcohol (1 point each).66 This
score has a C-statistic of 0.72 overall and even
higher values for antiplatelet therapy alone (0.91)
or no antithrombotic therapy at all (0.85). The au-
thors determined that for the vast majority of AF
patients, the risk of bleeding outweighs any po-
tential benefits of anticoagulation when the HAS-
BLED score is higher than their CHADS2 score. If
validated by other studies, this relatively simple
and easy-to-administer bleeding stratification sys-
tem could introduce a tested and validated system
for quantifying a patient’s bleeding risk – a com-
plement, and not a replacement, to the treating
physician’s clinical judgment.

Warfarin Utilization

How is anticoagulation utilized in patients with 
low, moderate and high risk for stroke in atrial fi-
brillation? A retrospective review encompassing 
171, 393 patients found that warfarin was used in 
40.1% of low risk, 43.5% of moderate risk and only 
42.1% of high risk patients.67 Warfarin utilization 
was nearly identical across risk-groups with a ma-
jority of high risk patients not getting the proper 
treatments and almost half of the low risk get-
ting a treatment that would offer them little ben-
efit and a disproportionate risk. Only a third of 
patients received uninterrupted anticoagulation 
for the 6 months after the treatment was started, 
implying that an even-smaller percentage of high 
risk patients stay on the optimal regimen. Other 
studies show comparable levels of anticoagula-
tion usage among atrial fibrillation patients in the 
clinical practice.68-71 These troubling real-world 
statistics indicate the need for greater education 
of physicians and patients alike about the guide-
line recommendations, the true risk of stroke and 
bleeding complications and the optimization of 
warfarin administration and monitoring or the 
widespread use of newer, simpler and more user-
friendly anticoagulants.
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New Anticoagulants for Stroke Prevention in 
Patients with AF

While the trials of the past several decades have 
proven the efficacy of warfarin, why has the ac-
tual use of the drug been less than ideal, with 
half the qualifying patients not being on optimal 
therapy?72, 73 Some of the barriers to better com-
pliance include variability in metabolism due to 
numerous drug interactions, diets rich in vitamin 
K, genetic variations requiring frequent, costly 
and inconvenient coagulation monitoring , slow 
onset of action and a narrow therapeutic win-
dow with possibly devastating consequences of 
over or under dosing the medication.74 Over the 
past several years, new compounds have been in 
development, which aim to improve on the side 
effect and pharmokinetic profile of warfarin and 
achieve a more rapid onset of action and clear-
ance of the drug from the system and avoid cost-
ly, time-consuming monitoring, while maintain-
ing the drug’s great efficacy. These medications 
include a more stable Vitamin K antagonist (ATI-
5923), direct thrombin inhibitors (Ximelagatran 
and Dabigatran), Factor Xa inhibitors (Apixaban, 
Rivaroxaban, Idraparinux, etc) and Factor IXa in-
hibitors (TTP889)75 [See Table 4].

ATI-5923, a vitamin K antagonist, is more stable 
than warfarin as it is not metabolized by the 
CYP2C9 system and has a longer half-life of 136 
hours; it is currently undergoing a phase 3 trial .76 
Factor Xa inhibitors, of which Apixaban and Ri-

varoxaban are the furthest in clinical development, 
have a relatively high oral bioavailability, utilize 
the renal system for some to all of their clearance 
and potentially, as a class, have minor food and 
drug interactions, with CYP3A4 inhibitors for 
Apixaban and Rivaroxaban being a notable excep-
tion.77 Idraparinux’s phase 3 study (Amadeus) was 
stopped early secondary to increased bleeding, 
although another trial is ongoing. Ximelagatran, a 
direct thrombin inhibitor, has a half-life of 5 hours, 
is excreted by the kidneys and has minimal food 
and drug interactions; however, in phase 2 clinical 
trials,78, 79 while showing similar efficacy and bet-
ter hemorrhagic side effects than warfarin, it also 
exhibited liver toxicity with 3 fatalities and was not 
approved for the market.75, 80 The follow-up com-
pound, AZD-0837 has no similar safety issues so 
far and is undergoing two phase II trials for atrial 
fibrillation with preliminary results showing it has 
similar bleeding rates to warfarin, but relatively 
more side effects, most of which are gastrointes-
tinal.81, 82 A more thorough review of the new an-
ticoagulants for stroke and other cardiovascular 
diseases has been recently published by Ahrens et 
al.83 

Dabigatran

The other direct thrombin inhibitor is dabigatran, 
which has no food and minimal drug interactions 
(notably quinidine and amiodarone), has no ap-
parent liver toxicity, with rapid onset of action of 
1-2 hours, a 12-17 hour half-life with a predomi-
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Table 4 New Anticoagulants for Stroke prevention in Patients with AF

Class Compound Phase of Clinical Trial

Stable Vitamin K antagonist ATI-5923 Ongoing Phase III trial
Direct Thrombin Inhibitors Ximelagatran Two Phase II trials terminated due to liver toxicity

Dabigatran Phase III trial (RE-LY) completed
AZD-0837 Two Phase II and a Safety trial completed.

Factor Xa inhibitors Apixaban Two Ongoing Phase III trials
Rivaroxaban Two Ongoing Phase III trials
Betrixaban Phase II trial completed
Edoxaban Phase II trial for completed

Idraparinux One Phase III trial stopped early due to increased bleeding. One Phase 
III trial ongoing

SSR126517E Ongoing Phase III Trial
YM150 Ongoing Phase III Trial

Factor IXa inhibitors TTP889 One Phase II Trial for venous thromboembolsism, no active AF trials
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nately renal excretion, and no need for blood mon-
itoring.84 The phase 3 trial, comparing dabigatran 
with warfarin, Dabigatran versus Warfarin in Pa-
tients with Atrial Fibrillation, the (RE-LY) was re-
cently published.85 The study enrolled 18,113 pa-
tients, who were randomized to dabigatran in two 
doses of 110 and 150mg twice a day or adjusted-
dose warfarin and followed for a median time of 
2 years, monitoring for stroke or systemic embo-
lism as the primary outcome. Rates of these events 
were 1.69 per year in warfarin group (a low rate 
compared to other studies) and 1.11% for 150 mg 
of dabigatran (relative risk 0.66 (95% CI 0.53-0.82)) 
and 1.53% for 110mg dosing (relative risk 0.91 
(95% CI 0.74-1.11)). The rate of life-threatening, in-
tracranial, major and minor bleeding were statisti-
cally significantly lower in both dabigatran doses 
than in warfarin, with the lower dose exhibiting 
the lowest number of hemorrhagic events. Higher 
dose dabigatran patients did have a higher rate of 
heart attacks compared to warfarin (relative risk 
1.38 (95% CI (1.00-1.91)). The increased cardiac risk 
and the potential for yet-undiscovered liver toxic-
ity will require longer-term monitoring. Some of 
the possible concerns about dabigatran (cost of the 
name brand, no reversibility, no serological testing 
to monitor its effect, and unclear pharmokinetics 
in those with kidney impairment) were addressed 
in a recent editorial.86 If approved by the FDA, it 
will provide a welcome alternative to warfarin and 
may help deliver optimal treatment to many more 
of our patients.

Conclusions

In the past few decades, the incidence of non-val-
vular atrial fibrillation and the resulting cardioem-
bolic stroke has increased significantly and will 
continue to increase due to increased longevity, 
improved detection methods and the concomitant 
rise of associated risk factors and co-morbidities. 
We have also made great progress in learning the 
pathophysiology and natural course of the dis-
ease, its risk factors and its complications and in 
discovering different and increasingly effective 
treatments, with many exciting developments 
ahead. The risk factors for stroke and for possible 
hemorrhagic complications have been determined 
and stratified in various validated schema. The 
new anticoagulant therapies hold a great prom-
ise for better treatment with fewer complications 

in patients with AF. Continuing education of the 
public and the medical community regarding the 
latest developments in the treatment of atrial fi-
brillation will ensure that our patients are getting 
the optimal treatment of this common condition.
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