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ABSTRACT　
 
BACKGROUND　 Catheter ablation for atrial fibrillation (AF) is commonly performed worldwide. However, the clinical charac-
teristics of hospitalized patients with AF and national trends in catheter ablation at tertiary hospitals in China remain unreported.
 
METHODS　 This study used the Chinese national database (Hospital Quality Monitoring System) from 2013 to 2016, which is a
mandatory database that collects the front page of patients’ medical records for hospital accreditation, to describe the clinical cha-
racteristics of patients with AF as an overall cohort and as subgroups divided by catheter ablation and sex.
 
RESULTS　 Of 597,919 AF patients first admitted, 57,983 patients underwent catheter ablation [56,384 cases (97.2%) of radiofre-
quency ablation and 1599 cases (2.8%) of cryoablation] at 746 tertiary hospitals. Nearly 10% of patients hospitalized with AF at ter-
tiary hospitals in China underwent catheter ablation, and the percentage of patients undergoing catheter ablation was on the rise bet-
ween 2013 and 2016, and the number of cases increased by 2.5 times. Compared with AF patients who did not undergo catheter
ablation, those who did were younger, more frequently male, and had fewer baseline comorbidities. Although the overall CHA2DS2-
VASc  score  revealed  over  half  of  the  patients  were  high-risk,  patients  who  underwent  catheter  ablation  were  mostly  low-risk
(71.2% of males and 59.1% of females). Considering in-hospital adverse events, the overall pericardial tamponade and all-cause
death incidences were 0.2% (0.6% in the ablation group) and 1.2% (0.1% in the ablation group), respectively; both of which were
higher in females than males.
 
CONCLUSIONS　 In this study, AF patients who underwent catheter ablation were relatively young, had a low thrombosis risk,
and had few comorbidities and adverse events. Females were older and experienced more complications than males.

  

A trial fibrillation (AF) is the most common
arrhythmia, with an incidence of 2% in un-
selected European and North American

populations.[1] The incidence of AF increases drama-
tically with age and comorbidities. A national survey
in China involving 31,230 adults aged over 35 years
showed that AF incidence was 0.71%.[2] The number
of patients with AF is estimated to increase to 5.2 million
and 3.1 million for men and women, respectively, in
China by 2050.[3] Thus, the disease burden of AF is a
significant public health issue in China. AF can lead

to a decline in quality of life, increased stroke risk, wo-
rsened heart failure (HF), and increased all-cause
mortality.

Catheter ablation is a safe and effective method to
treat AF. Therefore, catheter ablation has become a ro-
utine procedure in patients with AF to improve symp-
toms and quality of life by reducing the burden of arr-
hythmia.[4–6] This technology has evolved over the
past 20 years and is now commonly performed world-
wide. A large retrospective study that used the Na-
tional Inpatient Sample database in the United States
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evaluated patients who underwent catheter abla-
tion for AF from 2004 to 2013. The study included
85,977 patients, 32.4% of whom were female. There
was no mortality difference between the sexes, but
females had higher major and minor complication
rates than males.[7] In another study, the research-
ers identified 50,969 catheter ablation procedures
for AF during the study period (2011−2014). They con-
cluded an in-hospital mortality rate of 0.15% and an
overall complication rate of 5.46%.[8] In China, cath-
eter ablation for AF has been performed mainly at
tertiary hospitals, the highest-ranking medical insti-
tutions, in the past 10–20 years. However, the clini-
cal characteristics of patients hospitalized with AF
have been scarcely reported, and national trends in
AF catheter ablation at tertiary hospitals in China
have not been reported. Thus, this study aimed to
explore the trends in AF hospitalization and cathe-
ter ablation at tertiary hospitals in China from 2013
to 2016. 

METHODS
 

Data Sources

Data were obtained from the Chinese national data-
base, the Hospital Quality Monitoring System (HQMS),
a mandatory patient-level national database that
collects the front page of patients’ medical records
for hospital accreditation.[9–11] Since 2013 in China,
tertiary hospitals have been requested to submit st-
andardized electronic inpatient discharge records
daily to the HQMS.

Information on demographic characteristics, clin-
ical diagnoses, treatment procedures, and expendit-
ure breakdowns were extracted from the standard-
ized discharge summary known as the “front page” of
hospital medical records. Adult patients diagnosed
with AF at the cardiology wards of 746 tertiary hos-
pitals with continuously uploaded data between 2013
and 2016 were included in this analysis. Records with
missing data on sex, age, and living status at discha-
rge were excluded (Figure 1). For patients with more
than one record, only data on the first hospitaliza-
tion in the same year during this period were included.

This study was authorized by the HQMS Commi-
ttee Board and approved by the Ethics Committee
of Peking University First Hospital (No.2019–93). Fur-

thermore, the requirement for informed consent was
waived due to the retrospective research design of
this study. 

Definition of AF, Catheter Ablation, and Comor-
bidities

Diagnoses were coded based on the International
Classification of Diseases-10 (ICD-10) using certi-
fied codes at each hospital. AF and comorbidities
were identified using three ICD codes: Beijing RC
020-ICD-10 version, national clinical edition 1.1, and
National RC020-ICD-10 version. In addition, two sets
of ICD codes identified catheter ablation for AF and
pericardial tamponade requiring pericardiocentesis:
the Beijing RC022-ICD-9 version of the operation
code and the national clinical edition 1.1 of the opera-
ting classification code. 

Statistical Analysis

Data were analyzed in subgroups according to age
(18–34 years, 35–44 years, 45–54 years, 55–64 years,
65–74 years, and ≥ 75 years), sex, and use (or not) of
catheter ablation. Categorical data are presented as
counts (percentages) and were compared with Pear-
son’s chi-squared test. Continuous data are presented
as mean ± SD and were compared with the indepen-
dent Student’s t-test. Statistical analyses were two-
sided, and a P-value < 0.05 was considered statistic-
ally significant. All analyses were performed using
R software (version 3.4.3, http://www.R-project.org). 

RESULTS

Of the 996 hospitals covered in the HQMS data-
base during the study period, 746 hospitals contin-
ued to upload data. Thus, of 597,919 first admissions
in which AF was diagnosed at cardiology wards in the
same year, we identified 57,983 patients who under-
went AF catheter ablation [56,384 cases (97.2%) of
radiofrequency ablation and 1599 cases (2.8%) of cr-
yoablation] from January 2013 to December 2016
(Figure 1). In the meantime, nearly 10% of patients
hospitalized with AF at tertiary hospitals in China
underwent AF catheter ablation. However, during this
period and within these 746 hospitals, 6.5% of pa-
tients with AF catheter ablation were found to rece-
ive redo procedures.

The number of AF patients who underwent cath-
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eter ablation increased by almost 2.5 times from
8403 to 20,639 per year in China. During this period,
the proportion of patients hospitalized with AF at ca-
rdiology wards and the percentage of patients unde-
rgoing catheter ablation were on the rise (Figure 2). 

Types of AF

Although a considerable number of cases on the
front page of medical records did not indicate the type
of AF (unclassified AF), catheter ablation for AF in
China from 2013 to 2016 was still dominated by non-
valvular-related (97.3%) paroxysmal AF (at least 55.9%). 

Age Difference and Sex Distribution

The mean age of patients was 68.74 ± 12.03 years,
and 46.6% of patients were female. Compared with
patients who did not undergo catheter ablation, those
who did undergo catheter ablation were younger
(59.47 ± 11.12 years vs. 69.74 ± 11.70 years, P < 0.001)
and less frequently female (36.4% vs. 47.7%, P < 0.001)
(Table 1).

The majority of patients (96.5%) were 45–75 years.
However, the age distribution differed according to
whether or not catheter ablation was performed (P <
0.001). The prevalence of older patients in the abla-

tion group was lower compared with the non-abla-
tion group (27.3% vs. 30.4% for patients aged 65–74
years, 7.3% vs. 39.2% for patients aged ≥ 75 years).
Meanwhile, the patients with AF who underwent cath-
eter ablation were younger. The prevalence of younger
patients (aged 18–44 years) was higher in the ablation
group than in the non-ablation group (9.8% vs. 2.9%,
respectively).

The age distribution of patients differed accord-
ing to sex (P < 0.001). Overall, the female group had
a higher proportion of older patients than the male
group (31.3% vs. 29.1% for patients aged 65–74 years,
40.9% vs. 32.0% for patients aged ≥ 75 years). This
distribution was similar between patients with and
without catheter ablation. In the ablation group, fe-
males were much older than males, with an average
age difference of nearly five years (males: 57.92 ± 11.36
years, females: 62.19 ± 10.11 years; P < 0.001), and
the age distribution was significantly right-skewed
in the female group compared with the male group
(Table 2). 

CHA2DS2VASc Thrombotic Risk Score Distribu-
tion and Sex Differences

The criterion of high-risk thrombosis was fulfi-
lled if CHA2DS2VASc thrombotic risk score was ≥ 2

 

Figure 1    Flow chart of this study.
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for males and ≥ 3 for females.[12] Although the thro-
mbus scores for more than half of the total cohort were
high-risk, the score distribution in patients who un-
derwent catheter ablation was quite different from
those who did not. Most patients with AF who un-
derwent catheter ablation were at a lower risk of thro-
mbosis. Among the ablation group, the proportion

of male patients with a high risk of thrombosis was
28.8% and 69.1% in the ablation group and non-ab-
lation group, respectively (P < 0.001), while the pro-
portion of female patients with a high risk of throm-
bosis was 40.9% and 75.2%, respectively (Figure 3).

The thrombus score distributions in males and fe-
males who underwent catheter ablation also differed

 

Figure 2    The proportion of hospitalized patients with atrial fibrillation who underwent catheter ablation from 2013 to 2016.
 

Table 1      Clinical  characteristics  of  all  hospitalized patients with atrial  fibrillation according to whether or  not  catheter  ablation
was performed.

Characteristics Overall (n = 597,919) Non-ablation (n = 539,936) Ablation (n = 57,983) P-value
Age, yrs 68.74 ± 12.03 69.74 ± 11.70 59.47 ± 11.12 < 0.001

Female 278,546 (46.6%) 257,459 (47.7%) 21,087 (36.4%) < 0.001

Comorbidities

　Coronary heart disease 265,511 (44.4%) 257,215 (47.6%)    8296 (14.3%) < 0.001

　Heart failure 238,334 (39.9%) 235,631 (43.6%)  2703 (4.7%) < 0.001

　Hypertension 314,088 (52.5%) 286,856 (53.1%) 27,232 (47.0%) < 0.001

　Diabetes mellitus   99,126 (16.6%)   91,739 (17.0%)    7387 (12.7%) < 0.001

　Ischemic stroke 59,094 (9.9%)   56,944 (10.5%)  2150 (3.7%) < 0.001

　Hemorrhagic stroke    1168 (0.2%)    1143 (0.2%)        25 (0.04%) < 0.001

Data are presented as means ± SD or n (%).

 

Table 2    Age distribution of all hospitalized patients with atrial fibrillation according to sex and whether or not catheter ablation
was performed.

Age, yrs
Total Non-ablation patients Ablation patients

Overall Male Female Overall Male Female Overall Male Female

　< 34 5001 (0.8%) 3651 (1.1%) 1350 (0.5%) 3564 (0.7%) 2504 (0.9%) 1060 (0.4%) 1437 (2.5%) 1147 (3.1%) 290 (1.4%)

　35–44 15,975 (2.7%) 11,313 (3.5%) 4662 (1.7%) 11,723 (2.2%) 7910 (2.8%) 3813 (1.5%) 4252 (7.3%) 3403 (9.2%) 849 (4.0%)

　45–54 54,634 (9.1%) 35,511 (11.1%) 19,123 (6.9%) 42,955 (8.0%) 26,966 (9.5%) 15,989 (6.2%) 11,679 (20.1%) 8545 (23.2%) 3134 (14.9%)

　55–64 125,996 (21.1%) 73,700 (23.1%) 52,296 (18.8%) 105,429 (19.5%) 60,658 (21.5%) 44,771 (17.4%) 20,567 (35.5%) 13,042 (35.3%) 7525 (35.7%)

　65–74 180,213 (30.1%) 92,954 (29.1%) 87,259 (31.3%) 164,405 (30.4%) 84,436 (29.9%) 79,969 (31.1%) 15,808 (27.3%) 8518 (23.1%) 7290 (34.6%)

　≥ 75 216,100 (36.1%) 102,244 (32.0%) 113,856 (40.9%) 211,860 (39.2%) 100,003 (35.4%) 111,857 (43.4%) 4240 (7.3%) 2241 (6.1%) 1999 (9.5%)

P-value < 0.001 < 0.001 < 0.001

Data are presented as n (%).
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(P < 0.001). Furthermore, 71.2% of males had a thr-
ombus risk score of ≤ 1, whereas 59.1% of females
had a thrombus risk score of ≤ 2. 

Comorbidities and Sex Differences

There were fewer associated comorbidities in pa-
tients with AF who underwent catheter ablation com-
pared with those who did not. The most common as-
sociated comorbidities were hypertension [52.5% ove-
rall (47.0% in the catheter ablation group and 53.1%
in the non-catheter ablation group), P < 0.001], coro-
nary heart disease [44.4% overall (14.3% in the abla-
tion group and 47.6% in the non-ablation group), P <
0.001], HF [39.9% overall (4.7% in the ablation group
and 43.6% in the non-ablation group), P < 0.001], and
diabetes mellitus [16.6% overall (12.7% in the abla-
tion group and 17.0% in the non-ablation group), P <
0.001] (Table 1).

In terms of comorbidity, there were differences be-
tween male and female AF patients undergoing cat-
heter ablation. Among the AF ablation group, the pro-
portion of female patients with hypertension (51.8%
vs. 44.2%, P < 0.001), diabetes mellitus (13.9% vs. 12.1%,
P < 0.001), and HF (5.9% vs. 3.9%, P < 0.001) was hi-
gher than that of men. There was no significant dif-
ference in the proportion of patients with coronary
heart disease (14.3% vs. 14.3%, P = 0.94), but the old
myocardial infarction was more common in males
(0.6% vs. 1.1%, P < 0.001). 

Adverse Events During Hospitalization and Sex
Differences

In terms of in-hospital adverse events, 0.2% of all
patients experienced pericardial tamponade requir-
ing pericardiocentesis, and 1.2% of all patients ex-
perienced all-cause death. The prevalence of all-

 

Figure 3    Thrombotic risk score (CHA2DS2VASc) distribution of all hospitalized patients with atrial fibrillation according to sex
and whether or not catheter ablation was performed. (A): CHA2DS2VASc score distribution according to whether or not catheter abla-
tion was performed; and (B): CHA2DS2VASc score distribution in the ablation group according to sex.
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cause death in patients with AF who underwent ca-
theter ablation was lower compared with the non-
ablation group (0.1% vs. 1.3%, P < 0.001). For perica-
rdial effusion/tamponade requiring intervention,
the rate in the ablation group was higher than the
non-ablation group (0.6% vs. 0.1%, respectively; P <
0.001) (Table 3). Patients in the non-ablation group
sometimes required pericardial drainage due to
other clinical conditions, such as chronic HF, hypo-
albuminemia, and hypothyroidism. In addition, the
incidences of pericardial tamponade requiring peri-
cardiocentesis (0.7% vs. 0.5%, P = 0.003) and all-ca-
use mortality (0.1% vs. 0.04%, P = 0.006) in females
with AF who underwent catheter ablation were hig-
her than in males. 

DISCUSSION

Using the HQMS national database of China from
2013 to 2016, we found that catheter ablation for AF
increased steadily in China. Patients with AF who
underwent catheter ablation were younger, more
frequently male, mostly had a lower risk of throm-
bosis, had fewer comorbidities, and had a lower in-
cidence of adverse events than those who did not un-
dergo catheter ablation. In this population, females
were older and had more adverse events than males.

Despite the reported lower age-standardized pre-
valence of AF in adults (> 35 years) in China (0.7%),
the overall burden of AF is very large and is rapidly
increasing. Recently, radiofrequency catheter abla-
tion therapy (including AF catheter ablation) has ga-
ined traction in China, increasing from 27,000 to 45,000
procedures between 2015 and 2017.[13] Accordingly,
the same increasing trend for AF catheter ablation
alone was observed from 2013 to 2016 in our study.

We found that most patients who underwent AF
catheter ablation had a low-risk thrombotic risk sc-
ore (males ≤ 1 and females ≤ 2) at tertiary hospitals
in China from 2013 to 2016. Worldwide, the risk of thr-

ombosis and stroke in patients with AF who under-
go catheter ablation is low. In a single-center study
in Michigan, approximately 75% of patients had a
CHA2DS2VASc score of 0 or 1.[14] Many studies, but
not all, have reported a low stroke rate in patients
who have undergone AF catheter ablation. Most of
these trials enrolled patients with a CHA2DS2VASc
score of < 2, in whom stroke rates will be anticipated
to be low.[12] At present, there are still differences bet-
ween different regions. For thrombotic risk estima-
tion and anticoagulant therapy, regional guidelines
should constantly update evidence-based medical
evidence, leading to greater benefit for AF patients
all over the world.[15–17]

Our data shows that the overall incidence of adverse
events was reasonably low in this study. The incid-
ence of pericardial tamponade was 0.6%, and the all-
cause mortality rate was 0.1% in patients with AF who
underwent catheter ablation. Cappato, et al.[18] rep-
orted 32 deaths (0.1%) and 331 cases of cardiac tam-
ponade (2.3%) in 45,115 catheter ablation proced-
ures on 32,569 patients with AF at 162 of 546 identi-
fied centers worldwide between 1995 and 2006. With
advancements in catheter ablation technology, the
rates of adverse complications and mortality are
decreasing year on year. However, in 2019, Abdur
Rehman, et al.[19] reported significant life-threaten-
ing complications in 100 patients of 10,378 patients
(0.9%). The most common cause was pericardial ef-
fusion requiring pericardiocentesis (0.5%) at a siz-
able quaternary care center between 2000 and 2015.[19]

Meanwhile, 1884 complications were identified am-
ong 1080 patients (7.2%) in 14,875 cases of AF cath-
eter ablation between 2015 and 2017 in the National
Inpatient Sample database.[20] Among the cardiac com-
plications, pericardial effusion predominated (2.18%),
followed by cardiac tamponade (1.31%).

In the present study, the incidence of adverse com-
plications is similar to data from a sizable care cen-

 

Table 3    Incidence of adverse events in all hospitalized patients with atrial fibrillation according to whether or not catheter abla-
tion was performed.

Overall (n = 597,919) Non-ablation (n = 539,936) Ablation (n = 57,983) P-value

Tamponade requiring intervention 1009 (0.2%) 692 (0.1%) 317 (0.6%) < 0.001

All-cause death 6960 (1.2%) 6922 (1.3%) 38 (0.1%) < 0.001

Data are presented as n (%).

RESEARCH ARTICLE JOURNAL OF GERIATRIC CARDIOLOGY

  http://www.jgc301.com; jgc@jgc301.com 297



ter in the United States. Although all patients with
AF in our study were from cardiology wards, AF was
not necessarily the leading cause of hospitalization.
Nevertheless, the incidence of adverse complica-
tions in patients with AF who underwent catheter
ablation was very low. The possible reasons are as
follows: (1) our data were obtained from tertiary
hospitals in China, most of which perform more than
100 AF catheter ablation procedures or even more than
1000 AF catheter ablation procedures each year. In
addition, most of the hospitals were regional cen-
ters; and (2) patients with AF who underwent cath-
eter ablation were younger and had a lower throm-
botic risk score than patients who did not, which me-
ant fewer comorbidities and lower overall risk.

In general, sex differences were identified in age,
CHA2DS2VASc score, and adverse events, especi-
ally in patients with AF who underwent catheter abl-
ation. The proportion of older patients was signific-
antly higher in the female group than the male group
for all patients with AF and subgroups with or with-
out catheter ablation, which is entirely consistent
with the trend in Europe and America.[21–24] Numer-
ous national registries have revealed that the pattern
of symptoms and management strategies differ bet-
ween females and males.[25] In a nationwide obser-
vational cohort study of 10,135 patients, 42% of pa-
tients were female. Women with AF had more symp-
toms and functional limitations, as well as a lower
quality of life, compared with males.[26] Kaiser, et al.[21]

also found that in a cohort of 21,091 patients from
2007 to 2011, compared with males, females were
older, had a higher CHA2DS2VASc score, and had a
higher risk of 30-day hemorrhage and tamponade.
A multicenter retrospective study in the United Sta-
tes reported a 5% complication rate in females ver-
sus 2.4% complication rate in males (P < 0.001).[27]

Kuck, et al.[28] also found that the female sex was as-
sociated with a ≥ 36% risk of primary efficacy fail-
ure and cardiovascular rehospitalization compared
with the male sex. Complication-specific analyses
showed statistically significant increases in vascu-
lar access complications, cardiac tamponade, peri-
cardial effusion, and postoperative hemorrhage re-
quiring transfusion in females.

Although the reason is unknown, sex-dependent
physiological and pathophysiological mechanisms

may predispose the female sex to AF later in life. For
example, a review of sex differences in those who un-
derwent cardiac ablation procedures suggested that
females are referred for catheter ablation less freque-
ntly than males, which may play a vital role in the obs-
erved age difference.[29,30] In our data, with an incre-
ase in age, especially after the age of 65 years, the gr-
owth rate in the number of hospitalized patients
with AF in the female group was significantly higher
than in the male group (Table 2). 

LIMITATIONS

There are several limitations in this study that sho-
uld be noted. Firstly, the institutional representa-
tion was insufficient because tertiary hospitals are
the highest-level medical institutions in China. Sec-
ondly, there was no information on anticoagulant the-
rapy, and the treatment evaluation was not compre-
hensive. Last but not least, follow-up data after dis-
charge were lacking, so long-term outcome evalua-
tion could not be performed. 

CONCLUSIONS

Between 2013 and 2016 in China, most patients with
AF who underwent catheter ablation were younger,
more frequently male, had a lower risk of thrombosis,
had fewer comorbidities, and had a lower incidence
of adverse events than those who did not undergo ca-
theter ablation. However, there was a sex difference
in the selection of catheter ablation strategies for AF.
In the ablation group, females were older and had a
higher incidence of adverse events than males. Nev-
ertheless, with progress in AF catheter ablation tec-
hnology and the accumulation of medical evidence,
more patients with AF, especially those at a high risk
of thrombosis, will benefit from catheter ablation. 
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