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Abstract

Background It is unclear whether catheter ablation (CA) for atrial fibrillation (AF) affects the long-term prognosis in the elderly. This
study aims to evaluate the relationship between CA and long-term outcomes in elderly patients with AF. Methods Patients more than 75
years old with non-valvular AF were prospectively enrolled between August 2011 and December 2017 in the Chinese Atrial Fibrillation
Registry Study. Participants who underwent CA at baseline were propensity score matched (1:1) with those who did not receive CA. The
outcome events included all-cause mortality, cardiovascular mortality, stroke/transient ischemic attack (TIA), and cardiovascular hospitaliza-
tion. Results Overall, this cohort included 571 ablated patients and 571 non-ablated patients with similar characteristics on 18 dimensions.
During a mean follow-up of 39.75 + 19.98 months (minimum six months), 24 patients died in the ablation group, compared with 60 deaths in
the non-ablation group [hazard ratio (HR) = 0.49, 95% confidence interval (CI): 0.30-0.79, P = 0.0024]. Besides, 6 ablated and 29
non-ablated subjects died of cardiovascular disease (HR = 0.25, 95% CI: 0.11-0.61, P = 0.0022). A total of 27 ablated and 40 non-ablated
patients suffered stroke/TIA (HR = 0.79, 95% CI: 0.48-1.28, P = 0.3431). In addition, 140 ablated and 194 non-ablated participants suffered
cardiovascular hospitalization (HR = 0.84, 95% CI: 0.67-1.04, P = 0.1084). Subgroup analyses according to gender, type of AF, time since
onset of AF, and anticoagulants exposure in initiation did not show significant heterogeneity. Conclusions In elderly patients with AF, CA
may be associated with a lower incidence of all-cause and cardiovascular mortality.
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1 Introduction

Atrial fibrillation (AF) is the most common arrhyth-
mia.l"?! The incidence of AF increases with age.* Based
on the predicted life expectancy, the incidence of AF is ex-
pected to double in the next 50 years.” Elderly patients with
AF are more likely to have comorbidities, including hyper-
tension, diabetes mellitus (DM), heart failure (HF), and re-
nal failure, placing them at increased risk for cardiovascular
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events and mortality.[*” In addition, the effect of antiarrhy-
thmic drugs is less predictable in aging population with
more frequent side effects.”™

At present, catheter ablation (CA) has proven to be an ef-
ficacious method to treat symptomatic AF.”) CA could re-
duce AF burden, improve exercise capacity, and ameliorate
AF-related symptoms.!'*'? Meanwhile, increasing studies
found that CA for AF in elderly subjects was efficacious,
and major complications might be more frequent in the eld-
erly.!*'® However, few studies have evaluated the associa-
tion between CA and long-term prognosis in elderly patients
with AF. The objective of the current study was to access
the association between CA and long-term outcomes [all-
cause mortality, cardiovascular mortality, stroke/transient
ischemic attack (TIA), and cardiovascular hospitalization]
in elderly patients with AF.
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2 Methods

2.1 Study population

The Chinese Atrial Fibrillation (China-AF) Registry is a
prospective, multicenter, hospital-based, ongoing registry
study of patients diagnosed with AF in Beijing, China. We
have described the details of the cohort earlier.'” All sub-
jects enrolled in the current study were identified from the
China-AF database. Data collected between August 2011
and December 2017 were used for analyses. Eligible par-
ticipants were > 75 years old, with a documented AF con-
firmed by 12-lead electrocardiogram (ECG) or 24-hour Holter
monitoring within the past six months. Exclusion criteria
were as follows: follow-up of less than six months; previous
ablation for AF; patients diagnosed with rheumatic mitral
stenosis or having mitral valve prostheses; and data missing.
Then, the subjects were divided into two groups: the abla-
tion group and non-ablation group. The flowchart of patient
selection was presented in Figure 1.

The research was approved by the Ethics Committee of
Beijing Anzhen Hospital (D11110700300000) and partici-
pants were required to provide written consent in this study.

2.2 Data collection

Information on patient characteristics, including age,
gender, body mass index (BMI), type of AF, time since on-
set of AF, insurance, education, smoking, drinking, comor-
bidities (DM, hypertension, HF, stroke/TTA, vascular disease,
and prior bleeding), medication (rthythm/rate control drugs

and anticoagulants), left ventricular ejection fraction, as well
as CHA,DS,-VASc score, was collected when patients were
enrolled.

2.3 Catheter ablation for atrial fibrillation

The CA strategy used in participating centers has been
previously described, namely, pulmonary vein isolation for
paroxysmal AF, and three additional linear ablations at the
left atrial roof, cavotricuspid isthmus and mitral isthmus for
persistent AF.2”

2.4 Medical therapy and anticoagulation management

For patients in the ablation group, warfarin or a kind of
non-vitamin K antagonist oral anticoagulants (NOACs) was
given to all the patients for at least three months after CA. A
kind of T or III antiarrhythmic drugs would be prescribed for
the eligible patients after ablation for three months. There-
after, the choice of continuing anticoagulants and antiar-
rhythmic drugs was left to the physician’s discretion. Be-
sides, for individuals in the non-ablation group, anticoagula-
tion treatment was recommended when the CHA,DS,-VASc
score was > 2, and antiarrhythmic therapy for AF was at the
treating physician’s discretion.

2.5 Follow-up

Each enrolled patient was followed up at three and six
months and then every six months, via telephone interviews
or at outpatient clinics. During each follow-up, we collected
information on drug treatments, arrhythmia symptoms,
clinical outcomes and results of ECG and 24-hour Holter

2017 (n = 5,005)

AF patients > 75 years old enrolled in
China-AF from August 2011 to December

Excluding (n = 999):
1. Diagnosed with
rheumatic mitral stenosis
or having mitral valve

prostheses (n =95)
2. Previous ablation for

Full cohort
(n=4,006)

AF (n=130)
3. Follow-up of less than
six months (n =275)
4. Missing data (n = 499)

Ablation group
(n=673)

Matched cohort
Ablation
(n=571)

——1:1 match

No ablation group
(n=3.333)

Matched cohort
No ablation
(n=571)

Figure 1. Study flowchart. AF: atrial fibrillation.
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monitoring. Additional 24-hour Holter monitoring or ECG
was performed if arrhythmic symptoms occurred.

2.6 Definition of outcomes

The primary outcome was time to all-cause mortality and
the secondary outcome was time to cardiovascular mortality,
stroke/TIA or cardiovascular hospitalization. In this study,
participants were followed up from the date of enrollment until
loss of follow-up, first outcome event, or December 31, 2017.

Atrial tachyarrhythmia (AT) episode was defined as re-
corded AT/atrial flutter/AF > 30 seconds by 12-lead ECG or
24-hour Holter monitoring. Successful CA was defined as
no onset of AT episode > 30 seconds beyond three months
blanking period.

2.7 Statistical analysis

To eliminate the influence of selection bias in the assess-
ment of therapeutic effect, baseline differences were ad-
justed by propensity score matching. The propensity score
matching was based on 18 demographic and clinical vari-
ables, including age, gender, BMI, type of AF, time since
onset of AF, insurance, education, smoking, drinking, hy-
pertension, HF, DM, ischemic stroke/TIA/peripheral throm-
boembolism, vascular disease, prior bleeding, rhythm/rate
control drugs, anticoagulants, and CHA,DS,-VASc score.
Subjects in the two groups were matched in a 1:1 ratio with
the caliper width of 0.1. No replacements were used.

Continuous variables were presented as mean + SD,
whereas categorical variables were shown as numbers and
proportions. Continuous variables were compared using the
one-way ANOVA analysis, whereas categorical variables
were compared using the 7 test. Cumulative incidence rates
were estimated by Kaplan-Meier method, and statistical
significance was examined using the log-rank test. Cox re-
gression analysis was used to calculate the hazard ratio (HR)
and 95% confidence interval (CI) of outcomes and to assess
the association between outcomes and CA. Subgroup
analyses were conducted stratified by gender, type of AF,
time since onset of AF, and anticoagulants exposure in ini-
tiation. In the sensitivity analyses, multivariate Cox regres-
sion models were further used to estimate the association
between CA and all-cause and cardiovascular mortality. A
two-sided P-value < 0.05 was considered statistically sig-
nificant. All statistical analyses were conducted by using
SAS 9.4 (SAS Institute, Cary, NC, USA).

3 Results

3.1 Study population
From August 2011 to December 2017, 5,005 AF patients

more than 75 years old were enrolled in the China-AF reg-
istry cohort. We identified 673 patients receiving CA and
3,333 patients as controls after excluding 95 subjects diag-
nosed with rheumatic mitral stenosis, 130 subjects receiving
ablation before enrolled in this cohort, 275 subjects with
follow-up time less than six months and 499 subjects with
data missing. Finally, 571 ablated and 571 non-ablated sub-
jects at baseline were selected based on the propensity score
matching (Figure 1).

3.2 Baseline characteristics

The baseline characteristics of the two groups were illus-
trated in Table 1. Before matching, subjects in the ablation
group were younger, mostly male, with lower BMI, a higher
proportion of paroxysmal AF, well educated, and well health
insurance coverage. Patients in the ablation group were less
likely to have a history of congestive HF, ischemic stroke/
TIA/peripheral thromboembolism, and vascular disease. Be-
sides, subjects receiving CA were more likely to use an-
ticoagulants (92.12% vs. 39.12%, P < 0.0001). After propen-
sity score matching, the differences between the two groups
were balanced.

In this matched cohort, one-year adherence rates of the
ablation and non-ablation groups were 92.03% and 94.71%,
respectively. The mean number of ablations in the ablation
group was 1.07 + 0.26 per patient.

3.3 All-cause mortality

During a mean follow-up of 39.75 + 19.98 months, 24
patients died in the ablation group (incidence rate: 1.71 per
100 person-years), and 60 patients died in the non-ablation
group (incidence rate: 3.65 per 100 person-years). The cu-
mulative incidence of mortality was lower in the ablation
group than in the non-ablation group (log-rank P = 0.0024).
CA was associated with a 51% lower risk of all-cause
mortality (HR = 0.49, 95% CI: 0.30-0.79) (Figure 2A).

3.4 Cardiovascular mortality

Of the propensity score-matched cohort, 6 subjects died
of cardiovascular disease in the ablation group (incidence
rate: 0.42 per 100 person-years), and 29 subjects died of
cardiovascular disease in the non-ablation group (incidence
rate: 1.75 per 100 person-years). CA was associated with a
lower risk of cardiovascular mortality (HR = 0.25, 95% CI:
0.11-0.61) (Figure 2B).

3.5 Stroke/TIA

During the follow-up, 27 patients receiving CA devel-
oped stroke/TTA (incidence rate: 1.96 per 100 person-years),
and 40 patients receiving medical therapy developed stroke/
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Table 1. Baseline characteristics of AF patients (> 75 years old) with and without ablation before and after propensity score
matching.
Before matching After matching
Characteristic
Ablation (n=673) No ablation (n=3,333) P-value Ablation (n=571) No ablation (n=571) P-value
Age, yrs 77.72 +2.68 79.60 +3.90 <0.0001 77.93 £2.73 77.94+£2.72 0.9221
Male 366 (54.38%) 1,669 (50.08%) 0.0342 300 (52.54%) 294 (51.49%) 0.7223
Body mass index 24.84+3.39 24.55+3.48 0.0478 24.81+3.33 25.03+3.52 0.2931
Type of AF <0.0001 0.4295
Newly diagnosed 42 (6.24%) 412 (12.36%) 37 (6.48%) 37 (6.48%)
Paroxysmal 445 (66.12%) 1,482 (44.46%) 367 (64.27%) 347 (60.77%)
Persistent 186 (27.64%) 1,439 (43.17%) 167 (29.25%) 187 (32.75%)
Times since onset of AF, yrs 0.3475 0.5378
<1 230 (34.18%) 1,078 (32.34%) 201 (35.20%) 211 (36.95%)
>1 443 (65.82%) 2,255 (67.66%) 370 (64.80%) 360 (63.05%)
Health insurance coverage <0.0001 0.8251
100% 74 (11.00%) 673 (20.19%) 73 (12.78%) 80 (14.01%)
Basic social medical insurance
353 (52.45%) 718 (21.54%) 287 (50.26%) 266 (46.58%)
for urban employees
Basic social medical insurance
. 156 (23.18%) 1,444 (43.32%) 148 (25.92%) 159 (27.85%)
for urban residents
Cooperative medical insurance
] 22 (3.27%) 313 (9.39%) 19 (3.33%) 17 (2.98%)
for rural residents
None 11(1.63%) 94 (2.82%) 11 (1.93%) 10 (1.75%)
Others 57 (8.47%) 91 (2.73%) 33 (5.78%) 39 (6.83%)
Education 0.0005 0.6163
Completed college school 221 (32.84%) 877 (26.31%) 196 (34.33%) 188 (32.92%)
Under college school 452 (67.16%) 2,456 (73.69%) 375 (65.67%) 383 (67.08%)
Smoking 38 (5.65%) 220 (6.60%) 0.3604 33 (5.78%) 31(5.43%) 0.7969
Drinking 58 (8.62%) 257 (7.71%) 0.4213 51(8.93%) 45 (7.88%) 0.5223
Congestive heart failure 126 (18.72%) 2,228 (66.85%) <0.0001 126 (22.07%) 145 (25.39%) 0.1863
NYHA HI-IV 12 (1.78%) 761 (22.83%) <0.0001 12 (2.10%) 18 (3.15%) 0.2672
Hypertension 519 (77.12%) 2,609 (78.28%) 0.5107 439 (76.88%) 447 (78.28%) 0.5703
Diabetes mellitus 190 (28.23%) 988 (29.64%) 0.4625 163 (28.55%) 152 (26.62%) 0.4664
Ischemic stroke/TIA/peripheral
. 119 (17.68%) 816 (24.48%) 0.0001 108 (18.91%) 105 (18.39%) 0.8197
thromboembolism
Vascular disease 131 (19.47%) 902 (27.06%) <0.0001 106 (18.56%) 102 (17.86%) 0.7591
Bleeding history 38 (5.65%) 214 (6.42%) 0.4537 32 (5.60%) 32 (5.60%) 1.0000
Rhythm/rate control drugs 489 (72.66%) 2,433 (73.00%) 0.8849 408 (71.45%) 411 (71.98%) 0.8437
Anticoagulants 620 (92.12%) 1,304 (39.12%) <0.0001 518 (90.72%) 524 (91.77%) 0.5299
CHA,DS;-VASc score 425+1.31 5.04+1.50 <0.0001 432+1.32 435+1.30 0.7870
LVEF, % 65.00 + 6.88 61.13+£10.03 <0.0001 64.64 +6.87 64.28 +£7.39 0.3942

Data are presented as means = SD or n (%). AF: atrial fibrillation; LVEF: left ventricular ejection fraction; NYHA: New York Heart Association; TIA: transient

ischemic attack.

TIA (incidence rate: 2.48 per 100 person-years). There was
no statistically significant difference in the cumulative inci-
dence of stroke/TIA between the ablation group and the
non-ablation group (log-rank P = 0.3431), and HR for
stroke/TIA was 0.79 (95% CI: 0.48-1.28) in the ablation
group compared with the non-ablation group (Figure 2C).

3.6 Cardiovascular hospitalization

Of the propensity score-matched cohort, 140 subjects
developed cardiovascular hospitalization in the ablation
group (incidence rate: 11.25 per 100 person-years), and 194
subjects developed cardiovascular hospitalization in the
non-ablation group (incidence rate: 13.72 per 100 person-
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Figure 2. The cumulative incidence of outcomes concerning atrial fibrillation ablation. (A): All-cause mortality; (B): cardiovascular
mortality; (C): stroke/transient cerebral ischemia; and (D): cardiovascular hospitalization. HR: hazards ratio.

years). There was no statistically significant difference in
the cumulative incidence of cardiovascular hospitalization
between ablation group and non-ablation group (log-rank P
= 0.1084), and HR for cardiovascular hospitalization was
0.84 (95% CI: 0.67-1.04) in the ablation group compared
with the non-ablation group (Figure 2D).

3.7 AT episode and anticoagulants use during each
follow-up interval

The proportions of patients with AT episodes during

each follow-up interval were shown in Figure 3A. In addi-
tion, during the follow-up, 341 patients (59.7%) in the abla-
tion group remained AF-free, and 97 subjects (17.0%) in the
non-ablation group remained AF-free. Ablation was associ-
ated with a 42% lower risk of AT recurrence (HR = 0.58,
95% CI: 0.49-0.68, P < 0.0001). The proportions of patients
receiving anticoagulation therapy during each follow-up
interval were illustrated in Figure 3B. The proportions of
anticoagulants use in the ablation group were lower than
those in the matched group.
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Figure 3. Proportion of AT episodes (A) and anticoagulants exposure (B) during follow-up intervals. AT: atrial tachyarrhythmia.

3.8 Periprocedural complications

During the periprocedural period, stroke occurred in 2
patients, acute cardiac tamponade in 7 patients, groin he-
matomas in 4 patients, pseudoaneurysm in 4 patients, and
arteriovenous fistula in 2 patients. No other periprocedural
complications such as atrioesophageal fistula, pulmonary
vein stenosis, major bleeding, or death were observed in the
ablation group.

3.9 Subgroup analyses

The subgroup analyses, according to gender, type of AF,
time since onset of AF, and anticoagulants exposure in ini-
tiation were shown in Figure 4. The results did not show
significant heterogeneity in analyses of the subgroups, with
one exception. The effect of CA on cardiovascular hospi-
talization differed by type of AF (Piteraction-value = 0.0177).
Cardiovascular mortality was not analyzed in subgroups due
to fewer events.

3.10 Sensitivity analyses

In this matched cohort, we further conducted regression
analyses of factors associated with all-cause and cardiovas-
cular mortality. Age, congestive HF, hypertension, DM, stroke/

TIA, vascular disease, and prior bleeding were controlled in
the analyses of all-cause and cardiovascular mortality. In
multivariate Cox regression analyses, ablation remained
statistically associated with a lower risk of all-cause mortality
(HR = 0.49, 95% CI: 0.30-0.78) and cardiovascular mor-
tality (HR = 0.25, 95% CI: 0.10-0.59) (supplemental mate-
rial, Table 1S & Table 2S).

4 Discussion

Our main finding in the prospective observational study
was that ablated elderly patients with AF had a lower risk of
all-cause and cardiovascular mortality than non-ablated eld-
erly patients. Besides, we did not find a statistical difference
between propensity-matched groups in the rate of stroke/
TIA and cardiovascular hospitalization. Furthermore, sub-
group analyses demonstrated that the risk of all-cause mor-
tality was not affected by gender, type of AF, time since
onset of AF, and anticoagulants exposure in initiation.

AF is an arrhythmia with an increased prevalence in the
elderly.®* Meanwhile, AF is associated with an increased
risk of HF,*!! loss of cognitive functions,” and AF-related
cerebrovascular accidents,”” all of which tend to be more
devastating and debilitating in elderly patients. At present,
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CA has been proved to be an efficacious method for AF
patients.””! The beneficial effects of CA on maintaining si-
nus rhythm and improving quality of life were already con-
firmed,"'"""! whereas the association between CA and long-
term benefits was controversial. Most of patients in large
trials of CA for AF were young people, and there were few
data on CA for AF in elderly patients. Considering the high
incidence of AF in the elderly, more attention should be
paid to AF ablation in the elderly.

So far, some published studies have revealed that AF ab-
lation was efficacious in the elderly.">"* Overall, most of
these studies have shown similar clinical success rates be-
tween the younger and older groups, and major complica-
tions might be more frequent in the elderly. However, few
observational studies reported in the literature have assessed
the long-term benefits of CA in the elderly. Hence, studies
focusing on the long-term effect of CA for AF in the elderly
are needed. In this study, we prospectively enrolled the AF
patients more than 75 years old, collected data purposely,
used the propensity score matching, and accessed the rela-
tionship between CA and long-term outcomes in elderly
patients with AF.

Previous observational studies in the general population
have compared outcomes between subjects who received
CA and those who did not, and the outcomes were conflict-
ing.***"" CABANA randomized trial showed the strategy of
CA did not significantly reduce the composite endpoint of
death, disabling stroke, serious bleeding, or cardiac arrest
compared to medical therapy among AF patients.” How-
ever, the lower-than-expected event rates and treatment
crossovers in this trial affected the treatment effect of abla-
tion. Thus, whether CA for AF prolongs survival remains
obscure. Considering that the majority of participants in
previous observational studies were younger, it is unclear
whether elderly patients with AF can benefit from CA. The
present study showed a strong association between ablation
and survival in elderly patients with AF (HR = 0.49, 95% CI:
0.30-0.79). In line with our findings, Nademanee, et al.*”!
compared CA with antiarrhythmic drugs in AF patients (age
> 75 years old) and found that elderly patients with AF
benefited from CA, which was associated with lower mor-
tality risk (annual mortality rate 4% in catheter group and
9.8% in non-ablation group). However, this study compared
crude rates and included a limited number of individuals
(261 ablated and 63 pharmacologically treated elderly pa-
tients with AF). Theoretically, the mortality risk was reduced
by multiple factors, including prevented worsening of HF,
restoration of sinus rhythm, and reduced AF burden.!"

Elderly patients with AF have a higher risk of stroke."*"

The risk of stroke in patients with AF is strongly influenced
by several demographic and clinical factors, including age,
sex, HF, hypertension, DM, prior stroke or TIA, and vascu-
lar disease.’” Anticoagulant therapy was an effective therapy
to prevent AF patients from suffering strokes.**! Meanwhile,
among elderly patients with AF, anticoagulants were con-
sistently associated with a lower risk of stroke and positive
net clinical benefit, with the highest benefit in elderly pa-
tients treated with warfarin who achieved therapeutic range
> 60% or high dose of NOACs.?*** Our previous study
found that the proportion of AF patients receiving antico-
agulants was only 37.5%, 32.7%, and 25.4% for patients
with CHADS, > 2, 1, and 0, respectively.” In recent years,
with the popularization of NOACs and the improvement of
doctors’ awareness of prescribing anticoagulants, the overall
rate of anticoagulants initiation was increasing. In the pre-
sent study, 90.72% of patients in the ablation group and
91.77% of patients in the non-ablation group were treated
with anticoagulants after propensity score-matched. There-
fore, it was not surprising that the risk of stroke/TIA was not
significantly reduced in this study.

It has been demonstrated that AF patients were at higher
risk of hospitalization. An analysis from ROCKET AF show-
ed that the hospitalization rate was 10.2 per 100 person-
years of follow-up in AF subjects, and cardiovascular causes
contributed nearly a half."” Mitral regurgitation was aggra-
vated, atrial systolic function was lost and left ventricular
systolic dysfunction occurred in AF patients. Therefore,
elimination of AF with CA may improve HF symptoms and
reduce cardiovascular hospital admissions associated with
AF.P* Recently, some randomized trials explored the
effect of CA on hospitalization in AF patients with HF and
noted that the hospitalization rate of patients undergoing CA
was significantly lower than that of the medical treatment
group."**** However, there was limited evidence for as-
sessing the relationship between CA for AF and cardiovas-
cular hospitalization in elderly patients. In the present study,
we found that CA for AF did not reduce cardiovascular
hospitalization in elderly patients compared with medical
therapy. It might be that elderly patients suffer from multi-
ple cardiovascular diseases simultaneously, and cardiovas-
cular hospitalization not caused by AF increased in elderly
patients. Because we didn’t collect the causes of cardiovas-
cular hospitalization, the effect of ablation on HF in elderly
patients with AF remained unknown.

4.1 Limitations

This study has several limitations. Firstly, although the
propensity score matching was used to ensure the consis-
tency of baseline data between the two groups, there may
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still be some residual bias due to unmeasured covariates.
Secondly, among 571 subjects assigned to the medical
treatment group, 48 patients (8.41%) underwent CA during
the follow-up period, and intention-to-treat analysis was
used in this study. Thirdly, CA techniques and medical
treatments may have changed during the long-term study,
which may affect the outcomes. Last but not least, because
our research is an observational study, it could not deter-
mine a causal relationship.

4.2 Conclusions

In elderly patients with AF, CA may be associated with a
lower incidence of mortality and does not statistically re-
duce the risk of stroke/TIA and cardiovascular hospitaliza-
tion. Therefore, CA may be the preferred treatment for eld-
erly patients with symptomatic and drug-refractory AF.
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