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ABSTRACT
Objectives  Atrial fibrillation (AF) is the most common 
sustained cardiac arrhythmia associated with substantial 
morbidity and mortality. Data on long-term risk and 
mortality after catheter ablation for AF are lacking. The 
aim of this study was to evaluate all-cause mortality and 
the long-term risk of death in patients who underwent 
catheter ablation for AF compared with the general 
population.
Design  Retrospective, population-based epidemiological 
study.
Setting  We analysed data from patients residing in Apulia 
region who underwent AF ablation between January 2009 
and June 2019.
Participants  1260 patients (914 male, mean age 60±11 
years).
Outcomes  Vital status and dates of death to 31 December 
2019 were obtained by using regional Health Information 
System. The expected number of deaths was derived 
using mortality rates from the general regional population 
by considering age-specific and gender-specific death 
probability provided for each calendar year by the Italian 
National Institute of Statistics. Standardised mortality 
ratios (SMRs) were calculated by dividing the observed 
number of deaths among patients by the expected number 
of deaths estimated from the general population.
Results  During follow-up (6449 person-years), 95 deaths 
were observed (1.47 deaths per 100 person-years). 
Although overall long-term mortality after AF ablation was 
not different to that of the general population (SMR 1.05 
(95% CI 0.86 to 1.28; p=0.658)), the number of observed 
events was significantly increased in patients with heart 
failure (HF) at baseline or who developed HF during follow-
up (SMR 2.40 (1.69 to 3.41; p<0.001) and 1.75 (1.17 to 
2.64; p=0.007), respectively) and reduced in those without 
(SMR 0.63 (0.47 to 0.86; p=0.003)).
Conclusion  Long-term mortality of patients undergoing 
AF ablation is similar to that of the general population. 
Patients with HF had an increased risk while those without 
seem to have a better risk profile.

INTRODUCTION
Atrial fibrillation (AF) is the most common 
sustained cardiac arrhythmia, occurring 
in 1%–2% of the general population.1 AF 

is associated with substantial morbidity 
and mortality, thus portending significant 
burden to patients, societal health and health 
economy. Subjects with AF are more likely 
than subjects without AF to have cardiovas-
cular disease risk factors and pre-existing 
disease, including heart failure (HF).2–4

Mid-term risk of death in patients with 
AF varies according to the clinical setting: 
from 16.4 deaths per 100 person-years of 
patients hospitalised in a cardiology ward5 
to a rate of 3.7 fatal events per 100 person-
years in patients with AF enrolled in anti-
coagulation trials having mortality as an 
outcome.6 In real-world patients with AF, 
the incidence of death is estimated to be, 
respectively, 1.0 and 3.6 per 100 person-
years in those ablated and non-ablated who 
receive medical therapy (antiarrhythmic 
drugs or rate control drugs).7 Compared 
with subjects without AF, in a longitudinal 
population-based cohort, AF has been 
detected as a multivariate predictor of death 
that remained associated with mortality also 
in subjects initially free of clinically relevant 

Strengths and limitations of this study

	► A strength of the study is that it allowed for analysis 
of long-term mortality among patients who under-
went catheter ablation for atrial fibrillation com-
pared with regional and national age-specific and 
gender-specific rates.

	► An important limitation is that our study only in-
volves patients from the Apulia region, which may 
limit its generalisability to other Italian regions or 
foreign countries.

	► Another limitation is that data are from a single in-
stitution that is a reference centre for percutaneous 
ablation of arrhythmias; the applicability of results 
to other institutions or populations of patients with a 
different risk profile may be limited.
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cardiovascular disease.4 Among death predictors, HF is 
included in prognostic scores to evaluate mortality risk 
of patients with AF.5 6

Catheter ablation has become an important treatment 
modality for patients with symptomatic drug-refractory 
paroxysmal and non-paroxysmal AF.8 Furthermore, 
several randomised clinical trials have reported that both 
AF and HF outcomes can be improved with catheter abla-
tion.9–12 In a meta-analysis of randomised clinical trials 
evaluating patients with AF and coexisting left ventricular 
systolic dysfunction, catheter ablation has been associated 
with significant improvements in the clinical, structural 
and functional capacity compared with AF medical treat-
ment.13 Compared with medical therapy, patients ablated 
for AF have reduced risk of HF and stroke, as well as 
death.7

Although data on long-term risks after catheter abla-
tion for AF with or without HF have been identified,1 7–13 
those compared with the general population are not well 
characterised.

The purpose of this study was to evaluate all-cause 
mortality and to perform a population-based assessment 
of the long-term risk of death in patients who underwent 
catheter ablation for AF compared with the whole general 
population.

METHODS
Study design and setting
Data were retrospectively derived from the Cardiac 
Interventional Registry implemented at our hospital (all 
the interventional procedures carried out at our centre 
have been recorded in this registry since 2009). AF was 
defined according to the European Society of Cardi-
ology guidelines.1 We selected AF ablation procedures 
performed between January 2009 and June 2019. In 
particular, all patients had an ECG documentation of AF 
and the arrhythmia was symptomatic and unresponsive 
to at least one antiarrhythmic drug.1 Moreover, HF was 
defined according to the European Society of Cardiology 
guidelines4 and we included in this analysis all clinical 
conditions that required hospitalisation. All patients 
provided written informed consent. The study complied 
with the principles of the Declaration of Helsinki. Vital 
status and dates of death to 31 December 2019 were 
obtained for residents in Apulia by using the regional 
Health Information System. Follow-up was considered 
to be administratively censored on 31 December 2019 
and was at least 6 months for all patients (maximum: 
11 years). Person-years were computed from the date of 
procedure to death or end of the follow-up. The expected 
numbers of deaths were derived using mortality rates 
from the general population of Apulia region and the 
general Italian population by considering age-specific 
and gender-specific death probability provided for each 
calendar year by the Italian National Institute of Statistics 
(https://www.istat.it/).

Statistical analysis
Data were reported as mean±SD, median with IQR or 
number with percentage. Patients’ characteristics at the 
time of AF ablation procedure were compared according 
to the presence and occurrence of HF by using the anal-
ysis of variance, Χ2 or Fisher’s exact test as appropriate. 
Cox proportional-hazards model was used to estimate 
HRs with 95% CIs. Kaplan-Meier curves were used to 
describe mortality over time and the log-rank test to 
compare survival by age groups or presence of HF history. 
Standardised mortality ratios (SMRs) were calculated by 
dividing the observed number of deaths among patients 
by the expected number of deaths estimated from the 
general population. The 95% CIs of SMRs were estimated 
using the Poisson distribution considering the expected 
risk of death as exposure variable. A p value of 0.05 or 
less was considered statistically significant. All analyses 
were conducted using STATA software, V.16 (Stata-Corp, 
College Station, Texas, USA).

Patient and public involvement
No patient involved.

RESULTS
During the study period, a total of 1260 patients residing 
in the Apulia region underwent AF catheter ablation. 
More than two-thirds were men with a mean age of 60±11 
years. There were 368 (29.2%) patients younger than 55 
years, while 453 (36.0%) were in the range 55–65 years 
and 439 (34.8%) were older than 65 years. At baseline, 
141 (11.2%) patients had a history of HF.

From over a total of 6449 person-years follow-up (mean 
5.1±3.0 years; median 4.8; IQR 2.6–7.6 years), HF was 
diagnosed in 87 patients without a history of HF at the 
time of AF ablation procedure and an overall number of 
95 deaths were observed. Table 1 shows baseline patients’ 
characteristics at the time of AF ablation procedure by 
HF (1032 without HF at baseline and during follow-up, 
141 with a history of HF at baseline and 87 with new onset 
of HF during follow-up). Compared with patients without 
HF, those with a history of it at baseline or those devel-
oping HF during follow-up were older with a higher prev-
alence of hypertension, diabetes mellitus, chronic renal 
disease, chronic obstructive pulmonary disease, vascular 
and coronary artery disease, and cardiac surgery.

Figure 1A,B shows Kaplan-Meier curves of cumulative 
mortality over time after catheter ablation for AF in the 
overall cohort, by age group and in those with or without 
HF at baseline. Greater age and history of HF were signifi-
cantly associated with mortality risk (figure 1B,C). History 
of HF had a crude HR of 4.60 (95% CI 3.00 to 7.08; 
p<0.001) with an age-adjusted and sex-adjusted value of 
3.06 (1.97 to 4.76; p<0.001).

Table 2 shows follow-up data and reports mortality in 
comparison with expected risk in the general popula-
tion, and figure 2 displays graphically the estimated SMR 
with 95% CI of observed in the regional population. In 

https://www.istat.it/
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the overall cohort, the 10-year mortality rate was 14.2% 
without a significant excess of mortality expected in the 
general population of the same age and gender (SMR 
1.05, 95% CI 0.86 to 1.28; p=0.658). Although the 10-year 
mortality rate increased across age groups (1.7% in <55 
years, 7.3% in 55–65 years and 32.3% in those >65 years), 
the comparison with the expected risk was not statistically 
significant: SMR 0.96 (95% CI 0.40 to 2.31; p=0.929), 1.02 
(95% CI 0.65 to 1.60; p=0.933) and 1.06 (95% CI 0.84 
to 1.34; p=0.620), respectively, for patients in the group 
of <55, 55–65 and >65 years. Patients with HF at baseline 
or those with a new onset during follow-up had a higher 
mortality rate (41.5% and 35.1%, respectively) than those 
without (table 2). Compared with the general population, 
an excess of mortality was observed in patients with HF 
at baseline (SMR 2.40, 95% CI 1.69 to 3.41 p=0.001) and 
in those with a new onset during follow-up (SMR 1.75, 
95% CI 1.17 to 2.64; p=0.007). In patients without HF, a 
lower risk than expected was observed especially among 
those remaining free from HF during follow-up (table 2). 
An SMR of 0.82 (95% CI 0.64 to 1.05; p=0.117) in patients 
without a history of HF at baseline was more significant 
than those free from HF during follow-up (0.63, 95% CI 
0.47 to 0.86; p=0.003).

When observed mortality was compared with the 
general Italian population, all results were similar to the 
results in Apulia (table 2).

DISCUSSION
In the current study, we provide a long-term analysis 
of mortality among patients with symptomatic AF who 

underwent catheter ablation with respect to age and HF 
coexistence, and we assessed the risk of death compared 
with that in the general regional population over the same 
period. Aside from the association of the absolute risk 
with patients’ age and presence of HF, the main finding 
of this study was that the overall long-term mortality of 
patients ablated for AF was not different from the general 
population. Second, mortality after AF ablation was 
higher in subjects with a pre-existing history of HF and in 
those with a diagnosis made during follow-up. In patients 
with AF without HF, observed deaths were lower than 
expected according to regional mortality rates. The anal-
yses of long-term outcome were based on a cohort from 
an Italian centre with a high procedural volume and on 
expected risk over a follow-up up of 11 years considering 
age-specific and gender-specific annual mortality rates of 
the general regional population.

Mortality in patients undergoing ablation for AF appears 
to be associated with a reduced mortality compared with 
drug therapy.1 8 No previous studies reported mortality 
data comparing patients undergoing AF ablation with the 
general population. Our analysis showed that the long-
term mortality after AF ablation was not higher than the 
risk of subjects from the general population of the same 
age and gender, suggesting that after catheter ablation, 
the clinical outcome of patients may be good enough to 
observe a number of deaths not different from the one 
expected in the general population. However, a mortality 
gap between patients with and without HF was observed. 
The coexistence of AF with HF was associated with an 
excess mortality after the ablation procedure, while 

Table 1  Patients' characteristics at the time of procedure of atrial fibrillation ablation and the number of deaths according to 
the presence and occurrence of heart failure

Overall
Without heart 
failure*

History of heart 
failure at baseline

New onset of heart 
failure during follow-up P for 

difference†n=1260 n=1032 n=141 n=87

Male 914 (72.5%) 751 (72.8%) 110 (78.0%) 53 (60.9%) 0.018

Age (years) 60±11 59±11 64±11 66±12 <0.001

Hypertension 615 (48.8%) 469 (45.4%) 85 (60.3%) 61 (70.1%) 0.001

Diabetes mellitus 115 (9.1%) 64 (6.2%) 27 (19.1%) 24 (27.6%) <0.001

Chronic renal disease 48 (3.8%) 26 (2.5%) 17 (12.1%) 5 (5.7%) 0.004

COPD 86 (6.8%) 47 (4.6%) 30 (21.3%) 9 (10.3%) <0.001

Vascular disease 61 (4.8%) 41 (4.0%) 16 (11.3%) 4 (4.6%) 0.002

Coronary artery disease 86 (6.8%) 54 (5.2%) 21 (14.9%) 11 (12.6%) 0.009

Cardiac surgery 30 (2.4%) 17 (1.6%) 6 (4.3%) 7 (8.0%) 0.001

Previous stroke or TIA 32 (2.5%) 27 (2.6%) 3 (2.1%) 2 (2.3%) 1.000

History of cancer 68 (5.4%) 52 (5.0%) 10 (7.1%) 6 (6.9%) 0.418

Deaths during follow-up 95 41 31 23

Mean±SD, number and percentage of patients.
*No heart failure at baseline and during follow-up.
†P for difference was calculated by analysis of variance, Χ2 or Fisher’s exact test as appropriate.
COPD, chronic obstructive pulmonary disease; TIA, transient ischaemic attack.
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patients without HF had a mortality rate better than the 
general population.

Although AF leads to increased death rates, a better 
management of this condition may have reduced the net 
impact of AF on mortality over time.14 15 The growing 
availability and use of catheter ablation for AF may 
partially explain the mortality reduction. Most patients 
who are treated with medical therapy, compared with the 

ablated one, are older with more frequent comorbidities, 
and at higher risk of death, heart failure admission and 
stroke.7 Evidence of the beneficial effects of AF ablation 
on minimising death rates is lacking. The CABANA trial 
did not show superiority of ablation versus drug therapy 
for a combined primary outcome including death, stroke, 
severe bleeding or cardiac arrest,16 while the CASTLE-AF 
trial reported lower mortality associated with ablation in 
patients with AF and HF with reduced ejection fraction.10 
Recent data including patients with HF with preserved 
ejection fraction and AF showed that, compared with 
medical therapy, catheter ablation decreases HF hospital-
isation and symptoms.17–19

Compared with randomised trials, often based on 
combined endpoints to increase statistical power and 
epidemiological evaluations of mortality after catheter 
ablation for AF, this study was focused on a long-term eval-
uation of death rate compared with the general popula-
tion over the same period. Findings of our study provide 
important insight regarding health risks after catheter 
ablation compared with the general population, which 
would be useful in counselling of patients symptomatic 
of AF.

Although previous data reported that ablation improves 
outcome in patients with AF and HF,9–12 our analysis 
reported that mortality of patients with HF who under-
went AF catheter ablation persists more than the general 
population. The mortality data were similar in patients 
with HF documented at admission compared with patients 
who had the onset of HF during follow-up. These data 
suggest that an early treatment of AF to avoid persistent 
forms and an optimal HF treatment are crucial to improve 
outcome in these patients. The increased mortality found 
in our cohort of patients with HF may be explained by 
the differences in survival of patients with AF with and 
without HF. The incidence rate after new AF is higher 
in patients with HF with reduced than preserved ejection 
fraction (30.2 vs 25.7 deaths per 100 person-years), while 
those without HF are at much more lower risk (12 deaths 
per 100 person-years).20 Moreover, in patients with HF, 
the association of AF with worse cardiovascular outcomes 
is significant in patients with reduced and mid-range ejec-
tion fraction but not in those with preserved systolic func-
tion.21 Data from the Framingham Heart Study show that 
AF occurs in more than half of individuals with HF and 
that HF occurs in more than one-third of individuals with 
AF.20 The onset of AF precedes and follows both HF (both 
preserved and reduced ejection fraction). However, AF 
and HF conjointly lead to a poor prognosis, with a higher 
risk among those with reduced ejection fraction.20 In 
the absence of HF, according to our data, mortality after 
cardiac ablation of AF was lower than the general popula-
tion. A significant risk of mortality has been reported for 
AF at older age (70 years or more) in adjusted analyses 
based on a large cohort of adult and elderly European 
men and women.22 At younger age, from 40 to 69 years, 
the risk of mortality over a follow-up time of up 10 years was 
not significantly related to new-onset AF.22 Patients with 

Figure 1  Kaplan-Meier mortality estimate curve in overall 
patients (A), in those stratified by age at the time of catheter 
ablation of atrial fibrillation (B), and by the presence of heart 
failure (C).
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HF were older than those without. In the general popula-
tion, morbidities other than cardiovascular diseases affect 
overall survival. Neoplasms are the first leading cause of 
years of life lost and deaths.23 It is possible that patients 
who underwent catheter ablation for AF without a history 
of HF and remain free from it after the procedure are 
at lower risk than the unselected general population also 
because the risk of AF diagnosis is influenced by socio-
economic factors, and patients’ demographic differences 
exist in the use of catheter ablation.24 25

The present study has several limitations. Data are from 
a single institution that is a reference centre for percu-
taneous ablation of arrhythmias. We compared all-cause 
mortality in the study cohort with the general population 
and we performed subgroup analyses only according 
to HF presence at baseline or by its occurrence during 
follow-up. For a complete analysis of the effect of comor-
bidities on different causes of death, comorbidity infor-
mation for both patients and reference population is 
necessary. On the other hand, the main purpose of the 
present epidemiological study was to analyse overall long-
term mortality in patients, selecting those at lower risk 
and comparing it with the general population without 
identifying prognostic factors.

CONCLUSIONS
Long-term mortality of patients undergoing AF ablation 
is similar to that of the general population, suggesting 
that after this therapeutic procedure, there is no excess of 
mortality compared with the overall expected. Compared 
with the general population, patients with HF have a 
significantly higher probability of death, while those 
without HF seem to have a better risk profile.
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