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Introduction: There were few data about the clinical profiles and long-term outcomes

in Chinese patients with atrial fibrillation (AF) and bioprosthetic valves.

Methods: The retrospective study enrolled 903 patients with bioprosthetic valve

replacement at our hospital and discharged with a diagnosis of AF from January 2010

to December 2018.

Results: The median age was 65.6 (61.9–69.1) years, and 548 (60.7%) patients

were women. During a follow-up period of 3.84 (2.64–5.51) years, 68 (1.8 per

100 person-years) patients died, 81 (2.1 per 100 person-years) patients developed

thromboembolism, and 23 (0.6 per 100 person-years) patients experienced major

bleeding. The CHA2DS2-VASc score, as a categorical variable (low, moderate, or

high risk), predicted the risk of thromboembolism with the C-statistic of 0.6 (95% CI:

0.511–0.689, p = 0.046). The incidence of the CHA2DS2-VASc score increment was

11.6 per 100 person-years, and the annual reclassification rate of stroke risk (from a

low or moderate group to a higher group) was 12.7%. The current proportion of oral

anticoagulants was 52.3, 59, and 63.2%, respectively, in the low, moderate, and high

stroke risk groups. Age (OR: 1.04, 95% CI: 1.01–1.06, p = 0.01), left atrial size (OR:

1.05, 95% CI: 1.03–1.08, p < 0.001), and rheumatic heart disease (OR: 1.49, 95% CI:

1.05–2.10, p= 0.025) were positively associated with the use of oral anticoagulants. The

history of chronic kidney disease (OR: 0.20, 95%CI: 0.05–0.76, p= 0.018), prior surgical

ablation (OR: 0.33, 95% CI: 0.24–0.47, p < 0.001), and antiplatelet agent use (OR: 0.08,

95% CI: 0.05–0.13, p < 0.001) were inversely related to the use of oral anticoagulants.

Higher admission estimated glomerular filtration rate (HR: 0.515, 95% CI: 0.311–0.853,

p = 0.01), left ventricular ejection fraction (HR: 0.961, 95% CI: 0.931–0.992, p = 0.014),

concomitant surgical ablation (HR: 0.348, 95% CI: 0.171–0.711, p = 0.004), and

rheumatic heart disease history (HR: 0.515, 95% CI: 0.311–0.853, p = 0.01) were

associated with a lower risk of death. Surgical ablation (HR: 0.263, 95%CI: 0.133–0.519,
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p < 0.001) and oral anticoagulants (HR: 0.587, 95% CI: 0.375–0.918, p = 0.019) were

related to a lower risk of thromboembolism.

Conclusion: Chinese patients with AF and bioprosthetic valve(s) were relatively young

and had a high prevalence of rheumatic heart disease with few comorbidities. The

percentage of mitral bioprosthetic valve replacement was high. The proportion of

concomitant surgical ablation or surgical left atrial appendage occlusion or exclusion

was relatively low. The thromboembolic events were the major long-term adverse events.

The anticoagulation therapy was underused in patients at moderate or high stroke risk.

The CHA2DS2-VASc score was verified to be used for predicting stroke risk in this

population. The stroke risk dynamically changed; it needed to be reestimated once the

risk factor changed.

Keywords: atrial fibrillation, bioprosthetic valves, outcomes, risk factors, antithrombotic status, dynamic changes

of risk factor, surgical ablation of atrial fibrillation

INTRODUCTION

With an aging population, the incidence of valvular heart disease
is gradually increasing, as the prevalence increases from 0.3%
(0.2–0.3) of those 18–44 years old to 11.7% (11.0–12.5) of
those aged 75 years and older (1). Besides, China has a large
burden of rheumatic valvular heart disease (2). A hospital-
based survey in China (3) reported that the prevalence of
severe valve diseases was 1.8%. Due to the large population in
China, the number of patients with valvular heart diseases who
need interventions increases. Furthermore, the bioprosthetic
valve (BPV) is preferred to be used in older patients for
valve replacement.

Atrial fibrillation (AF) is the most common arrhythmia, a
strong relation to aging. The prevalence of AF will increase
with an expanding elderly population in China (4), and the
estimated number of AF patients was projected to surpass
25 million by 2045 (5). Thus, the number of patients with
BPV and AF is increasing. Previous studies focused on the
management of AF and enrolled only a few patients with
both AF and BPVs, and the sample size was small (6–
16). The risk factors of thromboembolism and mortality in
such population were also unknown. Although the CHA2DS2-
VASc score was confirmed to be effective in these patients,
the dynamic changes of the score were uncertain. Besides,
little data could be found in China. Our study aimed to
provide some data from the following aspects to improve
management: (1) the clinical characteristics; (2) antithrombotic
therapy status and factors associated with oral anticoagulation
use; (3) long-term outcomes and factors related to mortality and
thromboembolism; and (4) the utility of CHA2DS2-VASc score
and its dynamic changes.

Abbreviations: AF, Atrial fibrillation; BVR, Bioprosthetic valve replacement; BPV,

Bioprosthetic valve; eGFR, estimated glomerular filtration rate; CABG, coronary

artery bypass grafting; OAC, oral anticoagulant; HR, hazard ratio; CI, confidence

interval.

METHODS

Patients
The retrospective study reviewed 1,289 patients who had left-
sided BPV replacement (BVR) at Fuwai Hospital and discharged
with AF diagnosis from January 2010 to December 2018. AF was
confirmed by reviewing clinical records, electrocardiographic
evidence, and electronic databases according to the International
Classification of Disease, 9th or 10th Revision, ICD-9 427.3
or ICD-10 I48. Patients with an existing mechanical valve and
missing data and who died within 3 months after discharge were
excluded. The study was approved by the ethics committee of
our hospital and obeyed the Declaration of Helsinki. All patients
provided written informed consent.

The baseline demographic data, vital signs, comorbidities,
surgery information, and echocardiography data at discharge
were collected by reviewing their medical records. Comorbidities
including hypertension, diabetes mellitus, heart failure,
coronary artery disease, prior myocardial infarction, previous
percutaneous coronary intervention, peripheral vascular
disease, previous stroke/transient ischemic attack, rheumatic
heart disease, dyslipidemia, chronic obstructive pulmonary
disease/emphysema, prior major bleeding, chronic kidney
disease, and surgical information were obtained based on the
medical records. Height, weight, systolic blood pressure, diastolic
blood pressure, heart rate, serum creatine, and echocardiography
data were collected from the last medical records before
discharge. The body mass index was calculated by dividing
weight in kilograms by the square of height in meters. The left
ventricular ejection fraction, the left ventricular end-diastolic
diameter, and the left atrial size (the anteroposterior diameter
of the left atrium) were recorded. The creatine at discharge was
collected, and the estimated glomerular filtration rate (eGFR)
was calculated according to the Xiangya equation (17). Surgery
information consisted of the BPV position, tricuspid valve
plasty, surgical ablation, surgical left atrial appendage occlusion
or exclusion, and concomitant coronary artery bypass grafting
(CABG). The CHA2DS2-VASc score (18) was calculated by
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FIGURE 1 | The flowchart.

giving two points to each patient of age ≥75 years and a history
of thromboembolism and one point to each patient aged 65 to 74
years, history of hypertension, diabetes mellitus, congestive heart
failure, vascular disease, and female sex. Patients were attributed
into three stroke risk categories according to CHA2DS2-VASc
score: low risk with CHA2DS2-VASc score of 0 in male or 1 in
female; intermediate risk with CHA2DS2-VASc score 1 in male
or 2 in female; and high risk with CHA2DS2-VASc score ≥ 2 in
male or 3 in female.

Outcomes
Medical information after discharge was collected by reviewing
the hospital electronic database or telephone interview until May
2020. Nevertheless, 337 patients had no outpatient or inpatient
record at our hospital after the index hospitalization and could
not be contacted. The flowchart is shown in Figure 1. The
occurrence of stroke, noncentral nervous systemic embolism,
pulmonary embolus, major bleeding, myocardial infarction,
and death were collected. Since this was a retrospective study
including data from a single center, there were possibilities
that patients used outpatient services outside of the hospital.
Thus, the adverse events, newly developed diseases, and
antithrombotic agents were identified based on both the
hospital electronic database records and patients’ self-reports

during telephone interviews. Trained physicians conducted the
telephone interview. Thromboembolic events included ischemic
stroke, noncentral nervous systemic embolism, or pulmonary
embolus. Major bleeding was defined as the bleeding that led
to hospitalization. The newly developed diseases (including
hypertension, diabetes, heart failure, thromboembolic event,
vascular diseases) were also recorded. The use of antithrombotic
agents was defined as patients who still had oral anticoagulants or
antiplatelet drugs (at least for 3 months) after the first 3 months
of anticoagulated therapy for BPV replacement.

Statistical Analysis
Categorical variables were expressed as frequencies and
percentages, and continuous variables were expressed as
means with standard deviations or medians with quartiles,
depending on the distribution characteristics of variables.
Between groups, comparisons were performed using Pearson’s
Chi-squared test or Fisher’s exact test for categorical variables
and the Student’s t-test or the Mann–Whitney U-test for
continuous variables. Kaplan–Meier survival curves were used
to compare the event-free survival of the patients in the different
groups. Cox regression analysis was performed to identify
the factors related to thromboembolic events and all-cause
death. Variables (not in CHA2DS2-VASc score) with a P-value
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TABLE 1 | Baseline characteristics of patients.

Variables Total

n = 903

Demographics

Male, n (%) 355 (39.3%)

Age, years 65.3 ± 6.6

BMI, kg/m2 24 ± 3.5

SBP, mmHg 115.4 ± 11.7

DBP, mmHg 69.1 ± 8.8

HR, bpm 83.8 ± 15.4

eGFR, ml/min 61.2 ± 9.5

CHA2DS2-VASc score 2.3 ± 1.4

Left atrial size, mm 44.2 ± 7.8

Left ventricular ejection fraction, % 59.2 ± 6.7

Left ventricular end diastolic diameter, mm 46 ± 5.9

Medical history, n (%)

Hypertension 268 (29.7%)

Heart failure 68 (7.5%)

Coronary artery disease 200 (22.1%)

Previous myocardial infarction 15 (1.7%)

Previous percutaneous coronary intervention 19 (2.1%)

Previous stroke or TIA 130 (14.4%)

Diabetes mellitus 113 (12.5%)

Peripheral vascular disease 77 (8.5%)

Rheumatic heart disease 569 (63%)

Chronic obstructive pulmonary disease/emphysema 16 (1.8%)

Chronic kidney disease 14 (1.6%)

Dyslipidemia 147 (16.3%)

Major bleeding 10 (1.1%)

Surgical information, n (%)

Bioprosthetic valve position

Aortic alone 112 (12.4%)

Mitral and aortic 144 (15.9%)

Mitral alone 642 (71.1%)

Mitral and tricuspid 3 (0.3%)

Mitral, aortic, and tricuspid 2 (0.2%)

Tricuspid valve plasty 576 (63.8%)

Surgical ablation 287 (31.8%)

Surgical left atrial appendage occlusion or exclusion 131 (14.5%)

Concomitant coronary artery bypass grafting 175 (19.4%)

BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; HR,

heart rate; eGFR, estimated glomerular filtration rate; TIA, transient ischemic attack.

< 0.05 in the univariate analysis, CHA2DS2-VASc score, and
the use of oral anticoagulant (OAC) were entered into the
multivariate Cox models for adjustment. Hazard ratio (HR)
and 95% confidence interval (CI) were calculated. C-statistic
was utilized to assess the performance of CHA2DS2-VASc score
in patients not on anticoagulants. A logistic regression model
was used to identify the factors related to the OAC use. The
following variables were adjusted: age, female, body mass index,
eGFR, hypertension, prior thromboembolism, diabetes, heart
failure, coronary heart disease, peripheral vascular disease,
rheumatic heart disease, major bleeding, chronic obstructive

pulmonary disease/emphysema, chronic kidney disease, surgical
ablation, surgical left atrial appendage occlusion or exclusion,
concomitant CABG, and antiplatelet agent. Odds ratio (OR) and
95% CI were calculated.

The software package SPSS version 25.0 (IBM Corporation,
New York, NY, USA) was used for statistical analysis. GraphPad
Prism version 6.01 was utilized for figures. All statistical tests
were two-tailed, and a P-value < 0.05 was considered significant.

RESULTS

Baseline Characteristics
Finally, 903 patients were included in the present study for
analysis. The baseline characteristics of patients are presented
in Table 1. Five hundred forty-eight patients (60.7%) in the
study were women. The median age was 65.6 (61.9–69.1) years,
and the median body mass index was 23.8 (21.5–26.4) kg/m2.
The eGFR was 61.2 ± 9.5 ml/min. The CHA2DS2-VASc score
was 2.3 ± 1.4. Nearly half of patients (48%) were discharged
with the CHA2DS2-VASc score ≥2 in men or ≥3 in women.
The echocardiography presented a good cardiac function in
the population with the median left atrial size of 44 (39–
48) mm, median left ventricular ejection fraction of 60 (56–
63) %, and median left ventricular end-diastolic diameter of
46 (42–49) mm. The prevalence of rheumatic heart disease
was high (63%). The other frequently reported comorbidities
were hypertension (29.7%), coronary artery disease (22.1%),
dyslipidemia (16.3%), previous stroke or transient ischemic
attack (14.2%), and diabetes mellitus (12.5%). Regarding the
surgical information, 642 patients (71.1%) had mitral BVR,
112 patients (12.4%) had aortic BVR, 144 patients (15.9%)
had both mitral and aortic BVR, three patients (0.3%) had
both mitral and tricuspid BVR, and two patients had mitral,
aortic, and tricuspid BVR. Regarding the concomitant surgery,
surgical ablation was performed in 287 (31.8%) patients, surgical
left atrial appendage occlusion or exclusion was done for 131
(14.5%) patients, and CABG was done in 175 (19.4%) patients.
The statistical difference between patients included and those
not included was reached in age, body mass index, CHA2DS2-
VASc score, previous stroke/transient ischemic attack, BPV
position, and surgical left atrial appendage occlusion or exclusion
(Supplementary Table 1).

Outcomes
The median follow-up period was 3.84 (2.64–5.51) years.
The incidence of adverse events in patients with or without
OAC is shown in Table 2. Sixty-eight (1.8 per 100 person-
years) patients died. Among them, 28 (41.2%) patients died
due to cardiovascular diseases, 16 (23.5%) was due to
thromboembolism, and 6 (8%) patients died of major bleeding.
The event-free survival of the patients in the different groups is
illustrated in Supplementary Figure 1.

The factors associated with all-cause mortality and
thromboembolic events are presented in Table 3 and Table 4.
Regarding the all-cause mortality, patients with low or moderate
stroke risk at baseline had a lower incidence during the follow-up
than the high-risk groups, whereas the difference was not seen
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after adjustment (p = 0.782). Patients with higher admission
eGFR, higher left ventricular ejection fraction, concomitant
surgical ablation, or rheumatic heart disease history had a
significantly lower risk of death. Moreover, the results persisted
in the multivariable model. As for thromboembolic events, only
surgical ablation and the use of OAC significantly associated
with a lower risk of thromboembolism.

Stroke Risk Prediction and the Change of
Stroke Risk Profile
There were 365 patients not on anticoagulants during the
follow-up. The C-statistic of CHA2DS2-VASc score in predicting
thromboembolism in patients without OAC was 0.585 as a
continuous variable (95% CI: 0.493–0.677, p = 0.089) and
0.6 as categorical variable (95% CI: 0.511–0.689, p = 0.046,
categories: low, moderate, and high risk). The annual rate of
thromboembolism in the low-, moderate-, and high-risk groups
was 0.97, 2.66, and 3.41%, respectively.

The changes in stroke risk profile were analyzed in patients
alive at the follow-up visit (n = 835). During the follow-up, the
number and annual incidence of hypertension, diabetes, heart
failure, thromboembolic event, vascular disease were 52 (1.4%),
19 (0.5%), 49 (1.4%), 59 (1.6%), and 2 (0.1%), respectively. The
mean age increased from 65.1 ± 6.6 to 69.0 ± 6.8 years old.
The mean CHA2DS2-VASc score increased from 2.2 ± 1.4 at
baseline to 2.9 ± 1.5 at the end of follow-up period. There
were 418 (50.1%) patients had an increase of CHA2DS2-VASc
score, and the incidence of CHA2DS2-VASc score increment was
11.6 per 100 person-years. Moreover, 330 patients had one-point
increment due to age. The change in the stroke risk category is
shown in Supplementary Figure 2. A total of 249 patients who
were at low or intermediate risk at baseline were reclassified into
a higher-risk category, and the reclassification rate was 12.7 per
100 person-years.

The Antithrombotic Status and Factors
Related to OAC Use
The antithrombotic therapy status in patients still alive is
presented in Figure 2A. The percentage of OAC use was high
in patients with low stroke risk (52.3%), and the OAC was
underused in patients at moderate (59%) or high risk (63.2%).
The percentage of non-vitamin K antagonist OACs was low in
such population (4.2%). The antithrombotic agents in patients
at moderate or high stroke risk in different groups (n = 710)
are shown in Figure 2B. The proportion of OAC use in patients
with or without surgical left atrial appendage occlusion or
exclusion was similar (57.4 vs. 62.2%, p = 0.38). The percentage
in patients with surgical ablation significantly differed from
that in those without the surgery (44.7 vs. 68%, p < 0.001).
Patients with a history of rheumatic heart disease took OAC
more frequently than those without (66.4 vs. 54.4%, p = 0.001).
Considering the factors related to OAC use, age, left atrial size,
and rheumatic heart disease were positively associated with OAC
use. Nevertheless, the history of chronic kidney disease, prior
surgical ablation, and antiplatelet agent use were inversely related
to the OAC use (Table 5).
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TABLE 3 | The factors associated with all-cause death in patients with atrial fibrillation and bioprosthetic valve (n = 903).

Variables Univariable Cox regression analysis Multivariable Cox regression model*

P-value HR (95% CI) P-value HR (95% CI)

Age 0.002 1.07 (1.03–1.11)

Female 0.002 0.47 (0.29–0.76)

CHA2DS2-VASc score 0.041 0.782

Low Reference Reference

Intermediate 0.111 1.95 (0.86–4.43) 0.515 1.32 (0.57–3.05)

High 0.013 2.61 (1.22–5.59) 0.756 1.15 (0.49–2.71)

Hypertension 0.538 1.18 (0.70–1.97)

Previous stroke or TIA 0.595 1.19 (0.63–2.21)

Diabetes 0.575 1.21 (0.62–2.37)

Heart failure 0.053 2.08 (0.99–4.37)

Coronary heart disease 0.037 1.73 (1.03–2.89)

Peripheral vascular disease 0.045 2.14 (1.02–4.50)

Surgical LAAO 0.671 0.82 (0.33–2.06)

OAC use during follow-up 0.091 1.57 (0.93–2.65)

eGFR 0.045 0.98 (0.95–1.00) 0.005 0.97 (0.94–0.99)

Left ventricular ejection fraction, % 0.001 0.95 (0.92–0.98) 0.016 0.96 (0.93–0.99)

Rheumatic heart disease 0.002 0.47 (0.29–0.76) 0.01 0.52 (0.31–0.85)

Surgical ablation 0.001 0.31 (0.15–0.63) 0.004 0.35 (0.17–0.71)

CABG 0.005 2.11 (1.26–3.53) 0.197 1.87 (0.72–4.83)

HR, hazard ratio; CI, confidence interval; TIA, transient ischemic attack; LAAO, left atrial appendage occlusion or exclusion; OAC, oral anticoagulant; eGFR, estimated glomerular filtration

rate; CABG, concomitant coronary artery bypass grafting.

*Adjusted for CHA2DS2-VASc score (three categories: low, moderate, high), eGFR, left ventricular ejection fraction, rheumatic heart disease, surgical ablation, CABG.

DISCUSSION

The present study presented a profile of Chinese patients
with AF and BPVs, including the clinical characteristics, long-
term outcomes, risk factors, and current antithrombotic status.
Chinese patients with AF and BPV(s) were relatively young
and had a high prevalence of rheumatic heart disease with
few comorbidities. The percentage of mitral BPV replacement
was high. The proportion of concomitant surgical ablation
or surgical left atrial appendage occlusion or exclusion was
relatively low. The thromboembolic events were the major
long-term adverse events and needed more attention. The
anticoagulation therapy was underused in patients at moderate
or high stroke risk. The CHA2DS2-VASc score was verified to
be used for predicting stroke risk in this population. Also, the
thromboembolic risk dynamically changed; it needed to be re-
estimated once the risk factor changed. We also found that
surgical ablation was associated with a lower incidence of all-
cause mortality and thromboembolism. The study filled the
lack of data on Chinese patients with BPV and AF, especially
those with a history of rheumatic heart disease, and further
provided some information to help improve the management in
such patients.

The clinical characteristics in our study were different from
those reported in previous studies (6, 7, 10, 11). Patients were
younger in our study than those in previous studies. There
were more women and a high prevalence of rheumatic heart
disease. Besides, the comorbidities were also not as much as

other literature reported. Thus, the CHA2DS2-VASc score was
relatively lower compared to existing data. The studies also
showed a very high proportion (nearly 90%) of mitral BPV. The
related reasons might be as follows: first, the enrollment in the
present study was based on the patients who underwent BVR
at our hospital and discharged with AF diagnosis. The patients
who developed AF after the BPV were not included, which was
the enrollment criteria for the BPV-AF study (7), and these
patients were generally older and had more comorbidities than
patients in our study. Second, according to the Cardiovascular
Surgery Outcomes 2019 published by Fuwai Hospital (19),
which is the largest medical center for cardiovascular diseases
in China, the proportion of the application of BPVs was
only 20%, significantly lower than that in other countries.
Third, considering the need for anticoagulation in AF patients,
some patients preferred to choose the mechanical valve when
undergoing valve replacement. Furthermore, the most common
cause of severe mitral stenosis remained rheumatic fever in
China (3), and such patients needed valve replacement at a
relatively young age. In that condition, these patients did not
suffer from many comorbidities as our studies depicted. Even
so, our study could provide information in patients with AF and
BPV, especially for AF patients who underwent BPV replacement
due to rheumatic valvular diseases.

The present study validated the prediction utility of
CHA2DS2-VASc score in non-anticoagulated Chinese AF
patients with BPVs. The result was in line with that reported
by Philippart et al. in 2016 (20), in which C-statistic was 0.554
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TABLE 4 | The factors associated with thromboembolism in patients with atrial fibrillation and bioprosthetic valve (n = 903).

Variables Univariable Cox regression analysis Multivariable Cox regression model*

P-value HR (95% CI) P-value HR (95% CI)

Age 0.023 1.04 (1.01–1.08)

Female 0.563 0.88 (0.56–1.37)

eGFR 0.657 1.00 (0.97–1.018)

Left ventricular ejection fraction, % 0.449 1.01 (0.98–1.05)

Heart failure 0.946 0.97 (0.39–2.40)

Coronary heart disease 0.335 1.28 (0.77–2.13)

Rheumatic heart disease 0.501 1.17 (0.74–1.86)

Peripheral vascular disease 0.179 1.65 (0.79–3.44)

Hypertension 0.204 1.35 (0.85–2.13)

Previous stroke or TIA 0.54 0.81 (0.42–1.58)

Major bleeding 0.533 0.05 (0.00–651.34)

Diabetes 0.489 1.24 (0.67–2.29)

Chronic kidney disease 0.882 0.86 (0.12–6.20)

Surgical LAAO 0.234 0.58 (0.23–1.43)

Tricuspid valve plasty 0.173 1.39 (0.86–2.25)

CHA2DS2-VASc score 0.062 0.272

Low Reference Reference

Intermediate 0.036 2.16 (1.05–4.45) 0.109 1.81 (0.88–3.76)

High 0.021 2.25 (1.13–4.48) 0.181 1.65 (0.79–3.42)

Surgical ablation <0.001 0.28 (0.14–0.54) <0.001 0.26 (0.13–0.52)

CABG 0.042 1.68 (1.02–2.76) 0.3 1.33 (0.77–2.30)

OAC use during follow-up 0.243 0.77 (0.50–1.19) 0.019 0.59 (0.38–0.92)

HR, hazard ratio; CI, confidence interval; TIA, transient ischemic attack; eGFR, estimated glomerular filtration rate; COPD, chronic obstructive pulmonary disease; LAAO, left atrial

appendage occlusion or exclusion; CABG, concomitant coronary artery bypass grafting; OAC, oral anticoagulant.

*Adjusted for CHA2DS2-VASc score (three categories: low, moderate, high), surgical ablation, CABG, OAC use during the follow-up.

(0.475–0.632) as a continuous variable and 0.598 (0.519–0.674)
as a categorical variable. The CHA2DS2-VASc score only has
a modest ability in predicting stroke risk. According to our
results, the score had a good performance in identifying the low-
risk group. Nevertheless, the incidence of stroke in moderate-
or high-risk groups was comparable and high, which the
anticoagulants needed to be considered. The dynamic changes of
CHA2DS2-VASc score were also assessed. The annual increment
(11.6% per 100 person-years) was similar to that previously
reported (12.1% per 100 person-years) (21). In our study, 12.7%
of patients in a low or moderate stroke risk group could
progress to higher risk groups every year. Moreover, 80% of new
comorbidities were evident at 4.2 months after AF was diagnosed
(21), and annual ischemic stroke rates were significantly higher
in the reclassified “intermediate” or “high-risk” groups than the
unchanged groups (22). Thus, it is essential to re-estimate the risk
in those patients frequently.

The anticoagulated status and strategy in AF patients with
BPVs for stroke prevention need to be improved. Previous
studies mainly focused on the early antithrombotic therapy in
patients who underwent BPV replacemen (23, 24), but few
papers paid attention to the long-term antithrombotic status and
strategy in patients with BPV and AF. The proportion of oral
anticoagulation in such Chinese patients was low. Furthermore,
5.6% of patients had both OAC and mono-antiplatelet drug,

which increased bleeding risk (23). Patients with a CHA2DS2-
VASc score of 0 or 1 had a relatively high anticoagulated
proportion. The history of rheumatic heart disease in our study
might contribute to the phenomena in the low-risk group. On
the one hand, the unsatisfactory anticoagulated status was a
Chinese national condition (25). On the other hand, few studies
investigated the anticoagulation strategy in patients with BPV
and AF, especially those who previously suffered from rheumatic
heart diseases. Recently, some studies investigated the effect of
non-vitamin K antagonist OACs in such patients and found
that non-vitamin K antagonist OACs might also be used in
such population with similar effectiveness and less bleeding risk
compared with warfarin (26). The annual thromboembolic rate
was high in the anticoagulated population, which indicated that
the quality of anticoagulation therapy should also be improved.
The median time in the therapeutic range was only 51.7% in
Chinese patients according to the CAFR study (27, 28), which
enrolled consecutive AF patients from 32 tertiary and non-
tertiary hospitals in Beijing, China. The time in the therapeutic
range might be overestimated since Beijing has the best medical
resources in China. More attention should be paid to the
adherence to the guideline and quality of anticoagulation.

The risk factors of all-cause mortality and thromboembolic
events were explored. As for all-cause mortality, rheumatic
heart disease and surgical ablation were proved to be protective
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FIGURE 2 | The antithrombotic therapy in patients. The number on the figure was the percentage of therapies in each group. (A) Antithrombotic therapy in the total

population and patients at different stroke risk (n = 903) (Low risk: CHA2DS2-VASc score of 0 in male or 1 in female; intermediate risk: CHA2DS2-VASc score of 1 in

male or 2 in female; high risk: CHA2DS2-VASc score ≥ 2 in male or 3 in female). (B) The antithrombotic agents in patients at moderate or high stroke risk in different

groups (n = 710) (With or without prior surgical left atrial appendage occlusion or exclusion; with or without a history of rheumatic heart disease; with or without a

history of surgical ablation).

factors in addition to the most studied risk factors, including
age, female, coronary heart disease, peripheral vascular disease,
left ventricular ejection fraction, and eGFR. Regarding the
surgical ablation, several studies showed that surgical ablation
significantly reduced mortality during short- or long-term

follow-up (29–31), and similar results were seen in our study.
The low incidence of death in patients with rheumatic heart
disease might relate to the better baseline characteristics in these
patients, that they were younger and have fewer comorbidities.
As for the thromboembolic risk, our results showed that surgical
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TABLE 5 | The factors related to the use of OAC.

Variable P-value OR (95% CI)*

Age 0.01 1.04 (1.01–1.06)

Female 0.814 1.04 (0.74–1.48)

Body mass index 0.346 1.02 (0.98–1.07)

eGFR 0.096 0.99 (0.97–1.00)

Left atrial size <0.001 1.05 (1.03–1.08)

LVEF 0.215 1.02 (0.99–1.05)

Hypertension 0.56 1.12 (0.77–1.61)

Heart failure 0.185 1.63 (0.79–3.33)

Coronary heart disease 0.052 2.01 (0.99–4.06)

Previous stroke or TIA 0.163 1.39 (0.88–2.21)

Rheumatic heart disease 0.025 1.49 (1.05–2.10)

Diabetes 0.988 1.00 (0.62–1.61)

Peripheral vascular disease 0.947 0.98 (0.55–1.75)

Major bleeding 0.475 1.73 (0.39–7.74)

Chronic obstructive pulmonary disease/emphysema 0.895 0.92 (0.27–3.13)

Chronic kidney disease 0.018 0.20 (0.05–0.76)

Concomitant CABG 0.821 0.92 (0.44–1.92)

Surgical ablation <0.001 0.33 (0.24–0.47)

Surgical left atrial appendage occlusion or exclusion 0.361 0.82 (0.53–1.26)

Antiplatelet agent <0.001 0.08 (0.05–0.13)

OR, odds ratio; CI, confidence interval; eGFR, estimated glomerular filtration rate; LVEF, left ventricular ejection fraction; TIA, transient ischemic attack; CABG, coronary artery bypass

graft; left atrial size: the anteroposterior diameter of the left atrium.

*Calculated by multivariable logistic regression model. The following variables were adjusted: age, female, body mass index, eGFR, left atrial size, LVEF, hypertension, heart failure,

coronary heart disease, prior thromboembolism, rheumatic heart disease, diabetes, peripheral vascular disease, major bleeding, lung disease, chronic kidney disease, concomitant

CABG, surgical ablation, surgical left atrial appendage occlusion or exclusion, antiplatelet agent.

ablation was significantly associated with lower incidence of
thromboembolic events as well as OAC use. Nevertheless,
the effect of surgical ablation on thromboembolism was not
consistent. A meta-analysis published in 2018, including 23
randomized controlled trials with small sample sizes, found no
impact of surgical ablation on mortality and stroke (32). The
follow-up periods in most of the studies were 1 year and no
more than 2 years. Recently, a large study (33) based on the
medical database published in 2019 showed that concomitant
ablation in CABG patients with preoperative AF was associated
with lower stroke or systemic embolization [HR 0.73 (0.61–
0.87), p = 0.0006]. In the same year, according to the results
from the PRAGUE-12 Study, which was a prospective study,
the randomized clinical trial enrolled 207 patients and had
a 5-year follow-up, demonstrating that concomitant surgical
ablation of AF was associated with a decreased risk of stroke
[subhazard ratio 0.32 (0.12–0.84), p = 0.02] (34). Further, Kim
et al. (35) reported that surgical AF ablation during rheumatic
mitral valve surgery was associated with a lower risk of long-
term mortality and thromboembolic events. Similarly, most of
the patients in our study had a history of rheumatic heart disease.
Also, recent evidence found that rhythm control could improve
symptom and reduce adverse events (36, 37). Above all, our
study verified the results in a Chinese population with a long-
term follow-up and supported the surgical ablation procedure
concomitant to other cardiac surgeries. As for the surgical left

atrial appendage occlusion/exclusion, the results from multiple
small sample size studies (38–40) indicated a decreased risk of
stroke in patients with the surgery. Although patients in the
surgical left atrial appendage occlusion/exclusion group had a
lower incidence of thromboembolism, no statistical significance
was seen in our study. On the one hand, patients were at
low or moderate risk of stroke with a mean CHA2DS2-VASc
score of 2.3. The impact of the surgery might be attenuated
due to the low incidence in such a population. On the
other hand, only 132 patients in our study underwent the
surgical left atrial appendage occlusion/exclusion. The small
sample size might limit to get the statistical significance.
Besides, anticoagulation therapy could mask its effect. Further
investigations are needed.

Limitations
There were several limitations in our study. First, this was
a retrospective study with its inherent defects; our results
should be considered with caution and as hypothesis-generating.
Second, the study only included data from one single center.
There were possibilities that patients used outpatient services
outside of the hospital. Considering this, the adverse events,
drugs, and newly developed diseases were identified based on
both the hospital electronic database records and patients’ self-
reports during telephone interviews. Besides, our hospital is
the national center for cardiovascular diseases and has the

Frontiers in Cardiovascular Medicine | www.frontiersin.org 9 June 2021 | Volume 8 | Article 665124

https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/cardiovascular-medicine#articles


Ren et al. Atrial Fibrillation and Bioprosthetic Valves

largest cardiac procedure volume in China. This study, which
focused on patients with AF and BPV, had a relatively large
sample size so far to the best of our knowledge. Third, patients
who developed AF after discharging from index hospital were
not included. The previous study enrolled few patients with a
history of rheumatic valvular diseases, while two-thirds of the
patients in our study had rheumatic valvular diseases. In that
case, we filled the gaps in such a specific population. Fourth,
data on specific surgical procedures and the recurrences of
AF were not collected. In addition, we could not assess the
application of non-vitamin K OACs, and further prospective
studies are needed.

CONCLUSION

The hospital-based study presented a profile of Chinese patients
with AF and BPVs, including the clinical characteristics,
outcomes, risk factors, the change of stroke risk, and the
current antithrombotic status. The study provided data for
physicians to improve the management in such patients.
Further prospective studies are needed to validate the results in
our study.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by the ethics committee of Fuwai hospital. The

patients/participants provided their written informed consent to
participate in this study.

AUTHOR CONTRIBUTIONS

YY and JR conceived the present study and participated in
the design. JR conducted the data analysis and drafted the
manuscript. JR, SW, HZ, XS, and JW collected and assembled
all the data. YY and JZ commented on the manuscript
drafts. All authors contributed to the article and approved the
submitted version.

FUNDING

This work was supported by the National Key Research and
Development Program of China (No. 2017YFC0908800) and
Capital’s Funds for Health Improvement and Research of China
(No. 2018-2-4031).

ACKNOWLEDGMENTS

The authors wish to thank all the patients who participated in
the study.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fcvm.
2021.665124/full#supplementary-material

Supplementary Figure 1 | The event-free survival of the patients in the different

groups (n = 903). (A) All-cause death; (B) Thromboembolism.

Supplementary Figure 2 | The change of the stroke risk category (n = 835).

REFERENCES

1. Nkomo VT, Gardin JM, Skelton TN, Gottdiener JS, Scott CG, Enriquez-

SaranoM. Burden of valvular heart diseases: a population-based study. Lancet.

(2006) 368:1005–11. doi: 10.1016/S0140-6736(06)69208-8

2. Zhimin W, Yubao Z, Lei S, Xianliang Z, Wei Z, Li Z, et al. Prevalence

of chronic rheumatic heart disease in Chinese adults. Int J Cardiol. (2006)

107:356–9. doi: 10.1016/j.ijcard.2005.03.048

3. Hu P, Liu X-B, Liang J, Zhu Q-F, Pu C-X, Tang M-Y, et al. A hospital-based

survey of patients with severe valvular heart disease in China. Int J Cardiol.

(2017) 231:244–7. doi: 10.1016/j.ijcard.2016.11.301

4. QI WH, Society of Cardiology, Chinese Medical Association. Retrospective

investigation of hospitalised patients with atrial fibrillation in mainland

China. Int J Cardiol. (2005) 105:283–7. doi: 10.1016/j.ijcard.2004.12.042

5. Ma C, Qi W. Management of atrial fibrillation in Chinese patients. CVD Prev

Cont. (2009) 4:79–83. doi: 10.1016/j.cvdpc.2008.09.001

6. Izumi C, Miyake M, Amano M, Kitai T, Obayashi Y, Takegami M,

et al. Registry of antithrombotic therapy in atrial fibrillation patients with

bioprosthetic valves: a retrospective observational study. J Cardiol. (2020)

76:44–50. doi: 10.1016/j.jjcc.2020.02.006

7. Furukawa Y, Miyake M, Fujita T, Koyama T, Takegami M, Kimura T, et al.

Rationale, design, and baseline characteristics of the bioprosthetic valves with

atrial fibrillation (BPV-AF) study. Cardiovasc Drugs Ther. (2020) 34:689–

96. doi: 10.1007/s10557-020-07038-1

8. Russo V, Carbone A, Attena E, Rago A, Mazzone C, Proietti R, et al.

Clinical benefit of direct oral anticoagulants versus vitamin k antagonists

in patients with atrial fibrillation and bioprosthetic heart valves. Clin Ther.

(2019) 41:2549–57. doi: 10.1016/j.clinthera.2019.10.008

9. Malik AH, Yandrapalli S, Aronow WS, Panza JA, Cooper HA.

Oral anticoagulants in atrial fibrillation with valvular heart

disease and bioprosthetic heart valves. Heart. (2019) 105:1432–

6. doi: 10.1136/heartjnl-2019-314767

10. Guimaraes PO, Pokorney SD, Lopes RD, Wojdyla DM, Gersh BJ, Giczewska

A, et al. Efficacy and safety of apixaban vs warfarin in patients with

atrial fibrillation and prior bioprosthetic valve replacement or valve

repair: insights from the ARISTOTLE trial. Clin Cardiol. (2019) 42:568–

71. doi: 10.1002/clc.23178

11. Russo V, Attena E, Mazzone C, Esposito F, Parisi V, Bancone C, et al.

Antagonist oral anticoagulants use in patients with atrial fibrillation

and bioprosthetic heart valves/prior surgical valve repair: a multicenter

clinical practice experience. Semin Thromb Hemost. (2018) 44:364–

9. doi: 10.1055/s-0037-1615261

12. Carnicelli AP, De Caterina R, Halperin JL, Renda G, Ruff CT, Trevisan

M, et al. Edoxaban for the prevention of thromboembolism in patients

with atrial fibrillation and bioprosthetic valves. Circulation. (2017) 135:1273–

5. doi: 10.1161/CIRCULATIONAHA.116.026714

13. Strange JE, Sindet-Pedersen C, Staerk L, Grove EL, Gerds TA, Torp-Pedersen

C, et al. All-cause mortality, stroke, and bleeding in patients with atrial

fibrillation and valvular heart disease. Eur Heart J Cardiovasc Pharmacother.

(2020) 7:f93–f100. doi: 10.1093/ehjcvp/pvaa011

14. Melgaard L, Jensen M, Overvad TF, Larsen TB, Lip GYH, Nielsen PB.

Thromboembolic and bleeding outcomes in patients with atrial fibrillation

Frontiers in Cardiovascular Medicine | www.frontiersin.org 10 June 2021 | Volume 8 | Article 665124

https://www.frontiersin.org/articles/10.3389/fcvm.2021.665124/full#supplementary-material
https://doi.org/10.1016/S0140-6736(06)69208-8
https://doi.org/10.1016/j.ijcard.2005.03.048
https://doi.org/10.1016/j.ijcard.2016.11.301
https://doi.org/10.1016/j.ijcard.2004.12.042
https://doi.org/10.1016/j.cvdpc.2008.09.001
https://doi.org/10.1016/j.jjcc.2020.02.006
https://doi.org/10.1007/s10557-020-07038-1
https://doi.org/10.1016/j.clinthera.2019.10.008
https://doi.org/10.1136/heartjnl-2019-314767
https://doi.org/10.1002/clc.23178
https://doi.org/10.1055/s-0037-1615261
https://doi.org/10.1161/CIRCULATIONAHA.116.026714
https://doi.org/10.1093/ehjcvp/pvaa011
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/cardiovascular-medicine#articles


Ren et al. Atrial Fibrillation and Bioprosthetic Valves

and valvular heart disease: a descriptive nationwide cohort study. Int J Clin

Pract. (2020) 74:e13589. doi: 10.1111/ijcp.13589

15. Doi K, Ogawa H, Ishigami K, Ikeda S, Aono Y, Hamatani Y, et al. Impact of

valvular heart disease on mortality, thromboembolic and cardiac events in

japanese patients with atrial fibrillation - the fushimi AF registry.Circ J. (2020)

84:714–22. doi: 10.1253/circj.CJ-19-1158

16. Moon I, Lee SR, Choi SR, Lee E, Jung JH, Han KD, et al. Non-Vitamin K

antagonist oral anticoagulants in patients with atrial fibrillation and valvular

heart disease. J Clin Med. (2019) 8:1624. doi: 10.3390/jcm8101624

17. Li DY, Yin WJ, Yi YH, Zhang BK, Zhao J, Zhu CN, et al. Development

and validation of a more accurate estimating equation for glomerular

filtration rate in a Chinese population. Kidney Int. (2019) 95:636–

46 doi: 10.1016/j.kint.2018.10.019

18. Lip GYH, Nieuwlaat R, Pisters R, Lane DA, Crijns HJGM. Refining clinical

risk stratification for predicting stroke and thromboembolism in atrial

fibrillation using a novel risk factor-based approach: the euro heart survey on

atrial fibrillation. Chest. (2010) 137:263–72. doi: 10.1378/chest.09-1584

19. Fuwai C, Hospital C. National Center For Cardiovascular Diseases,

Cardiovascular Surgery Outcomes 2019. (2020). Available online at: https://

www.fuwaihospital.org/Sites/Uploaded/File/2020/8/2019waike.pdf (accessed

May 27, 2021).

20. Philippart R, Brunet-Bernard A, Clementy N, Bourguignon T, Mirza A,

Angoulvant D, et al. Oral anticoagulation, stroke and thromboembolism

in patients with atrial fibrillation and valve bioprosthesis. The Loire

Valley Atrial Fibrillation Project. Thromb Haemost. (2016) 115:1056–

63. doi: 10.1160/TH16-01-0007

21. Chao T-F, Liao J-N, Tuan T-C, Lin Y-J, Chang S-L, Lo L-W, et al. Incident

co-morbidities in patients with atrial fibrillation initially with a CHA2DS2-

VASc score of 0 (Males) or 1 (Females): implications for reassessment of

stroke risk in initially ’low-risk’ patients. Thromb Haemost. (2019) 119:1162–

70. doi: 10.1055/s-0039-1683933

22. Yoon M, Yang P-S, Jang E, Yu HT, Kim T-H, Uhm J-S, et al. Dynamic changes

of CHA2DS2-VASc score and the risk of ischaemic stroke in asian patients

with atrial fibrillation: a nationwide cohort study. Thromb Haemost. (2018)

118:1296–304. doi: 10.1055/s-0038-1651482

23. Masri A, Gillinov AM, Johnston DM, Sabik JF, Svensson LG, Rodriguez LL,

et al. Anticoagulation versus antiplatelet or no therapy in patients undergoing

bioprosthetic valve implantation: a systematic review and meta-analysis.

Heart. (2017) 103:40–48. doi: 10.1136/heartjnl-2016-309630

24. Brennan JM, Edwards FH, Zhao Y, O’Brien S, Booth ME, Dokholyan RS, et al.

Early anticoagulation of bioprosthetic aortic valves in older patients: results

from the society of thoracic surgeons adult cardiac surgery national database.

J Am Coll Cardiol. (2012) 60:971–7. doi: 10.1016/j.jacc.2012.05.029

25. Zhao Q-Y, Shi S-B, Huang H, Jiang H, Yang B, Wu G, et al.

Contemporary characteristics, management, and outcomes of patients

hospitalized for atrial fibrillation in China: results from the real-world

study of Chinese atrial fibrillation registry. Chin Med J. (2020) 133:2883–4.

doi: 10.1097/CM9.0000000000001151

26. Duan L, Doctor JN, Adams JL, Romley JA, Nguyen LA, An J, et al.

Comparison of direct oral anticoagulants versus warfarin in patients with

atrial fibrillation and bioprosthetic heart valves. Am J Cardiol. (2021) 146:22–

28. doi: 10.1016/j.amjcard.2021.01.016

27. Du X, Ma C, Wu J, Li J, Ning M, Tang R, et al. Rationale and design of

the chinese atrial fibrillation registry study. BMC Cardiovasc Disord. (2016)

16:130. doi: 10.1186/s12872-016-0308-1

28. Liang H-F, Du H-F, Zhou Y-C, Yang X-Y, Xia S-J, Dong J-Z, et al. Control

of anticoagulation therapy in patients with atrial fibrillation treated with

warfarin: a study from the Chinese atrial fibrillation registry. Med Sci Monit.

(2019) 25:4691–8. doi: 10.12659/MSM.917131

29. Kowalewski M, Jasiński M, Staromłyński J, Zembala M, Widenka K, Zembala

MO, et al. Long-term survival following surgical ablation for atrial fibrillation

concomitant to isolated and combined coronary artery bypass surgery-

analysis from the polish national registry of cardiac surgery procedures

(KROK). J Clin Med. (2020) 9:1345. doi: 10.3390/jcm9051345

30. Rankin JS, Lerner DJ, Braid-Forbes MJ, McCrea MM, Badhwar V. Surgical

ablation of atrial fibrillation concomitant to coronary-artery bypass grafting

provides cost-effective mortality reduction. J Thor Cardiov Surg. (2020)

160:675-686.e13. doi: 10.1016/j.jtcvs.2019.07.131

31. Suwalski P, Kowalewski M, Jasiński M, Staromłyński J, Zembala M,
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