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background

 

Congestive heart failure and atrial fibrillation often coexist, and each adversely affects
the other with respect to management and prognosis. We prospectively evaluated the ef-
fect of catheter ablation for atrial fibrillation on left ventricular function in patients
with heart failure.

 

methods

 

We studied 58 consecutive patients with congestive heart failure and a left ventricular
ejection fraction of less than 45 percent who were undergoing catheter ablation for atrial
fibrillation. We selected as controls 58 patients without congestive heart failure who
were undergoing ablation for atrial fibrillation, matched according to age, sex, and
classification of atrial fibrillation. We evaluated the patients’ left ventricular function
and dimensions, symptom score, exercise capacity, and quality of life at baseline and at
months 1, 3, 6, and 12.

 

results

 

After a mean (

 

±

 

SD) of 12±7 months, 78 percent of the patients with congestive heart fail-
ure and 84 percent of the controls remained in sinus rhythm (P=0.34) (69 percent and
71 percent, respectively, were in sinus rhythm without the administration of antiarrhyth-
mic drugs). The patients with congestive heart failure had significant improvement in
left ventricular function (increases in the ejection fraction and fractional shortening of
21±13 percent and 11±7 percent, respectively; P<0.001 for both comparisons), left ven-
tricular dimensions (decreases in the diastolic and systolic diameters of 6±6 mm and
8±7 mm, respectively; P=0.03 and P<0.001, respectively), exercise capacity, symptoms,
and quality of life. The ejection fraction improved significantly not only in patients with-
out concurrent structural heart disease (24±10 percent, P<0.001) and those with inad-
equate rate control before ablation (23±10 percent, P<0.001), but also in those with
coexisting heart disease (16

 

±

 

14 percent, P<0.001) and adequate rate control before
ablation (17±15 percent, P<0.001).

 

conclusions

 

Restoration and maintenance of sinus rhythm by catheter ablation without the use of
drugs in patients with congestive heart failure and atrial fibrillation significantly im-
prove cardiac function, symptoms, exercise capacity, and quality of life.
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ongestive heart failure and atri-

 

al fibrillation, the two “epidemics” of car-
diovascular disease,

 

1

 

 are major health prob-
lems. They often coexist, and the intersection of the
two conditions creates a vicious circle, with conges-
tive heart failure promoting the development of
atrial fibrillation and vice versa.

 

2,3

 

 In addition, each
increases the morbidity and mortality associated
with the other.

 

4,5

 

Among patients with congestive heart failure,
maintaining sinus rhythm with the use of antiar-
rhythmic drugs is challenging, owing to the limited
efficacy and potentially deleterious effects of the
drugs.

 

6-10

 

 This finding has led to renewed interest
in rate control, stimulated by reports on several im-
portant studies,

 

11-13

 

 particularly the Atrial Fibril-
lation Follow-up Investigation of Rhythm Man-
agement (AFFIRM)

 

11

 

 and the Rate Control versus
Electrical Cardioversion (RACE)

 

12

 

 trials, both of
which suggested an equivalent outcome for strate-
gies involving pharmacologic rhythm and rate con-
trol. However, recent evidence from the AFFIRM in-
vestigators, in addition to confirming the adverse
prognostic effects of congestive heart failure, high-
lights the potential benefit of maintaining sinus
rhythm if it could be achieved without the adverse
effects of antiarrhythmic drugs.

 

14

 

Curative catheter ablation for atrial fibrillation
has been established as an effective therapeutic op-
tion for atrial fibrillation that is resistant to pharma-
cologic rhythm or rate control, with successful long-
term maintenance of sinus rhythm in the absence of
treatment with antiarrhythmic drugs reported in the
majority of patients.

 

15-18

 

 We evaluated the effects
of restoration and maintenance of sinus rhythm by
catheter ablation for atrial fibrillation on left ven-
tricular function in patients with congestive heart
failure.

 

study population

 

In this prospective study, we enrolled 58 consecutive
patients with congestive heart failure from any cause
who were undergoing curative ablation for atrial fi-
brillation that was resistant to at least two antiar-
rhythmic drugs. All patients with symptomatic con-
gestive heart failure, defined as New York Heart
Association (NYHA) class II or higher that was as-
sociated with a left ventricular ejection fraction of
less than 45 percent, were included. The definition
and classification of atrial fibrillation used in this

study were based on published guidelines from the
American College of Cardiology–American Heart
Association and the European Society of Cardiolo-
gy.

 

6

 

 No patients meeting the above criteria were ex-
cluded. In the case of patients with hypotension or
NYHA class IV symptoms, the procedure was per-
formed after the patients’ condition stabilized. Fifty-
eight patients, matched for age, sex, and classifica-
tion of atrial fibrillation, were selected as procedural
controls from a total of 591 patients without con-
gestive heart failure who underwent ablation during
the same period. Written informed consent was ob-
tained from all patients, and the study protocol was
approved by the research committee at our insti-
tution. The study took place from March 2001 to
March 2004. 

 

baseline evaluation and data collection

 

Patients were routinely admitted two days before the
ablation procedure for baseline evaluation. Treat-
ment with oral anticoagulants, taken by all the pa-
tients, was stopped on admission, and treatment
with all antiarrhythmic drugs, except amiodarone,
was stopped for an appropriate period before abla-
tion. Heart rate and rhythm were monitored with the
use of 48-hour ambulatory electrocardiography.
Transesophageal echocardiography was performed
to rule out atrial thrombi, and transthoracic echo-
cardiography was performed to evaluate cardiac
structure and function. Echocardiographic mea-
surement of the left ventricular ejection fraction was
standardized with the use of Simpson’s biplane
method for all patients during the initial hospital-
ization and subsequent visits. Arrhythmia-related
symptoms were assessed with the Symptom Check-
list–Frequency and Severity Scale,

 

19

 

 and health-
related quality of life was assessed with the 36-item
Short-Form General Health Survey (SF-36) ques-
tionnaire.

 

20

 

electrophysiological study 
and radiofrequency catheter ablation

 

The ablation procedure, based on electrical isola-
tion of the pulmonary veins in all patients,

 

16

 

 with
additional left atrial linear ablation when necessary,
has been described previously.

 

21

 

 In brief, after the
administration of heparin to maintain anticoagu-
lation, pulmonary-vein isolation was performed,
guided by a circumferential deca-polar mapping
catheter (Lasso, Biosense Webster) positioned with-
in the target pulmonary vein. Radiofrequency en-
ergy, with power and temperature limited to 25 to

c

methods
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30 W and 50°C, respectively, was delivered proximal
to the pulmonary-vein ostia with the use of a 4-mm
ablation catheter with an irrigated tip (Celsius Ther-
mocool, Biosense Webster). The end point of abla-
tion was electrical isolation of all the pulmonary
veins, manifested by the disappearance or dissocia-
tion of pulmonary-vein potentials. Then linear abla-
tion, with power limited to 40 W or less, was per-
formed in most patients. This procedure involved
the creation of one or more linear lesions bridg-
ing the two superior pulmonary veins or extending
from a pulmonary vein to the mitral annulus to form
a complete obstacle to electrical conduction, as
demonstrated by established electrophysiological
criteria.

 

21

 

After ablation, anticoagulation therapy was re-
initiated, and ambulatory electrocardiographic
monitoring continued for at least three days in the
hospital. In the absence of concurrent indications,
all antiarrhythmic-drug treatment was stopped. In
the event of an early recurrence of atrial fibrillation
or atrial flutter, patients were offered either further
ablation during their index hospitalization or a trial
of antiarrhythmic drugs. A bicycle-ergometer stress
test, with the use of a standard protocol of 30-W in-
crements in exercise intensity every three minutes,
was performed within three days after the procedure
in order to assess baseline exercise capacity.

 

follow-up

 

Patients were rehospitalized 1, 3, 6, and 12 months
after the last procedure for follow-up evaluation in-
volving clinical interviews, 48-hour ambulatory elec-
trocardiographic monitoring, transthoracic echo-
cardiography, and exercise testing. Anticoagulation
therapy was stopped if sinus rhythm had been main-
tained for three to six months, unless otherwise in-
dicated. Symptoms and quality of life were reevalu-
ated at 3 and 12 months. If patients remained in
sinus rhythm after 12 months, they were discharged
to their own cardiologists for further follow-up.

 

definitions and outcomes

 

Before ablation, adequate rate control was defined
in patients with persistent and permanent atrial fi-
brillation as a mean ventricular rate of less than 80
beats per minute at rest,

 

6

 

 the mean ventricular rate
being the average of the number of ventricular beats
per minute during the 48-hour electrocardiograph-
ic monitoring period before the procedure was per-
formed. Ablation was considered to be successful if
sinus rhythm was maintained with no symptomat-

ic or documented episodes of atrial fibrillation or
atrial flutter. A marked improvement in left ventric-
ular function was defined as an increase of 20 per-
cent or more in the left ventricular ejection fraction
or a value of 55 percent or more.

 

statistical analysis

 

Continuous variables, expressed as means ±SD, and
their distribution were analyzed with the Shapiro–
Wilks test of normality. A comparison between the
groups was performed with Student’s t-test or the
nonparametric Wilcoxon rank-sum test, as appro-
priate. Sequential data measurements were ana-
lyzed by repeated-measures analysis of variance, and
differences between measures were evaluated with
Fisher’s least-significant-difference test for post hoc
comparisons. Categorical variables, expressed as
numbers and percentages, were compared with
Fisher’s exact test. The relationship between clini-
cal variables and significant improvement in left
ventricular function was assessed with a descend-
ing stepwise Cox proportional-hazards model, and
the results are reported as relative risks with 95 per-
cent confidence intervals. All tests of significance
were two-tailed, and a P value of less than 0.05 was
considered to indicate statistical significance.

 

patients and procedural outcome

 

The characteristics of the patients and the procedur-
al outcomes are presented in Table 1. All patients
with congestive heart failure had symptoms in
NYHA class II or higher, despite treatment with
angiotensin-converting–enzyme or angiotensin II–
receptor blockers in 72 percent of the patients, beta-
blockers in 97 percent, and digoxin in 29 percent.
Nine patients (16 percent) had had at least one epi-
sode of class IV symptoms within the previous six
months. Treatment with amiodarone was initiated
in 93 percent of the patients but because of adverse
effects or intolerance was continued in only 71 per-
cent at the time of ablation. Fifty-three patients
(91 percent) had persistent or permanent atrial fi-
brillation, and 38 (66 percent) had a left ventricu-
lar ejection fraction of less than 40 percent. Three
patients awaiting cardiac transplantation were re-
ferred for ablation of atrial fibrillation to amelio-
rate symptoms.

During a mean of 12±7 months of follow-up
(range, 3 to 34 months) after the final procedure (50
percent of patients with congestive heart failure and

results
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* Plus–minus values are means ±SD. CHF denotes congestive heart failure, and NYHA New York Heart Association. 
Because of rounding, not all values sum to the totals shown.

† Some patients had more than one coexisting heart disease.
‡ Success was defined as maintenance of sinus rhythm during the follow-up period without symptomatic or documented 

 

asymptomatic atrial fibrillation or flutter.

 

Table 1. Baseline Characteristics of the Patients with and Those without Congestive Heart Failure.*

Variable CHF (N=58) No CHF (N=58) P Value

Clinical characteristics

 

Age — yr 56±10 56±10 0.94

Male sex — no. (%) 51 (88) 51 (88) 1.00

Classification of atrial fibrillation — no. (%)

Permanent 43 (74) 43 (74) 1.00

Persistent 10 (17) 10 (17) 1.00

Paroxysmal 5 (9) 5 (9) 1.00

Duration of atrial fibrillation — mo 80±45 79±53 0.85

Previous electrical cardioversion — no. (%) 47 (81) 35 (60) 0.01

No. of antiarrhythmic drugs tried 3±1 3±1 0.61

Treatment with amiodarone — no. (%) 41 (71) 45 (78) 0.43

Hypertension — no. (%) 18 (31) 16 (28) 0.68

 

Associated heart disease

 

Dilated cardiomyopathy alone — no. (%) 32 (55) 2 (3) <0.001

Concurrent structural heart disease — no. (%)† 26 (45) 10 (17) 0.001

Coronary artery disease 12 (21) 5 (9) 0.07

Valvular disease 9 (16) 3 (5) 0.13

Congenital heart disease 2 (3) 0 0.50

Hypertrophic cardiomyopathy 4 (7) 2 (3) 0.68

NYHA functional class 2.3±0.5 1.3±0.5 <0.001

Left ventricular ejection fraction — % 35±7 66±7 <0.001

Left ventricular fractional shortening — % 20±5 35±4 <0.001

Left ventricular dimensions— mm

End-diastolic 60±8 53±5 <0.001

End-systolic 46±9 33±5 <0.001

Left atrial parasternal dimension — mm 50±7 46±6 0.004

 

Procedure and outcome

 

All pulmonary veins isolated — no. (%) 58 (100) 58 (100) 1.00

Additional left atrial linear ablation — no. (%) 53 (91) 54 (93) 1.00

Total duration of radiofrequency ablation — min 69±27 78±29 0.15

Total duration of fluoroscopy — min 64±24 72±36 0.20

Total duration of procedure — min 218±65 232±90 0.39

Serious complications — no. (%) 2 (3) 1 (2) 0.74

Tamponade 1 (2) 1 (2)

Stroke 1 (2) 0 

Repeated ablation — no. (%) 29 (50) 27 (47) 0.55

Overall success — no. (%)‡

 Without drugs 40 (69) 41 (71) 0.84

 With drugs 45 (78) 49 (84) 0.34

Length of follow-up since last procedure — mo 12±7 12±6 0.98
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47 percent of patients in the control group under-
went a second procedure), 78 percent of patients
with congestive heart failure and 84 percent of pa-
tients in the control group were in sinus rhythm
(P=0.34); among the patients who were not taking
antiarrhythmic drugs, 69 percent of those with con-
gestive heart failure and 71 percent of those in the
control group were in sinus rhythm. Pericardial
tamponade requiring percutaneous drainage oc-
curred in one patient in each group, and one patient
with congestive heart failure had a stroke during
the procedure. One patient with severe congenital
heart disease and congestive heart failure who was
being considered for heart transplantation had a
recurrence of atrial fibrillation one month after ab-
lation and died after three months from worsening
congestive heart failure. The condition of the other
two patients who were being evaluated for trans-
plantation improved sufficiently to merit their re-
moval from the transplant waiting list (i.e., the
symptoms of both patients improved by one NYHA
class, and the left ventricular ejection fraction in-
creased by 8 percent in one patient and 12 percent
in the other).

 

symptoms, quality of life, and exercise 
capacity

 

In the group with congestive heart failure, the
NYHA class improved from a mean of 2.3±0.5 be-
fore ablation to 1.4±0.5 at 1 month and remained
close to the 1-month level at 12 months (P<0.001).
No changes were observed in the control group. The
Symptom Checklist–Frequency and Severity scores
and SF-36 quality-of-life measures improved sig-
nificantly in both groups. In patients with conges-
tive heart failure, the SF-36 summary scores on the
physical component and the mental component in-
creased by 24±21 and 21±19 points, respectively
(P<0.001 for both comparisons); for patients in the
control group, the scores on the two components in-
creased by 18±17 (P=0.003) and 14±19 (P=0.004),
respectively.

Exercise time and capacity also increased sig-
nificantly in both groups. In the group with con-
gestive heart failure, exercise time increased from
11±4 to 14±5 minutes (P<0.001) and maximal ca-
pacity from 123±44 to 144±55 W (P<0.001), where-
as in the control group, the numbers increased
from 14±4 to 16±5 minutes (P=0.001) and from
145±44 to 158±52 W (P<0.001) during the follow-
up period.

 

left ventricular function

 

Changes in left ventricular function and dimensions
in the patients with congestive heart failure are
shown in Figure 1. The left ventricular ejection frac-
tion increased by a mean of 21±13 percent and left
ventricular fractional shortening by 11±7 percent
(P<0.001 for both comparisons), with the great-
est improvement observed within the first three
months. Concurrently, left ventricular dilatation
was reduced: end-diastolic diameter by 6±6 mm
(P=0.03), and end-systolic diameter by 8±7 mm
(P<0.001).

Marked improvement of the left ventricular ejec-
tion fraction (i.e., an increase of 20 percent or more
or to a value of 55 percent or more) was observed in
42 patients (72 percent). Recurrence of arrhythmia
despite the use of antiarrhythmic drugs was the only
variable negatively affecting the recovery of the left
ventricular ejection fraction (Table 2). However,
among the 12 patients in whom arrhythmia recurred
despite the use of drugs, left ventricular function
was still significantly improved in 4 patients in
whom ablation had converted permanent atrial fi-
brillation to paroxysmal fibrillation.

 

concurrent structural heart disease

 

The presence of concurrent structural heart disease
other than isolated dilated cardiomyopathy did not
significantly affect the outcome of ablation. Sinus
rhythm was maintained in 73 percent of patients
with coexisting heart disease (66 percent without
antiarrhythmic therapy), as compared with 81 per-
cent of patients with isolated dilated cardiomyopa-
thy (73 percent without antiarrhythmic therapy)
(P=0.46). The left ventricular function increased
significantly in both groups after ablation (Fig. 2A
and 2B). In the absence of concurrent structural
heart disease, the left ventricular ejection fraction
increased by 24±10 percent (P<0.001), and 28 of
32 patients who were studied (88 percent) had a
marked increase (i.e., an increase of 20 percent or
more or to a value of 55 percent or more). Three of
the four patients without improvement had a recur-
rence of persistent atrial fibrillation; of those, two
had suboptimal rate control despite drug therapy
(mean ventricular rate, 94 and 98 beats per minute).
In patients with concurrent structural heart disease,
the left ventricular ejection fraction increased by
16±14 percent (P<0.001), and 14 of 26 patients who
were studied (54 percent) had a marked increase in
the left ventricular ejection fraction (P=0.007 for the
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comparison with those without concurrent heart
disease).

 

preablation rate control 
and tachycardia-mediated cardiomyopathy

 

The characteristics of the subgroup of 53 patients
with persistent or permanent atrial fibrillation and
congestive heart failure are shown in Table 3. Sev-
enty-five percent of patients in whom rate control
was adequate had concurrent structural heart dis-
ease. Both groups had significant improvement in
left ventricular function after ablation (Fig. 2C and
2D), with the left ventricular ejection fraction in-
creasing by a mean of 23

 

±

 

10 percent in patients with

poor rate control (P<0.001) and by 17±15 percent
in those with adequate rate control (P<0.001). No
statistically significant differences were observed
between the groups. A marked increase in the left
ventricular ejection fraction was observed in 86 per-
cent of patients with poor rate control, as compared
with 54 percent of those with adequate rate control
(P=0.02).

Regardless of the presence or absence of concur-
rent heart disease or rate-controlled arrhythmia, the
left ventricular ejection fraction improved signifi-
cantly, with the greatest improvement (24±8 per-
cent) in patients with poor rate control who did not
have coexisting heart disease. In this group, in

 

Figure 1. Improvement in Left Ventricular (LV) Function and Dimensions after Ablation in Patients with Congestive Heart Failure.

 

Plotted values are means ±SD. P values, which are for the comparison with baseline data, were determined with the use of Fisher’s least-
significant-difference test. The numbers of patients included at each time point were as follows: 0 month, 58; 1 month, 55; 3 months, 48; 
6 months, 40; and 12 months, 34.
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which congestive heart failure could be attributed
to tachycardia-mediated cardiomyopathy alone, 92
percent of the patients had marked improvement
in the left ventricular ejection fraction.

This study presents new information on the detri-
mental effects of atrial fibrillation in patients with
congestive heart failure and the treatment of these
patients. After catheter ablation for atrial fibrillation,
long-term restoration of sinus rhythm, without the
use of antiarrhythmic drugs in most patients, result-
ed in significant improvement in left ventricular
function, exercise capacity, symptoms, and quality
of life, even in the presence of concurrent structural
heart disease and adequate ventricular rate control
before ablation.

Cardiomyopathy due to a rapid ventricular re-
sponse has been implicated as the main mechanism
by which atrial fibrillation results in congestive heart
failure.

 

22

 

 However, impaired atrial contractile func-
tion, loss of atrioventricular synchrony, and an irreg-
ular ventricular rhythm have also been shown to
have adverse effects on cardiac output.

 

2,22-24

 

 In our
study, restoration of sinus rhythm resulted in an
overall increase in the left ventricular ejection frac-
tion of 21 percent in patients with congestive heart
failure. More modest improvements in the left ven-
tricular ejection fraction were observed in studies
using the clinically proven and effective “ablate and
pace” strategy for rate control, comprising creation
of atrioventricular block by catheter ablation, fol-

lowed by permanent implantation of a pacemak-
er.

 

25-29

 

 Though this strategy provides effective rate
control and regularization of ventricular rhythm, it
does not restore atrial contraction or atrioventricu-
lar or interventricular synchrony. In addition, the
benefit of rhythm regularization is negated by the
adverse hemodynamic effects of right ventricular
pacing, which is commonly used in such patients.

 

28

 

The use of left ventricular or biventricular pacing,
associated with a more favorable hemodynamic pro-
file,

 

30

 

 may circumvent this problem, as demonstrat-
ed clinically by the recently completed Post AV Node
Ablation Evaluation (PAVE) trial.

 

31

 

The striking improvement in left ventricular
function after restoration of sinus rhythm in 92 per-
cent of the patients in our study who had inadequate
rate control without coexisting heart disease sug-
gests that congestive heart failure was attributable
primarily to tachycardia-mediated cardiomyopathy
in this group of patients. This high incidence sug-
gests that in previous studies, tachycardia-related
cardiomyopathy in association with atrial fibrilla-
tion may have been underestimated, possibly be-
cause of the use of antiarrhythmic drugs.

 

29,32

 

 Pa-
tients with adequate rate control and coexisting
heart disease, including some with severe conges-
tive heart failure who were being considered for car-
diac transplantation, also benefited from ablation,
though to a lesser extent, a finding that demon-
strates the additional hemodynamic benefits of the
restoration of sinus rhythm as compared with phar-
macologic rate control. These results highlight the
important contribution of atrial contraction and

discussion

 

* Marked improvement of left ventricular (LV) function was defined as an increase in the left ventricular ejection fraction 
of 20 percent or more or to a value of 55 percent or more, as measured on transthoracic echocardiography with the use 
of Simpson’s biplane method. CI denotes confidence interval.

 

† Of the 58 patients in the study, data were analyzed for only 57 because 1 died during the study.

 

Table 2. Variables Affecting Marked Improvement in Left Ventricular Function in Patients with Congestive Heart Failure.*

Variable Marked Improvement in LV Function† Hazard Ratio (95% CI) P Value

 

Yes (N=42) No (N=15)

 

 

no. (%)

 

Age ≤55 yr 24 (57) 4 (27) 0.76 (0.38–1.56) 0.46

Coexisting heart disease  14 (33) 11 (73) 1.11 (0.52–2.44) 0.78

Valvular heart disease 4 (10) 4 (27) 1.35 (0.47–3.85) 0.58

Hypertrophic cardiomyopathy 1 (2) 3 (20) 4.17 (0.58–33.33) 0.16

Recurrent atrial fibrillation

Without drugs 7 (17) 10 (67) 1.54 (0.44–5.56) 0.50

With drugs 4 (10) 8 (53) 3.23 (1.15–9.09) 0.03
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atrioventricular synchrony to the total cardiac out-
put and their role, in addition to a rapid ventricular
rate, in the pathogenesis of left ventricular dysfunc-
tion in atrial fibrillation.

A recent retrospective study examined the effect
of catheter ablation of atrial fibrillation on left ven-
tricular function in 94 patients with impaired left
ventricular function. The study showed a nonsignif-
icant overall increase of 5 percent in the left ventric-
ular ejection fraction after ablation, on the basis of
a single echocardiographic examination performed
approximately six months after the initial ablation
procedure.

 

33

 

 The smaller improvement that was ob-
served in this recent study could be attributed to dif-
ferences in the study design and also in the patient

population, since a preponderance of the patients
had paroxysmal atrial fibrillation and concurrent
structural heart disease. However, most patients
with concurrent heart disease in our study also had
significant improvement in left ventricular function
after restoration of sinus rhythm.

Our study was not powered to assess mortality,
owing to the small number of patients with conges-
tive heart failure, which reflects the current pattern
of referrals for ablation in most centers. However,
several randomized trials have shown improved sur-
vival among patients with congestive heart failure
and atrial fibrillation who had a reversion to sinus
rhythm.

 

34,35

 

 Since a reduced left ventricular ejec-
tion fraction is an important predictor of mortali-

 

Figure 2. Effect of Concurrent Structural Heart Disease and Rate Control before Ablation on Left Ventricular (LV) Function after Ablation 
among Patients with Congestive Heart Failure.

 

Plotted values are means ±SD. P values are for the comparison with baseline data.
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 the significant improvement in left ventricular
function after ablation could be important in im-
proving survival. In the recently reported substudy
of the AFFIRM trial, restoration and maintenance of
sinus rhythm were associated with a 47 percent re-
duction in the risk of death, as compared with that

of patients who were in atrial fibrillation, whereas
the use of antiarrhythmic drugs and the presence of
congestive heart failure significantly increased the
risk of death, by 49 percent and 57 percent, respec-
tively, thereby reversing the benefit of the restora-
tion of sinus rhythm.

 

14

 

 The maintenance of sinus

 

* Plus–minus values are means ±SD. Adequate ventricular rate control was defined as a mean ventricular rate of less than 
80 beats per minute without exercise, the mean ventricular rate being the average of the number of ventricular beats per 
minute during 48 hours of electrocardiographic monitoring before ablation. Because of rounding, not all values sum to 
the totals shown.

† Some patients had more than one coexisting heart disease.
‡ Success was defined as maintenance of sinus rhythm during the follow-up period without symptomatic or documented 

asymptomatic atrial fibrillation or flutter.
§ Marked improvement in left ventricular function was defined as an increase in the left ventricular ejection fraction of 20 

percent or more or to a value of 55 percent or more as measured on transthoracic echocardiography with the use of 

 

Simpson’s biplane method.

 

Table 3. Characteristics of the Patients with Congestive Heart Failure, According to the Adequacy of Ventricular 
Rate Control.*

Variable Ventricular Rate Control P Value

 

Inadequate (N=29) Adequate (N=24)

 

Clinical characteristics

 

Age — yr 56±9 56±12 0.71

Male sex — no. (%) 26 (90) 21 (88) 1.00

Duration of atrial fibrillation — mo 89±53 76±32 0.28

Ventricular rate before ablation — beats/min

Average 103±14 72±6 <0.001

Maximal 180±23 122±37 <0.001

Previous electrical cardioversion — no. (%) 26 (90) 20 (83) 0.69

No. of antiarrhythmic drugs tried 4±1 3±1 0.28

 

Associated heart disease

 

Dilated cardiomyopathy alone — no. (%) 23 (79) 6 (25) <0.001

Concurrent structural heart disease — no. (%)† 6 (21) 18 (75) <0.001

Coronary artery disease 3 (10) 9 (38) 0.02

Valvular disease 2 (7) 5 (21) 0.23

Congenital heart disease 0 2 (8) 0.20

Hypertrophic cardiomyopathy 1 (3) 3 (12) 0.32

NYHA functional class 2.2±0.4 2.5±0.6 0.01

Left ventricular ejection fraction — % 36±7 36±9 0.93

Left ventricular fractional shortening — % 20±6 20±5 0.91

Left ventricular dimensions — mm

End-diastolic 59±8 61±9 0.50

End-systolic 44±9 48±10 0.18

Left atrial parasternal dimension — mm 49±7 51±6 0.28

 

Outcome

 

Length of follow-up since last procedure — mo 12±7 12±6 0.98

Overall success — no. (%)‡ 

Without drugs 19 (66) 17 (71) 0.68

With drugs 23 (79) 18 (75) 0.75

Marked improvement in left ventricular function — no. (%)§ 25 (86) 13 (54) 0.02
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rhythm without antiarrhythmic drugs may thus be
of critical importance and can now be achieved
through curative ablation with the use of catheter
or surgical techniques.

Our study is limited by the relatively small sam-
ple and the nonrandomized design, partly imposed
by the characteristics of patients referred for atrial
fibrillation ablation. We tried to minimize bias by
including a control group of patients without con-
gestive heart failure who were matched for age, sex,
and classification of atrial fibrillation. All clinical
characteristics except those related to cardiac func-
tion were also identical. Since no patients with
symptomatic congestive heart failure from any
cause were excluded, the results, including proce-
dural rates of success and complications, are likely
to represent the clinical situation and be applicable
to most patients with congestive heart failure and
atrial fibrillation.

Though the results of catheter ablation for atrial
fibrillation have been steadily improving, with the
rate of success often reported as more than 80 per-
cent for paroxysmal atrial fibrillation,

 

16-18

 

 ablation
of permanent atrial fibrillation has been more diffi-
cult and has required more extensive atrial ablation
and often multiple procedures.

 

18,37

 

 Complications
have been infrequent (usually occurring in less than
1 percent of patients) but have included pericardial
tamponade and stroke. The results can be expected
to improve with a better understanding of the sub-

strate maintaining atrial fibrillation and with the
development of more effective techniques.

Curative ablation for atrial fibrillation offers the
unique opportunity to maintain sinus rhythm with-
out antiarrhythmic drugs, which can have deleteri-
ous effects. Our study shows that restoration and
long-term maintenance of sinus rhythm are associ-
ated with significant improvement in cardiac func-
tion, symptoms, exercise capacity, and quality of life
in patients with congestive heart failure, even in the
presence of concurrent heart disease and adequate
rate control.
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