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BSTRACT

 

Background

 

In patients with atrial  fibrillation that
is refractory to drug therapy, radio-frequency ablation
of the atrioventricular node and implantation of a
permanent pacemaker are an alternative therapeutic
approach. The effect of this procedure on long-term
survival is unknown.

 

Methods

 

We studied all patients who underwent
ablation of the atrioventricular node and implantation
of a permanent pacemaker at the Mayo Clinic between
1990 and 1998. Observed survival was compared with
the survival rates in two control populations: age- and
sex-matched members of the Minnesota population
between 1970 and 1990 and consecutive patients with
atrial fibrillation who received drug therapy in 1993.

 

Results

 

A total of 350 patients (mean [±SD] age,
68±11 years) were studied. During a mean of 36±26
months of follow-up, 78 patients died. The observed
survival rate was significantly lower than the expect-
ed survival rate based on the general Minnesota pop-
ulation (P<0.001). Previous myocardial infarction (P<
0.001), a history of congestive heart failure (P=0.02),
and treatment with cardiac drugs after ablation (P=
0.03) were independent predictors of death. Observed
survival among patients without these three risk fac-
tors was similar to expected survival (P=0.43). None
of the 26 patients with lone atrial fibrillation died
during follow-up (37±27 months). The observed sur-
vival rate among patients who underwent ablation
was similar to that among 229 controls with atrial fi-
brillation (mean age, 67±12 years) who received drug
therapy (P=0.44).

 

Conclusions

 

In the absence of underlying heart
disease, survival among patients with atrial fibrilla-
tion after ablation of the atrioventricular node is sim-
ilar to expected survival in the general population.
Long-term survival is similar for patients with atrial
fibrillation, whether they receive ablation or drug ther-
apy. Control of the ventricular rate by ablation of the
atrioventricular node and permanent pacing does not
adversely affect long-term survival. (N Engl J Med
2001;344:1043-51.)
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TRIAL fibrillation is associated with in-
creased morbidity and mortality

 

1-5

 

 and is an
independent risk factor for stroke.

 

6,7

 

 Al-
though the association between atrial fibril-

lation and mortality has been debated, a recent report
showed that atrial fibrillation was associated with a
mortality rate that was higher by a factor of 1.5 to
1.9 than the rate expected in the general population,
after adjustment for other cardiovascular conditions.

 

1

 

The optimal goal in treating atrial fibrillation is to
restore and maintain sinus rhythm — often a formi-
dable task. Despite therapy with antiarrhythmic drugs,
studies have reported recurrence rates of 50 to 60
percent during a mean follow-up of one to two
years.

 

8-12

 

 In patients with severe symptoms in whom
drug therapy fails, ablation of the atrioventricular node
and permanent pacing are effective in controlling the
ventricular rate.

 

13-16

 

 Although ablation of the atrio-
ventricular node does not eliminate atrial fibrillation,
it alleviates symptoms and improves the quality of life,
exercise tolerance, and left ventricular function.

 

17-20

 

Despite the effectiveness of this treatment in relieving
symptoms, its effect on long-term survival in patients
with severe symptoms in whom drug therapy has
failed is unknown. The potentially deleterious effect
on survival of the creation of permanent atrioventric-
ular block and the resulting lifelong commitment to
the use of a pacemaker is a serious concern.

We assessed long-term survival and predictors of
death after the ablation of the atrioventricular node
and the implantation of a permanent pacemaker in
350 patients with atrial fibrillation. To test the hypoth-
esis that this treatment has an adverse effect on long-
term survival, we compared the observed survival with
expected survival calculated on the basis of age- and
sex-specific mortality rates in the Minnesota popula-
tion and with the observed survival of a group of con-
secutive patients who received pharmacologic thera-
py for atrial fibrillation.

A
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METHODS

 

Study Population

 

All patients with atrial fibrillation who underwent radio-fre-
quency ablation of the atrioventricular node and implantation of a
permanent pacemaker at the Mayo Clinic between July 1990 and
December 1998 were included in the study. Patients with indica-
tions for ablation were those with symptomatic paroxysmal or
chronic atrial fibrillation that was refractory to drug therapy aimed
at controlling the ventricular rate or maintaining sinus rhythm.
None of the 350 patients we studied underwent direct-current
ablation. The potential risks of the procedure were explained, and
oral informed consent was obtained from all patients.

 

Control Groups

 

The first control group was constructed on the basis of the age
and sex of all patients who underwent ablation, and the expected
survival rate was calculated on the basis of age- and sex-specific mor-
tality rates in the Minnesota population for the period between
1970 and 1990.

 

21

 

 We assumed that the expected survival rate ac-
counts for the effects of cardiovascular and other medical condi-
tions according to their known prevalence in the reference pop-
ulation.

The second control group was selected from a group of con-
secutive patients who received drug therapy for atrial fibrillation
at the Mayo Clinic in 1993. These patients were selected from an
existing data base as members of the control group because they
had clinical characteristics and follow-up that were similar, although
not identical, to those of the patients who underwent ablation.

 

Data Collection

 

Data were collected from a centralized system that contained
complete records of all patients treated and followed at the Mayo
Clinic and its hospitals. These records provide a detailed history
and diagnosis for all outpatient encounters, including emergency
room visits and home and nursing home visits, as well as data re-
corded during inpatient care, death certificates, and autopsy reports.

 

Follow-up

 

The follow-up period for the patients who underwent ablation
began at the time of the procedure; the follow-up period for the
controls treated with drugs began in 1993. For both groups, fol-
low-up ended in January 1999 or at the time of death. Patients who
underwent ablation had follow-up visits in the pacemaker clinic
every three months for the first year and were surveyed annually
thereafter. Causes of death were determined by a review of hospital
records and death certificates and by telephone interviews of local
physicians or family members. All patients in both groups who en-
tered the study had at least one follow-up visit.

 

Atrioventricular-Node Ablation and Pacemaker 
Implantation

 

Radio-frequency ablation of the atrioventricular node was per-
formed by standard techniques.

 

22,23 

 

Complete atrioventricular block
was achieved in all patients. Seven patients (2 percent of those en-
rolled) required a left-sided approach to achieve complete block, and
24 patients (7 percent) required a second or third procedure be-
cause of recurrent atrioventricular conduction after the first attempt.

A rate-responsive ventricular pacemaker was implanted if the
patient was in atrial fibrillation at the time of the procedure and
if attempts to restore and maintain sinus rhythm by means of car-
dioversion were not performed. A dual-chamber, rate-adaptive pace-
maker was implanted if the patient was in sinus rhythm at the time
of the procedure.

 

Statistical Analysis

 

Survival of the patients who underwent ablation and the controls
treated with drugs was estimated by the Kaplan–Meier method.
For each person who underwent ablation, the expected survival

was calculated on the basis of age- and sex-specific mortality rates
in the Minnesota population during the period between 1970 and
1990.

 

21

 

 The observed and expected survival rates were compared
by means of the one-sample log-rank test.

 

24

 

 All three survival curves
were compared by means of the two-sample log-rank test. Cate-
gorical variables were compared between groups with use of the
chi-square test for independence. Continuous variables were com-
pared with the use of the Wilcoxon rank-sum test. Univariate and
multivariate associations between base-line variables and survival
were assessed by means of the log-rank test and a Cox regression
model.

 

25

 

 The following variables were considered as potential prog-
nostic factors: demographic features (age and sex), clinical history
(syncope, angina, and congestive heart failure), and the presence of
heart disease (ischemic heart disease, cardiomyopathy, and valvu-
lar heart disease) and associated clinical conditions (diabetes melli-
tus, chronic obstructive pulmonary disease, cerebrovascular disease,
hypertension, and cancer). Treatment with cardiac medications af-
ter ablation was also included as a variable in the analysis. Multi-
variate models are presented in the form of point estimates of the
risk ratios, with 95 percent confidence intervals.

 

RESULTS

 

Demographic Characteristics

 

A total of 350 patients with atrial fibrillation (185
men and 165 women) who underwent ablation and
had a pacemaker implanted at the Mayo Clinic be-
tween 1990 and 1998 were included in the study. A
single-chamber ventricular pacemaker was implanted
in 55 percent of the patients, and a dual-chamber
pacemaker in 45 percent.

The base-line characteristics of the patients who un-
derwent ablation are summarized in Table 1. Drugs
used to control the ventricular rate or to maintain sinus
rhythm before ablation included digoxin (used by 87
percent of patients), a calcium-channel blocker (82
percent), a beta-blocker (56 percent), quinidine (43
percent), procainamide (30 percent), disopyramide
(18 percent), propafenone (47 percent), flecainide (20
percent), encainide (6 percent), sotalol (13 percent),
and amiodarone (41 percent). After ablation, 188 pa-
tients (54 percent) continued to take one or more
cardiac drugs because of preexisting cardiovascular
disease. These drugs included digoxin, calcium-chan-
nel blockers, beta-blockers, angiotensin-converting–
enzyme inhibitors, nitrates, diuretics, and antiarrhyth-
mic agents (propafenone, sotalol, amiodarone, and
mexiletine). At the time of the ablation, 11 percent of
patients were in New York Heart Association function-
al class III or IV, and 37 percent had a reduced left
ventricular ejection fraction (a fraction of 40 percent
or lower).

Sixty-eight patients (19 percent) had a history of a
cerebrovascular accident or transient ischemic attack,
and eight patients (2 percent) had peripheral arterial
embolism before ablation. During follow-up, a cere-
brovascular accident or transient ischemic attack oc-
curred in 15 patients (of whom 6 [40 percent] had
had a previous such event), and 3 had peripheral ar-
terial embolism. At the time of embolic complications,
all patients except one were receiving warfarin therapy.
The mean (±SD) international normalized ratio was
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2.1±1.0 (range, 1.0 to 4.5) immediately before the
thromboembolic event. The clinical characteristics of
the patients who underwent ablation and the controls
treated with drugs are summarized in Table 2.

 

Overall Survival

 

The observed survival among the patients who un-
derwent ablation is shown in Figure 1A, along with
the expected survival for age- and sex-matched mem-
bers of the Minnesota population. The observed sur-
vival was significantly worse than the expected sur-
vival (P<0.001). The survival curve of the controls
treated with drugs is also shown in Figure 1A. The
observed survival rates of the patients who underwent
ablation and the controls treated with drugs were not
significantly different (P=0.44; risk ratio for the ab-

lation group as compared with the controls, 1.14; 95
percent confidence interval, 0.81 to 1.60).

 

Overall Survival with Coexisting Heart Disease

 

In subgroup analyses, the survival rate among 115
patients with atrial fibrillation and congestive heart
failure who underwent ablation was compared with
that among 58 controls with the same indications who
were treated with drugs (Fig. 1B). The difference in
survival between the groups was not significant (P=
0.75; risk ratio, 1.09; 95 percent confidence interval,
0.66 to 1.79). Survival was similar for 156 patients
with coronary artery disease who underwent ablation
and 83 controls with coronary artery disease who
were treated with drugs (P=0.85; risk ratio, 0.96; 95
percent confidence interval, 0.60 to 1.52) (Fig. 1C).
When patients with a history of congestive heart fail-
ure and previous myocardial infarction were exclud-
ed from the analysis, survival among the 194 patients
who underwent ablation was similar to that among
the 144 controls who were treated with drugs (P=
0.13; risk ratio, 1.57; 95 percent confidence interval,
0.88 to 2.81).

Univariate and multivariate predictors of death,
with associated risk ratios, 95 percent confidence in-
tervals, and P values, are summarized in Table 3. Mul-
tivariate analysis showed that previous myocardial
infarction (P<0.001), a history of congestive heart
failure (P=0.02), and use of cardiac drugs after the

 

*Plus–minus values are means ±SD. NYHA denotes New York Heart
Association.

†Congestive heart failure was defined as NYHA class II or higher.
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Sex (no.)
Male
Female

185
165

135
137

50
28

Age at time of ablation (yr) 68±11 68±11 69±10

Duration of arrhythmia (yr) 7±18 8±8 5±5

Duration of follow-up (mo) 36±26 38±26 27±25

Type of atrial fibrillation (%)
Chronic
Paroxysmal
Atrial flutter
Lone

50
45
5
7

49
47
4

10

54
41
5
0

No. of antiarrhythmic drugs 4.3±2.0 4.3±2.0 4.5±2.0

Left ventricular ejection fraction (%) 47±17 49±17 41±17

NYHA functional class 1.3±0.7 1.2±0.7 1.6±0.9

Medical history and conditions (%)
Coronary-artery bypass graft
Cardiac-valve surgery
Coronary artery disease
Previous myocardial infarction
Congestive heart failure†
Left ventricular hypertrophy
Nonischemic cardiomyopathy
Syncope
Previous cerebrovascular accident

or transient ischemic attack
Hypertension
Hyperlipidemia
Diabetes mellitus
Chronic obstructive lung disease
Cancer
Renal disease
Liver failure
Smoking

18
17
45
27
21
10
16
17
19

46
36
20
32
21
12
3

53

16
15
38
19
17
10
15
8

18

45
33
16
25
19
8
3

50

27
24
67
58
36
12
42
28
26

50
47
33
56
31
27
4

67

*Plus–minus values are means ±SD. NYHA denotes New York Heart
Association.

†Congestive heart failure was defined as NYHA class II or higher.
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Age (yr) 68±11 67±13 0.97

Male sex (%) 53 66 0.003

Duration of follow-up (mo) 36±26 48±23

Coronary-artery bypass graft (%) 18 17 0.77

Cardiac-valve surgery (%) 17 13 0.25

Coronary artery disease (%) 45 36 0.07

Previous myocardial infarction (%) 27 17 0.006

Congestive heart failure (%)† 21 16 0.13

Left ventricular ejection fraction (%) 47±17 49±16 0.17

NYHA functional class 1.3±0.7 1.2±0.6 0.07

Nonischemic cardiomyopathy (%) 16 15 0.67

Diabetes mellitus (%) 20 17 0.49

Previous cerebrovascular accident (%) 19 17 0.38

Hypertension (%) 46 38 0.04

No. of antiarrhythmic drugs 4.3±2.0 2.0±1.0 <0.001
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ablation (P=0.03) were independent predictors of
death (Table 3). Cumulative survival rates were sig-
nificantly worse than expected survival rates for pa-
tients who had a history of myocardial infarction or
congestive heart failure or who received cardiac-drug
therapy after ablation (Fig. 2). The observed survival
rates among patients without a history of myocardial
infarction were not significantly different from the ex-
pected survival rates (P=0.07); the same was true for

those who did not receive cardiac-drug therapy after
ablation (P=0.32). The observed survival among pa-
tients without congestive heart failure was worse than
the expected survival rate (P=0.05), but 17 percent
of the patients with a history of congestive heart fail-
ure also had a history of myocardial infarction, and
42 percent of the patients with a history of conges-
tive heart failure were taking cardiac drugs after ab-
lation. For the 121 patients without any of the three

Figure 1. Observed Survival among Patients Who Underwent Ablation of the Atrioventricular Node and among Controls Treated
with Drugs for Atrial Fibrillation, and Expected Survival Rates Based on Mortality in an Age- and Sex-Matched General Population.
As shown in Panel A, observed survival among patients who underwent ablation of the atrioventricular node and implantation of
a permanent pacemaker for atrial fibrillation between 1990 and 1998 was worse than the expected survival based on mortality
among age- and sex-matched members of the Minnesota population (P<0.001); however, it was similar to the survival among con-
trols treated with drugs for atrial fibrillation (P=0.44). In the subgroup of patients with congestive heart failure (Panel B), the survival
among the 115 patients who underwent ablation was similar to that among the 58 controls treated with drugs (P=0.75). In the
subgroup with coronary artery disease (Panel C), the survival rates were not significantly different for the 156 patients who under-
went ablation and the 83 controls treated with drugs (P=0.85).
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independent risk factors, the observed survival was
similar to the expected survival (P=0.43) (Fig. 3).

Lone Atrial Fibrillation

In our study, patients were considered to have lone
atrial fibrillation if they did not have ischemic heart
disease, hyperthyroidism, congestive heart failure, car-
diomyopathy, hypertension, chronic obstructive pul-
monary disease, previous cardiac surgery, or poten-
tially life-shortening noncardiac disease (diabetes or
cancer). There was no age restriction. Twenty-six pa-
tients met the criteria for lone atrial fibrillation (14
men and 12 women; mean age, 64±13 years; range,
41 to 83 years); none of them died during a mean
follow-up period of 37±27 months.

Mortality and Causes of Death

At the latest assessment, 78 patients had died
(mean follow-up, 27±25 months; range, 3 days to
88 months) (Table 1). Their mean age at the time of
ablation was 69±10 years (range, 39 to 95). The
causes of death are summarized in Table 4.

DISCUSSION

In this long-term follow-up study, we assessed the
survival of patients who presented with symptomatic
atrial fibrillation that was refractory to medical ther-
apy and who then underwent ablation of the atrio-
ventricular node and implantation of a permanent
pacemaker. Among the patients who underwent ab-
lation, the observed overall survival was significantly
worse than the expected survival for age- and sex-
matched members of the Minnesota population. The

observed survival among patients who underwent
ablation for atrial fibrillation was similar to that among
controls treated with drugs for atrial fibrillation. In
the absence of previous myocardial infarction, previ-
ous congestive heart failure, and treatment with car-
diac medications after ablation, the observed survival
among patients who underwent ablation was similar
to the expected survival for age- and sex-matched
members of the Minnesota population. None of the
26 patients with lone atrial fibrillation died during a
mean follow-up period of 37±27 months.

Our observations confirm that the presence of pre-
existing cardiac disease is the main determinant of
long-term survival in patients with atrial fibrillation
who undergo ablation of the atrioventricular node.
More important, the normal survival rate among pa-
tients without clinically significant heart disease, the
excellent survival rate among patients with lone atri-
al fibrillation, and the similar survival rates for the pa-
tients who underwent ablation and the controls with
atrial fibrillation who were treated with drugs suggest
that controlling the ventricular rate and alleviating
symptoms by ablation of the atrioventricular node
and permanent pacing do not have an adverse effect
on long-term survival in this patient population.

Survival data from epidemiologic studies have
demonstrated higher mortality among patients with
atrial fibrillation than among patients in sinus
rhythm.1,2,4,26-28 Data from the Framingham Heart
Study showed that the risk-factor–adjusted odds ra-
tio for mortality was 1.5 for men and 1.9 for women
with atrial fibrillation, as compared with subjects in
sinus rhythm.1 In some patients, atrial fibrillation
may be a marker of atherosclerosis, older age, and loss
of vascular compliance (all of which could be associat-
ed with a higher risk of stroke and death); neverthe-
less, the evidence supports the conclusion that atrial fi-
brillation is an independent predictor of poor long-
term survival.

Results from observational studies17-20 and random-
ized trials29,30 have demonstrated that ablation of the
atrioventricular node and permanent pacing are ef-
fective in controlling the ventricular rate, alleviating
symptoms, and improving the quality of life, exercise
tolerance, and left ventricular function. However, there
is concern that the creation of complete atrioventric-
ular block that is inherent in this approach and the
requirement for permanent pacing to which it leads
may have an adverse effect on survival. According to
the Framingham Heart Study, overall mortality for
men between 65 and 74 years old is 20.8 percent at
one year and 48.2 percent at five years; for women
in the same age group, overall mortality is 18.2 per-
cent at one year and 38.9 percent at five years.1 The
mean age of our study population was 68±11 years,
and overall mortality was 8 percent at one year and
27 percent at five years; these rates compare favorably
with those in the Framingham Heart Study, in which

*CI denotes confidence interval, and NYHA New York Heart Association.

TABLE 3. PREDICTORS OF DEATH IN PATIENTS WITH ATRIAL 
FIBRILLATION AFTER ABLATION OF THE ATRIOVENTRICULAR 

NODE AND PERMANENT PACING.*

VARIABLE RISK RATIO (95% CI) P VALUE

Univariate predictors

Previous myocardial infarction 3.67 (2.34–5.75) <0.001
History of congestive heart failure 2.88 (1.84–4.52) <0.001
Cardiac-drug therapy after ablation 2.72 (1.63–4.53) <0.001
Diabetes mellitus 2.52 (1.56–4.06) <0.001
Coronary artery disease 2.34 (1.46–3.75) <0.001
NYHA functional class »II 1.59 (1.23–2.05) <0.001
Dilated cardiomyopathy 2.00 (1.27–3.16) 0.003
Longer duration of arrhythmia 0.91 (0.85–0.97) 0.006
Smoking 1.78 (1.12–2.85) 0.02
Left ventricular ejection fraction <40% 0.59 (0.37–0.96) 0.03
Older age (each 10-year increase) 1.28 (1.02–1.61) 0.03

Multivariate predictors

Previous myocardial infarction 2.70 (1.65–4.28) <0.001
History of congestive heart failure 1.72 (1.11–2.94) 0.02
Cardiac-drug therapy after ablation 1.81 (1.05–3.08) 0.03
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Figure 2. Cumulative Survival for Subgroups of Patients Who Underwent Ablation of the Atrioventricular Node and Implantation of
a Permanent Pacemaker between 1990 and 1998 and Expected Survival Based on Mortality among Age- and Sex-Matched Controls.
Panel A shows the survival curves for those with a history of myocardial infarction (left-hand side) and those without such a history
(right-hand side), Panel B for those with and those without a history of congestive heart failure (CHF), and Panel C for those with
and those without cardiac-drug use after ablation.
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most cases of atrial fibrillation were managed medi-
cally. Although direct comparisons cannot be made
between our data and data from the Framingham
Heart Study, because of differences in the study pop-
ulations, the methods of analysis, and the timing of
the studies, it is encouraging to note that overall
mortality was lower among the patients in our study
who underwent ablation of the atrioventricular node
and permanent pacing than it was among patients in
the Framingham Heart Study.

The safety of ablation for controlling the ventric-
ular rate is confirmed by the similar long-term surviv-
al in a group of consecutive patients receiving medical
treatment for atrial fibrillation. Because the controls
who were treated with drugs were identified retrospec-
tively, the clinical characteristics of the two groups
are not identical, but the survival rate in this group
was similar to that among patients who underwent
ablation, despite the fact that the ablation group had
higher proportions of men, of patients with myocar-
dial infarction and hypertension, and of patients in
whom previous drug treatment had failed.

Our study confirmed that preexisting cardiovascu-
lar disease and coexisting medical conditions are pre-
dictors of a higher risk of death in patients with atrial
fibrillation. The mode of pacing and the type of atrial
fibrillation (chronic or paroxysmal) were not inde-
pendent predictors of long-term survival. The obser-
vation that survival was normal among patients with-
out a history of myocardial infarction or congestive
heart failure who were not taking cardiac medications
after ablation suggests that in addition to having ben-
eficial effects on symptoms, as demonstrated by other
studies, this therapy is unlikely to have a negative ef-

fect on long-term survival. The observation of similar
rates of survival in subgroups of patients with coro-
nary artery disease or congestive heart failure wheth-
er they were treated medically or with ablation indi-
cates that ablation of the atrioventricular node is as
safe as conventional medical treatment for atrial fi-
brillation in patients with underlying heart disease.

The clinical features of patients with lone atrial
fibrillation have been highlighted by epidemiologic

Figure 3. Observed Survival among 121 Patients Who Underwent Ablation of the Atrioventricular Node and Implanta-
tion of a Permanent Pacemaker for Atrial Fibrillation but Who Had No History of Congestive Heart Failure or Myocardial
Infarction and No Cardiac-Drug Use after Ablation, as Compared with the Expected Survival Based on Mortality in an
Age- and Sex-Matched Control Population.
In this subgroup of patients, the observed survival and the expected survival were not significantly different (P=0.43).

0

100

0 7

10

20

30

40

50

60

70

80

90

1 2 3 4 5 6

Years of Follow-up

Expected

Observed

S
u

rv
iv

al
 (

%
)

TABLE 4. PRIMARY CAUSES OF DEATH 
AMONG PATIENTS WHO UNDERWENT 

ABLATION OF THE ATRIOVENTRICULAR 
NODE AND PERMANENT PACING FOR 

ATRIAL FIBRILLATION.

CAUSE OF DEATH

NO. OF PATIENTS 
(%)

Cardiac causes
Congestive heart failure
Myocardial infarction
Sudden death
Other

49 (63)
26 (33)
10 (13)
5 (6)
8 (10)

Noncardiac causes
Stroke
Respiratory failure
Cancer
Infection
Other

24 (31)
2 (3)
8 (10)
7 (9)
3 (4)
4 (5)

Unknown cause 5 (6)

Total 78 (100)
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studies such as the Framingham Heart Study31 and
a study from Olmsted County, Minnesota,32 which
found a low risk of stroke and a low rate of mortality
overall. In our study, the indications in 26 patients
(7 percent) met the definition of lone atrial fibrilla-
tion, and none of them had died by the end of the
study, further supporting the conclusion that abla-
tion of the atrioventricular node and permanent pac-
ing do not negatively affect long-term survival in the
absence of clinically significant heart disease.

During follow-up, 49 of the 78 patients who died
(63 percent) died of cardiac causes. This high pro-
portion is probably the result of the prevalence of car-
diovascular diseases in our study population (Table 1).
Five patients (1 percent of all the patients who under-
went ablation) had sudden death from cardiac causes,
and in four of them, underlying heart disease with
left ventricular dysfunction had previously been doc-
umented. Earlier studies from a registry of patients
who underwent direct-current ablation of the atrio-
ventricular node estimated that the prevalence of
sudden death from cardiac causes after ablation is be-
tween 2.04 percent and 3.70 percent.22,33 Most sud-
den deaths occurred in patients with preexisting heart
disease.

Our observations and conclusions should be in-
terpreted in the light of the limitations imposed by
a retrospective study design. All the information was
obtained from original hospital records of the Mayo
Clinic. Although these records were interpreted and
transferred into a standard data format, most of the
information was qualitative. The multivariate model
was used to minimize the effect of base-line differ-
ences. Selection of the study patients and the control
population was not random, but the inclusion of con-
secutive patients minimized selection bias. Although
the relative benefit of ablation of the atrioventricular
node and permanent pacing, as compared with oth-
er methods of treatment, can be determined only by
prospective, randomized trials, it is unlikely that such
studies will be conducted, given the difficulties in
maintaining sinus rhythm and controlling the ven-
tricular rate by other medical and nonmedical meth-
ods, the diverse population of patients, and the high
rate of crossover that would be expected.

Although the observed overall survival among the
patients in our study who underwent ablation was
significantly worse than the expected survival among
matched controls from the Minnesota population, the
observed survival among patients without overt heart
disease was similar to that of the general-population
controls, and no deaths occurred during follow-up
among patients with lone atrial fibrillation. Survival
rates were similar in the group receiving medical treat-
ment for atrial fibrillation and the group that under-
went ablation of the atrioventricular node. These ob-
servations suggest that permanent atrioventricular
block and implantation of a pacemaker after ablation

of the atrioventricular node do not have an impor-
tant adverse effect on survival, thus reassuring patients
and physicians that ablation of the atrioventricular
node is an acceptable treatment option for sympto-
matic atrial fibrillation that is refractory to medical
therapy.
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