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Abstract 

Background  Atrial fibrillation (AF) is a prevalent cardiac arrhythmia associated with significant morbidity and mortal‑
ity, posing a considerable burden on healthcare systems. In Republic of Korea, the prevalence and incidence of AF 
have increased in recent years. There have also been significant changes in the trends of antiarrhythmic drug (AAD) 
use and procedural treatments for AF.

Objectives  This study aims to review the trends in AF treatment strategies in Republic of Korea, particularly focusing 
on the utilization of antiarrhythmic drugs and catheter ablation.

Methods  The Korean National Health Insurance Service (K-NHIS) data were used to identify AF patients from 2013 
to 2022. AAD usage and catheter ablation procedures were analyzed annually. AADs were classified into Class IC 
and III drugs. Trends in beta-blockers, calcium channel blockers, and digoxin prescriptions were also examined. The 
primary endpoint was the trend of AAD use and AF catheter ablation (AFCA) over 10 years.

Results  In 2022, 940,063 patients had a prior diagnosis of AF. From 2013 to 2022, the use of AADs increased from 12.1 
to 16.4% among prevalent AF patients. Beta-blockers were the most commonly prescribed rate control medication, 
while the use of calcium channel blockers and digoxin declined. The frequency of AFCA procedures also increased, 
from 0.5% of prevalent AF patients in 2013 to 0.7% in 2022. Younger patients, males, and those with lower 
CHA2DS2-VASc scores were more likely to receive AFCA. Regional variations in treatment patterns were observed, 
with Seoul exhibiting higher rates of procedural treatments and AAD prescriptions.

Conclusions  Over the past decade, there has been a significant increase in the use of AADs and AFCA procedures 
in Republic of Korea. These trends reflect recent advancements in AF management advocating a refined rhythm 
control strategy.
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Introduction
Atrial fibrillation (AF) is a prevalent cardiac arrhythmia 
associated with significant morbidity and mortality 1. It 
poses a considerable burden on healthcare systems, due 
to its high incidence, potential complications such as 
stroke and heart failure, and the associated healthcare 
costs 2. In Republic of Korea, the prevalence and inci-
dence of AF has increased gradually over the last several 
years 3. Recently, there have been significant advance-
ments in the field of AF management, including the 
development of novel antiarrhythmic agents, the diver-
sification of procedural therapies such as cryoballoon 
catheter ablation, and their adoption within the domes-
tic medical landscape [4, 5]. Moreover, the issuance of 
Korean guidelines for AF management and the sustained 
efforts of Korean Heat Rhythm society in providing 
continuous education have contributed to an increased 
awareness and interest in AF management [6, 7]. Fur-
thermore, there has been a qualitative and quantitative 
expansion in the availability of specialized arrhythmia 
physicians and centers in Republic of Korea. Notably, this 
has led to an increasing interest in utilizing domestic data 
to analyze and summarize the trends in AF treatment 
strategies, particularly in the utilization of antiarrhyth-
mic drugs and catheter ablation. In this paper, we aim to 
review the trend of AF management in Korea, drawing 
insights from domestic data to assess the evolving land-
scape of utilization of antiarrhythmic drugs and catheter 
ablation.

Methods
Study cohort
The Korean National Health Insurance Service (K-NHIS) 
system was used to perform this study. The Korean gov-
ernment manages the K-NHIS system which is an exclu-
sive medical insurance system of the nation. All citizens 
are mandatory subscribers of the K-NHIS which stores 
prescription history of drugs (including AADs) and 
reports of International Classification of Diseases, 10th 
edition (ICD-10) diagnostic codes (including that for AF) 
throughout the entire nation. All catheter ablation pro-
cedures performed in Republic of Korea are mandatorily 
reported to the K-NHIS system to gain reimbursement. 
Therefore, performance of catheter ablation is clearly 
identifiable through the K-NHIS database.

Medical researchers can gain access to the data stored 
in the K-NHIS database under approval from both the 
official K-NHIS review committee (https://​nhiss.​nhis.​or.​
kr/) and the local Institutional Review Board. The Insti-
tutional Review Board of Seoul National University Hos-
pital and the official review committee of the K-NHIS 
both approved this specific study. Legal regulations of 
Republic of Korea and the ethical guidelines of the 2013 

Declaration of Helsinki was strictly adhered throughout 
the study.

Consent to participate declaration
The Institutional Review Board of Seoul National Uni-
versity Hospital waived the requirement for written 
informed consent because this study was based on retro-
spective analysis.

Diagnosis of AF
We searched reports of ICD-10 codes for AF (I48.0, 
I48.1, I48.2, and I48.9; Supplementary Table  S1) from 
outpatient clinic and inpatient admissions. Two reports 
from outpatient clinic or a single report from inpatient 
admission were required to diagnosis AF. We screened 
individuals diagnosed with AF between January 1, 2002, 
and December 31, 2022. Prevalent AF was defined as 
people who had a report of ICD-10 codes for AF at any 
moment prior to index date. Incident AF (new-onset AF) 
was defined as first report of ICD-10 codes for AF in a 
person who had no prior report of such ICD-10 codes.

Prescription of antiarrhythmic drug
Antiarrhythmic drugs were classified into Class IC and 
III drugs. Class IC included flecainide, propafenone, and 
pilsicainide. Amiodarone, dronedarone, and sotalol were 
classified as Class III drugs. Patients who were prescribed 
with AADs for longer than 30 days for a given year were 
classified as AAD users for that specific year. This process 
was performed for each year starting from 2013 to 2022. 
Drug prescription history was analyzed for whole AADs 
in addition to Class IC and III drugs separately.

Catheter ablation
Total number of AFCA performed among prevalent AF 
patients for each year starting from 2013 to 2022 was 
evaluated. Both radiofrequency- and cryo-ablation was 
evaluated. No pulsed-field-ablation was performed in 
Republic of Korea during study period. Only de-novo 
procedures were counted. Cryo-ablation was introduced 
in June, 2018. Early-AFCA was defined as AFCA per-
formed within one year of AF diagnosis. Total number 
of incident AF patients who underwent early-AFCA was 
counted for each year starting from 2013 to 2021. Since 
we do not have follow-up data of year 2023, number of 
incident AF patients undergoing early-AFCA could not 
be evaluated. 

Primary outcome endpoint
The aim of this study is to describe 10-year trend of AAD 
use and performance of AFCA in Republic of Korea. The 
data between 2013 and 2022 were collected. Prescription 
and procedure codes for each drug and procedure are 

https://nhiss.nhis.or.kr/
https://nhiss.nhis.or.kr/
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summarized in Supplementary Tables S2 and S3, respec-
tively. Outcomes were reported as both absolute num-
bers and their percentile values.

No uncensored losses to follow-up exist in this study 
due to nature the K-NHIS database. Annual entrance and 
exit in our cohort include newly diagnosed AF, immigra-
tions, emigrations, and death.

Definitions
Reported ICD-10 codes were used to evaluate baseline 
demographics. Supplementary Table S4 summarizes the 
ICD-10 codes used in this study to identify hypertension, 
diabetes mellitus, heart failure, ischemic stroke, transient 
ischemic attack, myocardial infarction, and peripheral 
artery disease. Single report of ICD-10 codes at either 
outpatient clinic or inpatient admission was required for 
diagnosis. However, only reports during inpatient admis-
sion were counted for diagnosis of heart failure.

Statistical analysis
Continuous variables were expressed as mean ± standard 
deviation. Categorical variables were expressed as num-
bers and their percentile value. Continuous and categori-
cal variables were compared with Student’s t test and 
chi-square test, respectively. All tests were two-tailed, 
with p values ≤ 0.05 indicating statistical significance. 
SAS version 9.4 (SAS Institute, Cary, NC, USA) was used 
for all statistical analyses.

Data availability declaration
The underlying data of this study cannot be opened to 
public since the K-NHIS possess the data and legally pro-
hibits data sharing.

Results
Patients
In 2022, a total of 940,063 patients had prior diagnosis 
of AF (prevalent AF) and their demographics are sum-
marized in Table  1. The average age of these patients 
was 70.3 ± 14.1  years, with males constituting 54.9% of 
the population. The median CHA2DS2-VASc score was 
4. Comorbid conditions were observed in the following 
order: hypertension (80.5%), diabetes (31.5%), heart fail-
ure (27.6%), ischemic stroke (20.9%), and vascular dis-
ease (15.8%). Between 2013 and 2022, 939,057 patients 
were newly diagnosed with AF (incident AF). The aver-
age age in this group was 68.9 ± 14.8  years, with males 
making up 54.1% of the cohort (Table  2). The median 
CHA2DS2-VASc score was 3. Prevalence of comorbidities 
were as follows: hypertension (80.3%), diabetes (29.6%), 
heart failure (29.0%), ischemic stroke (19.4%), and vascu-
lar disease (17.0%).

Trend of AF treatment
Of the patients diagnosed with prevalent AF, 32.2% 
(303,067/940,063) received pharmacological treatment 
with AADs, while 3.5% (32,848/940,063) underwent 
AFCA. Patients who received procedural treatment 
were younger, had a higher proportion of males, and 
presented with lower CHA2DS2-VASc scores com-
pared to those who received pharmacological treat-
ment. Among newly diagnosed AF patients, 17.7% 
received pharmacological treatment with AADs, and 
0.8% underwent AFCA within one year after diagnosis. 
Those who received AFCA had a higher proportion of 
male sex and were younger. Prevalence of various medi-
cal comorbidities were lower.

Medical treatment of AF
During the study period, beta blockers were the most 
commonly prescribed medication for rate control, with 
their prescription rate increasing annually. In 2022, 
beta blockers were prescribed to 46.6% of prevalent AF 
patients. Conversely, the utilization rates of calcium 
channel blockers and digoxin showed a decreasing 
trend (Fig. 1).

From 2013 to 2022, the utilization of AADs for 
rhythm control in AF patients gradually increased 
(Fig.  2). In 2013, 12.1% of prevalent AF patients were 
prescribed AADs, which rose to 16.4% by 2022. 
Throughout the study period, the use of Class IC 
drugs was more prevalent than Class III drugs. A simi-
lar trend was observed among newly diagnosed AF 
patients (Fig. 3).

Catheter ablation for AF
The frequency of AFCA has gradually increased, from 
0.5% of prevalent AF patients in 2013 to 0.7% in 2022 
(Fig. 4). In 2022, 6652, 4682, and 1990 patients under-
went AFCA, RFCA, and cryo-balloon ablation, respec-
tively. The frequency of procedural treatment for newly 
diagnosed AF was higher than that for prevalent AF 
(Fig. 5). In 2021, 1.3% of patients underwent procedural 
treatment within 1 year of AF diagnosis. Following its 
introduction in 2018, the frequency of cryo-balloon 
ablation has been increasing. The use of RFCA showed 
a temporary decline with the emergence of cryo-bal-
loon ablation but has been on the rise since 2019.

Regional variations
Based on 2022 data, the prescription rates of anti-
arrhythmic drugs and the frequency of procedural 
treatments vary by region. Seoul (19.2%) and Sejong 
city (19.7%) exhibit the highest rate of prescription of 
AADs. AFCA was most frequently performed in Seoul 
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(1.2%) and Sejong city (1.4%). In contrast, Gyeong-
sangnam-do has the lowest drug prescription rate and 
AFCA performance rate.

Discussion
The current study demonstrated a 10-year trend of 
AAD use and performance of AFCA, based on data 
from 940,063 patients identified as diagnosed with AF 
in Republic of Korea from 2013 to 2022. The AF preva-
lence, the comorbidities, and CHA2DS2-VASc score 
of these AF patients are aligned with recent findings 
from Western populations [1, 8, 9]. Our study indicates 
that in Republic of Korea, the annual use of AADs and 
AFCA has consistently increased among both the over-
all and newly diagnosed AF populations.

Demographic influences on AF management
Our study revealed that patients who received procedural 
treatment with AFCA were predominantly younger, male, 
and presented with lower CHA2DS2-VASc scores, com-
pared to those who received pharmacological treatment 
with AADs. The EAST-AFNET 4 trial demonstrated that 
early rhythm-control strategy significantly reduces the 
risk of cardiovascular death, stroke, and hospitalization 
for heart failure or acute coronary syndrome in patients 
with newly diagnosed atrial fibrillation, emphasizing 
the importance of prompt intervention 10. Similarly, a 
recent Korean cohort study corroborated these findings, 
showing that early rhythm-control significantly lowers 
adverse cardiovascular outcomes, confirming the con-
sistency of these benefits across different populations 11. 
Our results align with recent guidelines advocating early 
rhythm control, particularly for younger AF patients with 

Table 1  Baseline demographics of people with prevalent AF

AAD: antiarrhythmic drug; AF: atrial fibrillation; AFCA: atrial fibrillation catheter ablation

Prevalent AF Prevalent AF patients who underwent 
AAD therapy

Prevalent AF patients 
who underwent AFCA

Total number 940,063 303,067 32,848

Age (years) 70.3 ± 14.1 66.5 ± 12.7 60.5 ± 10.3

   < 65 285,694 (30.39%) 126,325 (41.68%) 20,808 (63.35%)

  65–75 242,156 (25.76%) 88,759 (29.29%) 9488 (28.88%)

   ≥ 75 412,213 (43.85%) 87,983 (29.03%) 2552 (7.77%)

Sex

  Male 516,477 (54.94%) 183,226 (60.46%) 24,389 (74.25%)

  Female 423,586 (45.06%) 119,841 (39.54%) 8459 (25.75%)

Comorbidities

  Hypertension 756,345 (80.46%) 259,631 (85.67%) 28,076 (85.47%)

  Diabetes 295,798 (31.47%) 80,174 (26.45%) 6255 (19.04%)

  Heart failure 259,598 (27.61%) 88,245 (29.12%) 12,055 (36.70%)

  Ischemic stroke 196,544 (20.91%) 43,449 (14.34%) 3930 (11.96%)

  Transient ischemic attack 20,050 (2.13%) 3925 (1.30%) 361 (1.10%)

  Vascular disease composite 148,562 (15.80%) 47,023 (15.52%) 3681 (11.21%)

    Myocardial infarction 104,144 (11.08%) 33,252 (10.97%) 2520 (7.67%)

    Peripheral artery disease 52,102 (5.54%) 16,151 (5.33%) 1292 (3.93%)

CHA2DS2-VASc score

  Mean ± standard deviation 3.6 ± 2 3.1 ± 1.9 2.5 ± 1.5

  Median [interquartile range] 4 [3] 3 [2] 2 [2] 

  0 42,825 (4.56%) 13,859 (4.57%) 1889 (5.75%)

  1 112,088 (11.92%) 49,887 (16.46%) 7579 (23.07%)

  2 141,957 (15.10%) 62,131 (20.50%) 9021 (27.46%)

    3 169,210 (18.00%) 58,925 (19.44%) 6816 (20.75%)

  4 174,928 (18.61%) 48,767 (16.09%) 4124 (12.55%)

  5 133,659 (14.22%) 33,354 (11.01%) 2120 (6.45%)

  6 89,069 (9.47%) 20,107 (6.63%) 863 (2.63%)

  7 51,209 (5.45%) 10,486 (3.46%) 328 (1.00%)

  8 21,023 (2.24%) 4558 (1.50%) 95 (0.29%)

  9 4095 (0.44%) 993 (0.33%) 13 (0.04%)
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fewer comorbidities, highlighting a tailored management 
approach [12, 13]. The underrepresentation of women in 
procedural treatment of with catheter ablation may be 
attributed to their higher likelihood of presenting with 
persistent AF and atypical symptoms, which can delay 
both diagnosis and treatment compared with men 14. 
These factors potentially contribute to the observed dis-
parity of sex differences in treatment modalities.

Evolving strategies in rhythm and rate control for AF
A gradual increase in the use of AADs for AF manage-
ment was observed between 2013 and 2022, likely influ-
enced by international guidelines from the mid-2010s 
advocating a rhythm control strategy [15, 16]. These 
guidelines have shaped clinical decision-making by 

providing specific recommendations for AAD selec-
tion tailored to comorbidities like heart failure, left 
ventricular hypertrophy, and coronary artery disease, 
enhancing AF management and leading to safer, more 
effective outcomes. According to the latest guidelines, 
AFCA has been elevated to a Class IA recommenda-
tion as a first-line therapy for rhythm control in selected 
patients—typically younger individuals with few comor-
bidities—who have symptomatic paroxysmal AF requir-
ing rhythm control to improve symptoms and prevent 
progression to persistent AF 13. This recommendation 
reflects increasing confidence in the efficacy and safety of 
catheter ablation, as recent randomized controlled trials 
have demonstrated its superiority over pharmacological 
therapy [17–21]. Beta blockers and non-dihydropyridine 

Table 2  Baseline demographics of people with incident AF

AAD: antiarrhythmic drug; AF: atrial fibrillation; AFCA: atrial fibrillation catheter ablation

Incident AF Incident AF patients who underwent 
AAD therapy

Incident AF patients 
who underwent 
AFCA

Total number 939,057 165,786 7101

Age (years) 68.9 ± 14.8 65.5 ± 12.9 58.2 ± 10.4

   < 65 319,907 (34.07%) 74,543 (44.96%) 5114 (72.02%)

  65–75 231,657 (24.67%) 47,365 (28.57%) 1660 (23.38%)

   ≥ 75 387,493 (41.26%) 43,878 (26.47%) 327 (4.60%)

Sex

Male 507,881 (54.08%) 100,449 (60.59%) 5374 (75.68%)

Female 431,176 (45.92%) 65,337 (39.41%) 1727 (24.32%)

Comorbidities

  Hypertension 753,549 (80.25%) 136,223 (82.17%) 5264 (74.13%)

  Diabetes 277,541 (29.56%) 40,344 (24.33%) 1137 (16.01%)

  Heart failure 271,963 (28.96%) 43,826 (26.44%) 1250 (17.60%)

  Ischemic stroke 182,462 (19.43%) 19,642 (11.85%) 631 (8.89%)

  Transient ischemic attack 16,842 (1.79%) 1948 (1.18%) 57 (0.80%)

  Vascular disease composite 159,139 (16.95%) 24,416 (14.73%) 665 (9.36%)

    Myocardial infarction 112,861 (12.02%) 16,863 (10.17%) 403 (5.68%)

    Peripheral artery disease 54,508 (5.80%) 8688 (5.24%) 278 (3.91%)

CHA2DS2-VASc score

   Mean ± standard deviation 3.5 ± 2.0 2.9 ± 1.8 1.9 ± 1.4

   Median [interquartile range] 3 [3] 3 [2] 2 [2] 

  0 45,417 (4.84%) 9694 (5.85%) 903 (12.72%)

  1 122,321 (13.03) 29,964 (18.07%) 2228 (31.38%)

  2 148,972 (15.86%) 35,684 (21.52%) 1889 (26.60%)

  3 165,659 (17.64%) 32,312 (19.49%) 1098 (15.46%)

  4 167,950 (17.88%) 25,906 (15.63%) 643 (9.06%)

  5 131,281 (13.98%) 16,555 (9.99%) 238 (3.35%)

  6 86,698 (9.23%) 9264 (5.59%) 72 (1.01%)

  7 47,975 (5.11%) 4406 (2.66%) 25 (0.35%)

  8 19,121 (2.04%) 1651 (1.00%) 5 (0.07%)

  9 3663 (0.39%) 350 (0.21%) 0 (0.00%)
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calcium channel blockers (NDCBs) are classified as Class 
I recommendations for rate control, except in heart fail-
ure patients with reduced ejection fraction (LVEF ≤ 40%), 
where NDCBs are contraindicated [12, 13]. Digoxin, 
classified as Class IIa recommendation, has declined 
in usage due to its association with increased mortality, 
particularly as monotherapy [22, 23]. These factors influ-
enced trends in our data, where beta blockers were the 
most frequently prescribed rate control medication, with 
increasing annual prescription rates, while the use of cal-
cium channel blockers and digoxin declined.

Trends in AFCA in republic of Korea
Our study revealed a consistent increase in the frequency 
of AFCA procedures in Republic of Korea, highlighting 
its growing significance as a treatment option. Not only 
in the overall population of patients with AF but also 
among those newly diagnosed, we observed a continu-
ous annual increase in the number of patients receiving 
procedural treatment within the first year of diagnosis. 
Following the introduction of cryoablation in Republic 
of Korea in 2018, alongside with RFCA, the adoption of 
this procedural treatment has progressively increased. 

Fig. 1  Proportion of patients who underwent rate control therapy among prevalent AF patients. AF: atrial fibrillation

Fig. 2  Annual trend of number of patients who were prescribed with AADs among prevalent AF patients. AAD: antiarrhythmic drug; AF: atrial 
fibrillation
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Reflecting global trends, the frequency of elective cardiac 
procedures in Korea plateaued during 2019 and 2020 
due to the COVID-19 pandemic but has since resumed 
its upward trajectory, indicating a rebound in AFCA 

post-pandemic 24. With advancements in AFCA tech-
nologies, including radiofrequency, cryoballoon, and 
emerging pulse field ablation, a substantial increase in 
AFCA utilization is anticipated.

Fig. 3  Patient number who initiated AADs within 1 year of new-onset AF diagnosis. AAD: antiarrhythmic drug; AF: atrial fibrillation

Fig. 4  Annual trend of patient numbers who underwent de-novo ablation procedures among prevalent AF patients. Only de-novo procedures 
were counted. AAD: antiarrhythmic drug; AFCA: atrial fibrillation catheter ablation; RFCA: radiofrequency catheter ablation

Fig. 5  Number of patients who performed AFCA within 1 year of diagnosis of new-onset AF. AAD: antiarrhythmic drug; AFCA: atrial fibrillation 
catheter ablation; RFCA: radiofrequency catheter ablation



Page 8 of 9Kim et al. International Journal of Arrhythmia           (2024) 25:15 

Regional disparities in AF management
The observed regional variations in the prescription rates 
of AADs and the frequency of AFCA, highlighted by 
higher rates in Seoul compared to Gyeongsangnam-do, 
can be attributed to multiple factors. High AF treatment 
costs and varying clinician preferences by institution and 
specialty shape regional trends 25. A Korean study found 
lower oral anticoagulant use in suburban and rural areas 
compared to urban regions, despite more severe comor-
bidities, due to limited medical access, lower AF manage-
ment awareness, and differences in income and education 
level 26. Similar patterns are seen in the USA, reflecting 
socioeconomic and healthcare access disparities 27. 

Limitations
Our study has limitations inherent to retrospective analy-
sis using the K-NHIS database, which relies on ICD-10 
codes for diagnosing AF. First, this reliance may lead to 
under-detection of paroxysmal or asymptomatic AF 
cases. Second, we were not able to classify AF into par-
oxysmal or persistent AF. The severity of symptom or AF 
burden which can have significant influence on treatment 
pattern could not be evaluated. Third, the database may 
not fully capture patient histories or sign of AF progres-
sion. Treatment response across different regions could 
not be evaluated. Despite these limitations, our study 
provides valuable insights into AF management in Korea.

Conclusion
This study underscores significant advancements in AF 
management in Republic of Korea, characterized by the 
increased adoption of AADs and AFCA procedures over 
the past decade. These trends are consistent with con-
temporary AF guidelines advocating a refined rhythm 
control strategy, supported by robust scientific evidence. 
Further research is essential to optimize AF management 
across all patient populations.
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