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Abstract

Background: Atrial fibrillation (AF) and stable coronary artery disease (SCAD)

frequently coexist.

Hypothesis: To investigate the prognosis of catheter ablation versus drug therapy in

patients with AF and SCAD.

Methods: In total, 25 512 patients with AF in the Chinese AF Registry between 2011 and

2019 were screened for SCAD. 815 patients with AF and SCAD underwent catheter abla-

tion therapy were matched with patients by drug therapy in a 1:1 ratio. Primary end point

was composite of thromboembolism, coronary events, major bleeding, and all-cause death.

The secondary endpoints were each component of the primary endpoint and AF recurrence.

Results: Over a median follow-up of 45 ± 23 months, the patients in the catheter

ablation group had a higher AF recurrence-free rate (53.50% vs. 18.41%, p < .01). In

multivariate analysis, there was no significant difference between the strategy of

catheter ablation and drug therapy in primary composite end point (adjusted HR

074, 95%CI 0.54–1.002, p = .0519). However, catheter ablation was associated with

fewer all-cause death independently (adjusted HR 0.36, 95%CI 0.22–0.59, p < .01). In

subgroup analysis, catheter ablation was an independent risk factor for all-cause

death in the high-stroke risk group (adjusted HR 0.39, 95%CI 0.23–0.64, p < .01), not

in the low-medium risk group (adjusted HR 0.17, 95%CI 0.01–2.04, p = .17).
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Conclusions: In the patients with AF and SCAD, catheter ablation was not

independently associated with the primary composite endpoint compared with drug

therapy. However, catheter ablation was an independent protective factor of all-

cause death

K E YWORD S

atrial fibrillation, catheter ablation, coronary artery disease

1 | INTRODUCTION

As the most common sustained arrhythmia, atrial fibrillation (AF) has

a high possibility to occur together with coronary artery disease

(CAD), which is another common cardiovascular disease. Over

20 percent of patients with AF suffered from CAD,1 and about

19 percent of patients with CAD had AF.2 However, the optimal

treatment of AF with CAD remains unclear. Most of previous studies

usually focused on the antithrombotic protocol for patients with AF

and CAD.

In recent years, catheter ablation has become an important choice

for AF treatment. EAST-AFNET 4 trial reported that early rhythm-

control therapy was associated with a lower risk of a composite of

death from cardiovascular causes, stroke, or hospitalization than usual

care among patients with early AF and cardiovascular conditions.3

Which emphasized the advantages of early rhythm-control therapy in

the management of AF. Despite the fact that catheter ablation was

effective for treating AF, whether CAD could affect the outcome of

AF catheter ablation remained unclear. In a study from the Leipzig

Heart Center, it was found that neither the presence nor severity of

CAD could affect the recurrence within 12 months after AF ablation.4

Dennis5 et al. also found that CAD did not increase the recurrence

within 12 months after AF ablation. However, some studies showed

the opposite conclusion. Hiraya6 et al. found that CAD was an inde-

pendent risk factor for recurrence of catheter ablation of AF after an

average of 44-months of follow-up. A retrospective study found that

the presence of CAD has no impact on AF recurrence after

cryoablation.7 The aforementioned studies explored the impact of

CAD on the success rate of catheter ablation of AF. It was more

important to address the issue of the impact of catheter ablation on

the prognosis in the patients with AF and CAD. However, there were

only a few studies to address this issue. In EAST-AFNET4 study, early

rhythm control did not reduce the hospitalization with acute coronary

syndrome.3 A small retrospective cohort study showed that catheter

ablation could improve the long-term prognosis of AF patients who

underwent percutaneous coronary intervention (PCI).8 The small sam-

ple size and the exclusion of patients without PCI lead to low reliabil-

ity and poor generalization. Here, we aimed to examine the effect of

catheter ablation versus drug therapy on long-term prognosis in the

patients with AF and stable coronary artery disease (SCAD) in a pro-

spective cohort study.

2 | METHODS

2.1 | Study population

All the patients were screened from the Chinese Atrial Fibrillation Reg-

istry (CAFR) study between August 2011 and December 2019. CAFR

has been described in details previously.9 Briefly, CAFR is a prospective

registry study with ongoing enrollments and follow-up involving 19 ter-

tiary and 12 non-tertiary hospitals in Beijing, China. Eighteen of the

31 centers had the ability to perform AF ablation. Written consents

were obtained from all patients when they enrolled in the CAFR, and

the ethics committee approved this study. All the data were collected

from the medical record system or through telephone interviews.

Patients would be enrolled in this study if meeting all the follow-

ing inclusion criteria: (1) age ≥ 18 years; (2) diagnosis of AF; (3) suf-

fered from SCAD. AF was diagnosed by 12-lead electrocardiogram or

24 hours-Holter with a record lasting ≥30 seconds. SCAD was defined

as a clinical condition with at least one of the following inclusion

criteria: myocardial infarction (MI) ≥3 months ago; coronary artery

bypass grafting (CABG) or PCI ≥3 months; stable chest pain with

proven myocardial ischemia; or previous coronary angiography show-

ing ≥1 coronary stenosis >50% and not require revascularization.10

Patients should be excluded if meeting any of the exclusion criteria

as the followings: (1) valvular AF; (2) a history of catheter ablation or

surgery for AF. In the CAFR, there were 12 104 patients underwent

catheter ablation and 13 408 patients underwent drug therapy. Totally,

2665 patients were selected according to the inclusion criteria and

exclusion criteria, including 1921 patients with catheter ablation and

844 patients with drug therapy. After propensity-score matching,

815 pairs of patients in each group were enrolled in the study. The

patient selection flow diagram was shown in Figure 1A.

2.2 | Interventions

In the Catheter Ablation Group, all antiarrhythmic drugs (AAD) except

amiodarone were stopped for at least five half-lives before catheter abla-

tion. The procedure was performed by experienced physicians. AF abla-

tion strategy of our study has been described previously.11 The

procedures were performed in patients under conscious sedation. A con-

tinuous irrigated radiofrequency ablation was performed along each
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pulmonary vein antrum in order to encircle the ipsilateral pulmonary

veins. Procedural end-points were electrical isolation of all pulmonary

veins in patients with paroxysmal AF. In patients with persistent AF, LA

roofline, mitral isthmus, and cavotricuspid isthmus were routinely

targeted. Pulmonary vein isolation and linear block were identified in

sinus rhythm.

Patients underwent catheter ablation were treated with anticoagu-

lant drugs (warfarin, non-vitamin K antagonist oral anticoagulant) and

AADs (amiodarone, sotalol, propafenone) for 3 months after the proce-

dure. AADs were withdrawn in the patients without recurrence 3 months

after the catheter ablation. The patients with high risk for stroke were

encouraged to continue taking anticoagulation. Antithrombotic strategy

was determined by the discussion between physicians and the patients

according to the patients' thromboembolism and bleeding risk and the

patients' intention. The long-term antithrombotic and AAD therapy in the

ablation group were adopted the data after 3-month follow-up.

In the drug therapy group, the long-term plan of drug therapy

was determined by the professional physicians at the first visit.

According to the patients' thromboembolism and bleeding risk, anti-

platelet drugs (aspirin, clopidogrel, and ticagrelor) or/and anticoagu-

lant drugs (warfarin, non-vitamin K antagonist oral anticoagulant)

would be prescribed by the physicians. According to the patients'

symptom and rhythm, the physicians would prescribe AADs

(amiodarone, sotalol, propafenone) or/and rate control drugs (beta-

blockers, non-dihydropyridine calcium channel blockers, digoxin).

2.3 | Follow-up

Scheduled follow-up was implemented at 3, 6, and 12 months after the

initiation and every 6 months thereafter. Three strategies were applied

to monitor heart rhythm: (i) regular reexamination: 24 hours-Holter was

performed monthly in the first 3 months, which was followed by an

ECG and/or 24 hours-Holter every 6 months thenceforth; (ii) symptom

triggered reexamination: patients would record ECGs whenever experi-

enced AF symptoms; and (iii) opportunistic screenings: ECGs recorded

for routine examinations or other diseases were involved.

2.4 | Study endpoints

The primary endpoint was the composite of thromboembolism, coronary

events, major bleeding, and all-cause death. The thromboembolism

included ischemic stroke (IS), transient ischemic attack (TIA), and systemic

embolism (SE). The coronary events included MI and coronary revasculari-

zation. The major bleeding was defined according to the International

Society on Thrombosis and Hemostasis (ISTH).12 The secondary end-

points included thromboembolism, coronary events, major bleeding, all-

cause death, and AF recurrence. AF recurrence was defined as AF, atrial

flutter, or atrial tachyarrhythmia lasting ≥30 seconds record by 12-lead

electrocardiogram or 24 hours-Holter after a 3-month blanking period

from the initiation in both groups. Once a patient underwent catheter

ablation during the follow-up period, the follow-up data after the proce-

dure would not be considered in the survival analysis.

2.5 | Statistical analysis

Propensity-score matching was used to reduce the selection bias. To

generate the propensity score, we made a multiple regression model

enrolling 12 baseline variables, including the age, gender, type of AF,

MI, heart failure, hypertension, diabetes, history of bleeding, history

F IGURE 1 Patient selection flow diagram and Kaplan–Meier estimates of AF recurrence-free rate. (A) Patient selection flow diagram.
(B) Kaplan–Meier survival curve showing atrial arrhythmia recurrence-free survival after a single ablation. The AF recurrence-free rate in the
catheter ablation group was higher than in the drug therapy group (53.50 vs. 18.41%; p < .01). AF, atrial fibrillation
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of thromboembolism, hyperlipidemia, renal insufficiency, liver insuffi-

ciency, and chronic obstructive pulmonary disorder. Patients from the

catheter ablation group were matched with patients from the drug

therapy group by one-to-one greedy nearest neighbor matching with

a caliper of 0.2.

Continuous variables were presented as means ± SD or medians

and quartiles. Categorical variables were presented as numbers and

proportions. Continuous variables in normal distribution were com-

pared with Student's t-test or Wilcoxon test if not in normal distribu-

tion. The Chi-square tests were used to compare categorical variables.

TABLE 1 Baseline characteristics of the two groups

Baseline characteristics Catheter ablation group (n = 815) Drug therapy group (n = 815) p value

Age, years, mean ± SD 66.1 ± 8.2 67.0 ± 8.9 .04

Female, n (%) 248 (30.4) 263 (32.3) .42

Body mass index, kg/m2, mean ± SD 26.0 ± 3.7 25.7 ± 3.4 .11

Smoker, n (%) 125 (15.3) 157 (19.3) .04

Alcohol consumption, n (%) 110 (13.5) 151 (18.5) <.01

Paroxysmal AF, n (%) 575 (70.6) 573 (70.3) .96

AF duration, year, median (IQR) 2.4 (0.6–5.3) 1.7 (0.1–5.3) <.01

Previous coronary events

MI, n (%) 145 (17.8) 151 (18.5) .70

PCI, n (%) 425 (52.2) 387 (47.5) .06

CABG, n (%) 63 (7.7) 73 (9.0) .37

CHA2DS2-VASc score, median (IQR) 3.0 (2.0–4.0) 3.0 (2.0–4.0) .07

Hypertension, n (%) 565 (69.3) 600 (73.6) .06

Diabetes, n (%) 284 (34.9) 274 (33.6) .60

Heart failure, n (%) 71 (8.7) 70 (8.6) .93

Previous bleeding, n (%) 38 (4.7) 37 (4.5) .91

Previous thromboembolic events, n (%) 123 (15.1) 129 (15.8) .68

LDL-C, mmol/L, median (IQR) 2.2 (1.7–2.7) 2.2 (1.8–2.8) .23

ALT, U/L, median (IQR) 22.0 (16.0–29.0) 21.0 (15.0–30.0) .20

Cr, μmol/L, median (IQR) 79.3 (68.1–91.0) 79.5 (68.7–91.0) .99

eGFR, ml/min/1.73 m2 103.3 (89.2–119.7) 101.6 (86.0–122.2) .59

COPD, n (%) 8 (1.0) 9 (1.1) .81

Left atrial diameter (mm), median (IQR) 40.0 (37.0–44.0) 41.0 (37.0–45.0) .12

LVEDD (mm), median (IQR) 48.0 (45.0–51.0) 48.0 (45.0–52.0) .08

LVEF, (%) (IQR) 64.0 (60.0–68.0) 62.0 (57.0–68.0) <.01

Beta-blockers, n (%) 363 (44.5) 453 (55.6) <.01

Amiodarone, n (%) 60 (7.4) 56 (6.9) .70

Propafenone, n (%) 31 (3.8) 28 (3.4) .70

Sotalol, n (%) 17 (2.1) 17 (2.1) 1.00

Non-DHP CCBs, n (%) 31 (3.8) 57 (7.0) <.01

Digoxin, n (%) 7 (0.9) 27 (3.3) <.01

ACEI/ARB, n (%) 302 (37.1) 319 (39.1) .39

Statin, n (%) 499 (61.2) 507 (62.2) .68

Antithrombotic drugs <.01

Antiplatelet agent, n (%) 361 (44.3) 249 (30.6)

Anticoagulant, n (%) 165 (20.3) 215 (26.4)

Antiplatelet agent + anticoagulant, n (%) 10 (1.2) 18 (2.2)

Abbreviations: AF, atrial fibrillation; ALT, alanine aminotransferase; CABG, coronary artery bypass grafting; CHA2DS2-VASc, congestive heart failure,

hypertension, age 75 years (doubled), diabetes, stroke/transient ischemic attack/thromboembolism (doubled), vascular disease (prior myocardial infarction,

peripheral artery disease, or aortic plaque), age 65–75 years, sex category (female); COPD, chronic obstructive pulmonary diseases; eGFR, estimated

glomerular filtration rate; LDL-C, low-density lipoprotein cholesterol; LVEDD, left ventricular end-diastolic diameter; LVEF, left ventricular ejection

fraction; MI, myocardial infarction; non-DHP CCBs, non-dihydropyridine calcium channel blockers; PCI, percutaneous coronary intervention.
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Kaplan–Meier was used to calculate AF recurrence-free survival. The

incidence rates of outcome events were calculated by dividing

the numbers of events by person-years. Cox regression analysis was

used to find the independent predictors of primary endpoint. The mul-

tivariate analysis model included variables with a p-value < .05 in uni-

variate analysis, including ablation, age, type of AF, diabetes, heart

failure, history of bleeding, history of thromboembolism, estimated

glomerular filtration rate (EGFR), left atrial diameter, left ventricular

end-diastolic diameter (LVEDD), left ventricular ejection fraction

(LVEF), digoxin, statins, antithrombotic drugs. A p-value < .05 was

considered statistically significant. All statistical analyses were per-

formed using SAS software, version 9.4 (SAS Institute, Cary, NC).

3 | RESULTS

3.1 | Baseline characteristics

Totally, 815 pairs of patients with AF and SCAD were enrolled with a

mean duration of 45 ± 23 months follow-up. The baseline characteris-

tics of the patients were shown in Table 1. Most of the variables were

comparable between the two groups for the reason of propensity

score matched. Compared with the drug therapy group, the patients

in the catheter ablation group were younger, had longer history of AF,

higher LVEF, lower prevalence of smoke and drink. There was signifi-

cant difference of antithrombotic drugs between the two groups.

3.2 | General characteristics of catheter ablation

All the patients in the catheter ablation group achieved pulmonary

vein isolation. 118 (21%) of the 575 patients with paroxysmal AF and

208 (87%) of the 240 patients with non-paroxysmal AF underwent

additional linear ablation, fractionated potentials ablation or superior

vena cava isolation. Complications occurred in 13 patients (1.60%),

including six pericardial tamponade, 1 pericardial effusion, 1 acute

heart failure, 2 stroke, 1 puncture hematoma, 1 great saphenous

venous thrombosis, and 1 femoral arteriovenous fistula.

With a mean duration of 54.5 ± 24.0 months follow-up, after a

single ablation, the AF recurrence-free rate was higher in the catheter

ablation group than the drug therapy group (53.50 vs. 18.41%;

p < .01; Figure 1B).

3.3 | Study endpoints

Clinical adverse events were shown in Table 2. After an average of 45

± 23 months of follow-up, in univariate analysis, the composite primary

endpoint (3.28 per 100 person-years vs. 5.27 per 100 person-years;

p < .01) and all-cause mortality (0.88 per 100 person-years vs. 2.76 per

100 person-years; p < .01) were significantly lower in the catheter abla-

tion group. There were no significant differences of other secondary

endpoints including thromboembolism, coronary events, and major

bleeding between the two groups. With regard to the component of

thromboembolism, 62 patients in the drug therapy group experienced

thromboembolism events (46 IS, 8 TIA, and 8 SE) and 60 patients in the

catheter ablation group experienced thromboembolism events (39 IS,

13 TIA, and 8 SE). There was no significant difference in the type of

thromboembolism events between the two groups (p = .42).

The univariate and multivariate analyses of risk factors for primary

endpoint were shown in Table 3. The univariate analysis revealed that

catheter ablation, age, type of AF, diabetes mellitus, heart failure, previ-

ous bleeding, previous thromboembolism, EGFR, left atrial diameter,

LVEDD, LVEF, digoxin, statins, anticoagulants were risk factors for the

primary endpoint. The multivariate analysis showed that age (adjusted

HR, 1.04 [1.02–1.06]; p < .01), diabetes (adjusted HR, 1.50 [1.13–2.02];

p < .01), previous bleeding (adjusted HR, 1.91 [1.15–3.19]; p = .01),

previous embolism (adjusted HR, 1.76 [1.25–2.46]; p < .01), eGFR

(adjusted HR, 0.99 [0.988–0.999]; p = .02), LVEF (adjusted HR, 0.98

[0.96–0.996]; p = .02), and digoxin (adjusted HR, 2.07[1.13–3.80];

p = .02) were independently associated with the primary endpoint. In

multivariate analysis, catheter ablation therapy was not an independent

risk factor for the primary endpoint (adjusted HR, 0.74[0.54–1.002];

p = .0519). Catheter ablation therapy was an independent protective

factor for all-cause death (adjusted HR, 0.36 [0.22–0.59]; p < .01) in the

multivariate model.

TABLE 2 Clinical outcomes during follow-up

Catheter ablation group Drug therapy group

n IR (95%CI) n IR (95%CI) HR (95%CI) p valuea

Primary end point 89 3.28 (2.66–4.04) 176 5.27 (4.54–6.11) 0.66 (0.51–0.86) <.01

Secondary end point

Thromboembolism 60 2.19 (1.70–2.82) 62 1.80 (1.41–2-31) 1.26 (0.88–1.80) .21

Major bleeding 13 0.46 (0.27–0.79) 30 0.85 (0.59–1.22) 0.58 (0.30–1.12) .11

Coronary events 4 0.14 (0.05–0.37) 14 0.39 (0.23–0.66) 0.55 (0.18–1.68) .30

All-cause death 25 0.88 (0.59–1.30) 98 2.76 (2.27–3.37) 0.33 (0.22–0.52) <.01

Abbreviation: IR, incidence rates per 100 person-years; n, number of events.
ap value for HR.
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3.4 | Subgroup analysis

The patients were divided into two different stroke risk subgroups

based on the CHA2DS2-VASc score. The patients with

CHA2DS2-VASc score ≤ 1 in men or ≤ 2 in women were grouped into

the low-medium risk group, and the patients with CHA2DS2-VASc

score ≥ 2 in men or ≥ 3 in women were grouped into the high-risk

group. As it was shown in Table 4, catheter ablation was not a risk fac-

tor for the primary endpoint in either group. For all-cause death, cath-

eter ablation was an independent risk factor in the high-risk group

TABLE 3 Univariate and multivariate analysis for the primary endpoint

Univariate Multivariate

HR (95%CI) p value HR (95%CI) p value

Age 1.05 (1.03–1.06) <.01 1.04 (1.02–1.06) <.01

Female 1.06 (0.82–1.36) .68

Obesity (BMI ≥ 28 kg/m2) 0.85 (0.63–1.15) .30

Smoker 0.86 (0.62–1.19) .86

Alcohol consumption 0.74 (0.52–1.04) .09

Paroxysmal AF 0.75 (0.58–0.97) .03 0.93 (0.66–1.30) .66

AF duration 1.01 (0.99–1.03) .66

MI 1.19 (0.88–1.61) .26

PCI 1.20 (0.94–1.52) .15

CABG 1.45 (0.99–2.13) .054

Hypertension 1.04 (0.79–1.38) .78

Diabetes 1.34 (1.05–1.72) .02 1.50 (1.12–2.02) <.01

Heart failure 2.08 (1.50–2.88) <.01 1.21 (0.79–1.86) .37

Previous bleeding 1.65 (1.02–2.67) .04 1.91 (1.15–3.18) .01

Previous thromboembolic events 1.72 (1.29–2.28) <.01 1.76 (1.25–2.46) <.01

Peripheral arterial disease 0.49 (0.07–3.48) .48

LDL-C 0.99 (0.84–1.17) .93

ALT 1.002 (0.996–1.007) .56

eGFR 0.99 (0.985 0.995) <.01 0.993 (0.988–0.999) .02

COPD 1.04 (0.26–4.20) .95

Left atrial diameter 1.04 (1.02–1.06) <.01 1.01 (0.99–1.04) .37

LVEDD 1.03 (1.01–1.05) .02 1.01 (0.98–1.04) .46

LVEF 0.96 (0.95–0.98) <.01 0.98 (0.959–0.996) .02

Beta-blockers 0.97 (0.76–1.24) .80

Amiodarone 0.93 (0.56–1.54) .78

Propafenone 0.70 (0.33–1.49) .36

Sotalol 0.21 (0.03–1.51) .12

Non-DHP CCBs 1.23 (0.79–1.92) .36

Digoxin 2.92 (1.78–4.77) <.01 2.07 (1.13–3.81) .02

ACEI/ARB 0.91 (0.71–1.17) .47

Statin 0.74 (0.58–0.95) .02 0.66 (0.49–0.90) <.01

Antiplatelet agent + anticoagulant vs. non-antithrombotic 2.59 (1.26–5.32) <.01 2.35 (0.97–5.70) .06

Antiplatelet agent vs. non-antithrombotic 0.84 (0.63–1.13) .84 0.92 (0.65–1.32) .66

Anticoagulant vs. non-antithrombotic 1.31 (0.97–1.76) .07 1.21 (0.83–1.77) .31

Catheter ablation 0.66 (0.51–0.86) <.01 0.74 (0.543–1.002) .0519

AF recurrence 1.21 (0.91–1.60) .19

Abbreviations: AF, atrial fibrillation; ALT, alanine aminotransferase; CABG, coronary artery bypass grafting; COPD, chronic obstructive pulmonary diseases;

eGFR, estimated glomerular filtration rate; LDL-C, low-density lipoprotein cholesterol; non-DHP CCBs, non-dihydropyridine calcium channel blockers;

LVEDD, left ventricular end-diastolic diameter; LVEF, left ventricular ejection fraction; MI, Myocardial infarction; PCI, percutaneous coronary intervention.
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(adjusted HR, 0.39 [0.23–0.64]; p < .01). However, catheter ablation

was not an independent risk factor for all-cause death in the low-

medium risk group (adjusted HR, 0.17 [0.01–2.04]; p = .16).

4 | DISCUSSION

4.1 | Major findings

To the best of our knowledge, this study was the largest study that

exploring catheter ablation therapy versus drug therapy on the outcomes

in the patients with AF and SCAD based on the real-world data. The main

findings of this study are: (1) Compared with drugs therapy, catheter abla-

tion was more effective at maintaining sinus rhythm for the patients with

AF and SCAD. (2) In multivariate analysis, catheter ablation was not inde-

pendently associated with fewer primary composite endpoints of throm-

boembolism, coronary events, major bleeding, or all-cause death. (3) For a

secondary endpoint, after adjustment for the confounders in multivariate

analysis, catheter ablation was an independent protective factor of all-

cause death after adjusting for other potential risk factors.

4.2 | AF and CAD

AF and CAD were closely related, and they shared some same risk

factors, such as hypertension, diabetes, sleep apnea syndrome, obe-

sity, smoking, and inflammation. CAD could affect the blood supply of

atria, and coronary artery revascularization could reduce the recur-

rence of AF.13 Alasady14 et al. found that CAD affecting the atrial

artery was independently associated with AF. By measuring coronary

artery blood with a microcatheter, it was found that left atrial

hypoperfusion existed in patients with lone AF.15 The atrial ischemia

caused by CAD could lead to ion channel disorder, electrical and

mechanical reconstruction, fibrosis and scarring, and even local con-

duction block that could induce and maintain AF.16 On the other

hand, the incidence rate of CAD was higher in patients with AF than

heathy persons. AF could predict CAD, independent of conventional

risk factors.17 Besides, AF could predict MI in patients with and with-

out CAD.18,19 AF impaired myocardial perfusion, which could be

improved by cardioversion.20 With controlled ventricular rate, AF still

could independently reduce atrial hypoperfusion by its irregularity.21

Furthermore, AF could damage the endothelial cell by its special

hemodynamics, and these findings were reversible after electrical car-

dioversion.20,22 Endothelial dysfunction was probably attributed to

the rise of the asymmetric dimethylarginine levels and the down-

regulation of endothelial nitric oxide synthase expression, which were

caused by AF.23–25 AF could also lead to increase in platelet activation

and the level of plasma inflammatory mediators, which were risk fac-

tors for coronary events.25 These pathological states for CAD could

also be reversed by maintaining sinus rhythm.23,25

4.3 | Catheter ablation for AF

In the recently published CABANA study, catheter ablation was not

superior to drug therapy on the primary endpoint, which was a com-

posite of death, disabling stroke, serious bleeding, and cardiac

arrest.26 In the CABANA study, only about 19% of participants suf-

fered from CAD, the outcomes of patients with CAD and AF have not

been analyzed in the CABANA study. The CASTLE-AF study, a ran-

domized controlled trial, confirmed that catheter ablation was supe-

rior to drug therapy in patients with concurrent AF and heart failure.

However, the information about impacts of CAD on the prognosis

was also limited.27 Accordingly, the data of catheter ablation on the

prognosis in the patients with concurrent AF and SCAD were very

limited. This study added some information about the issue of on the

outcomes in the patients with AF and SCAD.

A small observational trial of catheter ablation therapy vs. medical

therapy in the patients with AF and prior coronary intervention pro-

vided evidence that catheter ablation may reduce adverse events,

TABLE 4 Primary outcomes and all-cause death in the subgroup analysis stratified by stroke risk

Events, No. (%)

Catheter ablation
group

Drug therapy
group

Unadjusted HR
(95%CI)

p
value

Adjusted HRa

(95%CI)
p
value

Primary outcomes

Low-medium risk

groupb
6 (4.3) 12 (10.5) 0.49 (0.18–1.30) .15 0.68 (0.21–2.20) .52

High-risk groupb 83 (12.3) 164 (23.4) 0.7 (0.54–0.91) <.01 0.77 (0.56–1.05) .10

All-cause death

Low-medium risk

groupb
1 (0.7) 5 (4.4) 0.17 (0.02–1.48) .17 0.17 (0.01–2.04) .16

High-risk groupb 24 (3.6) 93 (13.3) 0.36 (0.23–0.56) <.01 0.39 (0.23–0.64) <.01

aAdjusted for ablation, age, type of AF, diabetes, heart failure, history of bleeding, history of embolism, estimated glomerular filtration rate, left atrial

diameter, left ventricular end-diastolic diameter, left ventricular ejection fraction, digoxin, statins, antithrombotic drugs.
bThe patients with CHA2DS2-VASc score ≤ 1 in men or ≤ 2 in women were grouped into the low-medium risk group, and the patients with

CHA2DS2-VASc score ≥ 2 in men or ≥ 3 in women were grouped into the high-risk group.
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including acute coronary syndrome requiring hospitalization, stroke, pul-

monary embolism and mortality.8 Our study found that catheter ablation

could not improve the composite primary endpoints in the patients with

AF and SCAD. However, catheter ablation could reduce all-cause mortal-

ity. The difference between the two studies might be due to the different

study population. The exclusion of patients without PCI in the aforemen-

tioned study led to poor generalization. Our study with larger sample size

and longer follow-up may influence the treatment choice for the patients

with AF and SCAD. Furthermore, our study showed that whether cathe-

ter ablation therapy was associated with fewer all-cause mortality

depended on the stroke risk based on CHA2DS2-VASc scores.

4.4 | Drug therapy

According to recent guidelines, patients with AF and CAD were

suggested to take an anticoagulant or at last an antiplatelet drug.28 In

our study, 37.5% of patients did not take any antithrombotic drugs,

which did not comply with the guidelines. In accordance with this

study, a retrospective study from China which included 21 450

patients with acute coronary syndrome, only 70.03% of the patients

started antiplatelet therapy in the first 30 days. And among the

patients with antiplatelet drugs, 85.0% of them stopped the drugs

after an average of 117.4 days.29 In our study, only 21.5% of patients

in catheter ablation group and 28.6% of patients in drug therapy

group took oral anticoagulation therapy, which was not in accordance

with the guidelines.30 Previous study showed that only 36.5, 28.5,

and 21.4% of patients in the CAFR with CHA2DS2-VASc scores ≥2,

1, and 0 underwent oral anticoagulation therapy.31 In other Chinese

AF centers, according to studies conducted between 2017 and 2020,

the proportions of oral anticoagulation use were from 13.9 to

35.6%.32–35 As a current status, oral anticoagulation was significantly

underused in patients in China. In addition, the application of anti-

platelet drugs or anticoagulation in Chinese patients was hard to sus-

tain.31,36 The problems with patients' compliance, the misgiving about

the risk of bleeding, and the high cost of the non–vitamin K antagonist

oral anticoagulants were possible reasons for the lack of anti-

coagulation therapy. This study revealed the gap between the clinical

practice in the real world and the guidelines in China, which might

contribute to the high incidence of adverse events in our study.

4.5 | Coronary events

The incidence of coronary events was relatively low in this study. In a

similar study by Chong et al., after catheter ablation of AF, 2.3% of

patients who had undergone PCI experienced MI, and 15.8%

of patients experienced unstable angina.8 In the AFIRE study focusing

on the patients with AF and SCAD, 0.9% of patients experienced MI,

and 1.4% of patients experienced revascularization for unstable angina

after a mean 24.1-month follow-up.37 Compared with these studies,

the incidence of coronary events in our study was lower. The possible

reasons were as the following. (1) The baseline characteristics of the

patients were different in these studies. 18.2% of the patients in this

study had previous MI. In Chong's study, 33.9% of the patients had pre-

vious non-ST-segment elevation MI. In the AFIRE study, 33.9% of

patients had previous MI. In addition, the mean age of the patients in

the AFIRE study was 74 years old, which was higher than that of our

study. (2) MI was a significant cause of sudden cardiac death. In this

study, many patients died without determining the causes of death,

which might underestimate the incidence of coronary events.

4.6 | Thromboembolism events and major bleeding
events

In most registries on AF, stroke was much less common than bleeding.

However, the incidence of thromboembolism events was higher than

that of major bleeding in this study. Compared with bleeding, Chinese

were more likely to suffer from thromboembolism events. It was

reported in an observational study enrolling 9806 AF patients with anti-

coagulation therapy, the incidence of IS and SE was 6.5%, and the inci-

dence of intracranial hemorrhage and gastrointestinal bleeding was

4.9%.38 In another retrospective study, the incidence of IS and SE was

2.8%, and the incidence of major bleeding events was 1.1% in the

patients with AF treated with dabigatran in China.39 These studies from

China provided the evidences that there might be racial difference in

the incidence of adverse events. In this study, about 37.5% of patients

did not take any antithrombotic drugs, which might cause a further

increase in thromboembolism events and reduce major bleeding events.

4.7 | Limitations

Some main limitations existed in this study. (1) Our research was a

prospective cohort study rather than a randomized controlled trial.

Selection bias could exist for the inherent deficiency of observational

study. For balancing patients' characteristics, propensity-score

matching was used to reduce the bias. There were also some slight

differences of the baseline characteristics between the two groups.

Multivariate analysis was used to adjust for potential confounding fac-

tors. (2) A gap of drugs therapy between the clinical practice in the

real world and the guidelines appeared in this study. However,

the application of drugs in our study was in accordance with other

Chinese studies. This study emphasized the effects of catheter abla-

tion versus drug therapy on the prognosis in the patients with AF and

SCAD in the real world. (3) The time span of our study's enrollment

was long, from 2011 to 2019. The standard of drug treatment and the

catheter ablation technology has partly changed. However, the enroll-

ment and follow-up were consistent and ongoing in the CAFR.

5 | CONCLUSION

In conclusion, in the patients with AF and SCAD, compared with drug

therapy, after adjusted the cofounders, catheter ablation was not

CUI ET AL. 1429



significantly associated with fewer primary composite endpoints of

thromboembolism, coronary events, major bleeding, and all-cause

death. However, catheter ablation could lead to fewer all-cause death.
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