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A trial fibrillation (AF) is the most
common persistent arrhythmia, es-
pecially in patients with heart fail-

ure.1,2 These two entities seem to be inter-
related in such a way that heart failure can
be either the cause or the result of AF.3

The reasons for the high incidence of AF in
heart failure have not been entirely clari-
fied. Patients with heart failure develop

atrial myocardium remodelling, which is
characterised by anatomical, structural and
electrophysiological changes such as atrial
dilatation, atrial refractory period prolon-
gation, sinus node dysfunction and atrial
conduction abnormalities. In addition, they
have areas of atrial myocardium with very
low voltage potentials and sometimes elec-
trical silence.4 On the other hand, the ar-
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tive method of maintaining sinus rhythm, improving left ventricular systolic function and reversing atrial and
ventricular remodelling.

Original ResearchOriginal Research

Manuscript received:
July 2, 2007;
Accepted:
August 2, 2007.

Address:

Michalis Efremidis

Second Department of
Cardiology
Evangelismos General
Hospital
45-47 Ipsilantou St.
106 76 Athens, Greece
e-mail: 
micbcar@otenet.gr

Key words:
Atrial fibrillation,
heart failure,
ablation, ejection
fraction, left atrium
remodelling.



rhythmia itself can cause dysfunction of ventricular
myocardium in the context of tachycardia-induced car-
diomyopathy. The changes in ventricular myocardium
begin on day one and the degree of dysfunction of the
left ventricle is related to the duration and the frequen-
cy of the tachycardia.5 Continuous depolarisation of
the ventricular myocardium has been proved to cause
remodelling, with left ventricular (LV) dilatation, mi-
tral valve regurgitation and elevated end-diastolic pres-
sure.6 The structural changes, distribution and function
of myocardial capillary vessels, elevated coronary ves-
sel resistances, increased sympathetic tone, beta-
adrenergic receptor reversal, reduced adenyl-cyclase
activity, increase of oxidative stress and apoptosis, de-
construction of the normal extracellular matrix due to
augmentation of metalloproteinase activity, and my-
ocardial inflammation and fibrosis, all play a part in
the pathophysiology of myocardial dysfunction in pa-
tients with tachycardia-induced cardiomyopathy.5

Despite the fact that AF ablation is a relatively
new method for treating patients with this arrhyth-
mia, most of the studies have shown high success
rates. However it should be emphasised that: a) they
were carried out in electrophysiology centres with
very high volumes of cases; b) the follow-up duration
after the ablation was limited; and c) the patients who
were enrolled in those studies had preserved LV sys-
tolic function. The aim of our study was to investigate
the results and the consequences of AF ablation in a
particular group of patients with heart failure and
permanent or persistent AF.

Methods

Patients

Thirteen patients (11 men and 2 women, 35-70 years
old, median age 55 ± 23 years) with LV dysfunction
(median ejection fraction [EF] 35 ± 5%, range 25-
40%) and symptomatic persistent (10 patients, 76.9%)
or permanent (3 patients, 23.1%) AF were enrolled in
our study and underwent AF ablation therapy (Table
1). The median LV end-diastolic diameter (LVEDD)
and left atrial diameter (LAD) were 60 ± 1.5 mm and
49 ± 7 mm respectively.

Three patients (23.1%) were in New York Heart
Association (NYHA) functional Class I, seven
(53.8%) were in Class II and three (23.1%) in Class
III. If patients presented with non-compensated heart
failure (peripheral oedema, ascites, hepatic dysfunc-
tion due to right heart failure, pulmonary congestion
or hypotension), efforts were made to improve their
clinical and haemodynamic status by optimising their
drug therapy for at least 4 weeks before AF ablation.

All patients had symptomatic AF refractory to at
least one Class I or III antiarrhythmic medication.
Each of them signed a written informed consent ap-
proved by the institutional Ethics Committee before
the procedure. The patients were on oral anticoagula-
tion therapy (international normalised ratio 2.0-3.0)
for at least 4-6 weeks before the AF ablation. They in-
terrupted the oral therapy two days before the proce-
dure and were started on enoxaparin 1 mg/kg twice
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Table 1. Demographics, clinical, echocardiographic and electrophysiological characteristics.

Sex Age EF LVEDD LAD EF LVEED LAD Follow up AF Number of Fluoroscopy Underlying 
(years) (%) (cm) (cm) (%) (cm) (cm) (months) recurrence applications time cardiomyopathy

before before before after after after 30 s (min)

1 M 56 25 6.3 4.6 55 5.7 4.3 14 NO 160 36 DCM
2 M 69 35 6.2 4.8 50 5.7 4.4 14 NO 140 42 HCM
3 M 42 35 5.8 4.7 40 5.8 4.6 9 YES 135 32 CAD
4 M 54 40 6.3 5.0 60 5.8 4.5 12 NO 145 37 DCM
5 M 55 40 6.4 4.4 60 5.6 4.3 10 NO 153 45 DCM
6 M 39 40 6.0 4.6 60 5.5 4.3 9 NO 139 49 DCM
7 M 41 40 6.3 5.2 60 5.7 4.8 9 NO 152 56 DCM
8 M 35 35 5.9 4.9 40 5.8 4.8 6 YES 140 35 CAD
9 M 68 35 6.8 5.5 40 6.7 5.5 13 YES 135 42 DCM

10 F 70 30 6.0 5.4 60 5.5 5.0 6 NO 127 31 HCM
11 M 57 40 5.7 5.8 45 5.6 5.6 5 YES 130 32 CAD
12 M 61 35 6.5 5.0 60 5.6 4.5 3 NO 142 60 DCM
13 F 53 40 6.2 4.6 40 6.2 4.6 3 YES 120 38 DCM

AF – atrial fibrillation; CAD – coronary artery disease; DCM – dilated cardiomyopathy; EF – ejection fraction; HCM – hypertensive car-
diomyopathy; LAD – left atrial diameter; LVEDD – left ventricular end diastolic diameter; 



daily subcutaneously. On the day before ablation they
had a transthoracic echocardiogram for the assess-
ment of cardiac structure and function and on the day
of the ablation a transoesophageal echocardiogram
was performed in order to rule out atrial thrombi.

AF ablation

A trans-septal puncture was performed and intra-
venous unfractionated heparin was administered until
the end of the procedure (a stat dose of 50 IU/kg and
1000 IU per hour). Surface ECG and endocardial
bipolar potentials were recorded and stored continu-
ously by a Prucka recording system (Prucka, Cardio-
labs 4.1, USA). A three-dimensional electroanatomic
mapping system (CARTO, Biosense-Webster, Inc.,
Diamond Bar CA, USA) was used along with a 3.5
mm irrigated tip electrode catheter for the ablation.
Two catheters were inserted through the right
femoral vein, one quadripolar catheter at the apex of
the right ventricle, and one 3.5 mm irrigated-tip elec-
trode catheter for mapping and ablation (Navi-Star,
Thermocool Biosense-Webster). The energy was de-
livered by the latter catheter in the left atrium with
flow limited to 20 ml/h, energy limited to 30 W, and
temperature to 43ÆC. We performed circumferential
ablation, encircling the pulmonary veins in pairs, left
and right, at least 1 cm from their ostia, linear abla-
tion between the left and right superior pulmonary
vein, and linear ablation along the mitral isthmus.
During the procedure we aimed at elimination or re-
duction of the amplitude of the atrial electrograms to
<0.1 mV. Bidirectional conduction block at the mi-
tral isthmus or the left atrium roof, and atrial fibrilla-
tion stimulation at the end of the ablation were not
included in our protocol. All patients underwent pul-
monary vein isolation while in AF and were convert-
ed to sinus rhythm with external electrical cardiover-
sion.

Follow up

Patients remained in the hospital for two more days
after the procedure. Initially, they received unfrac-
tionated heparin intravenously for 24 hours and then
continued on coumadin orally and low molecular
weight heparin (enoxaparin). All patients had a
transthoracic echocardiogram and 24-hour Holter
monitoring before their discharge. Each was given
amiodarone for three months and angiotensin con-
verting enzyme inhibitors and carvedilol during fol-

low-up. The outpatient clinic re-evaluation included
12-lead ECG, 24-hour Holter monitoring, and a
transthoracic echocardiogram at 1, 3, 6, 9 and 12
months. Arrhythmia recurrence was defined as the
presence of AF for more than 30 seconds.

Statistical analysis

In view of the small sample in this study, non-para-
metric statistics were used. All categorical variables
are presented as absolute and relative frequencies,
whereas continuous variables are described as medi-
ans and interquartile ranges. In order to investigate
any possible associations between the categorical
variables and the variables of the intervention—re-
currence of atrial fibrillation and occurrence of atrial
flutter—Fisher’s exact statistic was used. The Mann-
Whitney statistical test was performed in order to
compare the distribution of the continuous variables
between the independent subgroups of our sample,
while the Wilcoxon sign-rank test was used for com-
parison of the distribution of the same variables
among pairs. All reported p-values are based on two-
tailed tests and compared to a significance level of
0.05. All data were analysed with STATAì statistical
software (Version 9.0, Stata Corporation, College
Station, TX 77845, USA).

Results

The patients’ demographic, electrophysiological and
echocardiographic characteristics are given in Table
1. The patients had severe LV dysfunction with medi-
an EF 35 ± 5%. Two patients (15%) had hyperten-
sive cardiomyopathy, three (23%) had coronary
artery disease, and 8 (62%) idiopathic dilated car-
diomyopathy (Table 2). Median follow-up time was 9
± 7 months. At the end of this study eight patients
(62%) remained free of AF, four experienced recur-
rence in the first six months and one in the 12th
month. Two (66.7%) of the three patients with per-
manent AF and three (30%) of the 10 with persistent
AF relapsed. Atrial flutter appeared in three (23%)
patients. 

The patients who remained in sinus rhythm at the
end of the follow-up experienced a statistically signifi-
cant increase of EF (from 37.5% ± 8.75 to 60 ±
3.75%, p=0.011), a reduction in LVEDD (from 63.0
± 3.25 mm to 56.5 ± 1.75 mm, p=0.011), and a re-
duction in LAD (from 49.0 ± 5.5 mm to 44.5 ± 4.25
mm, p=0.011). The increase in EF that was observed

Ablation of Atrial Fibrillation in Heart Failure

(Hellenic Journal of Cardiology) HJC ñ 21



in patients who remained in sinus rhythm was 20.0 ±
8.75%, compared to 5 ± 2.5% in those who experi-
enced AF recurrence (p=0.003). The reversal of the
left atrial and LV remodelling was apparent from the
first month of the follow-up. In contrast, patients who
relapsed to AF did not have any of these changes
(p>0.05) (Table 2). Prognostic indexes of AF recur-
rence appeared to be the failure to improve EF
(p=0.003), the non-reversal of LV (p=0.002) and left
atrial (p=0.006) remodelling, the shorter energy ap-
plication time (p=0.030) and the presence of coro-
nary artery disease (p=0.035) (Table 2). All three pa-
tients with coronary artery disease developed AF re-
currence, whereas sex, AF duration and the antiar-
rhythmic medication prior to the AF ablation had no
correlation with AF recurrence (p>0.05). There was
no complication in any of the patients.

Discussion

Recent data from the AFFIRM study suggested that
the potential benefits of maintaining sinus rhythm in
patients with AF can be offset by the deleterious ef-
fects of antiarrhythmic drugs.7 The main issue when
treating patients with heart failure and AF is to prove
that the maintenance of sinus rhythm improves mor-
tality, morbidity and quality of life.

This study demonstrates the efficacy and safety of

ablation in patients with persistent AF and LV dysfunc-
tion. In our small study group AF ablation was a rela-
tively effective and safe method of maintaining sinus
rhythm. Sinus rhythm was maintained in 61.5% of our
patients and was associated with reversal of the LV and
left atrial remodelling in this group. However our suc-
cess rate is dissimilar to those of other studies (Table 3).

The disparity is probably due to the different clin-
ical profile of the patients who were included in our
study and to different techniques. In a non-ran-
domised study Chen et al8 examined the efficacy of
AF ablation in patients with LV dysfunction. The
study included 377 consecutive patients, 283 of whom
made up the control group and had normal EF, while
94 were included in the study group with EF<40%.
However, the number of those who had tachycardia-
induced cardiomyopathy was not clarified. The abla-
tion technique chosen was the isolation of the pul-
monary vein vestibule using a cooled-tip ablation
catheter, without any linear lesions in the left atrium.
Additionally, they performed ablation of the right
atrial isthmus in very few patients. Their success rate
was 73%. Patients with LV systolic dysfunction were
more likely to experience AF recurrence after the
first attempt than were those with preserved LV func-
tion. In contrast, there was no difference between the
two groups after the second attempt. In this study EF
did not increase significantly (5%).
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Table 2. Demographics, clinical, echocardiographic and electrophysiological characteristics of the patients who remained in sinus rhythm
(SR) and those who had recurrence of atrial fibrillation (AF).

Patients in SR (n = 8) Patients in AF (n = 5) p value

Age (years) 55.50 ± 22.5 53 ± 24 0.460
Sex 7 M / 1 F 4 M / 1 F 0.999
AF duration (months) 41.50 ± 29.75 37.0 ± 29.0 0.340
Permanent AF 1/8 (12.5%) 2/5 (40.0%) 0.510
Hypertension 4/8 (50.0%) 3/5 (60.0%) 1.000
Dilated cardiomyopathy 6/8 (75.0%) 2/5 (40%) 0.293
Coronary artery disease 0/8 (0%) 3/5 (60%) 0.035*
EF before ablation (%) 37.50 ± 8.75 35.0 ± 5.0 0.870
EF after ablation (%) 60.0 ± 3.75 40.0 ± 2.5 0.002*
EF change (%) 20.0 ± 8.75 5 ± 2.5 0.003*
LVEDD before ablation (mm) 63.0 ± 3.25 59.0 ± 7.5 0.171
LVEDD after ablation (mm) 56.5 ± 1.75 58.0 ± 7.5 0.045*
LVEDD change (%) 5.5 ± 2.5 1.0 ± 1.0 0.002*
LAD before ablation (mm) 49.0 ± 5.5 49.0 ± 10.0 0.524
LAD after ablation (mm) 44.5 ± 4.25 48.0 ± 9.5 0.030*
LAD change (mm) 4.0 ± 1.75 1.0 ± 1.5 0.006*
Number of energy applications 30s 143.5 ± 13.5 135 ± 12.5 0.030*
Total ablation time (min) 71.75 ± 16.5 67.5 ± 6.5 0.030*
Number of pulmonary veins 4.5 ± 1.0 4.0 ± 1.0 0.490

*Statistically significant difference. Abbreviations as in Table 1.



In another non-prospective, non-randomised
study Hsu et al9 compared the efficacy of AF ablation
in 58 consecutive patients with AF and heart failure
and EF <45% versus 58 patients with AF and normal
EF. After a follow-up time of 12 ± 7 months sinus
rhythm was maintained in 78% of the heart failure
group and in 84% of the control group (p=0.34). In
the former group 69% remained in sinus rhythm
without antiarrhythmic drugs, compared to 71% in
the latter. In the heart failure group exercise capacity
and quality of life improved significantly and EF in-
creased by 21 ± 13% (p<0.01). Systolic function im-
proved not only in patients with inadequate heart rate
control (23 ± 10%, p<0.001), but also in patients
with structural heart disease and adequate rate con-
trol (16 ± 14%, p<0.001). A second ablation attempt
was made in 50% of the patients in the heart failure
group and 47% of those in the control group; 78% of
the patients with heart failure and 84% of those with
normal systolic function remained in sinus rhythm. 

A third published study, by Tondo et al,10 en-
rolled 105 patients with AF (40 with heart failure and
EF <40% and 65 with normal LV function) who un-
derwent pulmonary vein isolation. The follow-up time
was 14 ± 2 months and 87% of the patients with LV
dysfunction and 92% of those with a normal EF re-
mained in sinus rhythm. There was a significant im-
provement of EF in the heart failure group.

Finally, Gentlesk et al11 enrolled in their study
mainly patients with paroxysmal AF (70%). The EF
upper limit that they set was 50%. Their success rate
was 86%. However, it is noteworthy that patients with
very low EF had a repeat AF ablation attempt more
often than did those with a normal EF (1.6 ± 0.8 vs.
1.3 ± 0.6, p<0.05).

In contrast to all the previously mentioned studies,
the patients who were enrolled in our study had persis-
tent AF (76.9%), with inadequate heart rate control de-
spite the antiarrhythmic medication, and a compara-
tively lower EF (35 ± 5%). Additionally, none of them

had a repeat procedure. The patients who remained in
sinus rhythm at the end of our study demonstrated re-
versal of LV remodelling, as shown by the statistically
significant increase in EF and decrease in LVEDD.
Conversely, none of these benefits was observed in pa-
tients who experienced AF recurrence. The atrioven-
tricular synchronisation, the restoration of the atrial
kick, and the elimination of the cause of tachycardia-in-
duced cardiomyopathy are the main reasons for EF im-
provement in patients who remain in sinus rhythm.5,12,13

The basic mechanism of AF maintenance is the
anatomical and electrical remodelling of the left atri-
um due to the arrhythmia (AF begets AF). The
downregulation of L-type Ca++ channels and the in-
crease in intracellular Ca++ through Na+/Ca++ ex-
change are the main mechanisms of atrial systolic dys-
function.5 The increased atrial wall stress triggers var-
ious molecular pathways that promote inflammation,
extracellular matrix remodelling (increased metallo-
proteinase activity), atrial myocyte loss (apoptosis,
necrosis), and fibrosis.5,12,14,15

Our study showed a statistically significant de-
crease in left atrial diameter (reverse anatomical re-
modelling) in patients who remained in sinus rhythm,
in accordance with other studies of AF ablation.16-19

The reverse atrial remodelling is probably due to a
combination of a decrease in atrial wall stress, atrial
shrinkage because of the linear lesions, and a de-
crease in LV end-diastolic pressure.5,16-19

The results of our study show that the prognostic
indexes of AF recurrence are the absence of an in-
crease in EF with no reversal of left atrial and LV re-
modelling, a shorter total time of energy application,
and the presence of coronary artery disease. Despite
the fact that the correlation between EF and AF recur-
rence has been proven, the relation between LV sys-
tolic dysfunction and AF recurrence in patients with
heart failure after ablation/modification of the left atri-
um has not yet been clarified. Chen et al demonstrated
that AF recurrence after pulmonary vein isolation was
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Table 3. Studies of atrial fibrillation ablation in patients with heart failure.

Study (reference) Patients Success rate EF increase (%) p value

Chen et al8 94 96% 36 ± 7 → 41 ± 6 0.1
Hsu et al9 58 78.0% with AD 35 ± 7 → 56 ± 13 0.001
Tondo et al10 40 87.0% with AD 33 ± 2 → 47 ± 3 <0.01
Gentlesk et al11 53 90.0% with AD 42 ± 8 → 57 ± 8 <0.01
Present study 13 61.5% with AD 37.5 ± 8.7 → 60 ± 3.7 0.011

AD – antiarrhythmic drugs; EF – ejection fraction.



statistically significantly increased in patients with a
low EF in comparison with those with normal systolic
function.8 Interestingly, the total time of energy appli-
cation is also related to AF recurrence. The anatomical
remodelling due to AF and the coexistent increase in
end-diastolic pressure due to heart failure lead to left
atrial dilatation, and consequently prolong the total
time needed for energy application (larger areas of
atrial myocardium). It has been demonstrated that the
only prognostic indexes for AF recurrence are the suc-
cessful parasympathetic denervation and the percent-
age of the left atrium area modified during the abla-
tion.20,21 In our study another prognostic index for AF
recurrence was the type of the underlying cardiomy-
opathy. All the patients with coronary artery disease
experienced AF recurrence, compared to only 20% of
those without ischaemic cardiomyopathy. The non-re-
versal of the underlying cause of the LV dysfunction
(scar) and the coexistent ischaemia of the atrial my-
ocardium are the potential reasons for AF recurrence
in patients with coronary artery disease. Atrial flutter
was observed in three patients (23%). Although this
number is higher than that mentioned in Pappone’s
study22 (6%), it is close to the 22% reported in the study
published by Katritsis et al.23

Study limitations

This study involved a small number of patients and
the follow-up time was short. The efficacy of this
method, especially in patients with heart failure, can-
not be judged from a small study group of 13 patients.

Conclusions

Despite the fact that our results are derived from a small
number of patients, this study showed that AF ablation
in patients with heart failure and a low EF is a relatively
effective method of maintaining sinus rhythm. Prognos-
tic indexes of AF recurrence are the absence of EF im-
provement with no reversal of LV and left atrial re-
modelling, a shorter total time of energy application,
and finally the presence of coronary artery disease as
an underlying cause. Randomised studies with larger
numbers of patients and longer follow up are needed
to confirm the efficacy and safety of this method for
this specific group of patients.
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