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Abstract

Background: Patients with hypertrophic cardiomyopathy (HCM) are at increased risk of atrial fibrillation (AF). However,
the benefits of catheter ablation (CA) for reducing adverse clinical outcomes in this population are not well established.

Objective: To assess the long-term impact of CA on clinical outcomes in patients with HCM and AF through a systematic
review and meta-analysis.

Methods: Controlled studies of patients with HCM and AF undergoing CA were identified through PubMed/
MEDLINE, Embase, LILACS, and Cochrane. Meta-analysis employed a random-effects model in R Studio, version
4.3.2, with p < 0.05 considered significant.

Results: Four retrospective cohort studies met inclusion criteria, all with long follow-up period (5.52 * 0.91 years).
Arrhythmia-free survival after multiple CA ranged from 36.3% to 82%. Combined event analysis (mortality, stroke, and
heart failure) yielded odds ratio 0.22 (95% confidence interval 0.08 to 0.60; p < 0.05; I> = 64%). In individual analysis,
only heart failure hospitalizations were significantly lower in the CA group (odds ratio 0.32; 95% confidence interval
0.13 to 0.82; p = 0.01).

Conclusions: This study suggests that CA may improve clinical outcomes in patients with HCM and AF, particularly by
improving heart failure hospitalizations. Studies with greater methodological rigor are needed to prove this hypothesis,
since only four studies were included in this systematic review.
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mitral regurgitation, and left ventricular outflow tract
obstruction, which promote atrial remodeling and
predispose to AF. The development of AF in patients with
HCM is associated with worse prognosis, significantly
increasing the risks of thromboembolic stroke, heart failure
decompensation, and all-cause mortality.*

Introduction

Hypertrophic cardiomyopathy (HCM) affects
approximately 1 in 500 individuals and is characterized
by unexplained left ventricular hypertrophy. Its clinical
spectrum ranges from an asymptomatic course to
progressive heart failure and sudden cardiac death.'?

Moreover, atrial fibrillation (AF) is the most common
arrhythmia in this population, with an incidence of 27
per 100 patient-years.> This high incidence is driven by
pathophysiological factors including diastolic dysfunction,
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Conventional antiarrhythmic drug (AAD) therapy
has demonstrated only modest long-term success, with
substantial rates of arrhythmia recurrence despite treatment.
Consequently, catheter ablation (CA) has emerged as an
important alternative for those who are refractory to drug
therapy.® Although observational series have suggested
that CA may achieve superior rhythm control and clinical
outcomes, these studies frequently lack contemporaneous
control groups, thereby limiting definitive conclusions.®
Therefore, this meta-analysis aimed to synthesize the
available controlled observational evidence to determine
the long-term impact of CA, specifically on mortality, heart
failure hospitalizations, and stroke, in patients with HCM
and AF, as seen in the Central Figure.
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and Atrial Fibrillation: A Systematic Review and Meta-Analysis

Central lllustration: Long-Term Clinical Outcomes of Catheter Ablation in Hypertrophic Cardiomyopathy
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AF: atrial fibrillation; CA: catheter ablation; HCM: hypertrophic cardiomyopathy; HF: heart failure.

Methods

This systematic review and meta-analysis were
conducted in accordance with the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines.” Our protocol ID in PROSPERO database is:
CRD42023451815.

Study selection criteria
Studies were selected based on the SPICE strategy:

* S (setting): Only controlled studies were included in this
analysis.

* P (population): Studies enrolling patients of any age
with a confirmed diagnosis of HCM and AF were
considered

* | (intervention) and C (control): Only studies comparing
CA versus pharmacological treatment were included.
Studies investigating surgical ablation, alcohol septal
ablation, or control groups consisting of patients without
HCM or undergoing alternative procedures were
excluded.

* E (evaluation): Assessment of mortality, heart failure
hospitalization, and stroke incidence.

Data sources and search strategy

The search strategy was developed based on Medical
Subject Headings (MeSH) terms related to AF, CA, and HCM.

The search strategy used in PubMed/MEDLINE was as
follows: (“atrial fibrillation” OR ‘a fib” OR “afib” OR ‘AF’) AND
(‘catheter ablation’) AND (‘hypertrophic cardiomyopathy’
OR "HCM’). This strategy was adapted for other databases,
including LILACS, Embase, and the Cochrane Library.

Data extraction

Two independent reviewers initially screened titles
and abstracts, followed by full-text assessments. In case of
disagreements, a third reviewer was designated, though no
conflicts occurred.

A structured data extraction chart was used. Information
was collected on:

* General study details (title, authors, publication year,
journal).

e Study characteristics (design, follow-up duration,
blinding, randomization).

* Participant demographics (sample size, age, sex
distribution, exclusion criteria).

* Details on the intervention (type of catheter ablation,
antiarrhythmic and anticoagulation therapy regimens)
and the control group (treatment strategy, drug usage
details).

* Outcomes measured (arrhythmia-free survival, all-
cause mortality, heart failure hospitalizations, stroke
incidence).

Int J Cardiovasc Sci. 2026; 39:e20250089



3

Cardoso et al.
Long-Term Clinical Outcomes of CA in HCM and AF

Original Article

Risk of bias assessment

The Newcastle-Ottawa Scale (NOS) was employed to
assess the risk of bias.? Two authors independently conducted
the assessments. Grading of Recommendations Assessment,
Development, and Evaluation (GRADE) was used to assess the
certainty of evidence and the strength of recommendations.’

Statistical analysis

The measures of treatment effect dichotomous variables
were analyzed using odds ratios (OR) with 95% confidence
intervals (Cl) and significant p value was set at < 0.05. In
instances where specific outcome events were absent in one or
more study groups, a continuity correction of 0.5 was applied
to all cells (a, b, ¢, d) to facilitate reliable estimation of relative
risk and standard error.

Assessment of heterogeneity

Heterogeneity was evaluated using the 12 statistic, with
values over 50% indicating substantial heterogeneity.

Data synthesis

Analysis was carried out using R Studio, version 4.3.2. A
random-effects model was employed to generate conservative
estimates, accounting for both statistical and clinical
heterogeneity across studies.

Assessment of reporting bias

A funnel plot was planned to assess publication bias if at
least ten studies were available; however, only four studies
met the inclusion criteria, making funnel plot generation
inappropriate.

Results
The systematic search yielded four retrospective cohort
studies that met all inclusion criteria.’®"® The detailed

screening and selection process is depicted in Figure 1,
illustrating the numbers of articles identified, screened, and
ultimately included in the review.

All four cohorts, comprising a total of 579 patients with
long follow-up time (5.52 = 0.91 years), were thoroughly
characterized in Tables 1 to 3, which summarize study
design, participant demographics, intervention details, and
primary outcomes. Notably, multiple studies lacked data
on substrate modification techniques during AF ablation
procedures, baseline echocardiographic parameters, AF
duration prior to CA, and preprocedural antiarrhythmic
therapy. Nevertheless, quality assessment using the NOS
returned high scores (8 or 9 out of 9; Table 4). The GRADE
evaluations of evidence certainty, presented in Table 5,
indicated a low to moderate reliability.
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[

Figure 1 - Flowchart of the included studies.
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Across all studies, patients undergoing CA demonstrated
significantly improved arrhythmia-free survival, particularly
following repeat procedures (Table 3). In addition, the pooled
meta-analysis revealed a statistically significant reduction in
the composite adverse event rate among ablated patients
(OR0.22; 95% C1 0.08 to 0.60; p < 0.05), despite moderate
heterogeneity (12 = 64%; Figure 2).

Although mortality tended to be lower in the CA group, this
difference did not achieve statistical significance (Figure 3).
Also, CA was associated with a significant decrease in heart
failure hospitalizations (OR 0.32; 95% Cl 0.13 to 0.82;
p = 0.01), indicating a clear protective effect (Figure 4).
While stroke incidence was lower in the CA cohort compared
to controls, this reduction did not reach statistical significance
(Figure 5; p > 0.05).

The complications rate related to AF-CA procedures
were low (8 in total): fatal pneumothorax due to accidental
subclavian vein: 1; cardiac tamponade: 3; complete
atrioventricular block requiring permanent pacemaker: 1;
femoral hematoma, pleural effusion, and hemidiaphragm
paralysis: 3. Information about serious adverse drug effects
in the control groups was not available.

Discussion

This systematic review and meta-analysis demonstrate that
AF-CA in patients with HCM was associated with a significant
reduction in adverse clinical events, driven predominantly by
fewer heart failure hospitalizations. This observation suggests
that the mitigation of heart failure admissions is a primary
mechanism through which AF-CA confers its overall clinical
benefit in this high-risk cohort.

Although AF-CA has been an established therapy in the
last decades, observational series consistently report lower
arrhythmia-free success rates in HCM compared with non-
HCM populations, often necessitating repeat procedures and
ongoing AAD therapy to maintain sinus rhythm. Indeed, single-
procedure AF recurrence rates in HCM range from 38.7% to
49.8%, rising to 51.8% to 71.2% after multiple procedures.'
A more recent meta-analysis documented post-CA AF
recurrence rates from 13.3% to 92.9%, and patients with
HCM required more redo procedures and AADs than controls
without HCM."® We also observed a high recurrence rate of
AF and atrial tachycardia following a single CA procedure in
all four studies, with recurrence rates ranging from 63.7% to
74%, underscoring the challenges of durable rhythm control
in this population. The distinct pattern of atrial remodeling
in HCM, particularly asymmetric left atrial dilation observed
on computed tomography imaging, likely contributes to
these suboptimal outcomes.’® Moreover, emerging therapies
such as mavacamten, which promotes reverse remodeling,
and sodium-glucose cotransporter-2 inhibitors, which have
demonstrated arrhythmia-reducing and cardioprotective
effects in patients with heart failure, offer promising adjunctive
approaches to enhance CA efficacy in HCM-associated AF.'7/'8

Advances in ablation technology, including cryoballoon
ablation and pulsed-field ablation, have yielded encouraging
results in general AF cohorts, yet their specific utility in HCM
remains under-investigated. Retrospective data suggest

comparable efficacy between cryoballoon and radiofrequency
contact-force ablation for pulmonary vein isolation in HCM."
However, inconsistent reporting of mapping systems, catheter
technology, and non-pulmonary vein targets limits definitive
conclusions in our study. Given the frequent need for repeat
procedures in HCM, comprehensive lesion sets and advanced
mapping to address complex atrial substrates may be necessary
for sustained sinus rhythm in patients with HCM.

While AF in HCM is linked to increased mortality,
partly due to hemodynamic compromise from loss of atrial
contractility, and carries a markedly higher stroke risk than
in non-HCM AF populations, maintenance of sinus rhythm
remains a biologically plausible strategy to improve survival.
In our analysis, although mortality and stroke incidence
showed lower trends in the CA group, only the reduction in
heart failure hospitalizations reached statistical significance.
Some studies suggest that reverse atrial remodeling and
reduced progression to persistent AF after CA may underlie
these improved outcomes by decreasing overall AF burden.
As we know, left atrial size is a critical determinant of AF
risk in HCM, and persistent or permanent AF has been
linked to worse prognosis.?'** Furthermore, large trials have
demonstrated mortality benefits with AAD therapy and
improved outcomes with early rhythm control, reinforcing
the importance of sinus rhythm maintenance, especially
when initiated early.?

In our study, the only individual clinical outcome that was
statistically significant and determined by CA intervention
was heart failure hospitalization (7.28% versus 18.50%).
AF is poorly tolerated by the HCM population and has an
important negative impact on their quality of life. There
are interplaying conditions, such as diastolic dysfunction,
outflow tract obstruction, and mitral regurgitation, that
interact with one another and collaborate to initiate AF and
heart failure in HCM. In these cases, any AF recurrence
determines a great chance of heart failure decompensation
and hospitalization. This may explain the multiple procedures
realized in the cohort studies to maintain better rhythm
control and reduce serious hemodynamic consequences
resulting from AF. Overall, the marked reduction in heart
failure hospitalizations suggests that AF-CA may improve
clinical stability in HCM by restoring ventricular filling and
enhancing cardiac output through sustained sinus rhythm.
To confirm and extend these findings, future investigations
should prioritize large, prospective, randomized controlled
trials directly comparing CA with contemporary medical
therapy in this population. Moreover, incorporating advanced
imaging modalities, such as cardiac magnetic resonance
with late gadolinium enhancement, to quantify pre-ablation
atrial fibrosis may enhance patient selection and procedural
planning. Such imaging could identify arrhythmogenic
substrates that voltage mapping alone may overlook in HCM
atria, thereby optimizing lesion sets and improving long-term
rhythm control.?

Limitations

This review has several limitations. First, only four controlled
observational studies were identified, which limits statistical
power and generalizability since retrospective cohorts may

Int J Cardiovasc Sci. 2026; 39:e20250089
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include patients with different baseline characteristics.
Second, there was heterogeneity in study design, ablation
techniques, follow-up duration, and concomitant therapies,
which may have affected the consistency of the results. Third,
small sample sizes and the geographic concentration of
included cohorts may limit the applicability of these findings
to broader populations. In addition, a subgroup analysis that
might have reduced heterogeneity in the meta-analysis of

Table 1 - Main characteristics of study populations

composite outcomes was not possible because of the small
number of included studies. Also, publication bias cannot
be excluded because a funnel plot could not be performed
(fewer than ten studies).

Finally, the retrospective design of all included studies
introduces inherent biases. Consequently, larger prospective
studies employing standardized ablation protocols are needed
to validate these findings.
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AF: atrial fibrillation; CA: catheter ablation group; ICD: implantable cardioverter defibrillator; non-CA: control group;, NYHA: New

York Heart Association.

Table 2 - Echocardiographic data
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CA: catheter ablation group; IVS: interventricular septum; LAD: left atrial diameter; LVEDD: left ventricular end-diastolic diameter;
LVEF: left ventricular ejection fraction; LVESD: left ventricular end-systolic diameter; LVOTG: left ventricular outflow tract gradient;
LVWT: left ventricular wall thickness; non-CA: control group;, SAM: systolic anterior motion.
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Table 3 - Procedure and follow-up data
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Abl: ablation; AT: atrial tachycardia; CFAE: complex fractionated atrial electrogram; CTI: cavo-tricuspid isthmus; PVI: pulmonary vein

isolation; SVC: superior vena cava.

Table 4 - The Newcastle-Ottawa Scale
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Table 5 - GRADE assessment

Total adverse events Not serious Serious? Not serious Not serious Large effect Low
Heart failure hospitalization Not serious Not serious Not serious Not serious Large effect ~ Moderate
Stroke Not serious Serious? Not serious Serious® None Very low
Total mortality Not serious Not serious Not serious Serious® None Low
& |2> 50%; b: confidence interval is wide and includes no effect.

Table 6 — Outcomes Conclusions

Total events 18.35% 42.51%
All-cause mortality 9.81% 14.96%
Heart failure hospitalization 7.28% 18.50%
Stroke 3.48% 7.48%

CA: catheter ablation group; non-CA: control group.

This study suggests that CA may reduce adverse
outcomes in patients with AF and HCM, particularly by
lowering heart failure-related hospitalizations. While these
findings are promising, they underscore the necessity for
further clinical trials with more robust methodologies to
validate these results, since this systematic review includes
only four retrospective studies.

Int J Cardiovasc Sci. 2026; 39:e20250089
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Study Events Total Events Total Odds Ratio OR 95%-Cl Weight
Zheng, 2019 18 120 12 32 = 0.29 [0.12,0.70] 31.7%
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Figure 2 - Meta-analysis of total events. Forest plot showing pooled risk estimates for total adverse events comparing CA versus
non-CA groups. CA: catheter ablation; Cl: confidence interval; OR: odds ratio.

Experimental Control
Study Events Total Events Total Odds Ratio OR 95%-Cl Weight
Zheng, 2019 18 120 8 32 —= 0.53 [0.21;1.36] 39.3%
Higuchi, 2018 0 34 8 60 - 0.09 [0.01;1.60] 65%
Chin-Yu-Lin, 2023 0 49 7 49 - 0.06 [0.00;1.03] 6.4%
Pierri, 2024 13 113 15 113 e 0.85 [0.38;1.88] 47.9%
Random effects model 316 254 <3 0.51 [0.24; 1.09] 100.0%
Heterogeneity: /2 = 40%, <° = 0.1483, p = 0.17 f ' ' '
0.01 0.1 1 10 100

Figure 3 - Meta-analysis of total mortality. Forest plot showing pooled estimates for all-cause mortality in CA versus non-CA patients.
CA: catheter ablation; CI: confidence interval; OR: odds ratio.

Experimental Control
Study Events Total Events Total Odds Ratio OR 95%-Cl Weight
Zheng, 2019 5 120 5 32 —E— 0.23 [0.06;0.87] 26.7%
Higuchi, 2018 2 34 15 60 : 0.19 [0.04;0.88] 22.2%
Chin-Yu-Lin, 2023 0 49 6 49 5+ 0.07 [0.00;123] 87%
Pierri, 2024 16 113 21 113 o 0.72 [0.36;1.47] 424%
Random effects model 316 254 <= 0.32 [0.13; 0.82] 100.0%
Heterogeneity: 1> = 46%, t° = 0.4041, p = 0.14 ! T T '
001 01 1 10 100

Figure 4 — Meta-analysis of heart failure hospitalizations. Forest plot depicting the incidence of heart failure hospitalizations comparing
CA and non-CA groups. CA: catheter ablation; CI: confidence interval; OR: odds ratio.

Experimental Control
Study Events Total Events Total Odds Ratio OR 95%-Cl Weight
Zheng, 2019 0 120 2 32 = 0.05 [0.00;1.08] 19.5%
Higuchi, 2018 0 34 8 60 : 0.09 [0.01;1.60] 20.9%
Chin-Yu-Lin, 2023 0 49 1 49 —_— 0.33 [0.01;822] 183%
Pierri, 2024 11 113 8 113 = 1.42 [0.55;3.66] 41.4%
Random effects model 316 254 <:J> 0.32 [0.05; 1.86] 100.0%
Heterogeneity: 12 = 57%, ©2 = 1.7265, p = 0.07 ' J ! T '
0.01 041 1 10 100

Figure 5 - Meta-analysis of stroke incidence. Forest plot comparing stroke incidence between CA and non-CA groups. CA: catheter
ablation; Cl: confidence interval; OR: odds ratio.
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