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ABSTRACT

BACKGROUND Early rhythm control (ERC) improves cardiovascular outcomes in patients with atrial fibrillation (AF) and a high
comorbidity burden, but this benefit has been demonstrated primarily through antiarrhythmic drug therapy. It remains unclear
whether catheter ablation—particularly pulmonary vein isolation (PVI)—achieves comparable efficacy in this high-risk popula-
tion.

OBJECTIVE We aimed to assess the long-term effectiveness and safety of PVI in multimorbid patients with AF.

METHODS We conducted a prospective, single-center observational study of 1402 consecutive patients undergoing first-
time cryoballoon-based PVI. Patients were stratified by CHA,DS,-VA score; a score of >4 defined high comorbidity burden.
The primary end point was the recurrence of any atrial arrhythmia after a 90-day blanking period. Secondary end points
included procedural safety and mortality.

RESULTS Over a mean follow-up of 2 years (range 6 months to 5 years), recurrence rates were significantly higher in patients
with high vs low comorbidity burden at 5 years (Kaplan-Meier event rates: 64.4% vs 53.1%; HR 1.26; 95% Cl 1.03-1.53; P = .01).
Age >75 years was the only independent predictor of recurrence. Safety outcomes and procedural safety were similar across
groups.

CONCLUSION Despite the established prognostic benefit of ERC in multimorbid patients, long-term rhythm control with PVI
is significantly less effective in this population. These findings question routine first-line use of ablation-based strategies in pa-
tients most likely to benefit from rhythm control, highlighting the need for randomized trials comparing pharmacologic and
ablative ERC in high-risk AF cohorts.
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Atrial fibrillation (AF) is the most prevalent cardiac
arrhythmia, affecting more than 10 million individuals in
both North America and the European Union, with a pro-
jected rise owing to aging populations and multimorbidity. '~
Early rhythm control (ERC) has emerged as a cornerstone
of AF management, with the EAST-AFNET 4 trial demon-
strating a clear prognostic benefit—particularly among pa-
tients with a high comorbidity burden (CHA;DS,-VASc
>4).>* However, this benefit was achieved predominantly
through pharmacologic rhythm control, given that only
19.4% of ERC patients underwent catheter ablation.”"

Pulmonary vein isolation (PVI) remains the most effec-
tive strategy for maintaining sinus rhythm in selected pa-
tients with AF,>° yet its long-term
compromised in specific subgroups—particularly elderly
patients (>75 years) with persistent AF—who often experi-
ence high recurrence rates and require multiple proced-
ures.”” Continuous monitoring data confirm that
arrhythmia recurrences occur in up to 50% of patients
within the first year after PVI.'” Key predictors of recur-
rence include age, atrial remodeling, hypertension, and
broader comorbidity profiles.'’ "
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Despite these known limitations, PVI is increasingly
applied in real-world practice to multimorbid patients, based
on the assumption that the prognostic benefits of ERC
extend to ablation-based strategies. However, this assump-
tion remains largely untested. Therefore, we sought to assess
the long-term efficacy and safety of PVI in a well-defined
cohort of patients with high comorbidity burden, using the
CHA,DS,-VA score as a surrogate for systemic risk.

Methods
Study design and inclusion and exclusion criteria

We prospectively enrolled consecutive patients aged >18
years who underwent a first-time PVI for symptomatic AF
(paroxysmal or persistent) between January 2018 and March
2024 at St. Josefs-Hospital Wiesbaden (Germany). Exclusion
criteria included long-standing persistent AF (1 year), previ-
ous PVI, and the inability to consent. Clinical characteristics
were collected at the time of enrollment. This study was
approved by the regional ethics committee (vote #2019-
1474-evBO) and conducted in accordance with the Declara-
tion of Helsinki.

The CHA,DS,-VA score was used to estimate the burden
of cardiovascular comorbidities, with patients scoring >4
classified as having "high comorbidity burden” for the pur-
pose of this study.

Efficacy and safety end points

The primary efficacy end point was defined as the first docu-
mented recurrence of AF, atrial flutter, or atrial tachycardia
(any atrial arrhythmia) after a blanking period of 90 days after
PVI. The diagnosis was based on the documentation of
arrhythmia on an electrocardiographic (ECG) recording.w'17

Procedure-related adverse events occurring within 30
days after PVl—including stroke/TIA or systemic embolism,
major access site complications necessitating therapeutic
intervention and resulting in prolonged hospitalization, peri-
cardial tamponade or effusion, atrioesophageal fistula, and
phrenic nerve injury—were adjudicated as components of
the composite safety end point. Data on mortality were
collected. Total procedure time, left atrial (LA) dwell time,
fluoroscopy time, contrast dye use, and radiation dose
were analyzed as measures of procedural efficiency.

Ablation procedure

Abbreviations PVIs were performed under
conscious sedation using a
second-generation  cryobal-
loon (Arctic Front Advance,
Medtronic Inc)."®  Unfractio-
nated heparin was adminis-
tered, targeting an activated
clotting time of 300-350 sec-
onds.

After anatomically guided
puncture of the left femoral

AF: atrial fibrillation

ECG: electrocardiography
ERC: early rhythm control
LA: left atrial

LVEF: left ventricular ejection
fraction

PFA: pulsed field ablation

PVI: pulmonary vein isolation

vein and fluoroscopically guided transseptal puncture, a
steerable 15F sheath (FlexCath Advance, Medtronic Inc)
was inserted into the LA a 28-mm cryoballoon was advanced
to the ostium of each pulmonary vein. Occlusion of pulmo-
nary veins was assessed with selective venous angiography,
and pulmonary vein signals were recorded with an octopolar,
circular mapping catheter (Achieve, Medtronic Inc).

Cryoballoon PVI was applied using “time-to-isolation” of
+120 seconds as a general dosing approach. In veins without
reliable signals, a 180-second freeze was applied and isola-
tion was confirmed by the absence of signals or capture.
Ablation of right-sided veins was performed under phrenic
nerve stimulation with a decapolar catheter (Dynamic XT,
Boston Scientific). All veins were rechecked for entry and
exit blocks at the end of the procedure.

Oral anticoagulation was prescribed according to the
CHA,DS,-VA score as per guidelines, and primary care phy-
sicians were encouraged to discontinue class | and Ill antiar-
rhythmic drugs at the end of the 90-day blanking period."®"’

Follow-up

Follow-up was scheduled at 3, 6, 12, 18, 24, 36, 48, and 60
months, allowing a window of *1 month within the first
year and =3 months thereafter. Visits included 12-lead
ECG recordings either at our outpatient clinic or alternatively
patients’ primary care physician/cardiologist. In addition,
supplemental ECG recordings were obtained in case of
symptoms suggestive of arrhythmia recurrence. ECGs not
obtained at our clinic but indicating potential arrhythmia
recurrence were requested and analyzed by an electrophys-
iologist at our center. Patients in whom rhythm documenta-
tion was not available within the predefined time window
were censored at the date of the last valid follow-up.

Statistical analysis

The Kaplan-Meier method was used to calculate event-rate
estimates for the primary efficacy end point. Cox regression
analysis was performed to analyze the association of different
components of the CHA;DS,-VA score with the primary end
point. Linear regression was used to evaluate the association
between atrial arrhythmia recurrence and CHA,DS,-VA score.

Normally distributed variables were compared using a 2-
sample t test and are presented as mean and standard devi-
ation. Dichotomous variables were compared using x? or
Fisher's exact test, as appropriate, based on expected cell
frequencies.

Statistical analyses were performed using SPSS version 28
(IBM), R version 4.2.2 (R Foundation for Statistical
Computing), and PRISM software version 10.0.1 (GraphPad),
and P < .05 indicated statistical significance.

Results
Patient population

A total of 1402 consecutive patients with symptomatic AF
(40% paroxysmal) undergoing first-time PVI were enrolled.
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Of these, 332 patients (24%) had high (CHA,DS,-VA score
>4) and 1070 patients (76%) had low comorbidity burden
(CHA,DS,-VA score <4). Mean follow-up was 2 years (range
6 months to 5 years).

Clinical characteristics of patients with high and low co-
morbidity burden are presented in Table 1. Mean
CHA,DS,-VA scores were 4.5+£0.8 and 1.8%1.1, respec-
tively. Patients with high comorbidity burden were older
and more likely to have persistent AF and had a lower
mean left ventricular ejection fraction (LVEF) and larger
LA diameter. In addition, patients with high comorbidity
burden had a higher occurrence rate of all CHA,DS,-VA
components except for “age 65 to 74 years,” which was
more common in patients with low comorbidity burden.
The overall rate of antiarrhythmic drug use during and after
a 90-day blanking period was comparable between
groups, with differences in the choice of specific antiar-
rhythmic agent. Patients with high comorbidity burden
were more likely to be treated with amiodarone (90 of
332 patients [27%)] during the blanking period and 21 of
332 [6%] thereafter), whereas those with low comorbidity
burden more often received flecainide (189 of 1070 pa-
tients [18%] during the blanking period and 61 of 1070
[6%] thereafter).

Primary efficacy end point

At 1 year, the primary efficacy end point had occurred in 85
of 332 patients with high comorbidity burden compared
with 229 of 1070 patients with low comorbidity burden (Ka-
plan-Meier event rates: 26.4% vs 22.1%; hazard ratio [HR]
1.23; 95% confidence interval [Cl] 0.94-1.59; P = .11). At
5-year follow-up (mean 2 years), the primary end point had
occurred in 154 of 332 patients with high compared with
412 of 1070 patients with low comorbidity burden (Ka-
plan-Meier event rates: 64.4% vs 53.1%; HR 1.26; 95% ClI
1.03-1.53; P = .01) (Figure 1). Similar results were obtained
when using the CHA;DS,-VASc score (Kaplan—-Meier event
rates: 63.2% vs 51.7%; HR 1.36; 95% Cl 1.14-1.61; P <
.001). After exclusion of components A, and A and corre-
sponding redefinition of high comorbidity burden (CHDS-
V score >3), mean patient age in the high- and low-risk
groups (75 vs 67 years) was comparable with that observed
with the CHA,DS,-VA definition, and the association with
reduced long-term effectiveness remained unchanged (Ka-
plan—Meier event rates: 63.2% vs 51.7%; HR 1.26; 95% ClI
1.04-1.52; P = .01).

Association of CHA,DS>-VA score, score components,
and atrial arrhythmia recurrence

A significant linear relationship was observed between
the CHA,DS,-VA score and the occurrence of the pri-
mary efficacy end point at 5-year follow-up, with higher
scores associated with higher event rates (P < .001)
(Figure 2).

To determine the role of individual CHA;DS,-VA compo-
nents regarding the primary efficacy end point, we per-

Table 1 Baseline characteristics according to high or low co-
morbidity burden

Low
High comorbidity
comorbidity burden
Characteristic burden (n =332) (n=1070) Pvalue
Age (y) 77 = 6 67 =10 <.001
Male sex 193 (58) 600 (56) .51
Persistent AF 154 (46) 400 (37) .003
BMI (kg/m?) 27 + 4 28+5 .02
LVEF (%) 50 + 11 56 +8 <.001
LA diameter (mm) 425+ 8.0 41178 .006

Antiarrhythmic drugs

(during/after
blanking period)
Overall 116 (35)/30 (9) 351 (33)/100 .47/.87
9
Flecainide 24 (7)/7 (2) 189 (18)/61  <.001/
(6) .007
Amiodarone 90 (27)/21 (6) 159 (15)/38 <.001/
(3) .03
Dronedarone 2(1/2() 3(0)/1 (0) .34/.14
CHA,DS,-VA score 45+0.8 1.8 1.1 <.001
Congestive heart 123 (37) 115(11) <.001
failure
Hypertension 308 (93) 651 (61) <.001
Age >75y 227 (68) 226 (21) <.001
Diabetes 109 (33) 72 (7) <.001
Previous stroke 104 (31) 28 (3) <.001
Vascular disease 207 (62) 125 (12) <.001
Age 65-74y 93 (28) 408 (38) <.001
Impaired renal 92 (28) 142 (13) <.001
function (eGFR
<60mL/min)

Continuous data are presented as mean value * standard deviation; numbers
and percentages (in parentheses) are given for absolute values. A 90-day
blanking period was used.

AF = atrial fibrillation; BMI = body mass index; eGFR = estimated glomerular
filtration rate; HFrEF = heart failure with reduced ejection fraction; LA = left
atrial; LVEF = left ventricular ejection fraction.

formed univariate and multivariate Cox regression analyses
(Table 2). Multivariate analysis was subsequently performed
by using the characteristics that were statistically significant
in univariate analysis.

By means of univariate regression analysis, age of >75
years and presence of vascular disease were associated
with the primary end point. However, after adjustment, in
the multivariate analysis, only age of >75 years was indepen-
dently associated with an increased rate of atrial arrhythmia
recurrence.

Safety end points and mortality

The occurrence of the secondary safety end point was com-
parable between groups (3.9% vs 3.5%; P = .73). At 5-year
follow-up, the occurrence of serious adverse events was
higher in patients with high (7.2%) than patients with low co-
morbidity burden (2.3%; P < .001). This effect was largely
driven by higher rates of all-cause mortality over the 5-year
period in patients with high comorbidity burden (6.0% vs
1.5%; P < .001) (Table 3).
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Figure 1
Recurrence rates of any atrial arrhythmia after PVl in patients with high (pink) and low (blue) comorbidity burden. Cl = confidence interval; PVI = pulmonary vein
isolation.

Procedural parameters time (32 = 12 vs 33 = 13 minutes; P = .15), fluoroscopy

No differences were observed between patients with ~ time (7.2 = 3.8 vs 7.0 + 3.8 minutes; P = .45), or
high and low comorbidity burden regarding total proced- cqntrast dye use (34 = 30 mL vs 35 = 32 mL; P = .40)
ure time (51 = 15 vs 51 * 16 minutes; P = .59), LA dwell  (Figure 3).
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Figure 2
Linear correlation between CHA,DS,-VA score and occurrence of the primary efficacy end point at 5-year follow-up. The pink bar indicates the range of the high
comorbidity patients’ CHADS-VA score; the blue bar indicates that of low comorbidity patients (mean CHA,DS,-VA scores 4.5 = 0.8 [high] and 1.8 = 1.1 [low]).
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Table 2 Association of CHA;DS,-VA score components with the primary efficacy end point (Cox regression model)

Univariate Cox regression

Multivariate Cox regression

CHA,DS,-VA score components P value Exp (B) 95% Cl P value Exp (B) 95% Cl
Congestive heart failure 77 1.03 0.83-1.29

Hypertension .24 1.12 0.93-1.34

Age >75y <.001 1.55 1.31-1.84 <.001 1.52 1.28-1.81
Diabetes 72 1.05 0.82-1.34

(Previous) stroke .83 0.97 0.73-1.29

Vascular disease .04 1.22 1.01-1.48 .23 1.12 0.93-1.36
Age >65to 74y 71 0.97 0.81-1.15

Cl = confidence interval.

Discussion

This study aimed to investigate the long-term efficacy and
safety of PVl in patients with AF and high comorbidity
burden, defined by a CHA,DS,-VA score of >4.

Our key findings were:

1) Long-term rhythm control via PVI was significantly less
effective in patients with a high comorbidity burden.

2) Recurrence risk increased progressively with higher
CHA,DS,-VA scores.

3) Among individual score components, only “age >75
years” (A;) independently predicted arrhythmia recur-
rence.

4) Procedural safety of PVI was not affected by comorbidity
burden.

Table 3 Adverse events outcomes by comorbidity burden

High comorbidity Low comorbidity

Safety end point  burden (n = 332) burden (n = 1070) P value

Serious adverse events (during overall follow-up)

Death from any 20 (6.0%) 16 (1.5%) <.001
cause

Stroke/TIA 4(1.2%) 9 (0.8%) .52

Safety end point (during 30 d after PVI)

Overall 13 (3.9%) 37 (3.5%) .73

Death 0 (0%) 0 (0%) -

Stroke/TIA 1(0.3%) 2 (0.2%) .56

Pericardial 3(0.9%) 0 (0%) .01
tamponade*

Pericardial 0 (0%) 2 (0.2%) >.99
effusion

Major bIeedingJr 1(0.3%) 0 (0%) .24

Major groin-site 2 (0.6%) 10 (0.9%) 74
complication

Phrenic nerve 6 (1.8%) 21 (2.0%) >.99
injury

Air embolism 0 (0%) 2 (0.2%) >.99

Atrioesophageal 0 (0%) 0 (0%) -

fistula

PVI = pulmonary vein isolation; TIA = transient ischemic attack.

*Requiring pericardiocentesis.

"Bleeding Academic Research Consortium Definition for Bleeding (BARC) type
2 or higher.

Rhythm control in multimorbid patients: Pharmacologic
success and interventional uncertainty

In EAST-AFNET 4, patients with high comorbidity burden
(CHA,DS,-VASc >4; mean age 75 years) experienced a
marked reduction in cardiovascular events when randomized
to ERC, whereas those with lower comorbidity showed less
benefit.” This effect persisted across age strata, reinforcing
that high-risk patients stand to gain most from rhythm con-
trol.* However, the vast majority of patients in EAST-AFNET
4 were treated with antiarrhythmic drugs—not ablation—
raising the critical question of whether the prognostic bene-
fits of pharmacologic ERC can be extrapolated to catheter
ablation.**

Results of the ATHENA trial previously supported the
value of pharmacologic rhythm control in elderly patients
(mean age ~72 years), where dronedarone significantly
reduced cardiovascular hospitalization and mortality (HR
0.76;95% C10.69-0.84: P < .001)."? This effect was compara-
ble in magnitude with that seen in EAST-AFNET 4.>* A sub-
sequent post hoc analysis using EAST-AFNET 4 criteria
confirmed dronedarone’s benefit in high-risk patients (HR
0.71; P = .014).?° Real-world data also show reduced rates
of stroke and myocardial infarction with dronedarone, sup-
porting its use in everyday clinical settings.”’

In contrast, the evidence base for prognostic benefit from
ablation-based rhythm control is sparse—largely limited to
patients with heart failure with reduced ejection fraction.?”**
In patients without heart failure with reduced ejection frac-
tion, the CABANA trial found no significant reduction in
death, disabling stroke, major bleeding, or cardiac arrest
with catheter ablation compared with antiarrhythmic ther-
apy.”* Importantly, in CABANA, elderly patients (>75 years)
derived no survival benefit from ablation.?

Can ablation-based ERC be generally advocated in high-
risk patients?

Against this backdrop, our study provides important new ev-
idence: in real-world practice, PVl underperforms in exactly
those patients who derive the greatest benefit from (pharma-
cologic) ERC." This finding is clinically relevant and concep-
tually nontrivial: it suggests that rhythm control in
multimorbid patients should not by default be performed
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with ablation, despite PVI being the most effective technique
for rhythm maintenance in lower-risk cohorts.

Recent trials highlight the potential of pulsed field ablation
(PFA) to address some limitations of thermal techniques.
ADVENT (Pulsed Field or Conventional Thermal Ablation for
Paroxysmal Atrial Fibrillation) and SINGLE SHOT CHAMPION
(Pulsed Field or Cryoballoon Ablation for Paroxysmal Atrial
Fibrillation) demonstrated noninferiority or superiority of PFA
vs conventional ablation for paroxysmal AF with comparable
safety, whereas the MANIFEST-17K (Application-Based Inte-
grated Care in Patients After Pulse Field Ablation) trial
confirmed a favorable safety profile in large-scale real-world
use.”*?® However, the recent analysis by Dello Russo et al*’
showed that, although recurrence rates with PFA align with
previous literature, younger patients benefit more, whereas ef-
ficacy in older individuals remains limited. Thus, although PFA
may reduce procedural risks, its ability to overcome the effi-
cacy gap in multimorbid, high-risk patients remains uncertain.

Until data from EASThigh-AFNET 11 (NCT 06324188)
become available, our results call for caution in recommend-
ing ablation-based rhythm control strategies in high comor-
bidity patients and support the prioritization of
individualized strategy selection based on both procedural
efficacy and systemic risk.

PVI outcomes in elderly and multimorbid patients

In our cohort, age of >75 years emerged as the only indepen-
dent predictor of recurrence. Age likely mediates many of the
adverse structural and electrophysiological substrates associ-
ated with arrhythmia recurrence and explains the linear asso-
ciation between CHA,;DS,-VA score and failure rates.
Previous studies also report poor long-term success of PVI
in elderly patients with persistent AF.”*° Rehospitalizations
and reinterventions are frequent in this group.®'*?

For selected elderly patients with high comorbidity
burden, pacemaker implantation with atrioventricular node
ablation may offer a pragmatic alternative, improving quality
of life and reducing hospitalizations.”>*> The ABLATE vs
PACE trial (NCT 04906668) finished recruitment and is
expected to provide prospective data comparing this
strategy with PVI in elderly patients with normal LVEF.?*%/

Limitations

We acknowledge that our observational, single-center
design limits causal inference. Nonetheless, our study re-
flects routine practice and includes a large, unselected cohort
with systematic follow-up over 5 years. Although intermittent
ECG monitoring may underestimate true recurrence rates,
this limitation applied equally across subgroups and thus
should not bias comparative outcomes.

We used the CHA,DS,-VA score as a pragmatic comor-
bidity surrogate. Although more granular indices (eg,
Charlson comorbidity index)*® could offer added pathophys-
iological insight, our approach ensures clinical applicability
and broad reproducibility.

Conclusion

Long-term efficacy of PVl is significantly reduced in patients
with a high comorbidity burden, despite a comparable safety
profile. These findings question the routine use of ablation-
based rhythm control in precisely those patients who benefit
most from ERC via pharmacologic means. Further random-
ized data are urgently needed to guide therapeutic decision
making in this high-risk population.

Funding Sources: This research did not receive any specific
grant from funding agencies in the public, commercial, or
not-for-profit sectors.

Disclosures: The authors’ department is an international
training center for cryoballoon ablation. J.R.E. has served as a
speaker for and an advisor to Medtronic. A.A.B. participates
in an educational program of Boston Scientific.

Address reprint requests and correspondence: Dr Joachim
R. Ehrlich, Department of Cardiology, St. Josefs-Hospital
Wiesbaden, Beethovenstra Be 20, 65189 Wiesbaden, Ger-
many. E-mail address: jehrlich@joho.de

References
1. Noubiap JJ, Tang JJ, Teraoka JT, Dewland TA, Marcus GM. Minimum national
prevalence of diagnosed atrial fibrillation inferred from California acute care fa-
cilities. J Am Coll Cardiol 2024;84:1501-1508.
2. Krijthe BP, Kunst A, Benjamin EJ, et al. Projections on the number of individuals
with atrial fibrillation in the European Union, from 2000 to 2060. Eur Heart J
2013;34:2746-2751.


mailto:jehrlich@joho.de
http://refhub.elsevier.com/S1547-5271(25)02970-4/sref1
http://refhub.elsevier.com/S1547-5271(25)02970-4/sref1
http://refhub.elsevier.com/S1547-5271(25)02970-4/sref1
http://refhub.elsevier.com/S1547-5271(25)02970-4/sref2
http://refhub.elsevier.com/S1547-5271(25)02970-4/sref2
http://refhub.elsevier.com/S1547-5271(25)02970-4/sref2

20.

21.

Rothe et al

. Kirchhof P, Camm AJ, Goette A, et al. Early rhythm-control therapy in patients

with atrial fibrillation. N Engl J Med 2020;383:1305-1316.

. Rillig A, Borof K, Breithardt G, et al. Early rhythm control in patients with atrial

fibrillation and high comorbidity burden. Circulation 2022;146:836-847.

. Andrade JG, Wells GA, Deyell MW, et al. Cryoablation or drug therapy for initial

treatment of atrial fibrillation. N Engl J Med 2021;384:305-315.

. Turagam MK, Musikantow D, Whang W, et al. Assessment of catheter ablation or

antiarrhythmic drugs for first-line therapy of atrial fibrillation: a meta-analysis of
randomized clinical trials. JAMA Cardiol 2021;6:697-705.

. Boehmer AA, Rothe M, Keim C, et al. Pulmonary vein isolation in elderly patients

> 75 years: a propensity score-matched analysis with focus on differences
among atrial fibrillation types. Can J Cardiol 2024;40:1541-1550.

. Buiatti A, von Olshausen G, Barthel P, et al. Cryoballoon vs. radiofrequency abla-

tion for paroxysmal atrial fibrillation: an updated meta-analysis of randomized
and observational studies. Europace 2017;19:378-384.

. Metzner |, Wissner E, Tilz RR, et al. Ablation of atrial fibrillation in patients >75

years: long-term clinical outcome and safety. Europace 2016;18:543-549.

. Andrade JG, Champagne J, Dubuc M, et al. Cryoballoon or radiofrequency

ablation for atrial fibrillation assessed by continuous monitoring: a randomized
clinical trial. Circulation 2019;140:1779-1788.

. Hindricks G, Potpara T, Dagres N, et al. 2020 ESC Guidelines for the diagnosis

and management of atrial fibrillation developed in collaboration with the Euro-
pean Association for Cardio-Thoracic Surgery (EACTS): the Task Force for the
diagnosis and management of atrial fibrillation of the European Society of Car-
diology (ESC) Developed with the special contribution of the European Heart
Rhythm Association (EHRA) of the ESC. Eur Heart J 2021;42:373-498.

. Sugumar H, Nanayakkara S, Chieng D, et al. Arrhythmia recurrence is more com-

mon in females undergoing multiple catheter ablation procedures for persistent
atrial fibrillation: time to close the gender gap. Heart Rhythm 2020;17:692-698.

. Boehmer AA, Rothe M, Ruckes C, Eckardt L, Kaess BM, Ehrlich JR. Catheter abla-

tion for atrial fibrillation in elderly patients: an updated meta-analysis of compar-
ative studies. Can J Cardiol 2024;40:2441-2451.

. Santoro F, Di Biase L, Trivedi C, et al. Impact of uncontrolled hypertension on

atrial fibrillation ablation outcome. JACC Clin Electrophysiol 2015;1:164-173.

. SotomiY, InoueK, Ito N, etal. Incidence and risk factors for very late recurrence of atrial

fibrillation after radiofrequency catheter ablation. Europace 2013;15:1581-1586.

. Van Gelder IC, Rienstra M, Bunting KV, et al. 2024 ESC Guidelines for the man-

agement of atrial fibrillation developed in collaboration with the European Asso-
ciation for Cardio-Thoracic Surgery (EACTS). Eur Heart J 2024;45:3314-3414.

. Joglar JA, Chung MK, Armbruster AL, et al. 2023 ACC/AHA/ACCP/HRS guide-

line for the diagnosis and management of atrial fibrillation: a report of the Amer-
ican College of Cardiology/American Heart Association joint committee on
clinical practice guidelines. Circulation 2024;149:e1-e156.

. Boehmer AA, Summ A, Vila S, et al. Process optimization for atrial fibrillation

ablation. Europace 2022;24:1763-1768.

. Hohnloser SH, Crijns HJ, van Eickels M, et al. Effect of dronedarone on cardio-

vascular events in atrial fibrillation. N Engl J Med 2009;360:668-678.

Kirchhof P, Camm AJ, Crijns HIGM, et al. Dronedarone provides effective early
rhythm control: post-hoc analysis of the ATHENA trial using EAST-AFNET 4
criteria. Europace 2025;27:euaf080.

Ehrlich JR, Look C, Kostev K, Israel CW, Goette A. Impact of dronedarone on the
risk of myocardial infarction and stroke in atrial fibrillation patients followed in
general practices in Germany. Int J Cardiol 2019;278:126-132.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Role of PVI in AF With Multimorbidity 7

Marrouche NF, Brachmann J, Andresen D, et al. Catheter ablation for atrial fibril-
lation with heart failure. N Engl J Med 2018;378:417-427.

Brachmann J, Sohns C, Andresen D, et al. Atrial fibrillation burden and clinical
outcomes in heart failure: the CASTLE-AF trial. JACC Clin Electrophysiol 2021;
7:594-603.

Packer DL, Mark DB, Robb RA, et al. Effect of catheter ablation vs antiarrhythmic
drug therapy on mortality, stroke, bleeding, and cardiac arrest among patients
with atrial fibrillation: the CABANA randomized clinical trial. JAMA 2019;
321:1261-1274.

Bahnson TD, Giczewska A, Mark DB, et al. Association between age and out-
comes of catheter ablation versus medical therapy for atrial fibrillation: results
from the CABANA trial. Circulation 2022;145:796-804.

Reddy VY, Gerstenfeld EP, Natale A, et al. Pulsed field or conventional ther-
mal ablation for paroxysmal atrial fibrillation. N Engl J Med 2023;
389:1660-1671.

Reichlin T, Kueffer T, Badertscher P, et al. Pulsed field or cryoballoon ablation for
paroxysmal atrial fibrillation. N Engl J Med 2025;392:1497-1507.

Ekanem E, Neuzil P, Reichlin T, et al. Safety of pulsed field ablation in more than
17,000 patients with atrial fibrillation in the MANIFEST-17K study. Nat Med
2024,30:2020-2029.

Dello Russo A, Tondo C, Bianchi S, et al. Does age impact safety and efficacy
during pulse-field ablation for atrial fibrillation? J Am Heart Assoc 2025;14:
e037959.

Vermeersch G, Abugattas JP, Varnavas V, et al. Efficacy and safety of the second-
generation cryoballoon ablation for the treatment of persistent atrial fibrillation
in elderly patients. J Arrhythm 2021;37:626-634.

Kuck KH, Furnkranz A, Chun KR, etal. Cryoballoon or radiofrequency ablation for
symptomatic paroxysmal atrial fibrillation: reintervention, rehospitalization, and
quality-of-life outcomes in the FIRE AND ICE trial. Eur Heart J 2016;
37:2858-2865.

Shah RU, Freeman JV, Shilane D, Wang PJ, Go AS, Hlatky MA. Procedural com-
plications, rehospitalizations, and repeat procedures after catheter ablation for
atrial fibrillation. J Am Coll Cardiol 2012;59:143-149.

Chatterjee NA, Upadhyay GA, Ellenbogen KA, McAlister FA, Choudhry NK,
Singh JP. Atrioventricular nodal ablation in atrial fibrillation: a meta-analysis
and systematic review. Circ Arrhythm Electrophysiol 2012;5:68-76.

Jensen SM, Bergfeldt L, Rosenqvist M. Long-term follow-up of patients treated
by radiofrequency ablation of the atrioventricular junction. Pacing Clin Electro-
physiol 1995;18:1609-1614.

Weerasooriya R, Davis M, Powell A, et al. The Australian Intervention Random-
ized Control of Rate in Atrial Fibrillation Trial (AIRCRAFT). J Am Coll Cardiol
2003;41:1697-1702.

Boehmer AA, Kaess BM, Ruckes C, et al. Pulmonary vein Isolation or Pace
and Ablate in Elderly Patients with Persistent atrial fibrillation (ABLATE
versus PACE) - Rationale, Methods and Design. Can J Cardiol 2024;
40:2429-2440.

Garcia B, Clementy N, Benhenda N, et al. Mortality after atrioventricular nodal
radiofrequency catheter ablation with permanent ventricular pacing in atrial
fibrillation: outcomes from a controlled nonrandomized study. Circ Arrhythm
Electrophysiol 2016;9:€003993.

Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new method of classifying
prognostic comorbidity in longitudinal studies: development and validation. J
Chronic Dis 1987;40:373-383.


http://refhub.elsevier.com/S1547-5271(25)02970-4/sref3
http://refhub.elsevier.com/S1547-5271(25)02970-4/sref3
http://refhub.elsevier.com/S1547-5271(25)02970-4/sref4
http://refhub.elsevier.com/S1547-5271(25)02970-4/sref4
http://refhub.elsevier.com/S1547-5271(25)02970-4/sref5
http://refhub.elsevier.com/S1547-5271(25)02970-4/sref5
http://refhub.elsevier.com/S1547-5271(25)02970-4/sref6
http://refhub.elsevier.com/S1547-5271(25)02970-4/sref6
http://refhub.elsevier.com/S1547-5271(25)02970-4/sref6
http://refhub.elsevier.com/S1547-5271(25)02970-4/sref7
http://refhub.elsevier.com/S1547-5271(25)02970-4/sref7
http://refhub.elsevier.com/S1547-5271(25)02970-4/sref7
http://refhub.elsevier.com/S1547-5271(25)02970-4/sref8
http://refhub.elsevier.com/S1547-5271(25)02970-4/sref8
http://refhub.elsevier.com/S1547-5271(25)02970-4/sref8
http://refhub.elsevier.com/S1547-5271(25)02970-4/sref9
http://refhub.elsevier.com/S1547-5271(25)02970-4/sref9
http://refhub.elsevier.com/S1547-5271(25)02970-4/sref10
http://refhub.elsevier.com/S1547-5271(25)02970-4/sref10
http://refhub.elsevier.com/S1547-5271(25)02970-4/sref10
http://refhub.elsevier.com/S1547-5271(25)02970-4/sref11
http://refhub.elsevier.com/S1547-5271(25)02970-4/sref11
http://refhub.elsevier.com/S1547-5271(25)02970-4/sref11
http://refhub.elsevier.com/S1547-5271(25)02970-4/sref11
http://refhub.elsevier.com/S1547-5271(25)02970-4/sref11
http://refhub.elsevier.com/S1547-5271(25)02970-4/sref11
http://refhub.elsevier.com/S1547-5271(25)02970-4/sref12
http://refhub.elsevier.com/S1547-5271(25)02970-4/sref12
http://refhub.elsevier.com/S1547-5271(25)02970-4/sref12
http://refhub.elsevier.com/S1547-5271(25)02970-4/sref13
http://refhub.elsevier.com/S1547-5271(25)02970-4/sref13
http://refhub.elsevier.com/S1547-5271(25)02970-4/sref13
http://refhub.elsevier.com/S1547-5271(25)02970-4/sref14
http://refhub.elsevier.com/S1547-5271(25)02970-4/sref14
http://refhub.elsevier.com/S1547-5271(25)02970-4/sref15
http://refhub.elsevier.com/S1547-5271(25)02970-4/sref15
http://refhub.elsevier.com/S1547-5271(25)02970-4/sref16
http://refhub.elsevier.com/S1547-5271(25)02970-4/sref16
http://refhub.elsevier.com/S1547-5271(25)02970-4/sref16
http://refhub.elsevier.com/S1547-5271(25)02970-4/sref17
http://refhub.elsevier.com/S1547-5271(25)02970-4/sref17
http://refhub.elsevier.com/S1547-5271(25)02970-4/sref17
http://refhub.elsevier.com/S1547-5271(25)02970-4/sref17
http://refhub.elsevier.com/S1547-5271(25)02970-4/sref18
http://refhub.elsevier.com/S1547-5271(25)02970-4/sref18
http://refhub.elsevier.com/S1547-5271(25)02970-4/sref19
http://refhub.elsevier.com/S1547-5271(25)02970-4/sref19
http://refhub.elsevier.com/S1547-5271(25)02970-4/sref20
http://refhub.elsevier.com/S1547-5271(25)02970-4/sref20
http://refhub.elsevier.com/S1547-5271(25)02970-4/sref20
http://refhub.elsevier.com/S1547-5271(25)02970-4/sref21
http://refhub.elsevier.com/S1547-5271(25)02970-4/sref21
http://refhub.elsevier.com/S1547-5271(25)02970-4/sref21
http://refhub.elsevier.com/S1547-5271(25)02970-4/sref22
http://refhub.elsevier.com/S1547-5271(25)02970-4/sref22
http://refhub.elsevier.com/S1547-5271(25)02970-4/sref23
http://refhub.elsevier.com/S1547-5271(25)02970-4/sref23
http://refhub.elsevier.com/S1547-5271(25)02970-4/sref23
http://refhub.elsevier.com/S1547-5271(25)02970-4/sref24
http://refhub.elsevier.com/S1547-5271(25)02970-4/sref24
http://refhub.elsevier.com/S1547-5271(25)02970-4/sref24
http://refhub.elsevier.com/S1547-5271(25)02970-4/sref24
http://refhub.elsevier.com/S1547-5271(25)02970-4/sref25
http://refhub.elsevier.com/S1547-5271(25)02970-4/sref25
http://refhub.elsevier.com/S1547-5271(25)02970-4/sref25
http://refhub.elsevier.com/S1547-5271(25)02970-4/sref26
http://refhub.elsevier.com/S1547-5271(25)02970-4/sref26
http://refhub.elsevier.com/S1547-5271(25)02970-4/sref26
http://refhub.elsevier.com/S1547-5271(25)02970-4/sref27
http://refhub.elsevier.com/S1547-5271(25)02970-4/sref27
http://refhub.elsevier.com/S1547-5271(25)02970-4/sref28
http://refhub.elsevier.com/S1547-5271(25)02970-4/sref28
http://refhub.elsevier.com/S1547-5271(25)02970-4/sref28
http://refhub.elsevier.com/S1547-5271(25)02970-4/sref29
http://refhub.elsevier.com/S1547-5271(25)02970-4/sref29
http://refhub.elsevier.com/S1547-5271(25)02970-4/sref29
http://refhub.elsevier.com/S1547-5271(25)02970-4/sref30
http://refhub.elsevier.com/S1547-5271(25)02970-4/sref30
http://refhub.elsevier.com/S1547-5271(25)02970-4/sref30
http://refhub.elsevier.com/S1547-5271(25)02970-4/sref31
http://refhub.elsevier.com/S1547-5271(25)02970-4/sref31
http://refhub.elsevier.com/S1547-5271(25)02970-4/sref31
http://refhub.elsevier.com/S1547-5271(25)02970-4/sref31
http://refhub.elsevier.com/S1547-5271(25)02970-4/sref32
http://refhub.elsevier.com/S1547-5271(25)02970-4/sref32
http://refhub.elsevier.com/S1547-5271(25)02970-4/sref32
http://refhub.elsevier.com/S1547-5271(25)02970-4/sref33
http://refhub.elsevier.com/S1547-5271(25)02970-4/sref33
http://refhub.elsevier.com/S1547-5271(25)02970-4/sref33
http://refhub.elsevier.com/S1547-5271(25)02970-4/sref34
http://refhub.elsevier.com/S1547-5271(25)02970-4/sref34
http://refhub.elsevier.com/S1547-5271(25)02970-4/sref34
http://refhub.elsevier.com/S1547-5271(25)02970-4/sref35
http://refhub.elsevier.com/S1547-5271(25)02970-4/sref35
http://refhub.elsevier.com/S1547-5271(25)02970-4/sref35
http://refhub.elsevier.com/S1547-5271(25)02970-4/sref36
http://refhub.elsevier.com/S1547-5271(25)02970-4/sref36
http://refhub.elsevier.com/S1547-5271(25)02970-4/sref36
http://refhub.elsevier.com/S1547-5271(25)02970-4/sref36
http://refhub.elsevier.com/S1547-5271(25)02970-4/sref37
http://refhub.elsevier.com/S1547-5271(25)02970-4/sref37
http://refhub.elsevier.com/S1547-5271(25)02970-4/sref37
http://refhub.elsevier.com/S1547-5271(25)02970-4/sref37
http://refhub.elsevier.com/S1547-5271(25)02970-4/sref38
http://refhub.elsevier.com/S1547-5271(25)02970-4/sref38
http://refhub.elsevier.com/S1547-5271(25)02970-4/sref38

	Questioning the role of pulmonary vein isolation in multimorbid patients: A prospective analysis in more than 1400 AF patients
	Methods
	Study design and inclusion and exclusion criteria
	Efficacy and safety end points
	Ablation procedure
	Follow-up
	Statistical analysis

	Results
	Patient population
	Primary efficacy end point
	Association of CHA2DS2-VA score, score components, and atrial arrhythmia recurrence
	Safety end points and mortality
	Procedural parameters

	Discussion
	Rhythm control in multimorbid patients: Pharmacologic success and interventional uncertainty
	Can ablation-based ERC be generally advocated in high-risk patients?
	PVI outcomes in elderly and multimorbid patients
	Limitations

	Conclusion
	Funding Sources
	Disclosures
	References


