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Introduction

Obesity has reached epidemic proportions, and 
is associated with increased all-cause mortality 
.1Obesity, a state of chronic low-grade inflamma-
tion,
is considered a risk factor for hypertension,stroke, 
coronary artery disease, diabetes mellitus, left 
ventricular hypertrophy, left atrial enlargement, 
ventricular diastolic dysfunction, congestive heart 
failure, and obstructive sleep apnea(OSA) .2-4 The 
body mass index (BMI), which describes relative 
weight for height, is significantly correlated with 
total body fat content .1 This index can be used to 
assess overweight and obesity. Normal individu-
als display aBMI of 18.5 to 24.9kg/m2. Individu-

als with a BMI of 25 to 29.9kg/m2 are considered 
overweight,
while individuals with a BMI≥30kg/m2 are con-
sideredobese.1

AF and Stroke:

Atrial fibrillation (AF), the most common sustained
arrhythmia in the clinical practice, is associated 
with an increased long-term risk of stroke, heart 
failure, and all-cause mortality. 5-8 Accumulating 
data points out to an indispensable role of inflam-
mation in the genesis and maintenance of AF .9-11

Several studies have reported significant asso-
ciations between high BMI and AF development 
.12-18 The pathophysiological alterations associ-
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ated with obesity lead to atrial stretch and atrial 
enlargement creating the substrate for AF devel-
opment.19-22 These data indicate that both obesity
and AF are contemporary interlinked epidemics 
and pose a large public health burden in the future.

Catheter ablation of AF has been widely accepted
as an important therapeutic modality for the 
treatment of patients with symptomatic,drug-re-
fractory AF .23,24 Ablation strategies which target 
the pulmonary veins (PVs) and/or the PV antrum 
(segmental or large circumferential lesions) are 
the cornerstone of AF ablation procedures, ir-
respective of the AF type. 23 Catheter ablation of 
paroxysmal AF aiming at electrical PV isolation 
(PVI) results in maintenance of sinus rhythm in 
60 to 85% of patients .25,26 On the contrary, PVI is 
considered insufficient to eliminate persistent
or long-standing persistent AF leading to signifi-
cantly lower success rate of this method. 27Data 
on AF catheter ablation outcomes in overweight 
and obese patients are limited. 25,28-36 Given that 
overweight and obesity, as defined by BMI, 
and AF are closely linked, the present review 
sought to investigate the impact of BMI on the 
efficacy and safety of catheter ablation of AF.

Obesity and AF Development 

Obesity is an ever increasing problem and is as-
sociated with an increased incidence of AF. In the
Danish Cancer, Diet and Health study ,12 an in-
crease of one unit of BMI corresponded to an in-
crease in risk of AF of 1.08. Insights from the Cana-
dian trial show that BMI independently predicts
AF recurrence .37In Women’s Health Study,BMI
was associated with short- and long-term increaes
in AF risk, accounting for a large proportion of 
incident AF, independently of traditional risk 
factors.This relationship was linear, with a 4.7% 
increase in risk of incident AF for each kg/m2in-
crease in BMI.17Another study of 6903 Swedish 
men demonstrated that long-term weight gain-
from 20 years to midlife was associated with 
anincreased risk of AF.13 Furthermore, analyses 
among participants of the Framingham Heart 
Study and the Framingham Offspring Study 
showed that obesity was associated with a 50% 
increase in the risk of AF.18 A meta-analysis 
found that obesity increased the risk of develop-

ing AF by 49% in the general population and the 
risk escalated in parallel with increased BMI .
 According to the results of another research 
study,15 which included 8051 consecutive patients 
who had undergone cardiac surgery,obesity was 
an independent predictor of new-onsetAF after 
the surgery. Similarly, in a study of 5085 patients 
who underwent isolated coronary artery bypass 
grafting surgery, obesity was a powerful risk fac-
tor for the occurrence of post-operative AF, in pa-
tients older than 50 years .16 In addition,obesity 
has been also implicated as a risk factor for pro-
gression of paroxysmal AF to permanent AF, 
and is associated with an increased defibril-
lation threshold in internal cardioversion 38,39

The electrophysiological mechanisms by which
obesity may lead to AF remain to be elucidated.
Left atrial enlargement, a recognized precursor
of AF, 19 is strongly correlated with increased
BMI or adiposity. 20-22 Other factors characteriz-
ing obesity that predispose to AF are ventricular
remodeling, elevated plasma volume, 40 ven-
tricular diastolic dysfunction ,41 and enhanced
neurohormonal activation .42 Another potential
mechanism by which obesity may lead to the de-
velopment of AF is OSA.4Obesity is closelyrelat-
ed with OSA.43,44 OSA predisposes to a number 
of arrhythmogenic events, including hypoxia, 
hyper-capnea ,45,46increased sympathetic tone 47-49 
and transient atrial dilatation,50,51 factors that may 
predispose to AF development. Previous stud-
ies have clearly shown an important association
between OSA and AF. 52,53 In addition, obesity
is considered as a state of chronic low-grade in-
flammation, and weight loss significantly reduces
the levels of several inflammatory indexes. 54,55Over-
weight and obese patients exhibit increased
levels of several conventional markers of infla 
mation and oxidative stress including WBC count,
fibrinogen, uric acid, alanine aminotransferase
(ALT), and gamma-glutamyltransferase(GGT).36 
Previous studies have demonstrated the impli-
cation of inflammation and oxidative stress in 
the pathophysiology of AF, although it is not 
clear yet whether these processes are the cause 
or the consequence .56-60 Therefore, it is reason-
able to assume that obesity-associated inflam-
mation may contribute to the left atrial re-
modeling, and therefore to AF development.
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AF and Inflammation

The role of inflammation in the genesis and per-
petuation of AF is under investigation. Whether 
initiation of AF activates direct inflammatory ef-
fects or whether the presence of a pre-existing 
systemic inflammatory state promotes AF de-
velopment remains unclear .9-11Both mechanisms
may interrelate indicating that inflammation is 
not only a response to the underlying arrhythmic
process but also an integral part of it.61Abnormal 
atrial histology was uniformly found in mul-
tiple biopsy specimens in all patients with lone 
AF,with 66% of them showing evidence of occult 
myocarditis .62 Additionally, inflammatory mark-
ers have been related to future AF development 
among patients in sinus rhythm. 9,63 These find-
ings favour the hypothesis that inflammation may 
act as an initiator rather than as a consequence 
of AF. On the other hand,,rapid atrial activation 
has been shown to induce calcium accumulation 
within the atrial myocytes leading to overload 
and in some cases to apoptosis that subsequently 
triggers a low-grade inflammatory response.57,61,64

Several inflammatory indices have been related to
future AF development, AF persistence, and AF
recurrence following electrical cardioversion. 9,11

WBC count is a readily available marker of 
systemic inflammation. Elevations in WBC count 
have been implicated in the pathogenesis of AF. A
pronounced increase in postoperative WBC 
count independently predicted the development 
of postoperative AF. 65,66A significant decrease of
WBC count has been additionally observed in 
patients with AF following successful electrical 
restoration of sinus rhythm .67 Neutrophil accu-
mulation may participate in atrial remodeling 
by the release of activated substances, including 
oxygen free radicals, proteases, and pro-inflam-
matory cytokines. We have previously showed 
that pre-ablative WBC count is an independent 
predictor of AF recurrence following PV isola-
tion. A WBC count ≥6280 mm predicted AF recur-
rence with a sensitivity and specificity of 70.4% 
and 69.8%, respectively .68CRP,a well established 
marker of systemic inflammation, represents a 
robust and significant predictor of AF relapse fol-
lowing successful electrical cardioversion.10,11,69 
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Previous studies have shown that CRP levels are 
related to the left atrial size and AF duration be-
fore cardioversion, providing evidence of an asso-
ciation between inflammation and atrial structura 
remodeling.70,71 Another established marker of the 
inflammatory cascade is IL-6. Previous studies 
have shown increased levels of IL-6 in patients 
with AF compared with healthy controls .70 In ad-
dition, new biomarkers of inflammation and col-
lagen turnover, such as carboxyl-terminal telopep-
tide of collagen type I (ICTP), metalloproteinase 
(MMP)-2, tissue inhibitor of MMP-2 (TIMP-2),
atrial natriuretic peptide (ANP), and brain natri-
uretic peptide (BNP) were found elevated in patients 
who experienced AF recurrence after ablation. 72,73

The impact of overweight and obesity on the
efficacy of AF catheter ablation 

Previous studies assessing the impact of overweight
and obesity on AF catheter ablation outcomes have
given conflicting data. Mainigi et al. have shown-
that very late AF recurrence more likely occurs 
inpatients > 200 lbs .25 In this study, AF recurrence
was defined as recurrence ≥12 months postproce-
dural. In a prospective study including 109 patients
who underwent circumferential PVI, Chilukuri 
etal. haveshown that BMI is an independent predic-
tor of procedural failure. Each unit increase in BMI 
was associated with an 11% increase in the proba-
bility of recurrent AF. However, in this study, clin-
ical success was defined as atleast 90% reduction 
in AF burden after a three month “blanking peri-
od”.28 Patel et al. have recently demonstrated that 
higher BMI (>30 kg/m2) predicts procedural failure 
in a female population who underwent PV antral
isolation with or without superior vena cava isola-
tion and complex fractionated atrial electrograms
(CFAEs) ablation after a blanking period of 8 
weeks .29 In a recent study including 186 patients 
with paroxysmal or non-paroxysmal AF who un-
derwent PVI, overweight and obesity were in-
dependent predictors of AF recurrence. In this 
study, AF recurrence was defined as arrhythmia 
recurrence after a three month “blanking period” 
.30On the contrary, Jongnarangsin et al. report-
ed no association between obesity and freedom 
from AF recurrence following catheter ablation 
of CFAEs.31However, PVI was not tested in their 
study. Richter et al. reported similar findings in a 
study of 234 patients who underwent segmental or 



Journal of Atrial Fibrillation                 Featured Review

 www.jafib.com 6 Dec 2011-Jan 2012 | Vol 4 | Issue 4                      

Table 1  Studies addressing the role of overweight and obesity on AF catheter ablation procedural outcomes.

Study Number
of
patients

Mean
age
(years)

AF Type Ablation strategy Follow-
up
period

Main findings

Mainigi et al.
[25] 342 54±11 PAF:65%

NPAF:35% Segmental PVI ≥ 12
months

A body weight >200 lbs was associated 
with very late AFrecurrence (≥12 months).

Chilukuri et
al. [28]

109 60±10 PAF:67%
NPAF:33%

Circumferential
PVI

11±4
months

A BMI ≥30 kg/m2 (obese) was an indepen-
dent predictor of AF recurrence. In this 
study, clinical success was defined as at 
least 90% reduction in AF burden after a 
three
month “blanking period”.

Patel et al.
[29] 3265

(fe-
males)

59±13 PAF:46%
NPAF;54%

Circumferential/
antral PVI
Superior vena 
cava isolation
CFAEs ablation

40 
months

A BMI ≥30 kg/m2 (obese) was associated 
with AF recurrence after a “blanking pe-
riod” of 8 weeks.

Cai et al. [30]
186 55±12 PAF:87%

NPAF:13%

Circumferential/
antral PVI
CFAEs ablation

24 
months

A BMI ≥ 25 kg/m2 (Overweight/ obese) was 
associated with AF recurrence after a three 
month “blanking period”.

Jongnarangin
et al. [31] 324 57±11 PAF:72%

NPAF:28% CFAEs ablation 7±4
months

BMI was not predictive of AF recurrence 
after a two month “blanking period”.

Richter et al.
[32] 234 57±10 PAF:70%

NPAF:30%
Segmental orcir-
cumferential PVI

12.7
months

BMI was not an independent predictor of 
AF recurrence after a two month “blanking 
period”.

Bitter et al.
[33]

75 60±9 PAF:92%
NPAF:8% Cryoballoon PVI

12 
months

In univariate analysis, a BMI >30 Kgr/
m2 was associated with AF recurrence. 
However, BMI was not an independent 
predictor of
arrhythmia recurrence after a three month 
“blanking period”.

Tang et al.
[34] 654 57±12 PAF:78%

NPAF:22%
Circumferential/
antral PVI

470±323
days

BMI was not predictive of AF recurrence 
after a three month “blanking period”.

Cha et al. [35

523 54±10 PAF:58%
NPAF:42%

Segmental or
circumferen-
tial PVI Linear 
lesions Cavotri-
cuspid isthmus 
ablation

12 
months

Although not statistically significant, lower 
procedural success rates were observed in
higher BMI groups. However, BMI was not 
an independent predictor of AF recurrence 
after a three month “blanking period”.

Letsas et al. 
[36]

226 56±10 PAF:59%
NPAF:41%

Wide circumfer-
ential PVI

432±306
days

A significant trend towardsa higher recu 
rence rate wasobserved in subjects classi-
fied
above the 50th percentile for BMI(26.6±3.5 
Kgr/m2). However, BMIwas not predictive 
of AF relapseafter a three month “blanking
period”.

Wokhlu et al.
[74]

774 56±10 PAF:55%
NPAF:45%

Segmental or cir-
cumferential PVI 
Linear lesions 
Elimination of all 
non-PV triggers

3.0±1.9
years

BMI was not an independent
predictor of AF recurrence after a
two month “blanking period”.

Miyazaki et
al. [75]

474 61 ±10 PAF:100%

Circumferential/
antral PVI
Elimination of all
non-PV triggers
Cavotricuspid
isthmus ablation

30±13
months

BMI was not predictive of
arrhythmia recurrence after a
“blanking period” of 1 month.



circumferential PVI.32 Using cryoballoon ablation, 
Bitter et al. have shownthat obesity is not associat-
ed with AF recurrence.33 In a large study including 
654 consecutive patients who underwent an index 
circumferential PVI, Tang et al. have demonstrated 
a significantly higher incidence of AF recurrence in 
patients with BMI ≥25 kg/m2 compared with those 
with BMI <25.0 kg/m2 (41.5% vs 31.5%). As a con-
tinuous variable, BMI was also significantly higher
in the recurrence group than in the no recurrence.
However, in multivariate analyses, BMI was not an
independent predictor of arrhythmia recurrence 
.34 In a similar study including patients that un-
derwent segmental or circumferential PVI along 
with linear lesions in cases of persistent AF,AF 
was eliminated in 75%, 72%, and 70% of the lean, 
overweight, and obese patients, respectively,
at 12 months. Similar rates were observed at 24 
months. Although not statistically significant,lower 
procedural success rates were observed in higher 
BMI groups.35 Similarly, in our study,36 AF re-
currence rates following catheter ablation were 
higher,though not significantly,in overweight 
and obese subjects compared with normal-
weight subjects.After a mean follow-up periodof 
432.32±306.09 days from the index procedure,AF 
recurrence rate was 34.9% for normal weight, 
46.2% for overweight, and 46.2% for obese pa-
tients. A significant trend towards a higher re-
currence rate was observed in subjects classified 
above the 50th percentile for BMI (26.6±3.5 Kgr/
m2). However,BMI was not an independent pre-
dictor of AFrecurrence.Analogous findings beenre-
ported by other investigators .74,75 Table 1 summa-
rizes the data of previous studies addressing the 
impact of BMI on AF catheter ablation outcomes.

AF catheter ablation procedural issues in
overweight and obese patients

Concerning procedural issues, Cha et al. have-
shown that the amount of radiation exposure for 
obese patients is nearly 3 times greater than thatfor 
lean patients. 35 Similarly, Ector et al. have demon-
strated that obese patients receive more than twice 
the effective radiation dose in relation to normal 
weight patients during AF ablation procedures. In 
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their study, the mean attributable lifetime risk 
of all-cancer mortality was 0.060%, 0.100%, and 
0.149%, for normal weight, overweight, and 
obese patients, respectively. 76 In our study ,36 the 
mean duration of the procedure was significant-
ly longer in obese patients compared to normal 
BMI subjects, while no differences in the mean 
fluoroscopy time were observed among BMI 
groups. We showed that radiation exposure was 
significantly higher in overweight and obese 
patients in relation to normal weight patients 
.36 Therefore, obesity needs to be considered in 
the risk-benefit ratio ofAF ablation and should 
prompt further measuresto reduce radiation ex-
posure. Radiation exposure can be reduced by 
the use of intracardiac echocardiography and 
non-fluoroscopic mapping systems77,78 No sig-
nificant differences regarding serious complica-
tions (death, stroke, pericardial effusion)were 
observed between normal, overweight, and 
obese subject undergoing AF catheter ablation in 
previous studies.36,76In a recentstudy, a BMI>30 
kg/m2 was associated with more hematomas 
and pseudoaneurysms in an all-female cohort .29

Conclusions

AF catheter ablation is a safe therapeutic modality
in overweight and obese patients. A major concern 
regarding AF ablation procedure in obese patients
is the radiation exposure. Although the majority
of studies have demonstrated that BMI is not an
independent predictor of AF recurrence, patients
with higher BMI seem to display a trend towards a 
higher incidence of arrhythmia relapse. However,
most of these studies are significantly heteroge-
neous with respect to the AF type(paroxysmalvs.
persisted) and the ablation strategy used (seg-
mental or circumferential PVI with or with-
out linear lesions and CFAEs elimination). 
Therefore, we need  more studies without the 
previous limitations in order to validate the 
true role of BMI on the efficacy and safety of 
AF catheter ablation. Whether or not modify-
ing BMI improves outcomes of AF catheter 
ablation deserves also further investigation.

PAF: paroxysmal atrial fibrillation; NPAF: persistent/permanent atrial fibrillation; BMI: bodymass index; PVI: pulmonary vein 
isolation; CFAEs: complex fractionated atrial electrograms.
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Introduction

Atrial fibrillation (AF) is a common disease affecting
up to 5.1 million individuals in the USA.1–3

This number is expected to increase up to 15
million by 2050.4,5 Currently, as many as 1% of
the general population and 12% of those over 85
years of age have AF. The annual incidence of
stroke in patients with AF is 5% to 12% and the
presence of AF increases stroke risk five-fold.6–9

In spite of this growing problem, less than 50%
of eligible patients, in the USA, receive indicated
antithrombotic therapy, and more than 50,000
preventable strokes each year are due to failure
to use appropriate antithrombotic therapy in AF.10 

AF and Stroke:

AF is present in as many as 15 % of all ischemic
stroke patients. Although men are more likely to

develop AF, women are more likely to have AF
related stroke. Strokes in AF pa-
tients have an increased
morbidity and mortality with a 50% one
year mortality.11 Strokes typically present without
a prior warning TIA. In addition, one third
of stroke patients have the diagnosis of AF made
after the stroke occurs. In stroke patients, AF
prevalence increases with age from 6.5% in those
in their fifties to 30.7% in those in their eighties.
There is a slight ethnic variation with 29% of
whites having AF in their first ischemic stroke vs. 
18% of African-Americans and 14% of Hispanics.12

Ischemic strokes in AF patients tend to be more
severe, secondary to emboli affecting larger cerebral
arteries, resulting in worse neurological deficits
and higher mortality.12 One month mortality
after an ischemic stroke is 3.4% in patients without
AF vs. 11.3% in patients with AF.12 The severity
of the neurological deficits is related to a higher
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infarct volume in patients with AF (52 cc vs.
16 cc in non-AF patients) and higher incidence of
parenchymal hemorrhagic transformation (29%
vs. 5% in non-AF patients).13 In addition to the
larger strokes, AF results in a high micro-embolic
burden, which is evident in 29% of patients with
stroke and 10% in patients with asymptomatic
lone atrial fibrillation.14 During CT scanning, 14%
of AF patients have silent brain infarctions found.
This indicates a higher risk of having a symptomatic
stroke in the following year (8%, 14%, 14%
and 100% for patients with 0, 1, 2 and 3 or more
silent infarctions respectively). Although patients
with AF may suffer a stroke due to other causes, 
cardio-embolism remains the leading mechanism,
causing 70% of strokes in patients with AF.

Risk Factors for Stroke in Patients With AF

Patients with AF who have history of stroke or-
TIA, mitral stenosis or prosthetic heart valves are
at very high risk for having a subsequent stroke. 
On the other hand, patients older than 75 years,
those with history of hypertension, diabetes or
heart failure/impaired left ventricular systolic 
functionhave a moderately increased risk.15,16 Mul-
tiplerisk stratification systems exist.17 In patients 
with non-valvular AF those risk factors have been 
utilitiesin forming the CHADS2 scoring system 
(Table1). This scoring system gives two points to 
the high risk associated with having prior stroke/
TIA and one point for each of the moderate risk 
factors: age>75 years, hypertension, diabetes and 
heart failure. Patients, who are stratified as having 
CHADS2 score of 6, have an 18.2% risk of suffer-
ing a stroke in the following year. Even in patients 
with a CHADS2 score of 0 (“low risk”), there is 
a 1.9% risk of suffering a stroke in the following 
year.18 Recently a new scoring system has been 
developed, CHA2DS2-VASc, which adds addi-
tional known risk factors to the CHADS2 system 
(Table 2): vascular disease(myocardial infarction, 
peripheral artery disease and aortic atherosclerot-
ic disease), female gender and age ≥65 years (also 
increasing the risk points to two for patient’s ≥75 
years). Based on this scoring system, a 68-year-
old female with a history of myocardial infarc-
tion and hypertension has a CHADS2 score of 
1 but a CHA2DS2-VASc score of 4, with about a 
4% annual risk of stroke. It shouldbe emphasized 

that CHADS2 and CHA2DS2-VAScscoring sys-
tems apply to patients with non-valvular atrial 
fibrillation and that many other risk fac factors
(like hyperthyroidism) were not included.

Stroke Prevention in Patients With AF
Current guidelines recommend using anticoagu-
lation with warfarin for stroke prevention for pa-
tients with a CHADS2 score of ≥2 and aspirin only
or no therapy for patients with a score of 0.1,2 In-
patients with a CHADS2 score of 1, therapeutic an-
ticoagulation is recommended; however, aspirin 
is also recommended as an acceptable alternative.

In addition to warfarin and aspirin, several other
pharmacologic therapies have been used for
stroke prevention in patients with AF, including
unfractionated heparin, low molecular weight
heparin, clopidogrel, direct thrombin inhibitors
and Factor Xa inhibitors. The latter two have
the most impressive efficacy data for reducing
the risk of stroke in high risk AF patients.

Warfarin

Warfarin is an effective anticoagulant by inhibiting
the development of vitamin K-dependent fac-
tors in the coagulation cascade. The recom-
mended therapeutic range for stroke preven-
tion in patients with AF is an INR of .2-3 This 
is based on the observation that an INR<2 
sharply increases the risk of thromboembo-
lism and with an INR>3 -3.5, the risk of intra-
cranial hemorrhage (ICH) sharply increases.19 

Warfarin has been in use for over 60 years and is-
effective if the INR is kept in therapeutic range. It 
is relatively inexpensive and it is easy to reverse. 

Multiple large studies have compared warfarin to
aspirin or placebo. The relative risk reduction of
stroke vs. placebo is 71% and vs. aspirin is 50%,
which are both statistically significant. Conversely,
warfarin increases the risk for major bleeding . 
Warfarin requires frequent monitoring to keep 
the INR in the therapeutic range and has sig-
nificant interactions with many medications and 
foods. These limitations result in patient and 
healthcare provider reluctance to use warfarin. 
Overall, 55% of patientsthat are eligible for war-
farin therapy receive it and appropriate warfarin 
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use drops to only 35% of patient’s ≥85 years. In 
primary care population of patients that are can-
didates for warfarin therapy per guidelines and 
with no contraindications, only 15% have thera-
peutic INR. In addition, 65% did not receive war-
farin and 6% received warfarin but had subthera-
putic INR and 14% had supratheraputic INR. In 
the anticoagulation clinic population only 32% 
had therapeutic INR, while 40% had subthera-
putic INR, 7% had supratheraputic INR and 21% 
were lost due to infrequent follow-up. The most 
frequent reasons for physicians not to use warfarin 
were concern about the risk of bleeding, assum-
ing a low risk of embolism and patient refusal.20,21 

The risk of ICH in patients receiving warfarin 
therapy is thought to be in the range of 1-2% 
with some reports as low as 0.5% and others as 
high as 4%. HASBLED is a new scoring system 
to predict the bleeding risk in anticoagulated pa-
tients with AF.22 The risk factors included in the 
scoring are Hypertension, Abnormal Renal/Liver 
Function, Stroke, Bleeding History or Predispo-
sition, Labile INR, Elderly, Drugs/ Alcohol Con-
comitantly. Hypertension, stroke and advanced 
age are also risk factors for ischemic stroke. This 
illustrates the importance of individualized de-
cision making in this subset of patients that are 
at high risk for thrombotic and bleedings events.

Aspirin and Clopidogrel

Aspirin has been compared to placebo in multiple
trials (AFASAK I, SPAF I, EAFT, ESPS II, LASAF and
UK-TIA). In general, aspirin offers little protection
from stroke compared to placebo and when com-
pared to warfarin aspirin was inferior. Recently,
in AVERROES, primary outcome events (stroke 
or systemic embolism) were lower with apixa-
ban(1.6% per year) versus (3.7% per year) among 
those assigned to aspirin (HR 0.45; 95% confidence
interval [CI], 0.32 to 0.62; P<0.001).23 Of interest,there 
were only 44 cases of major bleeding (1.4% per 
year) in the apixaban group and 39 (1.2% per 
year) in the aspirin group (HR 1.13; 95% CI, 0.74 to 
1.75; P = 0.57). In addition, there were 11 cases of
intracranial bleeding with apixaban and 13 with-
aspirin. The risk of a first hospitalization for car-
diovascular causes was reduced with apixaban as 
compared with aspirin (12.6% per year vs. 15.9% 
per year, P<0.001). Recent data in 132,272 patients 
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with non-valvular AF from Denmark reported 
that vitamin K antagonists consistently lowered 
the risk of thromboembolism compared to aspi-
rin and no treatment, the combination of vitamin 
K antagonists and aspirin did not yield any ad-
ditional benefits. Treatment with either of these 
drugs alone or in combination increased bleeding 
rates compared to no treatment and concluded 
that aspirin has no role in reducing stroke in such 
patients.24 Thus, aspirin has very little role in pre-
venting embolic stroke in AF patients. However, 
the drug is commonly used in lower risk patients 
instead of therapeutic anticoagulation. This ap-
proach has little data to support efficacy yet still 
is associated with adverse events such as bleeding.

ACTIVE-W compared warfarin (target INR 2-3)
vs. aspirin (75-100mg/day) plus clopidogrel 75 
mg/day in 6706 patients over and median 1.28 
years of follow-up paying attention to the primary
end points of stroke, systemic embolus, myocar-
dial infarction and vascular death.25 The trial was 
stopped early due to the superiority of warfarin
(RR=1.44 (1.18-1.76); P=.0003). ACTIVE-A com-
pared aspirin (75-100 mg/day) plus clopidogrel 
75mg/day vs. aspirin alone in 7554 patients over 
a median of 3.6 years of follow-up looking at the 
same primary end points.26 The trial showed that 
aspirin and clopidogrel was superior to aspirin 
alone in preventing thromboembolism (RR=0.89 
(95% CI,0.81–0.98; P=.01). This reduction of throm-
boembolic events came at the cost of increased 
bleeding (major bleeding RR=1.57 (1.29-1.92); 
P<0.001). The mean CHADS2 score in both ac-
tive trials was 2.0. The results from the ACTIVE 
trials were incorporated in the 2010 American 
Heart Association and American Stroke Associ-
ated guidelines. For patients unable to take oral 
anticoagulants aspirin is recommended (Class I; 
Level of Evidence A). However, the combination 
of clopidogrel plus aspirin was not recommended
for patients with a hemorrhagic contraindication
to warfarin since it carries a risk of bleeding similar-
to that of warfarin (Class III; Level of Evidence B).

New Oral Anticoagulants

The new oral anticoagulants include the direct-
thrombin inhibitor, dabigatran, and the Factor Xa
inhibitors rivaroxaban, apixaban, betrixaban and
edoxaban (Table 3)



Dabigatran

Dabigatran is a direct oral thrombin inhibitor that
is commercially approved for the prevention of-
stroke and systemic embolism in patients with 
nonvalvular AF. It has a half-life of 14-17 hours and
is given twice daily. It is administered as the pro-
drug, dabigatran etexilate, and rapidly converted
to an active drug by hepatic enzymes and eventu-
ally, 80% of the absorbed drug is excreted renally. 

Dabigatran was compared to warfarin in RELY 
trial using a PROBE design (Table 4).27-29 RELY en-
rolled 18,113 patients, with a mean CHADS2 score 
of 2.1, for a median period of 2 years looking for a 
primary outcome of stroke or systemic emboliza-
tion. Patients were enrolled into one of 3 arms:
warfarin, dabigatran 110mg twice daily and dabi-
gatran 150mg twice daily. The median time in the
therapeutic range (TTR) for the warfarin group 
was 67%. It is important to note that certain pa-
tients were excluded from that trial so the results 
of the trial may not necessarily apply to them. They 
include patient who are pregnant, in labor and 
during delivery, nursing mothers, pediatric, with 
mechanical prosthetic valve, hemodynamically 
significant valve disease, severe disabling stroke 
within 6 months or any stroke within 14 days, con-
traindication to warfarin or creatinine clearance 
(CrCl) less than 30 ml/min. The trial showed that 
dabigatran 110mg twice daily was associated with 
rates of stroke and systemic embolism that were 
similar to those associated with warfarin; however 
it had lower rates of major hemorrhage. Dabiga-
tran 150mg twice daily was associated with a 35% 
lower rate of stroke and systemic embolism but 
similar rates of major hemorrhage compared to 
warfarin. An additional finding of importance was 

that the 150 mg dabigatran arm of the study had 
a 76% risk reduction in hemorrhagic stroke and a 
25% risk in ischemic stroke compared to warfa-
rin. Based on these findings, the FDA approved 
the 150mg twice daily dose for patients with CrCl 
> 30 ml/min and also approved a 75mg twice dai-
ly dose, based on blood level modeling, for pa-
tients with impaired renal function (CrCl >15 and
<30 ml/min). Uncontrolled data, in 1255 RELY pa-
tients undergoing 1985 cardioversions, showed a
very low stroke/systemic embolism rate in all 3
arms of the study with the lowest being 0.3% in the
150mg twice daily dabigatran arm of the study.30

Dabigatran has the potential for interaction with
drugs that inhibit or induce the P-glycoprotein-
substrate transporter. P-glycoprotein inducers 
(e.g. rifampin) reduce exposure to dabigatran 
and should generally be avoided. P-glycoprotein 
inhibitors (e.g. ketoconazole, verapamil, amio 
darone, dronedarone, quinidine, clarithromycin) 
increase dabigatgran levels 1.2 to 1.9 fold but gen-
erally do not require dose adjustments of dabi-
gatran. Recently there had been a recommenda-
tion to consider decreasing the dabigatran dose 
to 75mg twice daily when co-administered with 
dronedarone. Dabigatran causes no meaning-
ful alteration in the pharmacokinetics of amio-
darone, atorvastatin, clarithromycin, diclofenac, 
clopidogrel, digoxin, pantoprazole or ranitidine. 
About 9% of the dabigtran patients in RELY devel-
opeddyspepsia requiring drug discontinuation.
New Oral Factor Xa Inhibitors 

Rivaroxaban

Journal of Atrial Fibrillation                 Featured Review

 www.jafib.com 14 Dec 2011-Jan 2012 | Vol 4 | Issue 4                        

Table 1 CHADS2 scoring

Risk Factor Stroke

Cardiac Failure 1

HTN 1
Age ≥75 y 1
Diabetes 1
Stroke 2

Table 1 CHA2DS2-VASc

Risk Factor Score

Cardiac Failure 1

HTN 1
Age ≥75 y 2
Diabetes 1
Stroke 2
Vasc dz (MI, PAD, aortic athero-
sclerosis)

1

Age 65-74 y 1
Sex category (female) 1



Rivaroxaban is an oral factor Xa inhibitor recently
approved by the FDA for reduction of stroke risk
in patients with non-valvular AF.31 Rivaroxaban
has a half-life of 6-9 hours, is almost 100% bioavail-
ableand is 36-45% excreted renally. Rivaroxaban is
a CYP3A4 and P-Glycoprotein inhibitor substrate.

The ROCKET AF trial compared rivaroxaban to
warfarin in 14,264 patients with nonvalvular atrial 
fibrillation who were at increased risk for stroke 
(Table 4).32 This study included high stroke risk 
patients with a mean CHADS2 score of 3.7, with 
55% of patients having a prior stroke of TIA. In a 
double blind, double dummy study, once a day ri-
varoxaban (20 mg a day or a reduced dose of 15
mg a day in patients with CrCl of 30-49 cc/min) 
was compared to warfarin with a median TTR of
57%. By intention to treat analysis, rivaroxaban 
was noninferior to warfarin for the prevention 
of stroke or systemic embolism (HR=0.88) and 
there was no significant between-group differ-
ence in the risk of major bleeding. By on therapy 
analysis, rivaroxaban was superior to warfarin 
(HR =0.79; p=0.015)in preventing stroke or sys-
temic embolism. Similar to dabigatran, rivar-
oxaban reduced the frequency of hemorrhagic-
strokes compared to warfarin by 41% (HR = 0.59).
Apixaban

Apixaban is not currently FDA approved for stroke 
prevention in AF. It has a half-life of 12 hours. It 
is 25-30% excreted renally. Apixaban is a CYP3A4 

Journal of Atrial Fibrillation                 Featured Review

 www.jafib.com 15              Dec 2011-Jan 2012 | Vol 4 | Issue 4                         

and P-Glycoprotein inhibitor substrate. The 
AVERROES trial compared apixaban (5 mg twice 
daily) and aspirin (81 to 324 mg per day) in 5599 
patients with atrial fibrillation who were at in-
creased risk for stroke and for whom vitamin K 
antagonist therapy was unsuitable.23 This trial 
showed that apixaban reduced the risk of stroke 
or systemic embolism without significantly in-
creasing the risk of major bleeding or intracranial 
hemorrhage. The ARISTOTLE Trial compared 
apixaban (5 mg twice daily [2.5 mg twice daily in 
selected patients]) to warfarin in a double blind 
study of 18,201 patients with atrial fibrillation at 
risk for stroke (mean CHADS2 score of 2.1) (Ta-
ble4).33 Apixaban was superior to warfarin in pre-
venting stroke or systemic embolism (hazard ratio 
with apixaban, 0.79; 95% confidence interval [CI], 
0.66 to 0.95; P<0.001 for noninferiority; P=0.01 for 
superiority). Apixaban also caused less bleeding, 
and resulted in lower mortality (hazard ratio, 0.89;
95% CI, 0.80 to 0.99; P=0.047), and reduced hem-
orrhagicstroke by 49% compared to warfarin.33

Edoxaban

TEdoxaban is not currently FDA approved for
stroke prevention in AF. It has a half-life of 6-12
hours. It is 35% excreted renally. Edoxaban is a
CYP3A4 and a P-Glycoprotein inhibitor substrate. 

The ENGAGE trial is a double blind trial comparing

Table 3 The new oral anticoagulants

Drug Dabigatran Rivaroxaban Apixaban Betrixaban Edoxaban

Mechanism of
action

Thrombin
inhibitor FXa inhibitor FXa inhibitor FXa inhibitor FXa inhibitor

Half-life 14-17 h 6-9 h 12 h 19-24 h 6-12 h
Regimen BID QD, BID BID QD QD
Peak to trough ~7x 12x (QD) 3-5x ~3x ~3x

Renal
excretion of absorbed
drug

~80% 36-45% 25-30% ~15%
35%

Potential for drug
interactions P-glycoprotein

inhibitor

CYP3A4 sub-
strate
and P-glyco-
protein
inhibitor

CYP3A4
substrate and
P-glycoprotein
inhibitor

Not substrate
for major CYPs

CYP3A4 substrate
and P-glycoprotein
inhibitor
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lished. Administration of platelet concentrates
can be considered in cases where thrombocytopenia
is present or long-acting antiplatelet
drugs have been used. Measurement of aPTT
or ECT may help guide therapy for dabigatran.

Conclusions

Patients with AF are at an increased risk of stroke
even if attempts to maintain sinus rhythm are part
of the patient’s therapy. Providers should assess the
risk of thromboemobolism and the risk of bleeding
and choose the appropriate pharmacologic therapy.
For patients at low risk of stroke, no therapy or
aspirin is appropriate. However, for patients with
risk factors for stroke, warfarin, dabigatran or one
of the new oral factor Xa drugs should be used.
Newer agents are associated with a lower risk of
intracranial hemorrhage compared to warfarin. 
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Dabigatran
2 doses

Regimen Once daily Twice daily Twice daily
Primary outcome

Efficacy: Composite of all-cause
stroke and non-CNS systemic
embolism
Safety: Composite of major and
clinically relevant non-major
bleeding events

Efficacy: Composite of allcause
stroke and non-CNS
systemic embolism
Safety: Composite of major and
clinically relevant non-major
bleeding events

Efficacy: Composite of all-
cause
stroke and non-CNS
systemic embolism
Safety: Composite of major
and clinically relevant non-
major
bleeding events

TTR (median) 58% 66% 67%
CHADS2 (mean) 3.7 2.1 2.1
Previous TIA/CVA 55% 19.5% 20%
Primary outcome 
HR 0.88 0.79* 0.66 ** (150 mg dose)

Hem CVA rate 0.59* 0.51** 0.24 **(150 mg dose)
Ischemic CVA: HR 0.99 0.92 0.75 *(150 mg dose)
Major Bleeding rate 3.6% 2.13% 3.1% (150 mg dose)



 www.jafib.com 176 Dec 2011-Jan 2012 | Vol 4 | Issue 4                        

Journal of Atrial Fibrillation                 Featured Review

1. Fuster V, Rydén LE, Cannom DS, et al. 2011 ACCF/AHA/ HRS
Focused Updates Incorporated Into the ACC/AHA/ESC 2006
Guidelines for the Management of Patients With Atrial Fibrilla-
tion. Circulation. 2011;123(10):e269 -e367.
2. Camm AJ, Kirchhof P, Lip GYH, et al. Guidelines for the man-
agement of atrial fibrillation: the Task Force for the Management
of Atrial Fibrillation of the European Society of Cardiology
(ESC). Europace. 2010;12(10):1360-1420.
3. Naccarelli GV, Varker H, Lin J, Schulman KL. Increasing preva-
lence of atrial fibrillation and flutter in the United States.Am. J.
Cardiol. 2009;104(11):1534-1539.
4. Go AS. The epidemiology of atrial fibrillation in elderly per-
sons:
the tip of the iceberg. Am J Geriatr Cardiol. 2005;14(2):56-61.
5. Miyasaka Y, Barnes ME, Gersh BJ, et al. Secular Trends in Inci-
dence of Atrial Fibrillation in Olmsted County, Minnesota, 1980
to 2000, and Implications on the Projections for Future Preva-
lence. Circulation. 2006;114(2):119 -125.
6. Wolf PA, Abbott RD, Kannel WB. Atrial fibrillation as an in-
dependent risk factor for stroke: the Framingham Study. Stroke.
1991;22(8):983-988.
7. Wolf PA, Abbott RD, Kannel WB. Atrial Fibrillation: A Major
Contributor to Stroke in the Elderly: The Framingham Study.
Arch Intern Med. 1987;147(9):1561-1564.
8. Stollberger C, Finsterer J, Schneider B. Does Percutaneous Clo-
sure of the Left Atrial Appendage Prevent Stroke in Atrial Fibril-
lation? J Am Coll Cardiol. 2006;47(7):1500.
9. Lakshminarayan K, Solid CA, Collins AJ, Anderson DC, Herzog
CA. Atrial fibrillation and stroke in the general medicare popula-
tion: a 10-year perspective (1992 to 2002). Stroke. 2006;37(8):1969-
1974.
10. Ogilvie IM, Newton N, Welner SA, Cowell W, Lip GYH. Un-
deruse of Oral Anticoagulants in Atrial Fibrillation: A Systematic
Review. The American Journal of Medicine. 2010;123(7):638-645.
e4.
11. Crandall MA, Horne BD, Day JD, et al. Atrial Fibrillation Sig-
nificantly Increases Total Mortality and Stroke Risk Beyond that
Conveyed by the CHADS2 Risk Factors. Pacing and Clinical Elec-
trophysiology. 2009;32(8):981-986.
12. Kimura K, Minematsu K, Yamaguchi T. Atrial fibrillation as a
predictive factor for severe stroke and early death in 15,831 pa-
tients with acute ischaemic stroke. J. Neurol. Neurosurg. Psychi-
atr. 2005;76(5):679-683.
13. Tu HTH, Campbell BCV, Christensen S, et al. Pathophysiolog-
ical determinants of worse stroke outcome in atrial fibrillation.
Cerebrovasc. Dis. 2010;30(4):389-395.
14. Kumral E, Balkir K, Uzuner N, Evyapan D, Nalbantgil S. Mi-
croembolic signal detection in patients with symptomatic and as-
ymptomatic lone atrial fibrillation. Cerebrovasc. Dis.
2001;12(3):192-196.
15. Hughes M, Lip GYH. Stroke and thromboembolism in atrial
fibrillation: a systematic review of stroke risk factors, risk strati-
fication schema and cost effectiveness data. Thromb. Haemost.
2008;99(2):295-304.
16. Kim YD, Park B, Cha MJ, et al. Stroke severity in concomitant

cardiac sources of embolism in patients with atrial fibrillation. J. 
Neurol. Sci. 2010;298(1-2):23-27.
17. Lip GYH, Nieuwlaat R, Pisters R, Lane DA, Crijns HJGM.
Refining clinical risk stratification for predicting stroke and
thromboembolism in atrial fibrillation using a novel risk factor-
based approach: the euro heart survey on atrial fibrillation.Chest.
2010;137(2):263-272.
18. Hersi A, Wyse DG. Management of atrial fibrillation. Curr
Probl Cardiol. 2005;30(4):175-233.
19. Boulanger L, Hauch O, Friedman M, et al. Warfarin expo-
sure and the risk of thromboembolic and major bleeding events
among medicaid patients with atrial fibrillation. Ann Pharmaco-
ther. 2006;40(6):1024-1029.
20. Bungard TJ, Ghali WA, McAlister FA, et al. The relative
importance of barriers to the prescription of warfarin for nonval-
vular atrial fibrillation. Can J Cardiol. 2003;19(3):280-284.
21. McCrory DC, Matchar DB, Samsa G, Sanders LL, Pritchett EL.
Physician attitudes about anticoagulation for nonvalvular atrial
fibrillation in the elderly. Arch. Intern. Med.
1995;155(3):277-281.
22. Lip GYH, Frison L, Halperin JL, Lane DA. Comparative vali-
dation of a novel risk score for predicting bleeding risk in an-
ticoagulated patients with atrial fibrillation: the HASBLED (Hy-
pertension, Abnormal Renal/Liver Function, Stroke, Bleeding
History or Predisposition, Labile INR, Elderly, Drugs/Alcohol
Concomitantly) score. J. Am. Coll. Cardiol. 2011;57(2):173-180.
23. Connolly SJ, Eikelboom J, Joyner C, et al. Apixaban in patients
with atrial fibrillation. N. Engl. J. Med. 2011;364(9):806-
817.
24. Olesen JB, Lip GYH, Lindhardsen J, Lane DA, Ahlehoff 
O,Hansen ML, Raunso J, Tolstrupp JS, Hansen PR, Gislason GH,
Torp-Pedersen C. Risks of thromboembolism and bleeding
with thromboprophylaxis in patients with atrial fibrillation: A net
clinical benefit analysis using a “real world” nationwide cohort
study. Thromb Haemost 2011;106:739-749.
25. Connolly S, Pogue J, Hart R, et al. Clopidogrel plus aspirin
versus oral anticoagulation for atrial fibrillation in the Atrial fi-
brillation Clopidogrel Trial with Irbesartan for prevention of Vas-
cular Events (ACTIVE W): a randomised controlled trial. Lancet.
2006;367(9526):1903-1912.
26. Connolly SJ, Pogue J, Hart RG, et al. Effect of clopidogrel add-
ed to aspirin in patients with atrial fibrillation. N. Engl. J.
Med. 2009;360(20):2066-2078.
27. Connolly SJ, Ezekowitz MD, Yusuf S, et al. Dabigatran versus
Warfarin in Patients with Atrial Fibrillation. New EnglandJournal
of Medicine. 2009;361:1139-1151.
28. Beasley BN, Unger EF, Temple R. Anticoagulant options--why
the FDA approved a higher but not a lower dose of dabigatran. N.
Engl. J. Med. 2011;364(19):1788-1790.
29. Eikelboom JW, Wallentin L, Connolly SJ, et al. Risk of bleeding
with 2 doses of dabigatran compared with warfarin
in older and younger patients with atrial fibrillation: an analysis
of the randomized evaluation of long-term anticoagulant therapy 
(RE-LY) trial. Circulation. 2011;123(21):2363-2372.
30. Nagarakanti R, Ezekowitz MD, Oldgren J, Yang S, Chernick
M, Aikens TH, Flaker G, Brugada J, Kamensky G, Parekh A, Reil-



 www.jafib.com 186 Dec 2011-Jan 2012 | Vol 4 | Issue 4                      

Journal of Atrial Fibrillation                 Featured Review

ly PA, Yusuf S, Connolly SJ. Dabigatran versus warfarin in pa-
tients with atrial fibrillation. An analysis of patients undergoing 
cardioversion. Circulation 2011;123:131-136.
31.. Anon. Press Announcements - FDA approves Xarelto to 
prevent stroke in people with common type of abnormal heart 
rhythm. Available at: http://www.fda.gov/NewsEvents/ News-
room/PressAnnouncements/ucm278646.htm. Accessed Novem-
ber 9, 2011.
32. Patel MR, Mahaffey KW, Garg J, et al. Rivaroxaban versus
Warfarin in Nonvalvular Atrial Fibrillation. New England

Journal of Medicine. 2011;365:883-891.
30. 
33. Granger CB, Alexander JH, McMurray JJV, et al. Apixaban
versus Warfarin in Patients with Atrial Fibrillation. New England
Journal of Medicine. 2011;365:981-992.
34. Anon. Global Study to Assess the Safety and Effectiveness of
DU-176b vs Standard Practice of Dosing With Warfarinin Patients
With Atrial Fibrillation - Full Text View - ClinicalTrials. gov. Avail-
able at: http://clinicaltrials.gov/ct/show/ NCT00781391?order=1.
Accessed October 4, 2011. www.



Corresponding Address :Yoshihide Takahashi, MD, Cardiovascular Center, Yokosuka Kyousai Hospital, Yonegahama-dori
1-16, Yokosuka, Kanagawa, Japan, 238-8558.

Atrium-Atrioventricular Node Conduction Block
during Catheter Ablation of Persistent Atrial

Fibrillation
Yoshihide Takahashi, MD

The Cardiovascular Center, Yokosuka Kyousai Hospital, Yokosuka, Japan.

Abstract

Previous studies have suggested that fibrillatory substrates are widely distributed in both atria in pa-
tients with persistent atrial fibrillation.  Extensive bi-atrial ablation has been increasingly performed 
to improve the clinical outcomes; however, this may adversely affect the intra-atrial conduction during 
sinus rhythm.  The worst con- sequence of an intra-atrial conduction disturbance is conduction block 
between the atrium and atrioventricular node.  There have been a few case reports on this complication, 
which suggest that the conduction block may occur more. This review aimed to describe the risk factors 
and method of prevention of atrium-atrioventric-ular node conduction block.
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elec- trograms (CFAE) are commonly performed 
to modify the atrial substrate, in which the atrial 
tissue in the left atrium (LA) is dominantly tar- 
geted but occasionally the right atrium (RA) also.

One of the possible mechanisms of such an ex- 
tensive ablation for maintenance of sinus rhythm 
is compartmentalization of the atria, which may 
interrupt the propagation of fibrillatory wave- 
fronts  and  terminate  AF. However,  the  ab- 
lation  lesions  may  also  interrupt  the  normal 
intra-atrial   conduction   during   sinus   rhythm.

Atrium-atrioventricular (AV) node conduction 
block is one of the complications particularly asso- 

Introduction

Catheter ablation of atrial fibrillation (AF) was 
ini  tially performed in patients with paroxysmal 
AF. With the development of various technologies, 
pulmonary vein (PV) isolation has been applied 
also in patients with persistent AF.  However, the 
clinical outcome of PV isolation in persistent AF 
has been limited as compared to paroxysmal AF.

To improve the efficacy of the catheter ablation 
of persistent AF, ablation techniques to modi-
fy the atrial substrate have been developed in 
the last decade.  Currently, linear ablation and 
abla- tion targeting complex fractionated atrial 
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ciated with catheter ablation in the RA. This com-
plication has been reported rarely, but may occur 
more often with the increased use of RA substrate 
modification. The aim of this review article was 
to discuss the ablation techniques potentially as-
soci- ated with atrium-AV node conduction block 
and the method of prevention of this complication.

Efficacy of Right Atrial Substrate Mod-
ification

Atrium-AV node conduction block cannot occur 
unless ablation is performed in the RA, because the 
pathways from the sinus node to the AV node can-
not be affected by ablation of the LA tissue alone.  
Arrhythmogenic substrates are more like- ly to de-
velop in the LA, including the PV region, rather 
than the RA.  Thus, ablation is usually be- gun 
with PV isolation, and then substrate modi- fica-
tion is performed in the LA if necessary.  The ef-
ficacy of RA ablation is controversial.  One ran- 
domized study demonstrated that the efficacy of 
bi-atrial ablation was similar to that of LA ablation 
(1); however some investigators consider that RA 
ablation is effective in selected patients (2-4).  In 
a previous study, LA ablation was performed in 
the first procedure in patients with persistent AF 
(2).   In the patients with recurrences of AF after 
the first ablation, a repeat ablation was performed, 
in which the RA was targeted. As a result, the RA 
ablation eliminated the AF in 62% of the patients 
who presented with AF after the first procedure.

The  predictor  of  a  requirement  for  RA  ablation 
was the duration of persistent AF.   The best cut- 
off for the duration of persistent AF for predicting 
the elimination of AF by ablation of the LA alone 
was 1.9 years.  The results of this study suggested 
that patients with greater duration of continuous 
AF may benefit from RA ablation in combination 
with PV isolation and LA substrate modification.

A gradient in the AF cycle length between the LA 
and RA during catheter ablation suggests the re- 
quirement of RA ablation.  According to the moth- 
er rotor theory proposed by Jalife et al. (5), short 
cycle length activity is considered to drive the atria. 

Thus, short cycle length activity is the crucial site for 
maintaining AF, thereby being an optimal target for 
AF ablation. Hocini et al. reported that PV isolation 
and LA substrate modification increased the AF cy- 
cle length in the LA but failed to increase that in the 
RA in 19% of patients with persistent AF, and addi- 
tional RA ablation was effective in those patients 
(3). From the results of these studies, the RA needs 
to be considered as a target for ablation in patients in 
whom LA ablation failed to maintain sinus rhythm.

Lesion Set in the Right Atrium

As mentioned above, particularly in patients with 
longstanding persistent AF, AF substrates may exist 
also in the RA.  There has been no pre-determined 
lesion set in the RA which has shown some efficacy. 
Ablation of a particular site can terminate AF in an 
individual patient, suggesting the driving role of the 
site. In most of other patients, however, ablation of 
that site fails to affect fibrillatory process. It is there- 
fore considered that the AF substrate is not localized 
to some specific anatomical structures in the RA.

RA substrate modification is usually guided by the 
local atrial electrograms, such as continuous activ- 
ity (6). In the posterior RA, CFAE is commonly dis- 
played.   When radiofrequency (RF) energy is de- 
livered in the posterior wall of the RA, an ablation 
catheter is dragged from the superior vena cava to 
the inferior vena cava.  This ablation lesion is often 
called as an “intercaval line”.  Organization of the 
local atrial activity is an optimal endpoint. Howev- 
er, this ablation technique may inadvertently result 
in conduction disturbances between the RA lateral 
wall and interatrial septum. Additionally, cavo-tri- 
cuspid isthmus (CTI) line is frequently ablated for 
the prevention of macro-reentry around the tricus- 
pid annulus in patients with persistent AF.  If the 
intercaval line and CTI line become blocked, the 
anterior wall of the RA will be the sole pathway of 
the activation wavefront from the sinus node to the 
AV node. CTI ablation may alter slow pathway of 
the AV node also (7). After catheter ablation in the 
posterior wall of the RA and CTI, a conduction dis- 
turbance in the anterior wall or antero-septum of 
the RA or injury of fast pathway can result in con- 
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duction block between the atrium and AV node.

Complete conduction block in the normal atrial tis-
sue is often infeasible, because of the require- ment 
for a considerable amount of RF energy to be de-
livered.  However, we can readily achieve com- 
plete conduction block in the injured atrial tissue, 
such as with spontaneous scarring or iatrogenic 
scarring associated with previous cardiac surgery 
or previously ablated lesions.  Patients who have 
undergone previous ablation or cardiac surgery are 
at increased risk of conduction block between the 
atrium and AV node during catheter ablation. It is 
important to know the prior lesion set before the 
catheter ablation for the prevention of this com- 
plication. Administration of antiarrhythmics may 
exacerbate  intra-atrial  conduction  disturbances.

There have been some reports of atrium-AV node 
conduction block occurring during catheter abla- 
tion of persistent AF. One was a case of a patient who 
had myocarditis and previously underwent Maze 
procedure (8). RF delivery from the lateral wall to 
the posterior wall of the RA resulted in atrium-AV 
node conduction block.  Presumably, this patient 
had had conduction block along the intercaval line 
and anterior wall of the RA. This conduction block 
may have been due to the lesions deployed in the 
prior Maze procedure and possibly also have been 
due  to  spontaneous  scarring  from  myocarditis.

In another report, atrium-AV node conduction 
block occurred during CTI ablation in a repeat pro- 
cedure (9). This patient had previously undergone 
extensive ablation, particularly in the interatrial 
septum. The prior RF lesions in the interatrial sep- 
tum might have blocked the connection between 
the interatrial septum and AV node or fast path- 
way of the AV node.  Then, CTI ablation blocked 
the last connection between the RA and AV node 
or slow pathway.  In both cases, pacemaker was 
not implanted.   Former patient had recurrence of 
AF 3 weeks after the procedure, and latter patient 
was in junctional rhythm with heart rate of 50 bpm.

Prevention of Atrium-Atrioventricular Node 
Conduction Block

To identify risk factors is useful for the prevention 
of atrium-AV node conduction block.  Prior cardiac 
surgery or extensive atrial ablation in the RA is a 
risk factor.   In addition, patients with atrial myo-
cardial disease such as myocarditis, or significantly 
enlarged RA are at risk.   The prolonged PR interval 
or slow ventricular response during AF may sug-
gest preexisting conduction distur- bances between 
the sinus node and AV node or within the AV node.  
In such patients, therefore, a voltage map using a 
3D mapping system before catheter ablation would 
be helpful to identify intra-atrial conduction distur-
bances (figure A & B).   Low-voltage atrial tissue may 
represent the local conduction block or the presence 
of injured  atrial tissue where RF delivery can block 
local conduction.  Thus, care must be taken when RF 
is delivered in the low-voltage areas.  If low-voltage 
areas are distributed extensively in the RA, sub- 
strate modification in the RA is not recommended.

Conclusions

Figure A: : Postero-lateral view of an activation map of the 
right atrium (RA) during sinus rhythm using CARTO system 
in a patient with prior cardiac surgery

The blue dot represents the earliest activation site at the mid-
dle of the posterior RA.
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Figure B:  A bipolar voltage map of the RA during sinus 
rhythm in the same patient as shown in figure A.

The purple represents areas with bipolar voltages of ≥0.5mV. 
Low-voltage areas (<0.5mV) were present in the posterior 
and lateral wall of the RA including the sinus node.  A linear 
lesion connecting two low-voltage areas (red lines) may re-
sult in atrium-AV node conduction block.

The development of ablation techniques and tech- 
nologies has enabled us to maintain sinus rhythm 
even in patients with extensive atrial substrates. Suc-
cessful catheter ablation in such patients re- quires 
extensive bi-atrial ablation, which may ad- versely 
result in conduction block between the atri- um and 
AV node after restoration of sinus rhythm. The pre-
existing spontaneous or iatrogenic scarring, which 
can be evaluated by a 3D voltage map, is asso- ci-
ated with such a complication. The evaluation of 
the PR interval during sinus rhythm or ventricular 
rate during AF is also useful for estimating the risk
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Abstract

A large percentage of patients with hypertension suffer from atrial fibrillation (AF). The concomitance 
of both conditions in the same patient markedly increases cardiovascular risk. Therefore, prevention of 
new-onset AF in hypertensive population should be a relevant target.

High blood pressure promotes structural and electrophysiological changes in the heart that promote the 
develop- ment of AF. Thus, the most important therapeutic approach to prevent incident AF in hyperten-
sive population is to reduce blood pressure values to recommended goals. However, in specific condi-
tions, some antihypertensive agents may provide additional benefits beyond blood pressure reduction, 
such as in hypertension with left ven- tricular hypertrophy with renin angiotensin system blockade. On 
the other hand, in patients with hypertension and permanent AF, beta blockers and nondihydropiridine 
calcium antagonists (verapamil and diltiazem) play an important role.

Antihypertensive agents may provide beneficial effects on incident AF, regardless of the presence of hy-
perten- sion. Thus, renin angiotensin system inhibitors may reduce new-onset AF in patients with heart 
failure or after the cardioversion of persistent AF. On the other hand, the preoperative administration of 
beta blockers may re- duce the incidence of postoperative AF in some patients.

In this manuscript, the available evidence about the effects of different antihypertensive agents on new-
onset AF in different populations is reviewed.
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affects 1–2% of subjects. However, due to the 
con- tinuous ageing of the population, it is very 
likely that these numbers will increase in the fol-
low- ing 50 years .1-3 Remarkably, the presence of 
AF doubles the mortality rates and is associated 
with a greater risk of stroke and heart failure. 4,5

Introduction

Atrial fibrillation (AF) is the most frequent sus- 
tained arrhythmia in clinical practice. The prev- 
alence  of AF  increases  with  age,  from  0.5%  at
40–50 years, to 5–15% at 80 years. Overall, it 
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Hypertension is one of the main cardiovascu-
lar risk factors. However, hypertension does not 
only increase the risk of developing ischemic 
heart dis- ease, heart failure, stroke or renal insuf-
ficiency, but also is a risk factor for incident AF 
and for AF-related complications such as stroke 
and sys- temic thrombo-embolism .6 In fact, hyper-
ten- sion is the most important risk factor for AF on
a population basis. Thus, although diabetes con- 
ferred a 1.4- (men) and 1.6-(women) fold risk, and 
hypertension a 1.5- and 1.4-fold risk, respective-
ly, because of its high prevalence in the popula-
tion, hypertension was responsible for more AF in 
the population (14%) than any other risk factor.7

Hypertension and AF are closely related. A sig- 
nificant proportion of hypertensive patients will 
develop AF, and vice versa, hypertension is a very 
common condition in patients with AF. Hyper-
ten- sion causes structural and electrophysiologi-
cal changes in the heart that promote the devel-
opment of AF .8 This issue is very relevant, since 
the con- comitance of both markedly increases the 
risk of cardiovascular outcomes .6 However, does 
anti- hypertensive treatment change the clinical 

course and the prognosis of patients with hyper-
tension and AF? In this review, the available evi-
dence about the relationship between these condi-
tions and the best therapeutic approach is analyzed.

Epidemiology,   clinical   profile  of   patients 
with hypertension and atrial fibrillation and 
risk factors for developing atrial fibrillation

The presence of hypertension increases the risk of 
development AF. Thus, in a recent study performed 
in primary care in 119,526 outpatients (mean age
52.9±15.2 years; 40.9% male), 7,260 subjects suf-
fered from AF (6.1%). AF was more frequent in 
those pa- tients  with  hypertension  (14%  vs  1.9%;  
p<0.001), 9 and when other comorbidities are present 
in hypertensive population, the risk of AF marked-
ly rises. In a study performed in 2,024 patients with 
chronic ischemic heart disease and hypertension,
338 (16.7%) exhibited AF. 10 On the other hand, 
in patients with AF hypertension is very frequent, 
in- creasing these numbers with the presence of 
other comorbidities. In a cross-sectional study 
performed in 32,051 outpatients and attended by 
1,159 physi- cians specialized in primary-care 

Table1 
Clinical profile of patients with chronic ischemic heart disease and hyperten- sion according to the presence 
of atrial fibrillation and clinical profile of patients with atrial fibrillation, according to the presence of hyper-

tension (adapted from 9 and 13).

Patients with chronic ischemic heart 
disease and hypertension attended 
by cardiologists

P

Patients with AF attended by
General Practitioners

p
Sinus
Rhythm Atrial Fibrillation

With
Hyper-
tension

With
Hypertension

Age (years) 65.9 71.3 <0.001 72.3 66.7 <0.0001

Gender (men, %) 71.0 54.7 <0.001 52.1 55.5 NS

Hypercholesterolemia (%) 79.5 72.2 0.02 71.0 66.0 0.048

Diabetes (%) 30.1 44.6 <0.001 35.6 10.4 <0.0001

Ischemic heart disease (%) 100 100 NS 22.0 5.6 <0.0001

Heart failure (%) 13.6 42.9 <0.001 22.5 6.1 <0.0001

Peripheral arterial disease 
(%) 14.6 22.2 0.001 10.0 5.1 <0.0001

Renal disease (%) 9.9 25.3 <0.001 12.3 4.1 <0.0001

Stroke (%) 6.9 16.3 <0.001 11.5 5.1 <0.0001



Journal of Atrial Fibrillation Featured Review           

 www.jafib.com 25 Dec 2011-Jan 2012 | Vol 4 | Issue 4                          

(79%) and cardiol- ogy (21%) in Spain, arterial 
hypertension was diag- nosed in 25% of the pa-
tients with AF [11]. In a study performed in 756 
patients with AF in France, car- diac disorders were 
present in 534 patients (70.6%), being hyperten-
sion (39.4%), coronary artery dis- ease (16.6%), 
and myocardial diseases (15.3%), be- ing the most 
common causes [12]. In another study developed 
in a Primary Care setting in Spain, 92.6% of pa-
tients with AF had history of hypertension [9].

But, does the clinical profile differ according to the 
presence of AF in patients with hypertension and 
vice versa according to the presence of hy- perten-
sion in subjects with AF? Different studies have 
analyzed this issue. In patients with AF, the pres-
ence of hypertension was associated with a high-
er proportion of hypercholesterolemia, dia- betes 
mellitus, metabolic syndrome, sedentary life style, 
as well as more vascular diseases (heart fail- ure, 
ischemic heart disease, cardiac valve diseas- es, 
renal insufficiency, stroke, peripheral arterial dis-
ease and advanced retinopathy) [9]. Similarly, 
the  presence  of  AF  in  patients  with  hyper-
ten- sion and chronic ischemic heart disease was 
as- sociated with more diabetes and comorbidities 
(Table 1) [13]. This worse clinical profile found 
in  patients  with  hypertension  and AF  may  ex- 
plain at least in part the increased mortality rates 
of  this  population  [14].  Thus,  not  surprisingly, 
the death rates are doubled by AF, independent- 
ly of other known predictors of mortality [5,15].

These data clearly show that AF is in-
creased   in   patients   with   hypertension.   But, 
which factors increase the likelihood of de- vel-
oping   AF   in   patients   with   hypertension?

Blood pressure control is crucial to improve car- 
diovascular prognosis in hypertensive popula- tion. 
Even small elevations above optimal blood pres-
sure values increase the probability of cardio- vas-
cular disease. In 1990, MacMahon et al. dem- on-
strated that blood pressure reduction was criti- cal 
to decrease the risk of cardiovascular outcomes and 

preventing major coronary events [16]. How- ever,  
although  blood  pressure  control  is  neces- sary, 
clinical practice guidelines agree that the aim of 
therapeutic approach in hypertensive popula- tion 
should not only be to control blood pressure but to 
reduce cardiovascular risk. Thus, a multi- facto-
rial intervention is necessary to actually im- prove  
cardiovascular  prognosis  in  this  popula- tion, 
including the reduction of new-onset AF [17].

In a study that included 34,221 women participat- 
ing in the Women’s Health Study, after 12.4 years of 
follow-up, 644 incident AF events occurred. Blood 
pressure was strongly associated with incident AF, 
and systolic blood pressure was a better predictor 
than diastolic blood pressure. Even more, systolic 
blood pressure levels within the nonhypertensive 
range were independently associated with incident 
AF [18]. In light of these results, some authors have 
suggested that it should be investigated whether AF 
is a marker of risk or directly a cardiovascular risk 
factor by itself in hypertensive patients and that fu- 
ture hypertension guidelines should assign a more 
important role to AF for cardiovascular risk strati- 
fication in this population [19]. In another study 
aimed to determine whether the risk of incident AF 
among patients treated for hypertension differed by 
the degree of blood pressure control, uncontrolled 
elevated systolic blood pressure and systolic blood 
pressure <120 mm Hg, these variables were asso- 
ciated with an increased risk of incident AF [20].

Unfortunately, the presence of AF is related with 
a worse blood pressure control (Figure 1) [13].

Chronic kidney disease is a powerful predictor 
of cardiovascular morbidity and mortality. Hy-
per- tension is one of the main causes of renal in-
suf- ficiency [17]. In a study performed in 1,118 
hyper- tensive patients, without previous parox-
ysmal AF, heart failure, myocardial infarction, or 
val- vular disease, the complication of chronic kid-
ney disease, especially progressed renal dysfunc-
tion, was a powerful predictor of new-onset AF, 
inde- pendently of left ventricular hypertrophy and 
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left atrial dilatation .21 Moreover, chronic kidney 
disease increases the risk of thromboembolism in 
patients with AF, particularly in patients with hy- 
pertension, which markedly increases morbidity 
and mortality in this population. 22 As a result, to 
reduce the risk of new-onset AF in hypertensive 
patients, one of the goals should be to prevent or 
atleast delay the development of renal dysfunction.

Left ventricular hypertrophy is the most im-
por- tant subclinical cardiac organ damage in hy-
per- tensive population. 23 Its early detection and 
treatment  is  essential  in  clinical  practice,  not 
only because LVH regression is associated with 
a marked improvement in cardiovascular progno- 
sis, but also because it may reduce some poten- 
tially related complications, including AF. 24 In a 
study performed in 2,482 hypertensive subjects, 
after 16 years-period follow-up, a first episode of 
AF occurred in 61 subjects at a rate of 0.46 per 100 
person-years. Age and left ventricular mass (both 
P<0.001) were the sole independent predictors of 
AF. For every 1 standard deviation increase in left 
ventricular mass, the risk of AF was increased 1.20 
times (95% CI, 1.07 to 1.34). AF became chronic in
33% of subjects, and age, left ventricular mass, and 
left atrial diameter (all P<0.01) were independent 
predictors for the development of chronic AF .25 

This is very relevant, since in hypertensive patients 
with left ventricular hypertrophy, the development 
of AF is associated with a worse prognosis, with a 
significant increase of fatal and non-fatal strokes. 
26 As  previously  commented,  left  ventricular 
hypertrophy is associated with an increased risk 
of AF and this association might be in part medi-
ated via left atrial enlargement. Both, left ventricu-
lar hypertrophy and AF independently promote 
left atrial enlargement and left atrial enlargement 
fa- cilitates the development of new episodes of 
AF or chronic AF. It has been reported that persis-
tence or development of new electrocardiographic 
left ventricular hypertrophy during antihyperten-
sive therapy was associated with an increased risk 
of left atrial enlargement after 3-year follow-up, 
and, importantly, regression of left ventricular hy-
per- trophy  was not associated with an increased 
risk of left atrial enlargement. 27 With these results, 
authors suggested that these findings provided in- 
sight into a potential mechanism by which chang- 
es in left ventricular hypertrophy were associated 
with changing risk of developing AF. Moreover, 
it has been demonstrated that left atrial diameter/ 
height predicts risk of cardiovascular events inde- 
pendent of other clinical risk factors in hyperten- 
sive patients with left ventricular hypertrophy. 28

Finally,  different neuro-hormonal  systems,  such 
as renin-angiotensin system and sympathetic sys- 
tems have been implied in the development of AF 
29,30 Structural remodeling may be the main ar- 
rhythmogenic substrate perpetuating AF. Fibrosis, 
inflammation and oxidative stress appear strongly 
interconnected in the pathogenesis of remodeling- 
induced abnormalities in AF. Although drugs that 
block the renin-angiotensin system do not have a 
direct antiarrhythmic effect, it has been observed 
that atrial remodeling is at least partially induced 
by activation of the renin-angiotensin system. 
29As a result, the aim of the inhibition of the renin
-angiotensin system is to limit the structural re- 
modeling of the atrium in AF and secondarily, if
possible, to have a preventive effect on the occur- 
rence of AF in at-risk patients, such as those with
hypertension, heart failure or ischemic heart dis- 
ease.31-33 AF  occurs  frequently  after  cardiac

Figure 1: Blood pressure control rates in patients with hyper-
tension and chronic ischemic heart disease according to the 
presence of atrial fibrillation (adapted from 13).
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surgery. In this context, the inhibition of sym- 
pathetic system may play an important role, as 
the use of beta blockers has been related with an 
amelioration of ischemia, an anti-inflammatory ef-
fect, and inhibition of sympathetic hypertonia in 
this context [34]. On the other hand, the sym- pa-
thetic nerve density endocardially and epicar- di-
ally  is  significantly higher  in  rheumatic  heart 
disease patients with AF when compared with 
rheumatic heart disease patients without AF .30

Therapeutic approach in hypertensive pa-
tients to prevent new-onset atrial fibrillation

Although attaining blood pressure goals should 
be the first target in the whole hypertensive pop- 
ulation,  and  in  this  context  diuretics,  angio-
ten- sin-converting enzyme inhibitors, calcium 
an- tagonists, angiotensin receptor antagonists, 
and beta-blockers have been considered suitable 
for initiation  of  antihypertensive  treatment,  as  
well as for its maintenance, in specific situations, 
some antihypertensive  agents  could  provide  an  
ex- tra benefit .35 On the other hand, the effects 
of some of these drugs on the prevention of new- 
onset AF have been analyzed in different clinical 
scenario,  not  only  in  hypertensive  population.

Several studies have reported that the preopera- tive 
administration of beta blockers leads to an effective 
modulation of severe blood pressure fluctuations 
and a reduction in the incidence of postoperative AF.  
When  an AF  episode  occurs, although pharmaco-
logical or electrical cardiover- sion is an option, the 
use of intravenous digoxin, diltiazem, or beta block-
ers may be helpful to slow the ventricular response. 
In this context, digitalis is the least effective and 
beta blockers are the most effective for controlling 
the ventricular response during AF. Moreover, the 
use of beta blockers has been shown to accelerate 
the conversion of post- operative supraventricular 
arrhythmias to sinus rhythm compared with diltia-
zem. 36-40 Howev- er, not all the beta blockers equal-
ly reduce the risk of AF. Thus, the incidence of post-
discharge AF af- ter coronary artery bypass grafting 
in patients with decreased left ventricular function 
was lesser with bisoprolol  when  compared  with  

carvedilol. 41By contrast, other studies showed that 
carvedilolwas superior to metoprolol in decreas-
ing devel- opment of early postoperative AF after 
coronary artery bypass grafting. 42,43 Moreover, in 
heart failure  trials,  carvedilol  compared  to  meto-
pro- lol decreased the risk of progression to AF .44

The effects of renin-angiotensin system inhibitors 
on prevention of new-onset AF have been specifi- 
cally analyzed in patients with heart failure. Thus, 
in TRACE (Trandolapril Cardiac Evaluation), 
the effects of trandolapril on the incidence of AF 
in patients with reduced left ventricular function 
sec- ondary to acute myocardial infarction was 
evalu- ated.45 Of the 1,749 patients included in the 
TRACE study, 1,577 had sinus rhythm on the elec- 
trocardiogram recorded at randomization. Dur- ing 
the 2- to 4-year follow-up period, significantly 
more patients developed AF in the placebo group 
than in the trandolapril group (5.3% versus 2.8%, 
respectively, P<0.05). Trandolapril significantly re- 
duced the risk of developing AF (RR 0.45; 95% CI,
0.26-0.76; P<0.01) [45]. In a retrospective analy-
sis of the patients from the Montreal Heart Institute 
(MHI) included in the Studies Of Left Ventricular 
Dysfunction (SOLVD), after a mean follow-up of
2.9 years, 5.4% in the enalapril group and 24% in the 
placebo group (P<0.0001) developed AF (HR 0.22;
95% CI 0.11-0.44; P<0.0001).46 In Valsartan Heart 
Failure Trial (Val-HeFT), the occurrence of AF was 
evaluated based on adverse event reports in the 
patients with HF.47 During the mean 23 months of 
follow-up, AF was reported in 5.12% of patients al-
located to valsartan and in 7.95% of those allocat- 
ed to placebo, p =0.0002. Valsartan treatment was 
independently associated with AF occurrence (HR
0.63, 95% CI 0.49-0.81) .47 In the Candesartan in 
Heart Failure: Assessment of Reduction in Mortal- 
ity and Morbidity (CHARM) program, from 7,601 
patients with symptomatic chronic heart failure 
and  reduced  or  preserved  left  ventricular  sys- 
tolic function, 6446 patients (84.8%) did not have 
AF on their baseline electrocardiogram. Of these,
392 (6.08%) developed AF during follow-up, 177 
(5.55%) in the candesartan group and 215 (6.74%) 
in the placebo group (OR 0.81, 95% CI 0.66-0.99, 
P = 0.048). After adjustment for baseline covari- 
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of the study [51]. The STOP-2 (Swedish Trial in 
Old Patients With Hypertension-2) trial was a pro- 
spective, randomized trial performed in 6,614 pa- 
tients aged 70-84 years with hypertension (blood 
pressure ≥180 mm Hg systolic, ≥105 mm Hg dia- 
stolic, or both). Patients were randomly assigned 
to conventional antihypertensive therapy (ateno- 
lol 50 mg, metoprolol 100 mg, pindolol 5 mg, or 
hydrochlorothiazide  25  mg  plus  amiloride  2.5
mg daily) or “newer” drugs (enalapril 10 mg or 
lisinopril 10 mg, or felodipine 2.5 mg or isradipine
2-5 mg daily). As in STOP-2, no differences were
found in the incidence of AF along the study. 52

L`Allier et al. performed a retrospective, longitu- 
dinal cohort study from a database of 8 million 
people in the U.S. Hypertensive patients age ≥18 
years were included if they filled a prescription for 
either an angiotensin-converting enzyme inhibi- 
tor or a calcium channel blocker. A total of 10,926 
patients were analyzed. The main results of this 
study showed that angiotensin-converting enzyme 
inhibition was associated with a reduced incidence 
of AF for patients with hypertension in usual care 
setting. 53 In the LIFE (Losartan Intervention For 
End Point Reduction in Hypertension) study, 9,193 
hypertensive patients with electrocardiographic 
left ventricular hypertrophy were randomized to 
once-daily losartan- or atenolol-based antihyper- 
tensive therapy. A total of 8,851 patients without 
AF by electrocardiogram or history, were followed 
for 4.8 years. The main findings were that in this 
population, new-onset AF and associated stroke 
were   significantly  reduced   by   losartan-   com- 
pared to atenolol-based antihypertensive treat- 
ment with similar blood pressure reduction .54

Fogari et al. evaluated the effect of losartan com- 
pared with amlodipine, both associated with ami-
odarone, in preventing the recurrence of AF in 
hypertensive patients with a history of recent par- 
oxysmal AF. After 12 months of follow-up, blood 
pressure values were significantly reduced by both 
losartan (from 151.4/95.6 to 135.5/83.7 mm Hg, P
<  0.001  versus  baseline)  and  amlodipine  (from
152.3/96.5 to 135.2/83.4 mm Hg, P < 0.001 versus
baseline), with no difference between both groups.

ates, the odds ratio was 0.80 (95% CI 0.65-0.99, P
= 0.039). Remarkably, there was no heterogene- 
ity of the effects of candesartan in preventing 
AF between the 3 component trials (P = 0.57). 48

Another clinical scenario is the prevention of new 
AF episodes and the maintenance of sinus rhythm 
after cardioversion. In a study that included pa- 
tients  with  an  episode  of  persistent  AF  for  
>7 days and scheduled for electrical cardiover-
sion, two groups of patients were compared: Group
I was treated with amiodarone, and Group II was
treated with amiodarone plus irbesartan. The
Kaplan-Meier analysis of time to first recurrence
during the follow-up period (median time 254
days) showed that patients treated with irbesartan
had a greater probability of remaining free of AF
(79.52% versus 55.91%, P=0.007). 49 In another
study aimed to assess whether enalapril could im- 
prove cardioversion outcome and facilitate sinus
rhythm maintenance after conversion of chronic
AF, patients were randomly allocated to receive
amiodarone or amiodarone plus enalapril 4 weeks
before scheduled external cardioversion. After a
median follow-up of 270 days, those allocated to
enalapril showed a higher probability of remain- 
ing in sinus rhythm (74.3% vs 57.3%, P=0.021). 50

What about hypertensive population? In patients 
with hypertension and permanent AF, beta block- 
ers and nondihydropiridine calcium antagonists 
(verapamil and diltiazem) remain important class- 
es of drugs in order to both control ventricular rate 
and reduce blood pressure values. 17 In patients 
with hypertension at sinus rhythm, the first step to 
reduce the incidence of new-onset AF is to re- duce 
blood pressure values to recommended tar- gets. 
Several trials have tested different antihyper- ten-
sive drugs in this setting. In CAPPP (Captopril 
Prevention Project), 10,985 patients aged 25-66 
years with a measured diastolic blood pressure
≥100 mm Hg on two occasions were randomly 
assigned to captopril or conventional antihyper- 
tensive treatment (diuretics, beta-blockers). Af-
ter a mean follow-up of 6.1 years, no significant 
dif- ferences were found between groups in the 
inci- dence of new-onset AF, a secondary endpoint 
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At least one ECG-documented episode of AF was
reported in 13% of the patients treated with losar-
tan and in 39% of the patients treated with am-
lodipine, P<0.008 [55]. In the VALUE (Valsartan
Antihypertensive Long-Term Use Evaluation) tri-
al, a total of 15,245 hypertensive patients at high
cardiovascular risk received valsartan 80-160 mg/
day or amlodipine 5-10 mg/day combined with
additional antihypertensive agents. During anti-
hypertensive treatment, the incidence of at least
one documented occurrence of new-onset AF was
3.67% with valsartan and 4.34% with amlodipine
(HR 0.843, 95% CI 0.713-0.997; P = 0.0455) [56]. In
HOPE (Heart Outcomes Prevention Evaluation),

among 8,335 high-risk participants ≥ 55 years 
(47% with hypertension), without known heart 
failure or left ventricular systolic dysfunction and 
fol- lowed for a median period of 4.5 years, ramipril 
did not significantly reduce the rate of new AF 
compared with placebo (2.0% vs 2.2%; OR 0.92;
95% CI 0.68-1.24; P = 0.57) [57]. In the ONTAR-
GET (Ongoing Telmisartan Alone and in Com-
bination With Ramipril Global Endpoint Trial) 
study, which included more than 25,000 patients 
who had vas- cular disease or high-risk diabetes 
without heart failure (69% with hypertension), the 
incidence of new-onset AF, a predefined second-
ary endpoint, was similar in patients treated with 
ramipril (6.9%) and telmisartan (6.7%) [58]. In 
the TRANSCEND (Telmisartan Randomized As-
sessment Study in ACE Intolerant Subjects With 
Cardiovascular Dis- ease) trial including patients 
with vascular disease or high-risk diabetes with-
out heart failure, intol- erant to angiotensin-con-
verting enzyme inhibi- tors 76% of them with hy-
pertension, no significant differences were found 
between telmisartan and placebo in the incidence 
of new-onset AF [59]. The GISSI-AF (Gruppo 
Italiano per lo Studio Della So- pravvivenza 
Nell’Infarto Miocardico–Atrial Fibril- lation) 
study was a large, randomized, prospec- tive,  pla-
cebo-controlled,  multicenter  trial  aimed to test 
whether valsartan could reduce the recur- rence 
of AF in patients with underlying cardiovas- cular 
disease, diabetes, or left atrial enlargement (85% 
had hypertension) and who were in sinus rhythm 

but had had either ≥2 documented epi- sodes of 
AF in the previous 6 months or success- ful car-
dioversion for AF in the previous 2 weeks. A total 
of 1,442 patients were enrolled in the study. AF re-
curred in 51.4% of patients treated with val- sartan 
group and in 52.1% of patients treated with pla-
cebo (HR 0.97; 95% CI 0.83-1.14; P=0.73) [60].

In another study aimed to determine the relative 
risk for incident AF among hypertensive patients 
who received antihypertensive drugs from dif- fe-
rent classes, 4,661 patients with AF and 18,642 
matched control participants from a population 
of 682,993 patients treated for hypertension were 
included  for  the  analysis.  Patients  with  clini- 
cal risk factors for AF were excluded. Long-term 
therapy with angiotensin-converting enzyme in- 
hibitors (OR 0.75; 95% CI 0.65-0.87), angiotensin 
II-receptor blockers (OR 0.71; 95% CI 0.57-0.89),
or beta-blockers (OR 0.78; 95% CI 0.67-0.92) was
associated with a lower risk for AF than current
exclusive therapy with calcium channel blockers
[61]. A population-based case-control study aimed
to determine whether antihypertensive treatment
with angiotensin-converting enzyme inhibitors/
angiotensin II-receptor blockers or beta-blockers,
compared with diuretics, was associated with the
risk of incident AF in a community practice set- 
ting, showed that single-drug users of angioten- 
sin-converting enzyme inhibitors/ angiotensin II- 
receptor blockers had a lower risk of incident AF
compared with single-drug users of a diuretic (OR
0.63; 95% CI 0.44-0.91), while single-drug use of
beta-blockers was not significantly associated with
lower AF risk (OR 1.05; 95% CI 0.73-1.52). Also,
none of the most commonly used two-drug regi- 
mens was significantly associated with AF risk, in
comparison with single-drug use of diuretic [62].

A number of meta-analyses have studied the ef- 
fects  of  renin-angiotensin  system  inhibition  on 
the prevention of new-onset AF [63-65]. Healey et 
al. analyzed a total of 11 studies, which included
56,308 patients: 4 in heart failure, 3 in hyperten- 
sion, 2 in patients following cardioversion for AF, 
and  2  in  patients  following  myocardial  infarc- 
tion.  Overall,  renin-angiotensin  system  inhibi- 
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tors reduced the relative risk of AF by 28% (95% 
CI  15%-40%,  p  =  0.0002).  Reduction  in AF  
was similar between angiotensin converting en-
zyme inhibitors and angiotensin receptor blockers 
and was greatest in patients with heart failure (rela- 
tive risk reduction 44%, p = 0.007). Despite there 
was no significant reduction in AF in the overall 
hypertensive  population  (relative  risk  reduction
12%, p = 0.4), in patients with hypertension and 
left ventricular hypertrophy there was a significant 
reduction of 29% .63 Schneider et al. analyzed a to-
tal of 23 randomized controlled trials with 87,048 
patients. Overall, renin-angiotensin system inhibi- 
tors reduced AF by 33% (p < 0.00001), but there

was substantial heterogeneity among trials. In pri- 
mary prevention, renin-angiotensin system inhi- 
bition was effective in patients with heart failure 
and those with hypertension and left ventricular 
hypertrophy but not in post-myocardial infarction 
patients. In secondary prevention, renin-angioten- 
sin system inhibitors were often administered in 
addition to antiarrhythmic drugs, including ami- 
odarone, further reducing the odds for AF recur- 
rence after cardioversion by 45% (p = 0.01) and in 
patients on medical therapy by 63% (p < 0.00001) 
(Table 2). 64. More recently, Huang et al. analyzed
21 clinical trials including 91,381 patients and 5,730
AF  events.  Renin-angiotensin  system  inhibitors
reduced the relative risk of AF by 25% (primary
prevention by 24% and secondary prevention by
27%). Relative risk reduction was 0.71 in patients
with hypertension (95%CI: 0.54-0.92), 0.58 in pa-
tients with chronic heart failure (95%CI: 0.39-0.87)
and 0.71 in those with AF (95%CI: 0.52-0.96) .65

Aliskiren is the first oral direct renin inhibi-
tor available, and its current licensed indication 
is es- sential  hypertension. Although  no  clini-
cal  trials have specifically analyzed the effects 
of aliskiren on the prevention of new-onset AF, 
experimen- tal  data  have  reported  that  aliski-
ren  may  have anti-arrhythmic   and   anti-heart   
failure   properties .66 A cross-sectional survey 
has recently suggested that aliskiren might reduce 
the risk of developing permanent AF in patients 

with par- oxysmal or persistent AF. 9 On the other 
hand, it has been suggested that agents with anti-
aldo- sterone properties should be the preferred di-
uret- ics  for  reducing  hypertension  related  AF. 67

Conclusions

Hypertension and AF are closely related. Hyper 
tension causes structural and electrophysiological 
changes in the heart that promote the development 
of AF. The development of AF increases cardio-
vas- cular risk in hypertensive population. As a 
result, all efforts performed to prevent or at least 
delay new-onset AF will result in an important ben- 
eficial effect on the prognosis of this population.

Therefore, to reduce the risk of new-onset AF 
in hypertensive population, the first and most 
im- portant step is to reduce blood pressure lev-
els to recommended targets. The next question to 
be an- swered is whether some antihypertensive 
agents when compared with others could provide 
ad- ditional beneficial effects beyond blood pres-
sure control. The main problem of these studies is 
that the great majority of them are analyses post 
hoc. Moreover, as clinical trials include popula-
tions with different clinical profiles, it is difficult 
to es- tablish clear recommendations in this con-
text. For instance, there are striking differences on 
the re- ported incidences of AF between different 
studies (e.g. Fogari with 39% AF in the control 
group compared to VALUE and HOPE with 4 or 

Table 2

 Effects of renin-angiotensin system inhibi-
tors (angiotensin-converting enzyme inhib-
itors and angiotensin receptor antagonists) 

on occurrence of AF (adapted from 64).

Clinical Situation Odds Ratio 95%CI

Hypertension 
(overall) 0.89 0.75-1.05

Hypertension (LVH) 0.65 0.52-0.80

Heart Failure 0.52 0.31-0.87

Postmyocardial 
Infarction 0.72 0.41-1.27

Postcardioversion 0.55 0.34-0.89



 www.jafib.com 31 Dec 2011-Jan 2012 | Vol 4 | Issue 4                          

Journal of Atrial Fibrillation Featured Review

2 %, respectively) .55-57 Despite that, the available 
evidence supports that in hypertensive patients 
with left ventricular hypertrophy, renin-angioten- 
sin system inhibitors (angiotensin-converting en- 
zyme inhibitors and angiotensin receptor antago- 
nists), have been shown to reduce new-onset AF.

On  the  other  hand,  in  patients  with  hyper-
ten- sion and permanent AF, beta blockers and 
non- dihydropiridine calcium antagonists (vera-
pamil and diltiazem) remain important classes of 
drugs in this context in order to both control ven-
tricu- lar rate and reduce blood pressure values. 
Some antihypertensive agents have shown to be 
ben- eficial in the prevention of AF in some pop-
ula- tions,   regardless   the   history   of   hyper-
tension. Thus, preoperative administration of beta 
block- ers  leads  to  an  effective  modulation  of  
severe blood  pressure  fluctuations  and  a  reduc-
tion  in the incidence of postoperative AF in some 
pa- tients. Similarly, different studies have reported 
that renin-angiotensin system inhibition provides 
substantial benefits in patients with heart failure 
and after the cardioversion of persistent AF, par- 
ticularly when patients also received amiodarone.
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Abstract

Background:
Inflammatory markers (IM) are elevated in atrial fibrillation (AF). However the relation of IM to sub-
strate modificationinAF remains unclear.We sought to assess the relationship of IM to fractio ated atrial 
electrogram (FAE) in patients undergoing AF ablation.

Methods:
At baseline, left atrial (LA) pressure was recorded and peripheral blood was tested for IM. FAE mapping 
wasperformed before and after circumferential pulmonary vein and linear ablation (CPVA-L) and fol-
lowed by FAEablation. Image processing was used to define the FAE areas. AF cycle-length (AFCL) was 
compared between baseline and after ablations from left atrial electrode.

Results:
Older patients had higher cytokine levels. FAE area at baseline (secondary FAE) negatively correlated 
with the levels of interleukin-6 (IL-6, R2= -0.97 and p=0.03) and interleukin-12p70 (IL-12p70, R2= -0.97 
and p=0.03). In addition, a significant reduction in FAE area and index occurred after CPVA-L (p=0.0001). 
FAE after CPVA-L (primary FAE) correlated with left atrial pressure (LAP), [R2 0.5, (p=0.02)]. The AFCL 
(in msec) increased from 135 ± 41 to 149.5+30 (p=ns) after CPVA-L and further increased to 191.5 ± 60 
(p=0.007) after FAE ablation.

Conclusions:
There is a negative correlation of IL-6 and IL-12p70 to baseline FAE, suggesting a possibility of seques-
tration of these cytokines in left atrium. CPVA-L ablation reduces FAE area which when ablated increas-
es AFCL, suggesting that these areas likely represent primary fragmentation due to rotors, triggered by 
atrial stretch as seen by the relation of left atrial pressure and post CPVA-L FAE.
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Introduction

AAtrial Fibrillation (AF) is the most common ar- 
rhythmia and is associated with a significant risk 

of embolism and stroke. Moreover, the prevalence 
of AF is expected to increase substantially in the 
next few decades due to the aging population.1 
While pathogenesis of triggers are well under- 



stood, persistence due to substrate modification is 
less clear.2-5  In early studies with intra-operative 
mapping, Konings found complex signals at sites 
of slow atrial conduction where there were func- 
tional blocks enabling wavelets to pivot.6  These 
areas could represent either continuous re-entry 
phenomenon of fibrillatory waves or overlapping 
segments of adjacent wavelets, and these were 
called  Complex  Fragmented Atrial  Electrogram 
(CFAE).6  These have been shown to be present in 
the left atrium with spatial and temporal stability 
during AF, and could represent substrate modifi- 
cation.7-10   CFAE has been defined as  fractionated 
electrogram  (EGM)  in  the  atrium  composed  of 
two or more deflections and/or perturbation of the 
baseline with prolonged activation complex over 
a 10-s recording period, or an atrial EGM that has 
a very short cycle length (≤120 ms) averaged over 
a 10-s recording period. Nademanee et al. showed 
that these CFAE signals are present in select areas 
of the atrium - around pulmonary veins as well 
as in the roof, septal and mitral annular areas of 
the left atrium.10 Automated algorithms have 
been developed (Endocardial solutions Inc (ESI), 
and CARTO software systems), which take into 
ac- count the duration, amplitude and inter-EGM 
interval displayed as color coded signals. These 
color signals can be quantified using an image 
processing technique. Whether ablation of these 
areas are beneficial to the patient has been con- 
troversial, leading to the quest to differentiate 
pri- mary fractionation from rotors and second-
ary frac- tionation from slowing of conduction.10,11  

Recently in a brilliant study by Narayan et al., the 
authors showed four different types of fraction-
ated atrial electrograms (FAE) by assessment of 
monophasic action potential (MAP). Those with 
discrete MAPs, and shorter cycle length were con-
centrated near the pulmonary veins and posterior 
left atrium.12

Previous studies have demonstrated the corre- 
lation of inflammatory markers (IM) with de- ve-
lopmental  risk  and  persistence  of AF.13   More- 
over,  in  patients  undergoing  AF  ablation,  there 
is a trans-cardiac gradient of interleukin-6 (IL-6)
and C-reactive protein (CRP) levels.14

To directly test the central hypothesis that there 
is a linkage between inflammation and substrate 
modi- fication in AF, we assessed the relation of 

IM to area of FAE signals. To differentiate whether 
FAE areas are involved in the pathogenesis of AF, 
we com- pared AF cycle length (AFCL) before and 
after cir- cumferential pulmonary ablation with 
linear lines (CPVA-L) as previously described as 
well as before and after ablation FAE.15 To iden-
tify whether atrial stretch could cause the initial 
trigger, we assessed the relation of left atrial pres-
sure (LAP) to primary frag- mentation that was 
revealed after CPVA-L ablation.

Methods

The study protocol was approved by the UC Da-
vis Institutional Review Board. Patients present-
ing to the electrophysiology laboratory for abla-
tion were enrolled in the study after consent, if 
they were in AF.  At baseline, blood was drawn 
from a periph- eral vein and tested for the levels 
of inflammatory markers (IM). After trans-septal 
punctures, left atrial pressure (LAP) was recorded, 
pulmonary vein mapping (Lasso, Biosense Web-
ster Inc.) and thermo-cool (3.5 mm open irrigated 
Biosense-Web- ster Inc.) ablation catheters were 
placed in the left atrium. Electro-anatomic and 
FAE mapping were performed with lasso and ab-
lation catheters, us- ing ESI Navix software. The 
software consists of an algorithm wherein the in-
tervals between elec- trograms and duration of the 
short interval electro- grams are color coded and 
displayed on the screen.

A minimum time interval between electro-
gram deflections of 20 msec was selected as 
the refracto- ry period in the software in order 
to avoid double counting of the electrograms. 
Low and high cut- off values, 50 and 120 msec 
electrogram intervals respectively, were cho-
sen as measurements of FAE boundary. Those 
areas between the 20msec and 50 msec interval 
appear white, and those above 120 msec in-
tervals appear purple. The intermediate inter-
vals appear in various shades of color as pro-
grammed by the manufacturer. EGMs were 
recorded for at least 4 seconds at each point. 
CPVA-Lablation was performed,15  if patients 
remained in AF, FAE maps were reconstruct-
ed  and additional ablation of these areas was 
performed. Patients still remaining in AF were 
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then cardioverted to normal sinus rhythm. We 
excluded patients who were in sinus rhythm 
when they presented to the electrophysiology 
laboratory, those patients with-out good qual-
ity FAE maps, and those with active infection 
or chronic inflammatory process. Mean AFCL  
was  assessed  by  recording  intra-cardiac 
EGM from a Prucka recording system at 100 
mm/sec speed for 2.4 sec. AFCL was averaged 
for all the EGM intervals recorded during this 
period (17 ± 6 cycles) from left atrial coronary 
sinus electrodes.

Inflammatory marker analysis:

Plasma samples were collected and stored at 
-70°C until assayed. Plasma IM was analyzed
using a Cytometric Bead Array kit (CBA hu-
man inflammation kit, BD Biosciences). Briefly
thawed plasma samples were mixed for 2 hours 
at room temperature with florescence-labeled
capture beads with the detection reagents to
measure the concentrations of Interleukin-6
(IL-6), Interleukin-1ß (IL-1ß),Interleukin-8
(IL-8), Interleukin-10 (IL-10), Tumor Necrosis
Factor-α (TNF-α) and Interleukin-12p70 (IL-
12p70). Samples were then washed with buf-
fer and analyzed on a FACS can flow cytom-
eter (BD Immunocytometry Systems). Data
was analyzed using BD Cytometric Bead Ar-
ray Analysis software (BD Immunocytometry
Systems). Measurements  were  performed  by
an  investigator blinded  to  the  patients’  clini-
cal  characteristics.

Image Processing for quantification of FAE: 

Digital image processing is a method used to 
ex- tract cues from pictures and satellite im-
ages.  Pic- tures are converted to a rectangular 
grid of pixels using a process known as digi-
tization or rasterization. The pixels are then 
processed using tech- niques such as segmen-
tation, thresholding and histogram, which 
are automated algorithms available on the 
ADOBE Photoshop CS4 ver11.0 ( Adobe Sys- 
tems Inc.) software, to isolate areas of interest 

and boundaries of objects.16 These techniques 
have been extensively applied in the medical 
field to detect tumors and other conditions 
in patients.  We used this method to quan-
tify FAE area (FAEA) from the map obtained 
during ablation. All FAE maps ob- tained by 
CFAE software (ESI Inc.), were stored as an 
image file for analysis using Adobe photo-
shop software. FAEA from the roof, septum, 
anterior wall, posterior wall, base, pulmo-
nary veins and lat- eral wall were quantified, 
by outlining regions with purple color which 
represent normal area (NAr ). Then the entire 
left atrium was outlined to calculate the total 
area (TA). FAEA is calculated by subtrac- tion 
of normal area from the total area (TA-Nar ). 
Fractionated Area Index (FAI) was calculated 
as the percentage of FAEA to the total area 
(TA-Nar/TA x100) to avoid variations related 
to gain in the im- age display. The measure-
ments were performed by the investigator 
who was blinded to clinical data.

Continuous data are presented as mean ± S.D 
and categorical data as proportions. Paired 
comparison was performed for statistical 
comparison of repeated measures. Linear re-
gression was used to assess correlation of IM 
and FAEA. Correlation was consid- ered sig-
nificant if p < 0.05. All data analyses were per-
formed using SAS version 9.1.3 (Cary, NC).

Results

Twenty one patients undergoing ablation, 
with AF as the presenting rhythm, were in-
cluded in the study. AF history was present 
for a duration of 46 + 33 months. Six were 
excluded due to poor quality maps. Of the 
14 patients, six patients con- verted to sinus 
rhythm after CPVA-L and the rest had FAE 
map repeated and these areas were tar- geted 
for ablation. Eleven patients had adequate 
blood samples available for IM analysis. 
Base- line characteristics of the patients are 
described in Table 1 including the levels of 
IM. Mean age was 61.5 ± 8.1 years and 75% 
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of the patients were male. A majority of the 
patients had a history of hypertension, had a  
left atrial size of 46.9 ± 8.1 mm and a mean 
LAP  14 + 6 mm Hg. Eleven of them were on 
anti-arrhythmic agents; all anti-ar- rhythmic 
drugs except amiodarone were stopped five 
half lives before the procedure. There was no 
significant difference between the baseline 
TA in the pre- and post-ablation maps, thus 
validating the consistency of the image pro-
cessing analysis. At baseline, the mean FAEA 
was 130.7 ± 51.7 K pixels, FAI was 46.7 ± 15.1% 
and AFCL was 135± 41 msec. There was no 
significant correlation between pre-ablation 
FAEA, FAI or AFCL to the covariates - gen-
der, age, hypertension, diabetes, duration of 
AF, body mass index (BMI), left ven- tricu-
lar  ejection  fraction  (LVEF),  left  atrial  size 
or anti-arrhythmic therapy.   Age of the pa-
tients positively correlated with the levels of 
IL-8, IL10, TNF-α and IL-6, IL12p70 (p<0.05) 
(Fig1A&B). In addition, in patients who failed 
to convert after CPVA-L (n=5) in who IM was 
available, there was a negative correlation 
noted between baseline FAEA and IL-6 (R= 
-0.97, p=0.03) and IL-12p70 (R= -0.90, p=0.03)
(Fig 2). After CPVA-L, there was a signifi- cant
reduction in FAEA from 130.77 ± 52 to 57.45±

62 K pixels (56% reduction) (p=0.0002) and 
FAI from 46.7 ± 15.1% to 20.8 ± 18% (p=0.0001) 
(Table 2, Fig 3A&B). The LAP correlated bet-
ter with FAEA after CPVA-L [R2 0.5, (p=0.02)] 
than FAEA before CPVA-L [R2 0.3, (p=0.05)] 
(Fig4 A&B) but not to IM levels. Subsequently, 
the eight patients remain- ing in AF had abla-
tion of the FAEA. After CPVA- L, the AFCL in-
creased from 135 ± 40.8 to 149.5±30 (p=ns) and 
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Table 1 Baseline Patient Characteristics

Total number of patients 14

Age (years) 61.5+ 8.1
Gender 75% male

Hypertension 75%

Diabetes 25%

Left atrium size (mm) 46.9 ± 8.1

LVEF 61± 5%

Duration of AF (months) 45.3 ± 33
AARx 42.8%%
IL-8 (pg/ml) 18.8 ± 8.9
IL-1β (pg/ml) 15.6 ± 5.3
IL-6 (pg/ml) 15.0 ± 5.6
IL-10 (pg/ml) 13.7 ± 3.4
TNF-α (pg/ml) 21.3 ± 1.94
IL-12p70 (pg/ml) 32.1 ± 5.7

Figure 1A: Correlation of age and IL-6 levels is shown at base-
line. R2= 0.4, (p=0.04)

Figure 1B: Correlation of age and IL-12p70 levels is shown at 
baseline. R2= 0.74, (p=0.01)



cytokines (IC) is likely from a systemic site, 
as levels were elevated in peripheral venous 
blood but not in pulmonary veins.20  In patients 
undergoing AF ablation, higher levels of IL-6 
and CRP were present if patients were in AF, 
and these markers seem to be sequestrated in 
the heart as seen by the trans-cardiac gradient 
between systemic and coronary sinus blood. 
Thus it has been established that inflammation 
has a role in the pathogenesis of AF.

In  our  study,  age  correlated  with  the  levels  
of IM.   Ageing is a well known risk factor for 
the occurrence of AF, as well as increased mor-
bid- ity and mortality.21   Ageing has been as-
sociated with  enhanced  release  of  cytokines  
and  there- fore has been attributed to many 
age-related illnesses   such   as   cancer.   En-
hanced   cytokine release is due to COX-2 (cy-
cloxygenase 2)-me- diated  release  of  PGE2  
(Prostaglandin  E2)  and up-regulation  of  NF-
ĸB  (Nuclear  Factor-ĸB).22,23

In this study, we also show that there is a 
nega- tive correlation of IL-6 and IL-12p70 to 
baseline FAEA. This is an unexpected find-
ing, contrary to our hypothesis. To conclude 
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after FAE ablation, the mean AFCL increased  
further  to  191.5  ±  60  msec  (p=0.007).

Discussion

The pathophysiology of AF is complex and 
is linked to electrical remodeling of the atrial 
tissue including reduced atrial refractory pe-
riod, loss of rate adaptation, prolongation of 
atrial conductivi- ty, as well as structural re-
modeling such as LA dil- atation and fibro-
sis.17 There are many clinical stud- ies show-
ing a relation of IM to AF.  In the study by 
Henningsen et al. C-reactive Protein (CRP) 
and IL-6 levels were elevated in patients with 
persis- tent AF.18 In the prospective Cardio-
vascular Health Study, patients with CRP in 
the fourth quartile had an odds ratio of 1.8 
for development of AF.19  El- evated levels 
of IL-8 have been shown in patients with per-
manent AF. The source of the inflamma- tory 
Figure 2: Negative correlation of IL 6 (R=-0.97, 
p=0.03) and IL-12p70 (R=-0.90, p=0.03) with 
pre ablation FAEA (Path Pre in the figure)

FAEA- Fractionated Atrial electrogram Area 
in pixels. IL6 and Il12p70 are expressed in pg/
ml.

Table 2 Comparison of pre- and post-ablation data 
from FAE mapping (n=8)

Pre-Ablation

Post-
CPVA-
L abla-
tion

Post FAE 
ablation p

All areas 
(K Pix-
els)

293.17 ± 91.3 277.1 ± 
91.6 0 #ns

FAEA (K 
Pixels) 130.7 ± 51.7 57.45 ± 

62 0 #0.0001

FAI (%) 46.7 ± 15.1 20.8 ± 
18 0 #0.0001

AF CL 
(msec) 135 ± 40.8 149.5 ± 

29.5#
191.5 ± 
60.1*

#ns 
*0.007

Data presented are mean ± S.D.; FAEA, Fraction-
ated atrial electrogram area; FAI, Fractionated 
atrial electrogram Index; AFCL- Atrial fibrillation 
cycle length; # Comparing Pre-ablation and Post 
CPVA-L; *Comparing Pre-ablation and POST 
FAE ablation.



that there is no role for  inflammation,  there  
should  be  no  relation

whatsoever. However due to this negative re-
lationship, we attempt at an explanation. The 
role of IL-6 is multi-factorial. Once produced, 
they can be both pro- and anti-inflammatory. 
IL-6 has been shown to not only stimulate pro-
duction of acute phase proteins such as CRP, 
but also to elicit hu- moral and cellular response 
and may represent a key factor in the transi-
tion from acute to chronic inflammation.24-26  
On the other hand, when com- pared to IL6 

+/+ mice, IL6 -/- mice have enhanced produc-
tion of inflammatory cytokines in response 
to endotoxin and have higher mortality thus 
sug- gesting the anti-inflammatory effect of 
IL-6.27 IL-12

family of cytokines is a major regulator of T 
cell response in inflammation. The molecule 
contains two subunits, p35 and p40, which to-
gether form the bioactive IL-12p70.28  When 
produced by mac- rophages and monocytes, 
they activate and differ- entiate T cells. Mac-
rophages have been document- ed to be pres-
ent in atrial tissue samples obtained during 
cardiac surgery in patients with AF.29  It is 
possible that paroxysmal episodes of AF trig-
ger interleukin production which in turn sets 
into mo- tion a chronic inflammatory process 
in the atrial myocardium. Recurrent episodes 
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Figure 3A: Fractionation at baseline

Anterior view of left atrium with automated 
complex fragmented electrogram (FAE) map. 
Map was per- formed pre-ablation while pa-
tient was in atrial fibrillation (AF). Anterior 
view of the left atrium, purple area represents 
absence of FAE signals with electrogram cycle 
length (CL) > 120 msec .White areas indi- cate 
areas with CL between 20-50 msec, and transi-
tion colors are areas with CL between 50-120 
msec

Figure 3B: Fractionation after CPVA-L ablation 
(see text for details)

Post CPVA-L ablation FAE map in anterior 
view of left atrium showing significant re-
duction of abnormal area with predominant 
purple color representing electrogram cycle 
length > 120 msec .



of AF may cause cumulative changes leading 
ultimately to persistent AF. Chronic immune 
cells express IL-10, an anti-inflammatory cy-
tokine which inhibits NF-ĸB resulting in de-
creased production of inflammatory cytokines 
such as IL-6.30, 31 Indeed, the negative cor- rela-
tion between baseline FAEA and IL-6 as well 
as IL-12p70 could perhaps be explained by 
this chron- ic inflammatory state. On the other 
hand, IL-6 and IL-12 p70 could be sequestrat-
ed in the heart and inflammation likely slows 
down local conduction, resulting in fraction-
ation in wide areas of the atri- um. This rela-
tion was not seen in patients who con- verted 
to sinus rhythm after CPVA-L ablation. But to 
truly conclude that sequestration is the reason 
for this negative correlation, further studies 
are re- quired to assess trans-cardiac gradient 
of cytokines.

CPVA-L ablation eliminated the majority of 
FAEA suggesting that these abnormal areas 
are due to secondary fractionation present in 
about half of the left atrium, while ablation 
revealed those pri- mary fractionated areas in 
about a fifth of the left atrium,  which  when  

ablated  caused  prolonga- tion of AFCL. 
Similar to other studies, we found primary   
fragmentation   mostly   around   pulmonary 
veins and posterior wall of LA. We could not 
establish a relation of inflammatory markers 
to  these  primary  fragmented  regions.  The  
rela- tion of inflammation to fractionation in 
AF may represent a new paradigm shift in our 
under- standing of the pathogenesis support-
ing the well documented  phenomenon  of  
“AF  begets  AF”.

We have also shown a correlation of LAP to 
FAEA after CPVA-L. Patients with congestive 
heart failure have an AF prevalence of 20-40% 
which increases morbidity and mortality.32 

Though the mechanism is not clearly under-
stood, it is assumed to be due to elevated LAP 
stretching the atrial chamber, causing cham-
ber dilation.33 It has been shown that acute 
atrial dilation causes activation of stretch-ac- 
tivated cation (I-Sac) current and increases 
suscep- tibility to AF.34 It is also of note that 
volume over- load of the left ventricle due to 
mitral regurgitation is pro-inflammatory and 
is reversed by surgical correction of the pri-
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Figure 4A: Correlation of LA pressure to FAEA 
(Path pre) is shown . R2= 0.3, (p=0.05)

X axis reveals LA pressure and Y axis repre-
sents area in pixels.

Figure 4B: Correlation of LA pressure to FAEA 
(Path pre) is shown . R2= 0.3, (p=0.05)

X axis reveals LA pressure and Y axis repre-
sents area in pixels. FAEA- Fractionated Atrial 
electrogram Area
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mary cause.35  Similar mecha- nism could be 
proposed for AF in the presence of high LAP. 
Elevated LA pressure initiates AF due to pri-
mary fragmentation and likely triggers local 
inflammation resulting  in  secondary  frag-
menta- tion and worsening of AF. Recently 
Lin et al. have shown that elevated CRP levels 
indicate failure of ablation, which corrobo-
rates with our theory.36

Our study is limited by the small number of 
pa- tients; nonetheless, to our knowledge this 
is the first  study  to  assess  the  relation  be-
tween  IM, atrial stretch due to elevated LAP 
and substrate changes in AF. Measurement of 
AFCL was per- formed from left sided coro-
nary sinus electrodes, and  may  not  be  ac-
curate  as  conduction  delays due to ablation 
could have lengthened the AFCL.

In conclusion, there is a negative correlation 
of IL-6 and IL-12p70 to baseline FAE, suggest-
ing a possi- bility of sequestration of these 
cytokines in left atrium. CPVA-L ablation re-
duces FAE area which when ablated increases 
AFCL, suggesting that these ar- eas likely rep-
resent primary fragmentation due to rotors, 
triggered by atrial stretch as seen by the re- 
lation of left atrial pressure and post CPVA-L 
FAE.

Funding Sources

Uma Srivatsa was supported by Mentored 
Clinical Research Training Program through 
the UC Davis Clinical and Translational Sci-
ence Center. Hong  Qiu  is  supported  by  an 
American  Heart Association Western Affili-
ates Postdoctoral Fel- lowship Award. Nipa-
van Chiamvimonvat is supported  by  the  De-
partment  of  Veteran  Affairs Merit Review 
Grant and the National Institutes  of  Health  
Grants  (HL85844,  HL85727).

References

1. Go AS, Hylek EM, Phillips KA, Chang Y, Henault LE, Sel- 

by JV, Singer DE. Prevalence of diagnosed atrial fibrillation in 
adults: national implications for rhythm management and stroke 
prevention: the AnTicoagulation and Risk Factors in Atrial Fibril-
lation (ATRIA) Study. JAMA. 2001;285(18):2370-
2375.
2. Moe GK, Abildskov JA. Atrial fibrillation as a self-sustain-
ing arrhythmia independent of focal discharge. Am Heart
J.1959;58(1):59-70.
3. Haissaguerre M, Shah DC, Jais P, Hocini M, Yamane
T,Deisenhofer I, Garrigue S, Clementy J. Mapping-guided abla-
tion of pulmonary veins to cure atrial fibrillation. Am J Car-
diol. 2000;86(9A):9K-19K.
4. Oral H, Pappone C, Chugh A, Good E, Bogun F, Pelosi F,Jr.,
Bates ER, Lehmann MH, Vicedomini G, Augello G, Agricola E,
Sala S, Santinelli V, Morady F. Circumferential pulmonary-vein
ablation for chronic atrial fibrillation. N Engl J Med.
2006;354(9):934-941.
5. Scherlag BJ, Nakagawa H, Jackman WM, Yamanashi
WS,Patterson E, Po S, Lazzara R. Electrical stimulation to identify
neural elements on the heart: their role in atrial fibrillation. JIn-
terv Card Electrophysiol. 2005;13 Suppl 1:37-42.
6. Konings KT, Smeets JL, Penn OC, Wellens HJ, Allessie
MA.Configuration of  unipolar  atrial  electrograms  during  elec-
trically  induced  atrial  fibrillation  in  humans.  Circula-
tion.1997;95(5):1231-1241.
7. Scherr D, Dalal D, Cheema A, Cheng A, Henrikson CA,Spragg
D, Marine JE, Berger RD, Calkins H, Dong J. Automated detection
and characterization of complex fractionated atrial electrograms
in human left atrium during atrial fibrillation. Heart Rhythm.
2007;4(8):1013-1020.
8. Roux JF, Gojraty S, Bala R, Liu CF, Hutchinson MD, Dixit S,
Callans DJ, Marchlinski F, Gerstenfeld EP. Complex fractionated
electrogram distribution and temporal stability in patients un-
dergoing atrial fibrillation ablation. J Cardiovasc
Electrophysiol. 2008;19(8):815-820.
9. Verma A,  Wulffhart Z,  Beardsall  M,  Whaley  B,  Hill
C,Khaykin Y. Spatial and temporal stability of complex fraction-
ated electrograms in patients with persistent atrial fibrilla-
tionover longer time periods: relationship to local electrogram-
cycle length. Heart Rhythm. 2008;5(8):1127-1133.
10. Nademanee K, McKenzie J, Kosar E, Schwab M, Sunsanee-
witayakul B, Vasavakul T, Khunnawat C, Ngarmukos T. A
new approach for catheter ablation of atrial fibrillation: map-
ping of the electrophysiologic substrate. J Am Coll Cardi-
ol.2004;43(11):2044-2053.
11. Oral H, Chugh A, Yoshida K, Sarrazin JF, Kuhne M, Crawford
T, Chalfoun N, Wells D, Boonyapisit W, Veerareddy S,Billakanty
S, Wong WS, Good E, Jongnarangsin K, Pelosi F, Jr., Bogun F,
Morady F. A randomized assessment of the incre- mental role of
ablation of complex fractionated atrial electro- grams after antral
pulmonary vein isolation for long-lasting persistent atrial fibril-
lation. J Am Coll Cardiol. 2009;53(9):782-
789.
12. Narayan SM, Wright M, Derval N, Jadidi A, Forclaz A,Nault
I, Miyazaki S, Sacher F, Bordachar P, Clementy J, Jais P, Haissa-
guerre M, Hocini M. Classifying fractionated elec-



trograms in human atrial fibrillation using monophasic ac-
tion potentials and activation mapping: evidence for localized 
drivers, rate acceleration, and nonlocal signal etiologies.Heart 
Rhythm.2011;8(2):244-253.
13. Issac TT, Dokainish H, Lakkis NM. Role of inflammation  in
initiation  and  perpetuation  of  atrial  fibrillation:  a systematic
review of the published data. J Am Coll Cardiol.
2007;50(21):2021-2028.
14. Marcus GM, Smith LM, Ordovas K, Scheinman MM, Kim AM,
Badhwar N, Lee RJ, Tseng ZH, Lee BK, Olgin JE. Intracardiac  and
extracardiac  markers  of  inflammation during atrial fibrillation.
Heart Rhythm.2009;7(2):149-154.
15. Pappone C, Rosanio S, Oreto G, Tocchi M, Gugliotta
F,Vicedomini G, Salvati A, Dicandia C, Mazzone P, Santinelli V,
Gulletta S, Chierchia S. Circumferential radiofrequency ablation
of pulmonary vein ostia: A new anatomic approach for curing
atrial fibrillation. Circulation. 2000;102(21):2619-2628.
16. Rosenfeld A, Kak AC. Digital picture processing. 2nd ed. New
York: Academic Press; 1982.
17. Frustaci A, Chimenti C, Bellocci F, Morgante E, Russo MA,
Maseri A. Histological substrate of atrial biopsies in patients with 
lone atrial fibrillation. Circulation. 1997;96(4):1180-1184.
18. Henningsen KM, Therkelsen SK, Bruunsgaard H, Krab be KS, 
Pedersen BK, Svendsen JH. Prognostic impact of hsCRP and IL-6
in patients with persistent atrial fibrillation treated with electrical
cardioversion. Scand J Clin Lab Invest. 2009;69(3):425-432.
19. Aviles RJ, Martin DO, Apperson-Hansen C, Houghtaling PL,
Rautaharju P, Kronmal RA, Tracy RP, Van Wagoner DR,Psaty
BM, Lauer MS, Chung MK. Inflammation as a risk factor for atrial
fibrillation. Circulation. 2003;108(24):3006-3010.
20. Liuba I, Ahlmroth H, Jonasson L, Englund A, Jonsson
A,Safstrom K, Walfridsson H. Source of inflammatory markers
in patients with atrial fibrillation. Europace. 2008;10(7):848-853.
21. Kapa S, Bala R. Ablation of Atrial Fibrillation in the Elderly:
Current Evidence and Evolving nds. Trends. Journal of Atrial Fi-
brillation 2011;6:1-8.
22. Ahmad A, Banerjee S, Wang Z, Kong D, Majumdar AP,Sarkar
FH. Aging and inflammation: etiological culprits of cancer. Curr
Aging Sci. 2009;2(3):174-186.
23. Meydani SN, Wu D. Age-associated inflammatory changes:
role of nutritional intervention. Nutr Rev. 2007;65(12 Pt 2):S213-
216.
24. Gabay  C,  Kushner  I.  Acute-phase  proteins  and  oth-
er  systemic  responses  to  inflammation.  N  Engl  J  Med.
1999;340(6):448-454.
25. Gabay C. Interleukin-6 and chronic inflammation. Arthritis
Res Ther. 2006;8 Suppl 2:S3.
26. Kaplanski G, Marin V, Montero-Julian F, Mantovani A, Far-
narier C. IL-6: a regulator of the transition from neutrophil to
monocyte recruitment during inflammation. Trends Immunol.
2003;24(1):25-29.
27. Xing Z, Gauldie J, Cox G, Baumann H, Jordana M, Lei
XF,Achong MK. IL-6 is an antiinflammatory cytokine required
for controlling local or systemic acute inflammatory respons- es.
J Clin Invest. 1998;101(2):311-320.

28. Gee K, Guzzo C, Che Mat NF, Ma W, Kumar A. The IL-12
family of cytokines in infection, inflammation and autoim- mune
disorders. Inflamm Allergy Drug Targets. 2009;8(1):40-
52.
29. Yamashita T, Sekiguchi A, Iwasaki YK, Date T, Sagara
K,Tanabe H, Suma H, Sawada H, Aizawa T. Recruitment of Im-
mune Cells Across Atrial Endocardium in Human Atrial Fibrilla-
tion. Circ J. 2009;74(2): 262-70
30. Saraiva M, O’Garra A. The regulation of IL-10 production by
immune cells. Nat Rev Immunol.2010;10(3):170-181.
31. Wang P, Wu P, Siegel MI, Egan RW, Billah MM. Interleukin
(IL)-10 inhibits nuclear factor kappa B (NF kappa B)activation  in
human  monocytes.  IL-10  and  IL-4  suppress cytokine  synthesis
by  different mechanisms.  J  Biol  Chem.1995;270(16):9558-9563.
32. Pedersen  OD,  Sondergaard  P,  Nielsen  T,  Nielsen  SJ,
Nielsen ES, Falstie-Jensen N, Nielsen I, Kober L, Burchardt H,
Seibaek M, Torp-Pedersen C. Atrial fibrillation, ischaemic heart
disease, and the risk of death in patients with heart failure. Eur
Heart J. 2006;27(23):2866-2870.
33. Jons C, Jacobsen UG, Joergensen RM, Olsen NT, Dixen
U,Johannessen A, Huikuri H, Messier M, McNitt S, Thomsen PE.
The incidence and prognostic significance of new-onset atrial
fibrillation in patients with acute myocardial infarction and left
ventricular systolic dysfunction: A CARISMA substudy.Heart
Rhythm.2010;8(3):342-348.
34.  Kuijpers  NH,  Potse  M,  van  Dam  PM,  Ten  Eikelder HM,  Ver-
heule  S,  Prinzen  FW,  Schotten  U.  Mechanoelectrical  coupling
enhances  initiation  and  affects  perpetuation of atrial fibrillation
during acute atrial dilation. Heart Rhythm.2010;8(3):429-436.
35. Oral H, Sivasubramanian N, Dyke DB, Mehta RH, Grossman
PM, Briesmiester K, Fay WP, Pagani FD, Bolling SF,Mann DL,
Starling MR. Myocardial proinflammatory cytokine expression
and left ventricular remodeling in patients with chronic mitral
regurgitation. Circulation. 2003;107(6):831-837.
36. Lin YJ, Tsao HM, Chang SL, Lo LW, Tuan TC, Hu YF,Udyavar
AR, Tsai WC, Chang CJ, Tai CT, Lee PC, Suenari K, Huang SY,
Nguyen HT, Chen SA. Prognostic implications of the high-sen-
sitive C-reactive protein in the catheter ablation of atrial fibrilla-
tion. Am J Cardiol.2010;105(4):495-501.

 www.jafib.com 43 Dec 2011-Jan 2012 | Vol 4 | Issue 4                         

Journal of Atrial Fibrillation Featured Review



Introduction

Although atrial fibrillation (AF) is the most common
cardiac arrhythmia, no current therapy is ideal for 
the control of this condition .1 Multiple treatment 
options exist, but there is no single modality ef-
fective for all patients. Atrial fibrillation is such a 
complex and composite arrhythmia that it would 
be better regarded as “atrial fibrillations”. Atrial 
fibri lation arises as a result of a complex interac-
tion of triggers, perpetuators and the substrate. 
The recu rence of AF may be partially related to 
a biologic phenomenon known as remodeling, in 
which the electrical, mechanical,and structural 

properties of the atrial tissue and cardiac cells 
are progressively altered, creating a morefavor-
able substrate for AF. 2,3 Atrial remodeling is in 
part a consequence of arrhythmia itself. The ex-
tension of the underlying structural cardiac dis-
ease can also influence the manifestations of AF. 

Atrial electrical remodeling (“first factor”) refers 
to the shortening and reversal of rate adaptation of 
the atrial effective refractory period, which occurs
as a result of AF. In animal models of AF, the time 
course of electrical remodeling (2–3 days) differs 
from the time course of progression to persistent
AF(approximately 1–2weeks),suggesting that 
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Abstract

Atrial fibrillation (AF) arises as a result of a complex interaction of triggers, perpetuators and the sub-
strate. The recurrence of AF may be partially related to a biologic phenomenon known as remodeling, 
in which the electrical, mechanical, and structural properties of the atrial tissue and cardiac cells are 
progressively altered,creating a more favorable substrate. Atrial remodeling is in part a consequence of 
arrhythmia itself. Therefore,to prevent and to treat AF, much attention has been directed to upstream 
therapies to alter the arrhythmia substrate and to reduce atrial remodeling. The renin-angiotensin-aldo-
sterone system (RAAS) plays a keyrole in these strategies. In this review we analyze the experimental 
and clinical evidence regarding the efficacy of RAAS inhibitors in AF treatment. In the primary preven-
tion of AF, meta-analyses have shown that risk of new-onset AF in patients with congestive heart failure 
and left ventricular dysfunction is reduced by RAAS inhibitors, whereas in hypertensive and post–myo-
cardial infarction patients, the results are less evident. In the secondary prevention of AF, some large, 
prospective, randomized, placebo-controlled studieswith angiotensin II-receptor blockers returned neg-
ative results. Unfortunately, the approach of using RAASinhibitors as antiarrhythmic drugs to prevent 
both new-onset and recurrent AF is in decline because negativetrial results are accumulating, with the 
exception of the results in patients with congestive heart failure.
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additional or “second factors” operate in the 
self-perpetuating AF process .3,4 This leads to the 
conclusion that other, more slowly developing-
factors, like atrial dilatation, enlargement of atrial 
myocytes, loss of myofilaments, changes in the 
expression of connections and gap junctions,and
altered composition of the extracellular ma-
trix, must be important for the development of 
the substrate of AF (atrial structural remodel-
ing) .4 Additionally, patients with paroxysmal 
lone AF demonstrate bi-atrial abnormalities 
characterized by structural changes, conduc-
tion abnormalities, and sinus node dysfunction. 5

The  progression  of  atrial alteration  is  a  funda- 

mental component of AF pathophysiology. The 
renin-angiotensin-aldosterone  system(RAAS) 
plays direct and indirect roles in the develop-
ment of the AF substrate 6,7,8 (Figure 1), and 
animal models have demonstrated that inhibi-
tion of RAAS can prevent AF .9-13 The idea of 
modify- ing the evolution of the AF substrate 
is intriguing and has been called “upstream 
therapy” because it affects the cascade leading 
to AF upstream to the final manifestation of 
the arrhythmia. 14 To date, many clinical stud-
ies have tested the effect of RAAS inhibitors as 
upstream therapies, both in the prevention of 
new-onset AF and in the treatment of recurrent 
AF. The aim of the present review is to analyze 
and discuss the possible roles of RAAS inhibi-
tors in atrial remodeling and in AF treatment

RENIN-ANGIOTENSIN-ALDOSTE-
RONE SYSTEM AND ATRIAL FIBRIL-
LATION: EXPERIMENTAL EVIDENCE

The RAAS plays key roles in the morphologi-
cal and functional remodeling of the atrium. 
Angio- tensin II has direct and indirect actions 
on the AF substrate 8 (Figure 1). Its direct ac-
tion on the atri- um leads to calcium overload, 
enhances fibroblast activity, promotes fibrosis 
and atrial enlargement, and favors apoptosis 
and gap junction remodel- ing. 12,15 Its indirect 
effects on the ventricle (left ventricular  hyper-
trophy,  ventricular  fibrosis and abnormal relax-
ation) increase atrial pressure and atrial  stretch. 
Atrial  fibrillation itself  is  a  potent promoter 
of the atrial actions of the RAAS, with the po-
tential to lead to a positive feedback loop of  
further  RAAS  activation  and AF  promotion.

It has been hypothesized that antagonists of the 
RAAS  might  retard  or  reverse  atrial  elec-
trical and structural remodeling. The results in 
animal models  are  controversial.  In  some  ex-
perimen- tal models, the blockade of the activa-
tion of the RAAS through the use of angioten-
sin-converting enzyme inhibitors (ACEIs) and 
angiotensin II- receptor blockers (ARBs) posi-
tively impacts the electrical  and  structural  re-
modeling  in  animal atria with AF. 9 Nakashima 
et al. 10 observed that in dogs, both candesartan 
and captopril pre- vented the electrical remodel-
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Figure 1: Direct and indirect actions of angiotensin II on the 
substrate of atrial fibrillation (AF) and interactions with the 
underlying heart disease.

The left ventricular impairment leads to increased atrial 
pressure and atrial stretch. The direct effect of angiotensin II 
on the atrium leads to increased fibroblast activity and pro-
motes fibrosis. Angiotensin II also has a direct effect on ion 
channel function. Direct and indirect actions lead to atrial 
dilatation. The possible underlying heart disease favors the 
effects of angiotensin II on the AF substrate. AF itself pro-
motes atrial remodeling. From Ehrlich et al. (8), modified.



ing during rapid atrial pacing. In a study by Li et 
al. 11 enala- pril significantly reduced tachypacing-
induced changes in atrial angiotensin II concen-
tration and attenuated the effects of congestive 
heart failure on atrial conduction, atrial fibrosis 
and mean AF duration. Additionally, spironolac-
tone prevented the increased inducibility and du-
ration of AF that are induced by tachypacing in a 
canine model. 12 Chen et al. 13 evaluated whether 
angiotensin II and angiotensin II receptor block-
ers could modulate the pulmonary vein electrical 
activity, which plays a role in the pathophysiol-
ogy of AF. Angiotensin II induced delayed after-
depolarizations and acceler- ated the automatic 
rhythm, while the ARB losartan inhibited the 
automatic rhythm and the proarrhyth- mic  ef-
fect  of  angiotensin  II  on  cardiomyocytes.

On  the  contrary,  Shinagawa  et  al.  16 observed 
that, in contrast with short-term (several hours) 
atrial tachycardia-induced remodeling, remodel- 
ing induced by 7-day tachycardia is not affected 
by ACE inhibition. Moreover, in a recent study by 
Hall et al. 15 in a goat model of lone AF, cande- sar-
tan had no effect on atrial electrical remodel- ing, 
on increases in the stability of AF due to sec- ond 
factors, or on any other electrophysiological pa-
rameter. The authors of this last study 15hy- poth-
esized that any beneficial effects of RAAS block-
ade are more likely to be due to positive ef- fects 
on left ventricular function and improvements in 
underlying disease processes rather than a di- rect 
antiremodeling effect. These data do not allow 
any  definite conclusion  regarding  the  efficacy of 
RAAS inhibitors in the prevention of AF in humans

RENIN-ANGIOTENSIN-ALDOSTERONE 
SYSTEM AND ATRIAL FIBRILLATION: 
CLINICAL EVIDENCE 

AF Primary Prevention

Primary prevention of AF consists of the preven-
tion, by treatment, of the first AF episode (new-
onset AF) in  patients  without  history  of AF  at  
enrollment

Heart failure

In heart failure patients, some clinical trials have
shown a reduction of the first episodes of AF, al-
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though they were mostly post hoc analyses of studies
designed for an objective other than AF. In a setting
of patients with post-infarction ventricular dysfunc-
tion, Pedersen et al. 17 demonstrated a reduction
in the incidence of AF in association with a treat-
ment with the ACEI trandolapril. The report from
the Trandolapril Cardiac Evaluation (TRACE) study
17 was followed by a similar retrospective analysis
of the results from the Studies of Left Ventricular
Dysfunction (SOLVD) trial ,18 which also demon 
strated a lower new-onset AF rate in patients with 
heart failure with enalapril treatment vs. placebo. 
Moreover, a recent subanalysis of the Valsartan 
Heart Failure Trial (Val-HeFT) study 19 showed 
that valsartan, on top of prescribed therapy for 
heart failure, significantly reduced the occurrence 
of AF over a mean follow-up period of 23 months..

One of the limitations of these retrospective analy-
ses was that AF was not a pre-specified endpoint. 
The Candesartan in Heart failure: As- sessment of 
Reduction in Mortality and morbid- ity (CHARM) 
study 20 selected AF as one of the secondary end-
points. The AF substudy from the CHARM trial 
showed that adding candesartan to conventional 
therapy in 6379 patients with symp- tomatic heart 
failure and without history of AF at enrollment 
led to a lower incidence of new-onset AF vs. pla-
cebo, though this reduction was not as significant 
as in previous studies. The magnitude of candes-
artan’s positive effect varied according to the ex-
tent of left ventricular impairment, with a greater 
result in patients with left ventricular dys- func-
tion, while the benefit was lower in patients with 
preserved ventricular function. Similarly, ir- be-
sartan did not influence the incidence of AF in 
patients with heart failure but preserved ejection 
fraction in the Irbesartan in Heart Failure and Pre- 
serve Ejection Fraction (I-PRESERVE) study. 21

HYPERTENSION

Whereas   the   data   are   clear   in   the   congestive  
heart  failure  setting,  the  results  in  hypertensive 
patients are controversial.

A specific analysis of the Losartan Intervention For 
Endpoint reduction in hypertension (LIFE) trial, 22 
which studied 8851 patients with hy- pertension   
and   left   ventricular   hypertrophy, showed that 
losartan treatment was associated with a lower 



rate of AF with respect to the ateno- lol treatment. 
The authors 22 hypothesized that the superior re-
gression of electrocardiographic and echocardio-
graphic signs of left ventricular hypertrophy with 
losartan compared to atenolol might correspond 
to a greater reduction of left atrial overload and 
dilatation, thereby reducing the stimuli of new-
onset AF. Likewise, in the Val- sartan Antihy-
pertensive Long-term Use Evalua- tion (VALUE) 
trial ,23 valsartan was compared with amlodipine 
in hypertensive patients; valsar- tan reduced the 
development of new-onset AF. In a cohort study 
of hypertensive patients, L’Allier et al. 24 observed, 
during 4.5 years of follow- up,  that  ACEIs  were  
more  effective  than  calci- um channel blockers in 
reducing new-onset AF.

In contrast, two large trials, the Heart Outcome 
Prevention Evaluation (HOPE) trial 25 and the 
Telmisartan Randomized Assessment Study in 
ACE Intolerant Subjects with Cardiovascular Dis- 
ease (TRANSCEND) trial, 26 did not detect any ef-

fect of treatment with an ACEI or an ARB on AF. 
In the HOPE trial ,25 over the 4.5 years of follow- 
up in 8335 patients without known heart failure 
or left ventricular systolic dysfunction, ramipril 
did not significantly reduce the rate of new-onset 
AF compared with placebo. In the TRANSCEND 
trial ,26 the secondary outcome included AF. In a 
follow-up of 56 months, in high-cardiovascular- 
risk patients, there was no reduction of new-onset 
AF in the telmisartan group compared to placebo.

Meta-analyses

Four meta-analyses 27-30 have shown that risk
of new-onset AF in patients with congestive heart
failure  and  left  ventricular  dysfunction  was  re-
duced by 30–48% by ACEIs and ARBs, suggesting 
that these drugs may be effective in the primary 
prevention  of  AF  in  this  clinical  setting  (Table
1). The effect of RAAS inhibition on the primary 
prevention of AF in other clinical scenarios was 
significantly  less  evident  than  in  heart  fail-
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Table 1 : Efficacy of angiotensin-converting enzyme inhibitors and angiotensin II receptor blockers in the primary pre-
vention of atrial fibrillation (AF) in patients with congestive heart failure, with hypertension or after myocardial 

infarction: results of 4 meta-analyses.

AF primary prevention:
meta-analyses

Point estimate (95% confidence interval) Test for the
overall effect: Z

• Congestive Heart Failure

Healey 2005 (27) RR 0.56 (0.3 7–0.85) p=0.007
Anand 2006 (28) RR 0.57 (0.37–0.89) -
Jibrini 2008 (29) RR 0.68 (0.59–0.78) p<0.001

Schneider 2010 (30) OR 0.52 (0.31–0.87) p=0.01
• Hypertension
Healey 2005 (27) RR 0.88 (0.66–1.19) p=0.4

Anand 2006 (28) RR 0.94 (0.72–1.23) -

Jibrini 2008 (29) RR 0.77 (0.67–0.86) p<0.001

Schneider 2010 (30) OR 0.89 (0.75–1.05) p=0.17

• Post-myocardial infarction
Healey 2005 (27) RR 0.73 (0.43–1.26) p=0.3
Anand 2006 (28) RR 0.73 (0.43–1.26) -
Jibrini 2008 (29) RR 0.90 (0.81–0.99) p<0.05
Schneider 2010 (30) OR 0.72 (0.41–1.27) p=0.26



ure. Of the four meta-analyses, only one 29 showed 
that risk of new-onset AF in hypertensive and post-
myocardial infarction patients was reduced

AF Secondary Prevention

Secondary  prevention  of AF  consists  of  the  re- 
duction or abolition, by treatment, of AF recur- 
rences in patients with a known history of AF.

ACEIs

In the field of ACEIs, only small, prospective, ran-
domized versus placebo or no-treatment trials on
AF secondary prevention are available. In the first
published study, Van Den Berg et al.31 random-
ized to lisinopril vs. placebo a small group of pa-
tients with heart failure. In a follow-up of 6 weeks,
the lisinopril group showed a non–statistically sig-
nificant trend in favor of a reduction of AF recur-
rences. In two open-label trials, Ueng et al. 32and 
Yin et al. 33 compared amiodarone alone to amio-
darone plus enalapril, amiodarone plus perindopril 
and amiodarone plus losartan. All of the various 
associations were more effective in preventing AF 
recurrences than amiodarone alone. Recently, Bel- 
luzzi et al. 34 randomized 62 patients with lone AF to 
ramipril vs. placebo. During the 3-year fol- low-up, 
there were 3/31 recurrences in the ramipril group 
vs. 10/31 recurrences in the placebo group, with a 
statistically significant difference. The ro- bustness 
of monitoring for AF recurrence was based only on 
the scheduled visits and Holter monitor- ing (every 
3–6 months) in all of these ACEI trials

Journal of Atrial Fibrillation                 Featured Review

 www.jafib.com 48 Dec 2011-Jan 2012 | Vol 4 | Issue 4                      

The largest retrospective analysis of AF second- 
ary prevention was the post hoc Atrial Fibrillation 
Follow-up Investigation of Rhythm Management 
(AFFIRM) study, 35 which included 732 patients. 
Angiotensin-converting enzyme inhibitors and 
ARBs showed no effect in the secondary preven- 
tion of AF, except in the subgroup of patients with 
congestive heart failure or impaired left ventricu- 
lar function. Additionally, the retrospective Ca- 
nadian Trial of Atrial Fibrillation (CTAF) study 
36demonstrated the absence of protective ef- fects 
of RAAS inhibitors against AF recurrence

ARBs

In the field of ARBs, large, prospective, random-
ized trials are available (Table 2). In the earlier tri-
als,  ARBs  positively  affected  AF  recurrences, 33,37 

and subsequent meta-analyses confirmed these  
results  .27,29,30  However,  recent  largeclinical trials 
(38-40) failed to show a reduction in AF relapses, 
thus questioning the role of RAAS inhibitors  in  
the  secondary  prevention  of  AF.

Two early ARB trials, by Madrid et al. 37 and Yin  
et  al. , 33  were  open-label  and  relatively small. 
They compared amiodarone plus ARB (irbesartan   
or   losartan)   to   amiodarone   alone, with  a  posi-
tive  result  in  favor  of  a  reduction of  AF  recur-
rences  in  the  groups  with  amioda- rone  plus 
ARB  compared  to  amiodarone  alone.

In contrast, the results of the four most recent 
prospective, randomized, double-blind, placebo- 
controlled studies were neutral. After the neutral 

Study No. Patients Drugs Results

Madrid (37) 154 Irbesartan plus Am vs. Am Reduction of AF recurrences

Yin (33) 118 Losartan plus Am vs. Am Reduction of AF recurrences
CAPRAF (41) 171 Candesartan vs. placebo No effect
GISSI-AF (38) 1442 Valsartan vs. placebo No effect

ANTIPAF (39) 425 Olmesartan vs. placebo No effect
ACTIVE I (40) 1730 Irbesartan vs. placebo No effect

Total 4040 ARBs No Effect

Table 2 Prospective randomized studies of angiotensin II-receptor blockers (ARBs) for the sec-
ondary prevention of atrial fibrillation (AF) vs. placebo or no drug.
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treated  with  spironolactone  plus  beta- blockers 
versus a group of patients treated with enalapril 
plus beta-blockers or beta-blockers alone.

The possible effectiveness of aldosterone receptor 
blockers in the secondary prevention of AF is still 
pending more conclusive data, and ongoing trials 
are set to investigate the antiarrhythmic effect of 
spironolactone and eplerenone in AF in patients 
undergoing heart surgery, in patients with recent 
heart  failure,  and  after  electrical  cardioversion.

AF recurrences after AF ablation

The presence of recurrent AF during the first 3 
months after pulmonary vein isolation (PVI) is 
common. These early AF recurrences often recede 
spontaneously after several months upon matu- 
ration of lesions and resolution of inflammation, 
without the need for re-ablation. The RAAS inhi-
bi- tors may facilitate post-ablation atrial remod-
eling and  reduce AF  recurrences.  Retrospective  
trials have explored this hypothesis, but with con-
tro- versial results. In the study of Richter et al. 46 
in 234 patients who underwent PVI, RAAS inhibi- 
tors did not improve the outcome of AF ablation. 
Similar results were observed by Al Chekakie et 
al. 47 in patients with paroxysmal and persistent 
AF. A  large  prospective  registry  was  published 
by Tayebjee et al. 48:  419 patients, 142 of whom 
were treated with RAAS inhibitors, underwent 
a long-term follow-up after catheter ablation for 
AF, in some cases with repeated procedures. In 
this co- hort, the RAAS inhibitors, mostly ACEIs, 
did not appear to affect the maintenance of sinus 
rhythm (median follow-up 1.7 years from the last 
abla- tion, up to 5 years in some patients).  The 
authors highlighted that the impact of an inter-
vention targeting the structural remodeling of the 
atrial substrate needs to be evaluated on the basis 
of a long-term outcome. Moreover, catheter abla-
tion causes dense transmural scar; therefore, even 
if RAAS inhibitors could determine atrial struc-
tural effects, these might be overshadowed by the 
gross macroscopic changes induced by catheter 
ablation.

However, two recent studies provided evidence 
of a positive effect of RAAS inhibitors on AF re- 
currences after PVI. In a retrospective study of 264 
patients who underwent successful PVI, Ishikawa 

results of the Candesartan in the Prevention of Re-
lapsing Atrial Fibrillation (CAPRAF) study 41with 
candesartan vs. placebo, the Gruppo Italia- no per 
lo Studio della Sopravvivenza nell’Infarto miocar-
dio–Atrial   Fibrillation   (GISSI-AF)   study 38 was the 
first large prospective, randomized, double-blind, 
placebo-controlled trial on the role of the ARB val-
sartan in AF secondary prevention. It enrolled 1442 
patients who were similar to those encountered in 
clinical practice in terms of both the underlying 
cardiac disease and the treatment. After 12 months, 
it failed to show a reduction in first AF recurrences 
in the valsartan arm (51.4% vs.52.1% in the placebo 
group) or in multiple AF re- lapses (26.9% in valsar-
tan group vs. 27.9% in the placebo group). Neither 
amiodarone nor ACEIs at baseline influenced the 
effect of valsartan on re- currences of AF. The An-
giotensin II-antagonist in Paroxysmal Atrial Fibril-
lation (ANTIPAF) trial 39 analyzed the burden of 
AF in patients with parox- ysmal AF and without 
structural heart disease. The 12-month follow-up 
did not show any difference in recurrences or the 
burden of AF in patients treated with olmesartan 
vs. placebo. Finally, the Atrial Fibrillation Clopido-
grel Trial with Irbesartan for Prevention of Vascu-
lar Events (ACTIVE I) study 40 assessed the efficacy 
of irbesartan on the recur rence of AF. In the 1730 
patients in sinus rhythm at baseline, AF recurred in 
36.8% of patients who re- ceived irbesartan, com-
pared with 38% of patients who received placebo, 
over a mean follow-up of  4.1 years. Additionally, 
in the 185 patients who participated in the trans-
telephonic monitoring substudy, the results of ir-
besartan were neutral, with 68% AF recurrence in 
the irbesartan group vs. 62% in the placebo group. 
The robustness of monitoring for AF recurrence 
varies among stud- ies. In the earlier trials, 33,37,41 AF 
recurrences were diagnosed at scheduled visits or 
ECG Holter recording, while in the later and larger 
trials (GIS- SI-AF  ,38 ANTIPAF,  39 ACTIVE  I  sub-
group ,40transtelephonic   monitoring   was   added.

Aldosterone antagonists

There  are  limited  clinical  data  regarding  aldo-
sterone in the development and maintenance of 
AF.  Patients  with  primary  hyperaldosteronism 
have  a  12-fold  greater  risk  of AF  than  do  con-
trols matched for blood pressure.44 Recently, Dab-
rowski et al. 45 in a cohort of 164 patients with a 
history of recurrent AF, observed a signifi- cant re-
duction in the incidence of AF episodes in patients  
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et al. 49observed that RAAS inhibitor treatment 
was the only independent predictor of late (>3 
months) AF recurrence. Berkowitsch et al. 50 in a 
retrospective analysis of 284 patients, stratified the  
patients  according  to  atrial  fibrillation bur- den. 
After PVI, RAAS inhibitors appeared to pro- tect 
against AF recurrences only in patients with low-
burden  paroxysmal AF.  However,  all  these fac-
tors should be tested in a prospective study.

DISCUSSION

Given the fundamental role of the RAAS in atrial 
remodeling, the approach of using RAAS inhibi- 
tors in AF therapy is intriguing. Theoretically, 
these drugs may provide primary prevention of 
new-onset AF and secondary prevention of re- 
current AF.  Experimental  data  in  animals  have 
only partially confirmed this hypothesis. Un- for-
tunately, although the first clinical studies showed 
positive results, subsequent trials re- ported a low 
efficacy of RAAS inhibitors in AF.

 In  primary  prevention,  different  effects  accord- 
ing to the underlying cardiac disease have been 
observed. Clinical trials have shown a reduction 
of new-onset AF in patients with congestive heart 
failure and left ventricular dysfunction, whereas 
RAAS inhibitors are less effective in hypertensive 
and post–myocardial infarction patients .27-30 It 
should be highlighted that comparisons of differ- 
ent trials are sometimes difficult because the posol- 
ogy of the chosen drugs is not always equivalent.

In the secondary prevention of AF, there seems 
to be a difference between ACEIs and ARBs. 
The ARBs failed to show a positive effect on AF 
sec- ondary prevention. Therefore, the avail-
able data do not suggest the use of ARBs as an 
alternative to  antiarrhythmic  agents  or  cath-
eter  ablation. The neutral ARB trials included 
all clinical types of AF: lone paroxysmal AF 
in the ANTIPAF trial,39persistent AF in the 
CAPRAF study, 41 and paroxysmal-persistent 
AF in patients with struc- tural heart disease 
in the GISSI-AF 38and AC- TIVE I trials. 40 In 
none of these subgroups did ARBs show posi-
tive results in preventing AF re- currences. In 

contrast, the effect of ACEIs in the secondary 
prevention of AF is still controversial. We sug-
gest two possible interpretations of the dif- fe-
rent effects of these two drug classes. First, the 
biology of the RAAS may account for the dif-
fer- ent abilities of ACEIs  and ARBs  to  pre-
vent AF .5 1Second, the difference between the 
effects of ACEIs and ARBs may be related to 
the character- istics of the respective trials be-
cause the prospec- tive, randomized trials with 
ACEIs are too lim- ited to permit a definitive 
conclusion. Moreover, ACEI studies have not 
had a robust follow-up algorithm to recognize 
all the episodes of AF, as recently suggested 
for clinical trials in AF. 52 If the mechanism of 
the prevention of AF recurrences is the same 
with ACEIs and ARBs, the efficacy is expected 
to be the same at comparable dosages

Why are RAAS inhibitors minimally effective 
in the treatment of AF in clinical practice? It 
is pos- sible that their clinical effect could not 
be exactly reproduced in experimental mod-
els. All available animal models mimic clinical 
diseases leading to AF, but they have major 
limitations .53Any sin- gle animal model re-
produces a limited component of the patho-
physiologic spectrum of clinical AF. 53 There is 
a lack of adequate models of sponta- neously 
occurring paroxysmal AF.14 Moreover, ani-
mal models are essentially disease-free. Per-
haps ACEIs and ARBs work in experimen-
tal settings because they are used before the 
disease has even appeared. The reversibility 
of remodeling remains a key issue because 
clinical application usually be- gins after an 
index event has occurred, whereas in an ex-
perimental setting the antiremodeling agent 
is typically administered before the remod-
eling stimulus.14Consequently, the negative 
clinical results of RAAS inhibitors might be 
attributable to intervention after remodeling 
was established. The RAAS inhibitors tar-
get structural rather than electrical remodel-
ing and therefore they may be less effective 
in the clinical setting of AF and may need a 
long-term results evaluation. In contrast to the 
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animal models, AF mechanisms and the atri-
al remodeling processes are more complex 
in hu- mans; they depend on the individual 
subject, the underlying cardiac disease, and 
the time in their clinical history at which the 
therapy is introduced.

Unexpectedly, on the basis of the previous 
consid- erations, RAAS inhibitors seem to be 
effective in AF therapy only in the clinical set-
ting of congestive heart failure and left ven-
tricular dysfunction ,27-30 that is, in patients 
with supposed extended re- modeling. There 
is a lack of experimental data ad- dressing the 
effect of RAAS inhibitors applied after the 
development of such a substrate. Research in 
dogs suggested no reversal of atrial fibrosis 
induced by congestive heart failure, despite a 
complete hemodynamic recovery .54 It remains 
unclear whether the antiarrhythmic potential of 
ACEIs and ARBs goes beyond any effect related 
to the treat- ment of the underlying heart disease. 
In conclu- sion, the attractive approach of using 
RAAS inhibi- tors to prevent and to treat AF is in 
decline as more and more negative trial results are 
accumulating.
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Introduction

Atrial fibrillation (AF) is a common arrhythmia
associated with significant morbidity and mortality.
In recent years, radiofrequency catheter ablation
with the electrical isolation of the pulmonary 
veins is commonly performed for patients withp-
aroxysmal and persistent AF who continue 
tobe symtomatic despite at least one Class I or
III antiarrhythmic medication .1 Restoration of
sinus rhythm after AF ablation significantly im-
provedsymptoms, exercise capacity, quality of
life and left ventricular (LV) function, even when
concurrent heart disease and ventricular rate
control had been adequate before ablation .2-3

Multimodality imaging is often employed to assess
patients undergoing ablation. However,
echocardiography remains integral in the assessment
of left atrial (LA) structure and function.
This review discusses the role of echocardiography
in AF ablation from pre-ablation, during and

post-ablation. This includes the initial evaluation
and patient selection, pre-procedural screening
for LA and LA appendage (LAA) thrombus, direct
visualization of anatomic landmarks during
ablation, assessment of ablation complications,
assessment of LA mechanics post-ablation
and risk stratification for thromboembolism. 

Pre-Ablation

Transthoracic echocardiography (TTE) is essential  
for  the  initial  evaluation  of  patients  with   AF,
in most cases, before AF ablation is even consid-
eredas a treatment option. The overall manage-
ment strategy of AF depends on a variety of clini-
cal factors, including the type and duration of AF, 
severity of symptoms, patient age, associatedcar-
diovascular disease and other concurrentmedical 
conditions. TTE provides information on the eti-
ologies and predisposing factorsfor the AF, effect 
on the ventricular function,as well as prognostic 
information on the risk of recurrence and throm-
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Abstract

Radiofrequency catheter ablation is an increasingly adopted strategy for difficult-to-manage patients 
with atrial fibrillation. Echocardiography is the key imaging modality to assess left atrialstructure and 
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boembolic risk (Table 1).

Information on LV function impacts the choice
of appropriate pharmacological agents for both
rate- and rhythm-control strategies. Agents such
as beta-blockers including sotalol, and nondihy-
dropyridine calcium channel antagonists should
be administered with caution in patients with se-
vere LV dysfunction and heart failure. Impaired
LV systolic function is also an independent echcar-
diographic predictor of stroke in patients withAF, 
even after adjusting for other clinical features .4

Impact of LA Size and LV Function on Pa-
tient Selection for AF Ablation

Accurate assessment of both LA size and 
LV function provides essential informa-
tion for patient slection and is an impor-
tantdeterminant of successful AF ablation

LA Size 

Marked LA dilation is associated with a lower
success rate of maintaining sinus rhythm after AF
ablation compared to patients with structurally
normal hearts .5 As a result, the lack of LA en-

largement is an important component of the cur-
rentguideline recommendations for the use of 
AF ablation as an alternative to pharmacologic 
therapy in symptomic patients. 3,6 Hence, accurate
measurement of LA size is crucial for the
decision-making on suitability for AF ablation.

LA size measurement is routinely performed by
TTE. LA anteroposterior dimension can be measured
by M-mode or 2D echo in the parasternal
long axis view. This method is convenient and
has been widely adopted in routine clinical practice.
However, LA volume measured by either
the ellipsoid model or the Simpson’s method is
a more reliable measure of true LA size than Mmode
LA dimension 7 and is the recommended
method for the accurate assessment of LA size.8

To improve the accuracy of LA size measurement,
3-dimensional echocardiography (3DE), cardiac
computed tomography (CT) and cardiac magnetic
resonance imaging (CMR) have been studied. The
3DE measurements demonstrate favorable test-
retest variability 9 and good agreement with CMR.
9-11 When these techniques are applied in the
context of AF ablation, LA size measurements by
3DE ,12-13 cardiac CT ,14 and CMR 15-16also show
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Table 1 The role of TTE and TEE in the Pre-Ablation Assessment of Patients with AF

Transthoracic Echocardiogram Transesophageal Echocardiogram

Underlying causes of AF:
• Valvular heart disease
• Ischemic heart disease
• Hypertensive heart disease
• Infiltrative disease
• Other cardiomyopathies
• Pericardial disease
• Congenital heart disease

Exclusion of LA appendage thrombus:
• Prior to cardioversion
• Prior to AF ablation

Effect of AF on the LV:
• Tachycardia-induced cardiomyopathy

Pulmonary vein anatomy and function:
• Variant PV anatomy
• Pulmonary vein stenosis

Guidance of treatment option:
• Rate control vs. rhythm control
• Anticoagulation

Prognostic information:
• Left atrial size



good correlation with subsequent procedur-
alsuccess. Among the newer techniques, 3DE
shows the most promise of adoption in routine
clinical practice as it is non-invasive, readily 
available,and can be added onto the routinely per-
formed post-ablation 2DE examination. As will
be discussed later, 3DE also offers the possibility
of measuring LA volumes at different phases
of the cardiac cycle, yielding information on LA
phasic function. Nevertheless, it is worthwhile
to note that LA size measurements made by 2DE
tend to be lower than those of 3DE ,9,17 cardiac
CT 18 and CMR.19 The relative strengths
and weaknesses of various imaging modalities in
the valuation of LA size are outlined in Table 2.

LV Function

When AF ablation is first adopted, patients with
normal LV systolic function are initially selected.
However,there is increasing evidence that AF 
ablation benefits patients with impaired LV sys-
tolicfunction .2,20-22 Currently, task force consensus
guidelines suggest that selected symptomatic 
patients with heart failure and/or reduced ejec-
tion fraction could be considered for catheter AF 
abltion. 1 In the aforementioned studies,the aveage 
pre ablation ejection fraction rangedfrom 33% 
to 41%. Several important observationscould be 
made including the fact that catheter AFablation 

is feasible without an increase in proceduralcom-
plication and that the efficacy of theprocedure in 
patients with impaired systolicfunc-tion is lower 
than in those with normal ventricularfunction 
with a higher recurrence rate. Nevertheless,AF 
ablation results in significant symptomaticrelief, 
improvement in quality of life, as wellas some 
recovery of cardiac function. Future studiesare 
likely to further clarify the relative efficacyand 
clinical benefits of ablation in patients withsig-
nificant LA dilation and LV systolic dysfunction.

TEE and Exclusion of LA/LAA Thrombus

The pathophysiology of AF is complex and is 
iTransesophageal echocardiography (TEE) is a 
sensitiveand specific technique for detection of 
LAand LA appendage (LAA) thrombus 23 and is 
currently the gold standard investigation for ex-
cluding thrombus prior to elective cardioversion 
and AF ablation 24 (Figure 1). The sensitivity and  
the specificity of TEE for detecting LA throm-
bi are 93-100% and 99-100% respectively .25-26

TEE features associated with thromboembolism
include the finding of a LA or LAA thrombus,
reduced LAA flow velocity, severe spontaneous
echo contrast in the LA or LAA, and atheroma-
tousdisease of the aorta. 27-28 The finding of severe 
spontaneous echo contrast, which is seen as echo-
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Table 2 Relative strengths and weaknesses of LA size assessment by various imaging modalities

Echocardiography

Cardiac computed 
tomogra-
phy (CT)

Cardiac magnetic reso-
nance
(CMR)

Strengths

• Real-time imaging
• Widely available and
low in cost
• Assessment of LA pha-
sic volumes

• Accurate assessment of
true
LA volume
• Short scan duration

• Accurate assessment of
true LA volume
• Assessment of LA
phasic
volumes

Weaknesses

• True LA volumes not
obtained (unless
3D echo)
• Image quality limited
by acoustic window

• Radiation risk
• Limited availability in
many centers
• Longer scan duration



genic swirling blood flow, reflects red cell and 
clottingfactor aggregation with slow moving 
bloodwithin the atrium. This, by itself, is not an 
absolutecontraindication to cardioversionorAFa
blation,29althoughitisassociatedwithLAthrombusf
omation,ahigherrisk ofthromboembolism,and in-
creased cardiovascular mortality. 30

LA and LAA thrombus is an especially impor-
tant issue for AF ablation because the procedure
not only involves manipulation of multiple cath-
etersinside the LA with the potential of dislodging
in situ thrombus, but also leads to substantial
areas of denuded LA endothelium that may be-
comea nidus for thrombus formation in the days
or weeks post-ablation. A recent study found a
prevalence of LA thrombus and sludge of 0.6%
and 1.5% respectively on routine of pre-ablation
TEE. The prevalence of spontaneous echo contrast
was as high as 35%. In this population, the
predictors of LA thrombus were found to be high
CHADS 2score, history of congestive heart 
failure,and left ventricular ejection fraction 
<35%.31 While it remains contentious whether 
TEEshould be routinely performed in all patients 
because of the low incidence of thrombus,32 the
recent task force consensus guidelines stated that
patients with persistent AF who are in AF at the
time of ablation should have a TEE performed
to screen for LA/LAA thrombus, regardless of
the adequacy of pre-ablation anticoagulation .1

Since cardiac CT is commonly performed imme-
diatelybefore AF ablation to use the 3D dataset
in image integration with real-time electro-
anatomicdata during ablation, attempts have
been made to use CT to screen for LA thrombus.
Retrospective single centre trials have suggested
that a negative CT has a high negative predictive
value making it a potential alternative for exclud-
ingLAA thrombi before ablation. 33-35 This issue
will need to be clarified in future studies.  

TEE and Pulmonary Venous Anatomy

The accurate imaging of LA and pulmonary 
venous(PV) anatomy is important for understand-
ingthe anatomic relationships between the PVs,LA 
and LAA. The most commonly seen pattern of 
PV anatomy is that of two separate right PVs and 
2 separate left PVs. The right middle PV drains 
into the right superior PV before entering the 
LA.However, variations in PV anatomy are com-
mon.Supernumerary right PVs have an incidence 
of 1829%.36-41Common antrum of the left PVs results 
in a broad PV-LA junction and is found in6-35% of 
patients.42-43(Figure2)Moreover,morphological re-
modeling of the PVs and LA can also be observed 
in patients with AF.StudieshavefoundthatPVostia 
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Figure 1:  Use of transesophageal echocardiography in diag-
nosis of left atrial appendage thrombus. A
49-year-old patient with severe mitral regurgitation from
mitral valve prolapse. LAA thrombus (green
arrow) is found on TEE (A, B), with surrounding spontane-
ous echo contrast (red asterisk) in the LAA (C).



During Ablation

Use of ICE During Ablation

During AF ablation, intraoperative TEE dramati-
cally improves the visualization of anatomic land-
marks over that of fluoroscopy. However,it is lim-
ited by patient discomfort and more importantly,
the need for airway management during
a prolonged procedure.51-53 Advances in
intracardiac echocardiography (ICE) performed
by electrophysiologists have improved both the
efficacy and safety of the procedure (Table 3).

Available ICE systems include those with me-
chanicalsingle-element transducers and phased-
arraymulti-element transducers. A mechanical 
transducercontains a rotational single-element and 
produces high quality images but only at shallow
depths. To visualize LA structures, the transducer
has to be inside the LA. Phased-array multi-
elementtransducers image at frequencies 
from 5.5-10MHz,providing 2D images with 
a deeper penetrationand allowing an RA-
located ICE probe to imagethe LA with-
out an additional transseptal puncture.

During an ablation procedure, ICE accurately
identifies key anatomic locations, such as the fossa 
ovalis, LAA, valve apparatus, pulmonary veins
and extracardiac structures. It facilitates transseptal
puncture, which is often challenging in
clinical scenarios, such as large septal aneurysm,
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are larger in AF versus non-AF patientsand those 
with persistent versus paroxysmal AF.36,40,44The 
accurate uerstanding of these anatomicvariations 
is importantforlocalizationofthePV-LAinter-
faceand the ridge between the PV and the LA 
appendage, so that variations in PV anato-
my do not result in a higher recurrence risk.45

Cardiac CT and CMR are the gold standard in-
vestigationsfor accurate imaging of LA and PV
anatomy. TEE is not the first-line investigation for
this purpose mainly due to patient comfort, al-
though TEEdoes excel in that it lacks radiationex-
posure and has a lower cost. Nevertheless, when-
ever TEE is performed pre-ablation for another
reason, valuable information on PV anatomy and
its variations could be gained, and all PVs should
be interrogated in detail as baseline information.
46-48 While some studies report that TEE can
only visualize two-thirds of superior and inferior
veins with experienced operators ,49 the superior
and inferior PVs can be identified in over 94%
of cases .47-48 The identification of PV anatomical
variations, such as common left PV antrum
and supernumerary right PVs, is slightly more
challenging compared to cardiac CT .47 In our
experience, careful rotation of the probe with the
veins in view should permit the visualization of
most veins. Useful techniques include imaging
the right PVs at 45-60° with a clockwise rotation
of the transducer and imaging the left PVs at 110°
with a counterclockwise transducer rotation .50

Figure 2:  Examples of variant PV anatomy shown on TEE. Separate ostium for the rightmiddle and superior PV are noted in (a). Com-
mon ostium of the left superior and inferiorpulmonary veins is noted in (b). Reproduced with permission from Gabriel and Klein .75



lipomatous atrial septal hypertrophy, double
membrane septum, prior cardiac surgery distort-
ing anatomy, and previous surgical or percutane-
ousclosure of atrial septal defect or patent foramen
ovale. It determines the exact position of the
transseptal sheath by the tenting of the interatrial
septum and confirms access to the LA by the in-
jectionof agitated saline. With ICE guidance, it is
possible to aim for a transseptal puncture in the
posterior region of the fossa ovalis. This is believed
to be safer than the more anterior portions as the
pulmonary veins are posterior structures .54

ICE provides real-time images of PV anatomy and
is far more sensitive to small movements of the
circular mapping and the ablation catheters than
fluoroscopy alone. Tissue contact is traditionally
monitored by stability of the ablation catheter on
fluoroscopy and stability of the electrical record-
ing.The detection of microbubbles during ablation
with ICE indicates tissue superheating and
has been used to optimize ablation catheter place-
ment.This strategy has been used to prevent tis-
sue damage and scar formation, reduce the risk
of tissue superheating, optimize radiofrequency
energy delivery, and increase the number of le-
sions with optimal contact and energy delivery 
.55 Recent development in open irrigation plat-
forms has lessened the importance of ICE in this
regard .56-57 However, recent research has inves-
tigated using ICE to monitor the relationship
between the catheter tip and adjacent structures,
such as the esophagus. This strategy may reduce
the incidence of esophageal injury.58-59

ICE is able to detect intra-procedural complica-
tions promptly, similar to intraoperative TEE;
however, potential complications include cardiac
perforation and tamponade, thrombus formation
on the transseptal sheath and other catheters, as
well as pulmonary vein stenosis (PVS), which 
maybe predicted by an increase in PV flow veloc-
itywith Doppler measured during the procedure .55

Post-Ablation

Patients are followed clinically with varying use 
ofroutine imaging studies post-ablation amongst 
institutions.A summary of the role of TTE and TEE in
thepost-ablation patients is outlined in Table4.
PVS is routinely screened for in some practices by 
cardiacCT,CMR,and/orTEE.TTEisalsosometimes
performed to document the degree of atrial remod-
eling and changes in LV function post-ablation.

TEE and the Diagnosis of PVS

Thermal injury to PV musculature results in PV
stenosis. The incidence of post-ablation severe
PV stenosis has been reported to be 3.4%.60

Symptoms of PV stenosis include shortness of
breath, cough, hemoptysis, chest pain, and re-
current lung infections.60-61 With the evolution
of techniques, the incidence of PV stenosis
has declined due to the avoidance of delivering
radiofrequency energy within the PV, together
with the increasing use of ICE and complemen-
tary image integration systems with pre-ablation
cardiac CT and real-time electroanatomical data.

While some institutions routinely screen for PVS
post-ablation, others perform imaging tests when
symptoms dictate them. It remains unclear 
whether early diagnosis and treatment of as-
ymptomatic PVS provide long-term advan-
tage, although asymp-tomatic PVS has the po-
tential to cause progressivehypoplasia of the 
entire pulmonary vein proximal to the steno-
sis. 62 Such pulmonary vascular occlusivedam-
age may not be fully reversible and may lead 
to difficulties with subsequent percutaneous
treatment should symptoms develop in the future.

The diagnosis of PVS is most commonly made
by tomographic modalities such as cardiac CT or
CMR, because they quantify the degree of PVS wi-
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Table 3 The role of Intracardiac Echocardiography 
during AF Ablation

Intracardiac Echocardiography

Identification of key anatomic locations:
• Guidance of transseptal puncture
• Diagnosis of variant PV anatomy
Optimization of ablation catheter placement:
• Enhanced catheter-tissue interface
• Avoidance of tissue damage
• Visualization of the relationship between catheter tip ad
esophagus
Diagnosis of intra-procedural complications:
• Cardiac perforation and tamponade
• Thrombus formation
• Early signs of Pulmonary vein stenosis



thexcellent reproducibility and demonstrate the re-
lationship of the stenosis to the rest of the PV anat-
omyso percutaneous treatment can be planned.
TEE, on the other hand, plays a supplementary-
role in the diagnosis of PVS and offers both ana-
tomicaland functional information.PVscanbevisu-
alizedin the great majority of patients studied,and 
PV ostial diameters at the venoatrial junctioncan 
be determined and compared with reference
vessel diameters to quantify the degree of nar-
rowing.47 PV stenosis severity is defined according
to the percentage reduction in luminal diameter,
with a >70% luminal diameter reduction commo
nlyconsideredseverePVS.1Anabsolutediameter
of<7mm mayalsobe sufficient to diagnosesignificant
PVS on TEE. When comparing TEE and cardiac
CT,two  important aspects arenotable.Firstly,PVsare 
elliptical in shape with a larger diameterin the 
cranio-caudal axis than the transaxial axis;this is 
not as readily recognized by TEE. Secondly,TEE 
has the tendency to systematically underesti-
mateostial diameters compared to CT. These as-
pects should be taken into account when serial-
studies across different modalities are compared.

The unique feature of TEE in the diagnosis of PVS
is that it provides functional assessment of the PVs.
The use of color and pulsed Doppler assessment
of PV flow confirm the presence of hemodynami-
callysignificant stenosis by detecting turbulence
and aliasing of the color Doppler signal as well as
an increase in pulsed wave Doppler diastolic flow
velocities (Figure 3). The optimal cutoff velocity for 
defining stenosis is currently unknown, although-
studies have shown that a peak diastolic velocity 

of>100cm/s has a 86% sensitivity and 95% speci-
ficity for diagnosing PVS compared to the gold 
standard investigation of cardiac CT. 63 It is impor-
tant toremember that such comparison may not 
be valid,as functional information from TEE is not 
equivlent to anatomical information from cardiac 
CT,andthetwo modalities may supply incremental 
valuein selected cases. For instance, functional in-
formationmay be important in assessing patients 
withequivocal symptoms and a moderate degree of 
stenosis.Information on the functional significance 
of stenosis may also be helpful over that of sizealone 
in determining the necessity of intervention.

Atrial Mechanics – Prediction of Recurrence

AF results in electrical and structural remodeling
of the atrium 64-66 that can be considered part of
a rate-related atrial cardiomyopathy. The termina-
tion of arrhythmia may, as a result, lead to a degree 
of reverse remodeling of the atrial cardiomyopa-
thy. The documentation of atrial reverse remodel-
ing post-ablation may not routinely be performed 
in clinical practice, but studies have recently sug-
gested a potential role in predicting recurrence pos-
tablation and stratifying thromboembolism risk.

Understanding atrial mechanics extends our cur-
rent interest from simply measuring the maximum
LA volume at end-ventricular systole to mea-
suring LA phasic functions (Table 5). Analyzing 
events at various phases of the cardiac cycle can 
supply information on the dynamic LA reservoir 
(atrial filling), conduit (passive atrial emptying)
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Table 4 Role of Transthoracic and Transesophageal Echocardiography in
the Post-Ablation Assessment of Patients with Atrial Fibrillation

Transthoracic Echocardiogram Transesophageal Echocardiogram

Atrial mechanics:
• Prediction of AF recurrence
• Assessment of post-ablation thromboembolic risk

Pulmonary vein stenosis:
• Anatomical diagnosis
• Functional diagnosis – detection of turbulence, increased
flow velocities
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and contractile (active atrial contraction) functions
Although studies are sparse at the moment,it 
is likely that AF ablation has varying effects on 
the different components of LA phasic function.

Marsan et al. studied 57 patients with AF, 43 of-
whom had paroxysmal AF .12 Atrial volumeswere 
studied at various phases of the cardiac cycle to 
assess LA phasic functions. In the patients who 
maintained sinus rhythm at 3 months, there was 
asignificant reduction in overall LA volume, with 
improvement in LA active contractile and resevoir 
functions. LA conduit function, or passiveempty-
ing, was relatively unchanged, highlighting that 
LA phasic function analysis can study the effect 
of AF ablation on the LA in detail. Such changes 
were not observed in studies performed imme-
diately after AF ablation, but rather took several 
weeks to occur. In the group that reverted back 
to AF, the changes of atrial reverse remodeling 
were not observed, illustrating that changes in 
atrial mechanics post-ablation could be used to 

predict future AF recurrence. Other studies using 
3D echocardiography 12-13 or CMR 67-68 have also 
demonstrated post-ablation atrial reverse remod-
eling. The magnitude of change of the various
parameters is in the range of 10-20%. A lack of 
demonstrated atrial reverse remodeling has been
associated with post-ablation recurrence .12-13,68 

In addition to measuring phasic volumes, LA me-
chanics could also be studied with Doppler echo-
cardiography. Traditionally, the measurement of
pulsed Doppler derived mitral A wave velocity 
and a’ from mitral annular tissue Doppler velocity
gives some insight into LA contractile function.
Studies have found that a’ decreases immediately
after AF ablation but subsequently improves, sug-
gesting that LA contractile function deteriorates-
immediately post-ablation but recovers later .69

Recent research applies strain and strain rate 
imaging to study LA mechanics using either 
color tissue Doppler imaging techniques or 
2-dimensional speckle tracking techniques .70-

72 Using these techniques, changes in LA pha-
sic functions pre- and post-ablation can be ac-
curately quantified. Schneider et al. 72studied
118 patients with paroxysmal and persistent
AF before and 3 months after AF ablation. Col-
or tissue Doppler imagingmeasured the LA
strain and strain rates at the reservoir,conduit
and contractile phases of the atrial cardiac cy-
cle, and was feasible in 97%. Changes in atrial
myocardial properties post-ablation differed
significantly between patients with paroxys-
mal and persistent AF. Recurrence is predict-
ed by a lower post-ablation strain and strain
rate during the LA reservoir phase, as well as
a lower strain rate during the LA contractile
phase. Such difference in atrial mechanics is not
detected by conventional parameters of Dop-
pler echocardiography, suggesting that strain
and strain rate analysis appears more sensi-
tive in investigating changes in LA mechanics
after AF ablation. Studies have used 2-dimen-
sional speckle tracking techniques to measure
LA mechanics, 70-71 although they have yet not
been applied to the AF ablation population.

Figure 3:  PV stenosis on TEE. In this 22-year-old pa-
tient who underwent pulmonary vein isolation for AF,
moderate ostial thickening is identified at the ostium of 
the right superior pulmonary vein (green arrow). (A)
Turbulence is identified on color Doppler imaging sug-
gesting functional significance. (B) Cardiac CT confirms
the presence of severe PV stenosis of the right superior pul-
monary vein (C), which is subsequently stented (D).
In addition, the common antrum of the left pulmonary veins 
was also stenosed and stented (red arrow)
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Atrial Mechanics – Thromboembolic Risk

The study of atrial mechanics may also be im-
portant for the prediction of thromboembolic 
risk. Currently, studies are sparse and the effect 
of changes in atrial mechanics post-ablation on-
thromboembolic risk is uncertain. Many patients
may opt for AF ablation as an alternative to long-
term anticoagulation with warfarin therapy .73

However, this strategy cannot be recommended
at this stage because the impact of AF ablation on
thromboembolic risk remains unknown. While
some studies demonstrate an improvement in
LA function using 3-dimensional echocardio-
graphic measurements,12-13 other studies have
shown that post-ablation LA reservoir and con-
tractile functions remain significantly impaired,
especially when compared to patients undergoing
cardioversion and control subjects .74 Further
studies are required both to understand the
effect of AF ablation on LA mechanics and how
the changes in LA mechanics impact on thrombo-
embolic risk. Such changes are likely to differ be-
tween patients with paroxysmal vs. persistent AF,
as well as with the number of prior AF ablations.

Current guideline recommendations for antico-
agulation rely on pre-ablation risk factors. Pos-

tablation LA function changes have not been 
incorporated into the decision making process 
due to the lack of evidence. The guideline recom-
mends that discontinuation of anticoagulation 
with warfarin therapy be avoided in patients with 
congestive heart failure, history of high blood 
pressure, age ≥75years, diabetes, prior stroke 
or transient CHADS2 score ≥2. In those with a 
CHADS2 score of 1 post AF-ablation, either as-
pirin or warfarin is thought to be appropriate 1.

Conclusions 

Echocardiography plays a central role in decision
making for patients undergoing AF ablation—
preablation,during ablation and post-ablation. 
The role of echocardiography pre-ablation is 
now well established, in patient selection, screen-
ing of patients for LA/LAA thrombus prior to 
ablation, and the use of ICE in the guidance of 
catheter ablation.Emerging echocardiographic 
roles include the identificationof variant pulmo-
nary vein anatomy, diagnosisof PVS, as well as 
the use of data from atrialmechanics studies in 
documenting atrial reverse remodeling and in 
prognosticating for AF recurrence and future 
thromboembolic events. The role of echocar-
diography will continue to evolve with the in-

Table 5 Potentially Useful Measures of LA Mechanics

LA phasic volumes
LA maximum volume (end-ventricular systole)
LA pre-atrial contraction volume (start of atrial systole)
LA minimum volume (end-atrial systole)

LA ejection fraction
Total LA emptying fraction (LA reservoir function)
Passive LA emptying fraction (LA conduit function)
Active LA emptying fraction (LA contractile function)

Doppler echo

 Mitral inflow E velocity
Mitral inflow A velocity
E’ mitral annulus tissue Doppler velocity
A’ mitral annulus tissue Doppler velocity

Strain (ε) 
εtotal (LA reservoir function)
εpositive (LA conduit function)
εnegative (LA contractile function)

Strain rate (SR) 
SRpositive(LA reservoir function)
SRearly negative(LA conduit function)
SRlate negative(LA contractile function)
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creasing use of AF ablation in AF management.
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Abbreviations

2DE: 2-dimensional Echocardiography
3DE: 3-dimensional Echocardiography
AF: Atrial Fibrillation
CMR: Cardiac Magnetic Resonance
CT: Computed Tomography
ICE: Intracardiac Echocardiography
LA: Left Atrium / Left Atrial
LAA: Left Atrial Appendage
LV: Left Ventricle / Left Ventricular
PV: Pulmonary Vein(s) / Pulmonary Venous
PVS: Pulmonary Vein Stenosis
TEE: Transesophageal Echocardiography
TTE: Transthoracic Echocardiography
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Introduction

The interaction between atrial fibrillation (AF) and 
congestive heart failure (CHF) is complex. There 
are many issues surrounding the pathophysiol- 
ogy, epidemiology, and treatment which are still 
debated. Nevertheless, the pernicious impact 
of the interplay between AF and CHF in terms of 
mor- bidity and mortality in patients’ lives is irre-
futable. At present, patients with AF and coexistent 
CHF have  several  rate  versus  rhythm  control  
op- tions available to them which use pharma-
colog- ic and non-pharmacologic treatments. 
Rhythm strategies include antiarrhythmic medi-
cations, maze procedure, catheter ablation for AF, 
and implantable atrial defibrillator. Rate strategies 
include   drugs   and   atrioventricular   junction- al 
ablation (AVA) with permanent pacemaker. Anti-
arrhythmic  drugs  are  often  ineffective and have 
adverse effects. While surgical maze is very effec-
tive, it is technically complex and invasive. Pacing 
and atrial defibrillation can be somewhat effective; 

however, there are disadvantages such as warfa-
rin therapy and implantation of a pacemak- er. 
Consequently, catheter ablation is increasingly 
being performed.  In a direct comparison, pulmo- 
nary vein isolation (PVI) was shown to be supe 
rior to AVA with biventricular device (BI-V) .1

This   review   article   will   address   the   emerg- 
ing   role   of   catheter   ablation   in   the   treat- 
ment  of  AF  in  patients  with  coexistent  CHF.

The AF and CHF Cardiovascular Epidemics: 

AF affects 2.3 million individuals and accounts 
for  over  350,000  U.S.  hospitalizations  annu-
ally. 2  Two thirds of patients with AF are over 
the age of 65. 3   Having CHF increases the risk 
of AF 4.5 fold in males and 5.9 fold in females 
.4CHF  affects  over  5  million  North  Americans 
and accounts for over 995,000 U.S. hospitaliza- 
tions annually. The prevalence of AF directly in- 
creases with New York Heart Association Class 
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Association (NYHA) severity.  Ten to 26% of pa- 
tients have AF with NYHA Class II-III and 30-
50% patients have AF with NYHA Class IV.5-9

AF as a Predictor of Worse Outcomes in
Patients with CHF:

At present, there is no consensus as to whether
the presence of AF is an independent predictor for 
mortality in patients with CHF.  In the Vasodila-
tor Heart Failure Trial (V-HeFT), the presence of 
AF in patients with mild to moderate CHF was
not associated with worse outcome .10Coversely, in 
the larger Studies of Left Ventricular Dysfunction 
(SOLVD) trial, AF was an independent predictor 
for all-cause mortality, the com-bined endpoint 
point of death, and hospitalization for heart fail-
ure .11   In the Carvedilol or Metoprolol European 
Trial (COMET) having AFsignificantly increased 
the risk for death and heart failure  hospitalization.
However,  after  adjusting for confounding factors, 
AF was found not to be an independent risk fac-
tor for mortality.12Middlekauf et al. and Correll 
et al. reported that the presence of AF in patients 
with CHF was associated with increased mortal-
ity. Additionally,in patients with mild to moderate 
CHF,   AF seemed to be a stronger predictor of 
negative outcome compared with patients with se-
vere heart failure. The findings from most of these 
studies suggest that having AF is an independent 
risk factor for mortality in congestive heart failure.  

Moreover, in terms of mortality, the effect of AF is 
inversely proportional to the severity of CHF .13, 14, 15

The Interplay between CHF and AF: 

The causative relationship between the AF and 
CHF has not been fully elucidated. Their co-
existence can be partially explained by shared 
risk factors such as  age, hypertension, diabe-
tes, obesity, valvular, ischemic and nonischemic 
structural heart disease. These  conditions  cause  
myocardial  cellular  and extracellular  altera-
tions  and  electrophysiological and  neurohor-
monal  changes  which  interplay  to create an 
environment that predisposes the heart to CHF 
and AF.Tachycardia, increased cardiac filling 
pressures, irregular heart rate, loss in atrial trans-
port,  and  atrioventicular  desynchrony  are 
all traits inherent to AF which can impair ven- 
tricular function and worsen CHF (Figure 1) 15

CHF, through a series of physiological process- 
es, can cause AF or sustained AF.  Sustained AF 
can  result  in  electrical  and  structural  remod-
el- ing  of  the  left  atrium.  This  environment  
pro- motes arrhythmogenesis which in turn exac- 
erbates  CHF  (Figure  2). Whether  AF  causes 
CHF  or  CHF  causes  AF  is  still  debated  .15

The Electrophysiology of the Pulmonary
Veins:

In 1998, Haissaguerre et al. observed that parox-
ysmal AF was focal in origin and was initiated 
by triggers in the pulmonary veins.   These trig-
gers could successfully be ablated with radiofre-
quency  energy  (16).The  anatomical  substrate of  
these  triggers  is  the  pulmonary  vein  fascicles 
.17These fascicles are muscular sleeves which ex-
tend from the left atrium in a longitudinal and cir-
cular manner.The fascicles have patent elec- trical 
properties that allow rapid firing which is condu-
cive to the initiation and propagation of AF. 18, 19   
Because of the risk of PV stenosis, abla- tion tech-
niques do not target the triggers within the vein, 
but rather electrically isolate the pulmo- nary 
veins by ablating all of the fascicles (Figure 3).

Catheter Ablation for Atrial Fibrillation:
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Figure 1: Schema depicting the integration of CHF and AF. A 
list of factors contribution to the exacerbation of AF and CHF



There have been several advances in the field of
catheter ablation of atrial fibrillation in the last 10
years.   Catheter ablation has evolved from an ex-
perimental  therapy  to  one  that  is  routinely  
performed  in  experienced  centers  worldwide 
Preliminary  results  from  the  Catheter  Abla-
tion  vs.Antiarrhythmic Drug Therapy for Atrial 
Fibrillation(CABANA) trial suggest that cath-
eter ablation is superior to drug therapy.  Free-
dom from recurrence of symptomatic AF was 
significantly higher in the ablation group (65% 
vs. 41%; HR=0.42; 95% CI, 0.19-0.95).   This ex-
citing finding validates the benefits of catheter 
ablation result and may result in more proce-
dures being performed annually and making 
catheter ablation a mainstay of AF treatment .20

Comparing Different Techniques:

Currently, there is no single accepted dogma on
catheter ablation. Catheter ablation strategies can be
divided into isolation of the pulmonary veins alone
and pulmonary vein isolation with additional lesion
sets. Most electrophysiologists create adjunctive
 lesions particularly in patients with non-paroxys- 
mal AF; however, which sites and how to identify 
where to place these lesion sets are still debated.
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Pulmonary Vein Ablation Alone:

Pulmonary veins/antrum ablation is performed
segmentally, guided by a circular mapping cath-
eter or by a continuous circumferential ablation
lines which are created to surround the right or
left pulmonary veins .21, 22  The creation of the
circumferential ablation/isolation line is guided
by 3D electroanatomical mapping, fluoroscopy,
or by intracardiac echocardiography .23, 24, 25,

26 Circumferential ablation targets ipsilateral
pulmonary  veins  separately  or  both  ipsilateral
pulmonary veins together. The procedural end-
points are amplitude reduction within the tar-
geted  area,  elimination  or  dissociation  of  the
pulmonary vein potentials recorded from the cir-
cular mapping catheters, and/or exit block from
the pulmonary veins. 27 At 6-month follow-up,
54% of patients who had circumferential pulmo-
nary vein ablation and 82% of patients who had
segmental PVI remained free of arrhythmia .28

Pulmonary Vein Ablation with Additional
Lesion Sets:

TPVI  is  a  cornerstone  of  most  ablation  proce-
dures; however, if a focal trigger is identified out-
side the pulmonary veins it should be targeted

Figure 2: Diagram of tFhigeurer1elationship between CHF 
and the pathophysiology of atrial remodeling. A list of fac-
tors which contribute to atrial electrical and structural re-
modeling (gray shaded).

Figure 3: Sketch of the anatomy of the left atrium, pulmonary 
veins, and muscular fascicles (modified from 52). IVC- Infe-
rior Vena Cava; SVC-Superior Vena Cava; RSPV-Right Supe-
rior Pulmonary Vein; RIPV-Right Inferior Pulmonary Vein; 
LSPV-Left Superior Pulmonary Vein; LIPV-Left Inferior Pul-
monary Vein.  Drawing recreated by Dimpi Patel.



during the procedure (Figure 4 and 5). Non-PV
atrial triggers have been found in the posterior
wall of the left atrium, the superior vena cava,
the fossa ovalis, the coronary sinus, the ligament
of  Marshall  behind  the  Eustachian  ridge, c r i s - 
ta terminalis, and adjacent to the AV valve an- 
nuli. An isoproterenol challenge (up to 20: µg/ 
min) can be used to find non-PV triggers .29-33

CFAE (complex fractionated electrical electro- 
grams)  are  electrograms  with  highly  fraction- 
ated potentials or with a very short cycle length 
(≥120 ms) which can be targeted during ablation. 
It has been suggested that CFAEs represent sub- 
strate areas that perpetuate AF.  The primary 
end- points  are  elimination  of  CFAEs  areas,  
conver- sion of AF to sinus rhythm, and/or an in-
ability to induce AF.   In patients with paroxysmal 
AF, the procedural endpoint is noninducibility of 
AF.  In patients with persistent AF, the endpoint 
is termi- nation of AF.  If atrial flutter or atrial 
tachycardia ensues after elimination of the CFAE 
areas, the atrial arrhythmias are mapped and ab-
lated .34,35, 36, 37b.At the one year follow-up, 91% pa-
tients were free of arrhythmia and symptoms (34).

A tailored AF ablation approach targets specific 
drivers  of  AF  without  excess  anatomical  abla- 
tion.  An electrogram based approach is used in- 

stead of a standardized lesion set. The pulmonary 
veins are isolated first if a rapid electrical activity 
is found.  If AF persists, complex electrograms in 
the left atrium, coronary sinus, and superior vena 
cava are ablated. In patients with paroxysmal AF, 
the endpoint is noninducibility of AF with isopro- 
terenol challenge.  At 11±4 month follow-up, 77%
 of patients were free from AF and/or atrial flut-
ter without the use of antiarrhythmic drugs .38

In  patients  with  longstanding  persistent  AF,  a 
step-wise  approach  is  reported  to  be  success- 
ful.  The pulmonary veins are electrically isolated 
guided by a circular mapping catheter.   If AF has 
not terminated, a roof line is made.  If AF contin- 
ues, the coronary sinus and complex left atrium 
activities are targeted.  If AF persists and there is 
perimitral macroreentry, mitral isthmus ablation 
is performed.  If the AF cannot be resolved, an op- 
tional ablation of the right atrial/SVC can be done.

If AF is not terminated at that point, the patient 
is either electrically or pharmacologically cardio- 
verted.  The endpoint of ablation is restoration of 
sinus rhythm, which normally occurs via one or 
more atrial tachycardia intermediates (Figure 6). 
At 1 year, after multiple procedures and with an- 
tiarrhythmic drugs when needed, 95% of LSPAF 
patients had freedom from arrhythmia .39,40,41
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Figure 4 and 5: : 3-D electroanatomical reconstruction of the left atrium in patients with paroxysmal AF and LSPAF



Performing Catheter Ablation in Patients with 
CHF:

PVI  is  an  intricate  procedure.Success  is  vari- 
able  based  on  operator  experience.Currently, 
the majority of the cases are performed in pa-
tients   with   normal   systolic   function.How-
ever,  since  there  is  an  ever  expanding  popu- 
lation  of  patients  with  CHF  and  concomitant 
AF,  more  ablations  are  being  performed  in  pa-
tients   with   depressed   ejection   fraction   (EF) 

Obstacles of Catheter Ablation in Patients with CHF

PVI in patients with CHF has its own unique set 
of obstacles.  Patients with lower EFs tend to have 
larger pulmonary vein ostia and left atria, and con- 
sequently larger areas needs to be ablated.  More- 
over,  patients  with  left  atrial  dysfunction  tend 
to have atrial remodeling, which could result in 
thickening of the areas that are targeted for abla- 
tion. CHF patients often have more complex atrial 
substrates.  Therefore, ablation protocols need to 
include  targeting  non-pulmonary  vein  triggers 
and to completely isolate the posterior wall.  The 
prevalence  of  non-PV  triggers  range  from  30% 
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to more than 50% in patients with non-PAF. 42

Irrigated catheters are efficacious in this popula- 
tion because they are able to accurately deliver 
energy.On the other hand, externally irrigated 
catheters require a large infusion of saline dur-
ing a procedure and CHF symptoms may be 
seen or ex- acerbated. Therefore, CHF patients 
should be carefully monitored and have ag-
gressive postoperative management with di-
uretics. Patel et al. reported that  despite  rou-
tine  administration  of  diuretics,4% of patients 
experience fluid retention requiring rehospi-
talization after ablation with an open irri- ga-
tion catheter. Most rehospitalized patients were 
obese  males  with  chronic  atrial  fibrillation .43

Postoperative Management: 

Postoperative management varies depending on
center protocol and physician’s discretion.How-
ever, it is recommended that warfarin should be-
administered  for  at  least  two  months  follow-
ing an AF ablation procedure.Whether to use 
warfarin longer than two months following ab-
lation should be based on the patient’s risk fac-

Figure 6: From the Bordeaux experience: Schema of gaps in recovered left atrial lines. Most conduction gaps were predomi-
nantly located close to the pulmonary veins where catheter stability is often difficult to achieve

The mitral isthmus is divided into 4 regions:  1) High—at the junction of the left inferior pulmonary veins and the left atrial ap-
pendage. 2) Middle—at the central part of the mitral isthmus. 3) Low—at the endocardial aspect of the mitral annulus, and 4) 
Epicardial—at the epicardial. The majority (66%) of conduction gaps in the ML were located in the upper segment (close to the 
junction between the left inferior pulmonary vein and the left atrial appendage) and the middle part of the line (20%).  Only 6% 
of patients showed a gap at an epicardial location. Recurrences of electrical conduction within the roof line were mainly (54%) 
observed close to the right superior pulmonary vein and, less frequently, close to the left superior pulmonary vein or in the 
middle segment. Shorter radiofrequency du- rations are required for reablation of recovered linear lesions.  Conduction times 
around complete left atrium lines are significantly longer in patients with persistent/permanent AF as compared to patients 
with paroxysmal AF (41).
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Pulmonary vein stenosis, atrioesophageal fistula, 
pericardialeffusion,cardiactamponade,hematoma, 
and cerbrovascular accident are all possible com-
pli- cations of PVI. There are no differences in the 
rates of complications in patients who underwent 
PVI with CHF compared to those without CHF .44,45

Clinical Evidence Supporting the Feasibility 
of Pulmonary Vein Isolation as a Treatment 
Strategy in Patients with CHF

Several studies have assessed the feasibility of pul-
monary vein isolation in a CHF population (Table 1).
Hsu et al. compared 58 patients with CHF to 58 
case controlled patients without CHF that under-
went catheter ablation.  CHF patients had an EF 
below45% and ≥ NYHA class II. Fifty percent of 
patients with CHF and 47% of patients in the con-
trol group underwent a second procedure. 

One year after the final procedure, 78% of patients 
with CHF and 84% of the controls were free of AF 
(P=0.34).  EF increased by an average 21%, left ven-
tricular end- diastolic and end-systolic diameters 
decreased re- spectively by 7 and 9mm in the CHF 
group.  Cath- eter ablation in this study involved 
PVI with one or more linear lesions, which include 
a roof line between the left and right superior pul-
monary veins and a mitral isthmus line between the 
mi- tral annulus and left inferior pulmonary vein .46

Chen et al. studied 377 patients.  Ninety-four 
pa- tients had EF <40% versus 286 EF = 40%. All 
patients had symptomatic AF refractory to an-
tiarrhythmic drugs and were rate controlled. 

tors for stroke and not on the presence or type of 
AF.   Cessation of warfarin therapy after ablation 
is  generally  not  recommended  in  patients  who 
have a CHADS score ≥ 2.  Considering this rec-
ommendation  and  the  common  risk  factors  as-
sociated with CHF, many CHF patients are kept 
on  warfarin  indefinitely  after  catheter  ablation.

Suppressive antiarrhythmic drugs are often used
during the first one to three months after abla- 
tion. Most  electrophysiologists  use  drugs  that 
have been used unsuccessfully prior to ablation

Patients should be seen in follow-up at a minimum 
of three months following the ablation procedure 
and every six months henceforth for at least two 
years.  ECGs should be obtained at all follow-up 
visits. Patients complaining of palpitations should 
be evaluated with an event monitor. The most ef- 
fective way to monitor frequent asymptomatic 
recurrences is to use a 1 to 7 day Holter monitor.

There is no set protocol for imaging studies to 
screen  for  PV  stenosis  following  ablation.Ide-
ally, most patients should have computed to- 
mography at baseline and at 3 months after ab- 
lation  to  assess  for  pulmonary  vein  stenosis.

Early   recurrences   of  AF   and/or   atrial   tachy- 
cardia are often seen in the first two to three months  
after  AF  ablation. Recurrences  of  AF during   
this   blanking   period   are   not   consid- ered 
procedure failure. Therefore, repeat abla- 
tion procedures should be postponed for at least 
three months following the first procedure (44).

Complications of Catheter Ablation: 

Table 1 Studies of patients with low ejection fractions undergoing atrial fibrillation ablation

Number of patients EF Pre-ablation (%) LA (cm) EF Post-ablation 
(%)

AF Free (%)

Hsu (23) 58 35 5 56 69

Chen (22) 94 36 4.7 41 73
Tondo (24) 40 33 4.8 47 62
Gentlesk (25)+ 67 42 - 56 86

Khan (1) 41 27 4.9 35 88
Bortone(26)* 6 25 - 54 100

+Freedom from AF reported with some patients on antiarrhythmics
*5 out of 6 patients had redo procedures. 1 patient had an post procedural EF of 30. It is not included in the mean
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PVAI with cavotri- cuspid isthmus line was per-
formed. At 14 months,73% of the low EF groups 
were AF free compared to 87% of the normal EF 
group (p-value 0.03).  Twenty-one of the patients 
with LV systolic dysfunction underwent repeat 
PVI. The overall cure rate in patients with LV sys-
tolic dysfunction after a second procedure was 
96%.  Nineteen of the study group had repeat 
procedures. The overall cure rate in the study 
group was 94%.  The study group had a non- 
significant increase in EF of 4.6% and significant 
improvement in quality of life. Complication 
rateswere low with a 1% PV risk of PV stenosis. 45

Unlike Hsu et al., more patients in Chen et al. had 
improvement in EF; however, this finding can be 
attributed to the smaller number of non-paroxys- 
mal AF patients in the study by Chen et al.  The re-
quirement for rate control in the study by Chen et 
al. may have limited the number of patients with 
tachycardia-mediated cardiomyopathy.45,46Tondo 
et al. prospectively compared 40 patients with EFs 
of <40% to 65 patients with EFs =40%. A hybrid ab-
lation procedure which included electro- anatomi-
cal mapping-guided PVAI, a mitral isth- mus line, 
and in most patients, ablation of the ca- votricus-
pid isthmus was performed. Eighty-seven percent 
of patients with impaired EF were arrhyth- mia 
free and had improvement in EF from 33±2% to 
47±3% at 14±2 months.  Ninety-two percent of pa- 
tients with normal EF were in sinus rhythm at the 
end of the follow up period with or without anti-
ar- rhythmic drugs. Exercise capacity, symptoms, 
and quality of life scores improved significantly. 47

Gentlesk et al. studied 67 patients with a mean EF 
of 42±9 compared to 299 with normal EF.  Abla- 
tion consisted of proximal isolation of the pulmo- 
nary veins and non-pulmonary vein triggers.  EF 
was assessed at 24 hours after ablation and then 
again at 6 months.   At the end of the follow up 
period, 86% of the left ventricular dysfunction 
group was arrhythmia free compared to 87% of 
the control group.  However, more repeat proce- 
dures were required in patients with left ventricu- 
lar dysfunction (1.6±0.8 vs. 1.3±0.6; P<or=0.05).  In 
the lower EF group, EF increased from 42±9% to 
56±8% (P<0.001) after ablation.  These results im- 
ply that depressed EF is reversible with success- 
ful catheter ablation in many CHF patients with 
AF   induced   ventricular   cardiomyopathy . 48

The Pulmonary Vein Antrum Isolation (PVAI) ver- 
sus AV node Ablation with Bi-Ventricular (BI-V) 
Pacing for treatment of Atrial Fibrillation in Patients 
with Congestive Heart Failure (PABA-CHF) was 
a multicenter, randomized study that compared 
PVAI to AVA with BI-V in patients with a low EF and 
symptomatic AF.   Forty-one patients underwent 
PVAI with a mean EF of 27±8 and 40 patients un- 
derwent AVA with a mean EF of 29±7. All patients 
had drug refractory AF and NYHA class II or III .1

Khan et al. found that the composite primary end-
point favored the PVAI group because they had 
greater improvement in the quality of life ques- 
tionnaire at 6 months (60 vs. 82 in the AVA group; 
P<0.0001), a longer 6-minute-walk-distance (340m 
vs. 297m; P<0.001), and a higher ejection fraction 
(35% vs. 28%; P<0.001).   There were eight repeat 
procedures for recurrent AF (in four patients) and 
atrial flutter or atrial tachycardia (in four other 
patients) in the PVAI group.   At 6 months, 88% 
of the PVAI group and 71% of the AVA group 
were free of AF without antiarrhythmic drugs .1

In the PVAI group, 2 patients had pulmonary vein 
stenosis, 1 had pericardial effusion, and 1 had pul- 
monary edema. In the AVA group, 1 had a lead dis- 
placement and the other had a pneumothorax. 1

Bortone et al. studied six subjects with an EF of
25.8±7.3% who had drug refractory LSPAF.  Five
patients had dilated cardiomyopathy and 1 pa-
tient had ischemic cardiomyopathy.  Patients had
NYHA  III-IV.  All  patients  underwent  stepwise
ablation. All patients with dilated cardiomypathy
had significant improvement in NYHA class and
EF. In the patient with the ischemic cardiomyopa-
thy, NYHA class improved but not the EF.  Four
out of 5 patients in the dilated cardiomyopathy
group and the ischemic cardiomypathy group had
redo procedures. Sinus rhythm was maintained in
all patients. EF and NYHA improved in the dilated
cardiomyopathy group (54±4.4%, NYHA I-II) thus,
precluding the need for an implantable cardiovert-
er defibrillator (ICD).  EF remained at 30% in the
patient with ischemic cardiomypathy, thus an ICD
was implanted.   While this study was extremely
small, it demonstrated that even more severe pa-
tients  can  benefit  from  catheter  ablation .49
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The results from these studies stalwartly suggest 
the  benefits of  restoring  and  maintaining  si-
nus rhythm with catheter ablation in patients with 
CHF.  Moreover, these studies suggest that repeat 
procedures in this population are very effective.

Conclusion: Burning for a Cure for CHF
coexistent AF

CHF and AF are noxious to patient well-being, 
overall quality of life and health care cost. Per- 
haps the continual advances in ablation technol- 
ogy and the broadening indications for treatment 
may reduce the deleterious effect of CHF and AF.

Fairly recently, advances have been made that fo-
cus on enabling inexperienced operators to per-
form the procedure safely and effectively. Three-
dimensional electroanatomical imaging has been 
integrated with other imaging modali- ties such 
as CT and MRI, allowing for better vi- sualiza-
tion of the left atrial anatomy.  Electroana- tomi-
cal mapping has been particularly beneficial in  
patients  with  CHF  since  extensive  ablation 
and navigation in this anatomy can be difficult.

Robotic technology has emerged as a powerful 
device for mapping and ablating AF.   There are 
two robotic systems that are being used for cath- 
eter ablation: Stereotaxis remote magnetic naviga- 
tion and Hansen Sensei robotic catheter system. 
Early clinical experiences with these devices are 
promising.  Robotically guided mapping and ab- 
lation may improve both the ease and outcome of 
complex AF ablations. At present, there are 
no reported clinical trials focusing on the effica-
cy of  robotic  systems  in  CHF  populations. 50,51

Presently, catheter ablation for AF in CHF pa- 
tients is considered second line therapy.None- the-
less,  as  experience  grows  in  this  population 
and more favorable evidence continues to mount, 
this will change.In our opinion, it is possible 
that in the future, catheter ablation may become 
the  treatment  of  choice  in  most  patients  with 
AF  and  concomitant  CHF;  henceforth,  “burn- 
ing” could incinerate the AF with CHF epidemic.
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