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Purpose: Frequent premature ventricular complexes are increasingly recognized as a contributor to ventricular dysfunction and 
progression to heart failure. Current clinical guidelines endorse radiofrequency catheter ablation as an effective treatment for 
symptomatic or drug-refractory premature ventricular complexes. However, nationwide long-term real-world outcomes, particularly 
those related to post-ablation medication de-escalation, remain insufficiently characterized.
Patients and Methods: Using Taiwan’s National Health Insurance Research Database, we conducted a nationwide retrospective 
cohort study of adults who underwent first-time radiofrequency catheter ablation for premature ventricular complexes between 2002 
and 2018, with follow-up extending to December 31, 2021, allowing for up to three years of observation. Clinical outcomes included 
all-cause mortality and heart failure rehospitalization. Antiarrhythmic drug utilization was assessed through both prescription 
prevalence and defined daily dose, evaluated at baseline, 90 days, and 1 year post-ablation. Subgroup analyses were stratified by 
baseline heart failure status.
Results: A total of 4195 patients (mean age 53±15 years; 49% women) were included, of whom 7% had heart failure. Baseline heart 
failure independently predicted mortality (hazard ratio 3.99, 95% confidence interval 2.71–5.88) and heart failure rehospitalization 
(hazard ratio 7.29, 95% confidence interval 5.49–9.66). Radiofrequency catheter ablation was associated with substantial reductions in 
antiarrhythmic drug use, declining from 58% before the procedure to 31% at 1 year. Medication analysis confirmed dose de-escalation, 
particularly for mexiletine, propafenone, and amiodarone. However, patients with heart failure exhibited smaller reductions in beta- 
blockers and Class III agents.
Conclusion: This nationwide cohort offers real-world insight into radiofrequency catheter ablation outcomes for frequent premature 
ventricular complexes, highlighting divergent prognoses between patients with and without heart failure. Radiofrequency catheter 
ablation was associated with meaningful reductions in antiarrhythmic medication use, underscoring its potential therapeutic and 
economic benefits. These findings support radiofrequency catheter ablation as a component of long-term management strategies, while 
future prospective studies are needed to refine candidate selection and timing of intervention.
Keywords: premature ventricular complexes, PVC, radiofrequency catheter ablation, RFCA, population-based cohort, health economics

Introduction
Premature ventricular complexes (PVC), also referred to as ventricular premature complexes (VPCs), are among the most 
common ventricular arrhythmias encountered in clinical practice.1 Although historically considered benign in the absence 
of structural heart disease, growing evidence indicates that a high PVC burden may contribute to left ventricular 
dysfunction, adverse remodeling, and, in some cases, PVC-induced cardiomyopathy.1–3 Frequent PVC, affecting 
approximately 4–5% of the general population, have been independently linked to increased risks of heart failure and 
all-cause mortality, even in patients without pre-existing structural abnormalities.4–6

International Journal of General Medicine 2025:18 6611–6625                                           6611
© 2025 Lin et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php 
and incorporate the Creative Commons Attribution – Non Commercial (unported, v4.0) License (http://creativecommons.org/licenses/by-nc/4.0/). By accessing the work 

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

International Journal of General Medicine                                         

Open Access Full Text Article

Received: 18 September 2025
Accepted: 21 October 2025
Published: 3 November 2025

In
te

rn
at

io
na

l J
ou

rn
al

 o
f G

en
er

al
 M

ed
ic

in
e 

do
w

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.d
ov

ep
re

ss
.c

om
/

F
or

 p
er

so
na

l u
se

 o
nl

y.

http://orcid.org/0009-0003-1209-3603
http://orcid.org/0000-0002-3592-4794
http://orcid.org/0000-0003-2854-8361
http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/4.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com


Radiofrequency catheter ablation (RFCA) has become the standard therapy for symptomatic, drug-refractory pre
mature ventricular complexes (PVCs) with a burden greater than 10%, as well as for patients at risk of PVC-induced 
cardiomyopathy, according to current guidelines.7 Acute procedural success rates often exceed 80%, with favorable long- 
term clinical outcomes and low complication rates.7,8 Prior studies-both in Taiwan and internationally-have demonstrated 
the benefits of RFCA in symptom control and improvement of left ventricular function.9–12 However, most existing 
research has focused on short- to mid-term clinical endpoints, with limited data on long-term prognostic outcomes and 
healthcare resource utilization.

The Taiwan National Health Insurance Research Database (NHIRD) offers a unique opportunity to address these gaps. 
Encompassing over 99% of Taiwan’s 23 million residents, it provides comprehensive, longitudinal healthcare data across 
all care levels, including diagnostic codes, procedures, and prescriptions. NHIRD-based research has yielded important 
insights into arrhythmia management, particularly atrial fibrillation and supraventricular tachycardia.13,14 However, nation
wide, population-based evidence specifically evaluating long-term outcomes after RFCA for PVC is lacking.

In addition to rhythm normalization, RFCA may reduce reliance on chronic antiarrhythmic drug (AAD) therapy.15,16 

Long-term use of agents such as amiodarone or mexiletine has been linked to drug-related toxicity, including hepatic, 
thyroid, and pulmonary complications.17,18 Ongoing AAD therapy also necessitates regular laboratory and imaging 
surveillance, contributing to additional healthcare burden.19

Reducing the prevalence or intensity of AAD prescriptions may therefore yield meaningful clinical benefits, 
particularly in terms of patient safety and quality of life.20,21 These advantages are especially relevant in healthcare 
systems with constrained resources, where minimizing medication dependence may help optimize long-term care 
delivery.22,23 Despite these considerations, changes in AAD utilization following RFCA have not been comprehensively 
evaluated in large-scale, real-world cohorts.24,25

In this context, we conducted a nationwide cohort study using the NHIRD to investigate long-term outcomes after 
RFCA for PVC, focusing on both clinical endpoints—such as all-cause mortality and heart failure rehospitalization—and 
medication-related outcomes, including AAD discontinuation and reductions in defined daily dose (DDD).

Materials and Methods
We conducted a nationwide, retrospective cohort study using data from Taiwan’s National Health Insurance Research 
Database (NHIRD), a comprehensive claims-based database maintained by the Health and Welfare Data Science Center 
under the Ministry of Health and Welfare. The NHIRD includes longitudinal healthcare information on more than 99% of 
the Taiwanese population since the establishment of the National Health Insurance (NHI) program in 1995. It contains 
detailed records of outpatient and inpatient visits, diagnoses, procedures, prescriptions, and dialysis history. This study 
was reviewed and approved by the Institutional Review Board of Fu Jen Catholic University (IRB Approval No. 
C110199). The requirement for informed consent was waived due to the retrospective design of the study. The database 
used in this research was authorized for use by the national authority and contained only de-identified data provided by 
the Ministry of Health and Welfare, Taiwan.

The patient selection process is illustrated in Figure 1. We identified adult patients (aged ≥20 years) with a diagnosis 
of PVC who underwent their first radiofrequency catheter ablation between January 1, 2002, and December 31, 2018; 
patients with a prior ablation before cohort entry were excluded. The index date was defined as the date of the ablation 
procedure. Diagnoses were classified using the International Classification of Diseases, 9th and 10th Revision, Clinical 
Modification (ICD-9-CM and ICD-10-CM), while procedure codes followed the execution coding system established by 
Taiwan’s Ministry of Health and Welfare.

Patients were eligible for inclusion if they had a confirmed diagnosis of PVC and subsequently received RFCA. We 
excluded individuals who had any documented diagnosis of atrial fibrillation, atrial flutter, paroxysmal supraventricular 
tachycardia (PSVT), or atrial tachycardia (AT) within 180 days prior to the index ablation, in order to focus on patients 
undergoing RFCA specifically for PVC. All patients were followed from the index date until the occurrence of study 
outcomes, loss to follow-up, or the end of the observation period on December 31, 2021, ensuring a maximum follow-up 
duration of three years.
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Baseline demographic data and clinical comorbidities were extracted, including age, sex, and the presence of 
conditions such as ventricular tachycardia (VT), acute coronary syndrome (ACS), coronary artery disease (CAD), 
hypertension (HTN), diabetes mellitus (DM), dyslipidemia, heart failure (HF), cerebrovascular accident (CVA), chronic 
kidney disease (CKD), end-stage renal disease (ESRD), chronic obstructive pulmonary disease (COPD)/asthma, malig
nancy, moderate-to-severe liver disease, and rheumatic disease.

We examined long-term clinical outcomes, including all-cause mortality and heart failure rehospitalization. In 
addition, medication utilization was assessed across multiple time points, with a focus on antiarrhythmic drugs (AAD) 
from different pharmacologic classes—Class I (Ia, Ib, Ic), Class II (beta-blockers), Class III, and Class IV (non- 
dihydropyridine calcium channel blockers). Changes in prescribing patterns were evaluated by analyzing discontinuation 
rates and variations in DDD before and after the ablation procedure.

Adult patients diagnosed with
PVCs underwent catheter

ablation from NIHRD
N= 4,195

with diagnosis of HF
N= 308

without diagnosis of HF
N= 3,887

Descriptive Analysis

Logistic Regression

Clinical outcome
Economic outcome

Descriptive Analysis

Logistic Regression

Clinical outcome
Economic outcome

Adult patients
diagnosed with PVCs
underwent catheter

ablation

Exclude:
diagnosis of PSVT, AFL, AFib,
AT diagnosed within 180 days

before the index date

Figure 1 The flow diagram of patient selection. From the NHIRD, 4195 patients with PVCs undergoing ablation were identified after exclusions. Patients were categorized 
by baseline heart failure status and analyzed for clinical and economic outcomes using descriptive statistics and logistic regression. 
Abbreviations: AFL, atrial flutter; Afib, atrial fibrillation; AT, atrial tachycardia; PSVT, paroxysmal supraventricular tachycardia; PVCs, premature ventricular complexes.
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All statistical analyses were performed using R software (version 4.3.2). Categorical variables are presented as counts 
(percentages) and compared between groups using the Chi-square test. Continuous variables are expressed as mean 
(standard deviation) and compared using the independent t-test. A P-value < 0.05 was considered statistically significant. 
A large language model (ChatGPT 5, OpenAI, San Francisco, CA, USA) was used to assist in refining the English 
grammar, syntax, and overall readability of the manuscript. No new scientific content, data analysis, or interpretation was 
generated by the model. All outputs from the language model were carefully reviewed, revised, and validated by the 
authors, who retain full responsibility for the content and conclusions of this work.

To identify clinical predictors of long-term outcomes, including heart failure readmission and all-cause mortality, we 
conducted multivariable Cox proportional hazards regression analyses. Variables included in the models were selected 
based on clinical relevance and prior literature, and included age, sex, baseline comorbidities (eg, HF, VT, ACS, CAD, 
CKD), and medication use. Hazard ratios (HRs) with 95% confidence intervals (CIs) were reported. Kaplan–Meier 
survival curves were generated to estimate cumulative incidence of outcomes across subgroups, and differences between 
groups were assessed using the Log rank test.

Results
Baseline Characteristics
We included 4195 patients undergoing RFCA for PVC; 308 (7.3%) had baseline HF and 3887 (92.7%) did not. HF 
patients were older (61.1±14.7 vs 51.7±14.7 years) and more often male (60.0% vs 48.4%). Cardiovascular comorbidities 
were higher in HF: VT 12.3% vs 5.0%, ACS 10.1% vs 1.9%, CAD 25.0% vs 7.8%, PAD 2.9% vs 1.1%. Systemic 
conditions also clustered in HF: HTN 55.2% vs 32.1%, DM 22.4% vs 10.7%, dyslipidemia 32.5% vs 22.8%, CKD 13.3% 
vs 4.0%, ESRD 10.1% vs 2.8%, COPD/asthma 23.7% vs 9.0%, cerebrovascular disease 14.3% vs 5.3%, liver disease 
10.4% vs 7.0%, malignancy 7.5% vs 4.2% (all p<0.05), as shown in Table 1.

Table 1 Baseline Characteristics of Patients Undergoing RFCA for PVCs, Stratified by Baseline 
Heart Failure Status

Total (%) N=4195 Non-HF (%) N=3887 HF (%) N=308 p-value

Age (mean±SD) 52.38±14.67 51.69±14.67 61.10±14.65 <0.001
Male (n (%)) 2071(49.4) 1883 (48.4) 503 (60.0) <0.001

Comorbidities

VT (n (%)) 234(5.6) 196 (5.0) 38 (12.3) <0.001
ACS (n (%)) 103(2.5) 72 (1.9) 31 (10.1) <0.001
CAD (n (%)) 382(9.1) 305 (7.8) 77 (25) <0.001
PAD (n (%)) 53(1.3) 44 (1.1) 9 (2.9) 0.015
HTN (n (%)) 1418(33.8) 1248 (32.1) 170 (55.2) <0.001
DM (n (%)) 484(11.5) 415 (10.7) 69 (22.4) <0.001
Dyslipidemia (n (%)) 986(23.5) 886 (22.8) 100 (32.5) <0.001
COPD/Asthma (n (%)) 422(10.1) 349 (9) 73 (23.7) <0.001
CKD (n (%)) 195(4.7) 154 (4) 41 (13.3) <0.001
ESRD (n (%)) 141(3.4) 110(2.8) 31 (10.1) <0.001
Malignancy (n (%)) 185(4.4) 162 (4.2) 23 (7.5) 0.01
CVA (n (%)) 251(6.0) 207 (5.3) 44 (14.3) <0.001
Rheumatic disease (n (%)) 67(1.6) 60 (1.5) 7 (2.3) 0.455

Liver disease (n (%)) 303(7.2) 271 (7.0) 32 (10.4) <0.001

Notes: Bold values denote statistically significant differences (p < 0.05). 
Abbreviations: ACS, acute coronary syndrome; CAD, coronary artery disease; CKD, chronic kidney disease; COPD, chronic 
obstructive pulmonary disease; CVA, cerebral vascular disease; DM, diabetes mellitus; ESRD, end stage renal disease; HF, heart 
failure; HTN, hypertension; PAD, peripheral artery disease; VT, ventricular tachycardia.

https://doi.org/10.2147/IJGM.S568435                                                                                                                                                                                                                                                                                                                                                                                                                                        International Journal of General Medicine 2025:18 6614

Lin et al                                                                                                                                                                              

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



Pre-RFCA medication distribution (overall): beta-blockers 34.1%, Class Ia/Ib 9.8%, Class Ic 13.5%, Class III 4.4%, 
Non-DHP CCB 25.9%. By HF status, Class III was higher in HF (11.0% vs 3.8%), Class Ic higher in non-HF (13.8% vs 
10.7%), and CCB 29.9% vs 25.9%, as shown in Table 2.

Clinical Outcomes and Predictors
Across 36 months, event curves separated early and remained apart. For HF rehospitalization, the HF group exceeded 
30% by year 3, whereas the non-HF group stayed <10% (log-rank p<0.0001; Figure 2). All-cause mortality showed a 
similar pattern: ~18% in HF vs ~5% in non-HF at 3 years (log-rank p<0.0001; Figure 3).

In multivariable Cox regression analysis, baseline heart failure was the strongest predictor of three-year rehospitaliza
tion (HR 7.29, 95% CI 5.49–9.66, p < 0.0001). Other independent predictors included ventricular tachycardia (HR 1.83, 
95% CI 1.21–2.75, p = 0.004), acute coronary syndrome (HR 1.95, 95% CI 1.24–3.08, p = 0.004), and coronary artery 
disease (HR 1.72, 95% CI 1.24–2.41, p = 0.001). Hypertension (HR 1.58) and diabetes mellitus (HR 1.48) were also 
associated with increased rehospitalization risk. Renal dysfunction, particularly end-stage renal disease, demonstrated a 
strong association (HR 2.21, 95% CI 1.19–4.11, p = 0.012). Use of Class Ic antiarrhythmic drugs was associated with a 
reduced risk of rehospitalization (HR 0.52, 95% CI 0.35–0.76, p = 0.0001). Detailed hazard ratios are shown in Figure 4.

For all-cause mortality, heart failure was again the most prominent predictor (HR 3.99, 95% CI 2.71–5.88, p < 
0.0001), followed by end-stage renal disease (HR 2.82, 95% CI 1.10–7.26, p = 0.031) and malignancy (HR 3.48, 95% CI 
2.27–5.34, p < 0.0001). Hypertension (HR 2.24, p = 0.0001) and chronic kidney disease (HR 1.83, 95% CI 1.22–2.75, p 
= 0.003) were also associated with increased mortality. Class Ia antiarrhythmic drug use was associated with higher 

Table 2 Changes in Antiarrhythmic Drug Utilization Before and After RFCA, Overall and by 
Heart Failure Status

AADType Before RFCA 90 Days After RFCA 1 Year After RFCA

Subgroup n (%) n (%) p-value n (%) p-value

Beta-blocker Total 1430 (34.1) 783 (18.1) <0.001 1133 (27) <0.001

Without HF 1289 (33.2) 686 (17.6) <0.001 991 (25.5) <0.001

With HF 141 (45.8) 97 (31.5) 0.004 142 (46.1) 0.950

Class Ia/Ib AAD Total 410 (9.8) 116 (2.8) <0.001 186 (4.4) <0.001

Without HF 389 (10) 103 (2.6) <0.001 169 (4.3) <0.001

With HF 29 (9.4) 13 (4.2) 0.01 17 (5.5) 0.07

Class Ic AAD Total 568 (13.5) 225 (5.4) <0.001 332 (7.7) <0.001

Without HF 535 (13.8) 207 (5.3) <0.001 298 (7.7) <0.001

With HF 33 (10.7) 18 (5.8) 0.036 24 (7.8) 0.2

Class III AAD Total 183 (4.4) 143 (3.0) <0.001 187 (4.5) 0.78

Without HF 149 (3.8) 112 (2.9) 0.022 148 (3.8) 0.954

With HF 34 (11) 31 (10.1) 0.74 39 (12.8) 0.55

CCB Total 1099 (25.9) 450 (10.4) <0.001 696 (16.4) <0.001

Without HF 1007 (25.9) 406 (10.4) <0.001 639 (16.4) <0.001

With HF 92 (29.9) 44 (14.3) <0.001 57 (18.5) 0.004

Notes: Bold values denote statistically significant differences (p < 0.05). 
Abbreviations: AAD, anti-arrhythmic drug; CCB, calcium channel blocker; HF, heart failure; RFCA, Radiofrequency 
catheter ablation.
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mortality (HR 3.49, 95% CI 1.21–10.07, p = 0.04). Other antiarrhythmic drug classes were not independently associated 
with mortality. Mortality predictors are summarized in Figure 5.

Subgroup Analyses
Medication utilization patterns differed substantially between patients with and without heart failure. In the non-HF 
subgroup, the proportion of patients receiving beta-blockers decreased from 33.2% before RFCA to 17.6% at 90 days and 
partially rebounded to 25.5% at one year (both p < 0.001). Class Ia/Ib antiarrhythmic agents also declined markedly, from 
10.0% to 2.6% at 90 days and 4.3% at one year (both p < 0.001), as did Class Ic therapy, which decreased from 13.8% at 
baseline to 5.3% and 7.7% at the respective time points (both p < 0.001).

Figure 2 Kaplan-Meier curve for 3-year heart failure rehospitalization in patients with PVCs after RFCA, stratified by heart failure status. Kaplan–Meier curve illustrating the 
cumulative incidence of heart failure–related hospitalization in patients with and without pre-existing heart failure during the 3-year follow-up period. Patients with heart failure 
exhibited a significantly higher hospitalization risk than those without heart failure (log-rank p < 0.0001). The number at risk at each time point is presented below the plot. 
Abbreviations: HF, heart failure; RFCA, radiofrequency catheter ablation; PVCs, premature ventricular contractions.
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In contrast, patients with HF exhibited more stable medication use over time. Beta-blocker use decreased initially 
from 45.8% to 31.5% at 90 days (p = 0.004) but returned to baseline levels at one year (46.1%, p = 0.95). Reductions in 
Class Ia/Ib and Class Ic prescriptions at 90 days (9.4% to 4.2% and 10.7% to 5.8%, respectively) were not sustained at 
one year (5.5% and 7.8%, respectively; both p > 0.05). Class III antiarrhythmic drug use showed minimal change in both 
subgroups throughout follow-up. Non-DHP CCB use decreased from 25.9% pre-RFCA to 10.4% at 90 days and 16.4% at 
one year in non-HF (both p < 0.001), while in HF it declined from 29.9% to 14.3% at 90 days (p < 0.001) and 18.5% at 
one year (p = 0.004). Detailed subgroup trajectories are presented in Table 2.

Figure 3 Kaplan-Meier curve for 3-year all-cause mortality in patients with PVCs after RFCA, stratified by heart failure status. Kaplan–Meier survival curve comparing all- 
cause mortality between patients with and without pre-existing heart failure during the 3-year follow-up period. Patients with heart failure demonstrated significantly higher 
mortality than those without heart failure (log-rank p < 0.0001). The number at risk at each time point is presented below the plot. 
Abbreviations: HF, heart failure; RFCA, radiofrequency catheter ablation; PVCs, premature ventricular contractions.
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Medication De-Escalation
Changes in antiarrhythmic drug use following RFCA are summarized in Table 2 and visualized in Figure 6A–C. In the 
total cohort, beta-blocker use declined from 34.1% before RFCA to 18.1% at 90 days and remained lower at 27.0% at 
one year (both p < 0.001). Class Ia/Ib and Class Ic agents demonstrated similar reductions, decreasing from 9.8% to 2.8% 
and 13.5% to 5.4% at 90 days, with partial rebound to 4.4% and 7.7% at one year (both p < 0.001). Class III agents 
showed only a transient decrease (4.4% to 3.0%), returning to baseline by one year (4.5%) (p=0.78). Non-dihydropyr
idine calcium-channel blockers also declined from 25.9% to 10.4% and remained lower at 16.4% at one year.

Subgroup analysis revealed sustained medication withdrawal in patients without HF, whereas those with HF 
demonstrated re-escalation, particularly in beta-blockers, which returned to baseline levels (45.8% to 46.1%) by one 
year. Class Ia/Ib and Ic use in HF showed no significant long-term reduction.

Dose intensity trends of Class I and Class III AAD, shown in Table 3 and Figure 7, paralleled prescription prevalence. 
Mexiletine and propafenone exhibited significant decreases in defined daily dose (DDD) at both 90 days and one year, 
and amiodarone demonstrated a progressive reduction from 1.16 to 0.79 by one year. These findings indicate that RFCA 
facilitated both discontinuation and dose de-escalation of antiarrhythmic therapy, particularly in patients without HF.

Discussion
Frequent PVC are increasingly recognized as a potential cause of reversible cardiomyopathy and adverse cardiovascular 
outcomes, especially when associated with high ectopic burden or structural heart disease.1–3 RFCA uses thermal energy 
to eliminate abnormal ectopic foci, thereby reducing irregular ventricular activation, mechanical dyssynchrony, and PVC- 
induced myocardial strain.2 Over the past decade, multiple observational and interventional studies have demonstrated 
that RFCA can achieve high acute success rates-often exceeding 80%-with sustained suppression of arrhythmia and 
improvement in left ventricular ejection fraction (LVEF).4–7 In addition to symptomatic relief, successful RFCA has been 

Figure 4 Forest Plot of Cox Proportional Hazards Regression for Predictors of Post-Ablation Heart Failure Rehospitalization in 3 years. Forest plot presenting hazard ratios 
with 95% confidence intervals for clinical comorbidities associated with heart failure–related hospitalization over the 3-year follow-up period. A history of hypertension, 
heart failure, ventricular tachycardia, acute coronary syndrome, coronary artery disease, diabetes mellitus, and chronic kidney disease was identified as significantly 
associated with increased risk. Hazard ratios and p-values were calculated using Cox proportional hazards models. 
Abbreviations: AAD, anti-arrhythmic drug; ACS, acute coronary syndrome; CAD, coronary artery disease; CCB, calcium channel blocker; CKD, chronic kidney disease; 
COPD, chronic obstructive pulmonary disease; CVA, cerebral vascular disease; DM, diabetes mellitus; ESRD, end stage renal disease; HF, heart failure; HTN, hypertension; 
PAD, peripheral artery disease; VT, ventricular tachycardia.
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Figure 5 Forest Plot of Cox Proportional Hazards Regression for Predictors of Post-Ablation All-Cause Mortality in 3 years. Forest plot presenting hazard ratios with 95% 
confidence intervals for factors associated with all-cause mortality over the 3-year follow-up period. A history of hypertension, heart failure, diabetes mellitus, chronic 
obstructive pulmonary disease, malignancy, and Class Ia antiarrhythmic drug use was identified as significantly associated with increased mortality. In contrast, Class Ic 
antiarrhythmic drug use was associated with lower mortality risk. Hazard ratios and p-values were calculated using Cox proportional hazards models. 
Abbreviations: AAD, anti-arrhythmic drug; ACS, acute coronary syndrome; CAD, coronary artery disease; CCB, calcium channel blocker; CKD, chronic kidney disease; 
COPD, chronic obstructive pulmonary disease; CVA, cerebral vascular disease; DM, diabetes mellitus; ESRD, end stage renal disease; HF, heart failure; HTN, hypertension; 
PAD, peripheral artery disease; VT, ventricular tachycardia.

Figure 6 Continued.
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linked to reversal of PVC-induced cardiomyopathy and improvement in exercise capacity.5,7,26 However, the majority of 
these studies were conducted in single-center settings or selected populations, limiting their generalizability to broader, 
real-world clinical practice.27–29

Our nationwide, population-based analysis leveraging the Taiwan National Health Insurance Research Database 
(NHIRD) offers novel insights into the long-term outcomes of RFCA for PVC in a broad, unselected cohort. 
Although variables such as ECG characteristics, echocardiographic parameters, PVC burden, and procedural details 
are essential to fully assess ablation outcomes, these data are not available in the NHIRD administrative database. A non- 
ablation control cohort was initially considered using propensity score matching; however, substantial baseline 

Figure 6 (A) Proportion of patients with PVCs receiving antiarrhythmic drugs before radiofrequency catheter ablation (RFCA), at 90 days, and at 1 year in the total cohort. 
Comparison brackets indicate pairwise differences over time, with * indicating p < 0.05. (B) Proportion of patients with PVCs without heart failure (HF) receiving AAD 
before RFCA, at 90 days, and at 1 year. Comparison brackets reflect changes within the same cohort; * denotes p < 0.05. (C) Proportion of patients with HF receiving AAD 
at baseline, 90 days, and 1 year after RFCA. Significant differences between time points are shown with brackets, with * indicating p < 0.05. 
Abbreviations: AAD, anti-arrhythmic drug; CCB, calcium channel blocker; PVCs, premature ventricular contractions; RFCA, radiofrequency catheter ablation.
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imbalances—particularly related to symptom severity, PVC burden, and underlying cardiac dysfunction—limited the 
feasibility of obtaining a clinically comparable group.30 Rather than introducing additional selection bias, we elected to 
focus on a homogeneous ablation cohort to ensure validity of the long-term outcome assessment.

Beyond evidence from randomized trials confirming the efficacy of RFCA for PVC,28,29,31 our real-world data refine its 
prognostic impact. Compared with prior single-center or multicenter studies of idiopathic PVC or VT ablation,2,5,7,11,32,33 our 
findings provide a more risk-stratified perspective. Baseline heart failure emerged as the key determinant of long-term outcomes: 
patients without HF experienced marked reductions in mortality and rehospitalization, whereas those with HF continued to face 
elevated event rates despite procedural success. Notably, divergence in Kaplan–Meier curves appeared as early as 6–12 months 
post-ablation—earlier than previously reported2,5,11—underscoring the influence of underlying myocardial disease.

From the Taiwan Heart Failure Registry,34 which reported a one-year rehospitalization rate of 38.5% and a mortality 
rate of 10.5% among heart failure patients admitted in 2014, our study observed comparatively lower one-year 
rehospitalization (26%) and mortality (7.1%) in patients with HF undergoing RFCA for PVC. However, these differences 

Table 3 Changes in Defined Daily Dose of Class I and Class III AAD Before and After RFCA

Type Medication 30 Days Before RFCA 90 Days After RFCA 1 Year After RFCA

n (%) DDD (SD) n (%) DDD (SD) p-Value n (%) DDD (SD) p-Value

Class Ia AAD Quinidine 20 (0.5) 2.29 (0.78) 4 (0.1) 2.33 (0.58) 0.910 8 (0.2) 2.25 (0.71) 0.900

Class Ib AAD Mexiletine 357 (8.5) 2.58 (0.91) 87 (2.1) 2.37 (0.68) 0.017 112 (2.7) 2.20 (0.83) <0.001

Class Ic AAD Propafenone 498 (11.9) 2.52 (1.05) 172 (4.1) 2.26 (0.91) 0.002 255 (6.1) 2.23 (0.90) 0.001

Class Ic AAD Flecainide 79 (1.9) 1.85 (0.44) 56 (1.3) 1.58 (0.71) 0.014 76 (1.8) 1.68 (0.81) 0.100

Class III AAD Sotalol 23 (0.5) 1.20 (0.50) 20 (0.5) 1.25 (0.38) 0.700 25 (0.6) 1.26 (0.59) 0.700

Class III AAD Amiodarone 140 (3.3) 1.16 (0.69) 111 (2.6) 0.92 (0.52) 0.002 140 (3.3) 0.79 (0.47) <0.001

Notes: Bold values denote statistically significant differences (p < 0.05). 
Abbreviations: AAD, anti-arrhythmic drug; DDD, defined daily dose; HF, heart failure; SD, standard deviation; RFCA, Radiofrequency catheter ablation.

Figure 7 Changes in DDD of antiarrhythmic drug use after RFCA. Mean DDD of individual antiarrhythmic drugs before RFCA, at 90 days, and at 1 year in the total cohort. 
Comparison brackets indicate within-patient changes over time, with * indicating p < 0.05. 
Abbreviations: DDD, defined daily dose; RFCA, radiofrequency catheter ablation.
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should be interpreted with caution, as selection bias is likely present among patients who were considered suitable 
candidates for ablation.

The forest plot analyses highlight the pivotal role of comorbid conditions in shaping long-term outcomes after 
catheter ablation for premature ventricular complexes. A history of hypertension, heart failure, coronary and metabolic 
disease was associated with increased risk of heart failure–related rehospitalization and mortality, emphasizing that 
arrhythmia suppression alone may not fully mitigate adverse prognosis in patients with advanced systemic disease. 
Notably, Class Ia antiarrhythmic drug use, often reflective of refractory or high-risk substrate, was linked to higher 
mortality, while Class Ic use, typically restricted to structurally preserved hearts, showed a more favorable profile.18,26,27

Although PVC are distinct from sustained ventricular tachycardia, a high PVC burden may progress to more 
malignant ventricular arrhythmias, and both conditions often share similar pharmacologic strategies and indications for 
catheter ablation. The pattern observed in our cohort mirrors findings from scar-related VT ablation trials—such as 
VANISH, VTACH, and BERLIN-VT11,35,36—where procedural success alone was insufficient to overcome the adverse 
substrate of advanced cardiomyopathy. Consistent with multicenter VT registries17,37 our stratified analysis further 
identified chronic kidney disease, cerebrovascular disease, and malignancy as independent predictors of poor outcomes.

Reduction in AAD use after successful PVC ablation has been consistently documented;2,5 however, it may arise from 
multiple factors rather than arrhythmia suppression alone.38 However, most prior studies focused primarily on discontinuation 
or examined dose-related pharmacokinetic interactions and potential adverse effects, without quantifying actual dose reduc
tion over time.39 By incorporating DDD analysis, our study provides a more nuanced assessment of medication burden, 
capturing not only prescription prevalence but also dosing intensity at both 90 days and one year post-ablation.

This is expected, as amiodarone is not a first-line agent for stable patients and is typically reserved for those who are 
refractory to other AADs or who have significant structural heart disease or heart failure.7 This pattern was reflected in 
our cohort, where amiodarone use was only 3.8% among patients without HF but reached 11% in those with HF. These 
findings suggest that RFCA may offer less potential for complete AAD withdrawal in patients already receiving 
amiodarone, regardless of the underlying indication. Nevertheless, PVC patients undergoing RFCA generally benefited 
from medication discontinuation or meaningful dose reduction with other AAD classes. Furthermore, compared with 
non-HF patients, those with HF demonstrated smaller reductions in beta-blocker use, reflecting the continued need for 
guideline-directed medical therapy irrespective of arrhythmia suppression.35,36,40

Beyond clinical endpoints, our findings have implications for healthcare resource utilization. Reductions in both the 
proportion of patients on AAD and the DDD of costly agents such as amiodarone can lower direct medication expenditures 
and decrease the need for long-term toxicity surveillance (eg, hepatic, thyroid, and pulmonary monitoring).23,24,41 

Additionally, decreased reliance on chronic AAD therapy may reduce outpatient visits, laboratory monitoring, and unplanned 
emergency care-benefits supported by health-economic analyses in other arrhythmia management settings.27,28,42–44

Finally, it is important to acknowledge that Taiwan’s healthcare landscape differs substantially from that of other 
countries. Although Taiwan operates under a single-payer National Health Insurance system with relatively limited 
reimbursement, approximately 70% of patients also carry supplemental commercial insurance; In contrast, other 
countries may rely on multi-payer structures or purely commercial insurance systems with broader coverage.45 These 
differences can influence clinical decision-making and access to treatments such as ablation. Therefore, further research 
is needed to determine how these variations in healthcare financing may impact the generalizability of our findings.

Limitation
Several limitations should be acknowledged. First, the NHIRD, as an administrative claims database, lacks granular 
clinical information-such as echocardiographic parameters, PVC burden from Holter monitoring, and electrocardio
graphic origin-as well as procedural details, including ablation techniques, mapping systems, and repeat procedures. The 
absence of these data limits our ability to assess arrhythmia mechanisms, stratify clinical severity, and evaluate 
procedural success. Second, although we analyzed antiarrhythmic drug use and defined daily dose trends, the lack of 
data on clinical indications, patient adherence, and adverse effects restricts interpretation of prescribing behavior. Third, 
because this study included only patients who underwent RFCA, the cohort likely represents individuals with more 
symptomatic or higher-burden PVC, which may not reflect the full spectrum of PVC patients and introduces potential 
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selection bias. Fourth, the absence of a non-ablated control group limits causal inference. Future studies should integrate 
NHIRD with hospital-based electronic medical records to construct matched cohorts with detailed clinical and procedural 
variables. Finally, residual confounding from unmeasured factors remains possible despite statistical adjustments.

Conclusion
In this nationwide real-world cohort, RFCA for frequent PVC was associated with meaningful changes in long-term 
therapeutic profiles, particularly through substantial reductions in antiarrhythmic drug use and dosing intensity. 
Medication de-escalation, confirmed through both prevalence and defined daily dose analysis, was more pronounced 
in patients without heart failure, whereas those with HF demonstrated a persistent need for pharmacologic therapy. These 
findings highlight the potential role of RFCA in facilitating rhythm stabilization and treatment simplification, especially 
in selected populations. While the study offers clinical and economic insights, interpretation must consider the inherent 
limitations of claims-based data. Future studies integrating detailed clinical parameters are warranted to optimize timing 
of intervention and refine post-ablation management strategies.
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