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Abstract

Aims This study aims to investigate the clinical and biochemical characteristics of patients with atrial fibrillation (AF) referred
for ablation who develop arrhythmia-induced cardiomyopathy (AiCM) as well as their long-term outcomes after catheter ab-
lation (CA).
Methods and results A prospective multicentre study was conducted on consecutive AF patients who underwent CA. AiCM
was defined as the development of heart failure in the presence of AF and an improvement of left ventricular fraction by at
least 10% at 6 months after ablation. A subgroup of patients underwent peripheral and left atrial blood samples [galectin-3,
fatty acid-binding protein 4 (FABP4), and soluble receptor for advanced glycation end products (sRAGE)] at the time of the
procedure. Of the 769 patients who underwent AF ablation, 135 (17.56%) met the criteria for AiCM. Independent predictors
of AiCM included persistent AF, male gender, left atrial volume, QRS width, active smoking, and chronic kidney disease (CKD).
Biomarker analysis revealed that sRAGE, FABP4, and galectin-3 levels were not predictive of AiCM development nor did they
differ between groups or predict recurrence. There were no differences in AF recurrence between patients with and without
AiCM (30.83% vs. 27.77%; P = 0.392) during a median follow-up of 23.83 months (inter-quartile range 9–36).
Conclusions In the subset of patients referred for AF ablation, the development of AiCM was associated with persistent AF
and CKD. Biomarker analysis was not different between groups nor predicted recurrence. Patients with AiCM benefited from
ablation, with a significant improvement in left ventricular ejection fraction and similar AF recurrence rates to those without
AiCM.
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Introduction

Atrial fibrillation (AF) is known to trigger a reversible dilated
cardiomyopathy (CM) frequently referred to as arrhythmia-
induced CM (AiCM). It is still unclear why some patients are

more prone to develop AiCM than others. AiCM has been
reported to be present weeks or months to years after the
onset of tachycardia, and the prevalence and factors that
predispose or prevent AiCM are unknown.1,2 Additionally,
despite AF being the most prevalent arrhythmia, there are
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no clear data on the prevalence of AiCM in this population. A
single study reported AiCM in 4% of patients referred for pul-
monary vein (PV) isolation (PVI), although this number may
be confounded by selection and referral biases.3 Finally,
although systemic inflammation has been recognized as a
common pathobiological feature of heart failure (HF) and
AF development,4–6 up to date, biomarker differences among
patients with AiCM vs. those without AiCM have not been re-
ported. This could be of relevance for a better understanding
of this entity and novel strategies for potential target
therapies.

We aim to report the baseline clinical and biochemical pro-
file of patients with AiCM as compared with patients without
AiCM along with their clinical outcome after AF ablation.

Methods

An investigator-initiated, prospective, non-randomized study
was conducted at three tertiary hospitals: University Clinical
Hospital of Santiago de Compostela (Spain) and Antwerp Uni-
versity Hospital (UZA) (Belgium) between September 2016
and November 2021. Consecutive patients referred for
point-by-point radiofrequency catheter ablation (CA) were in-
cluded in the study.

Blood sample collection

All patients underwent general laboratory blood testing at
admission. During the ablation procedure (after a night of
fasting), peripheral blood sample was obtained from an
ante-cubital vein using an 18-gauge butterfly cannula with a
two-syringe technique, discarding the first 5 mL of blood
and using the second 5 mL for measurements. Blood samples
were collected in ethylenediaminetetraacetic acid (EDTA)
tubes.

Plasma measurements

Fatty acid-binding protein 4
After centrifugation at 1800 g for 10 min, the atrial and
peripheral plasma samples were stored at �80°C until used.
A magnetic Luminex multiplex test kit (R&D Systems,
Minneapolis, MN, USA) was used. The manufacturer’s in-
structions were followed when analysing plasma levels of
fatty acid-binding protein (FABP4). The sensitivity for FABP4
was 95.7.

Soluble receptor for advanced glycation end products and
galectin-3
Peripheral blood samples were collected in EDTA tubes, and
after centrifugation at 1800 g for 10 min, the plasma samples

were stored at �80°C until used. Plasma soluble receptor for
advanced glycation end products (sRAGE) and galectin-3 (Gal-
3) levels were determined using a commercially available
enzyme-linked immunosorbent assay (ELISA) kit according
to the manufacturers’ protocols (Quantikine, R&D Systems,
Minneapolis, MN, USA, for sRAGE; BMS279-4, eBioscience, Vi-
enna, Austria, for Gal-3).

Measurements were performed in duplicate, and the re-
sults were averaged. The intra-assay and inter-assay coeffi-
cients of variation values were <5% and <8%, respectively,
for sRAGE. The intra-assay and inter-assay coefficients of var-
iation values were 7.5% and 5.4%, respectively, for Gal-3.

Ablation procedure and assessment of left atrial
surface area

Patients underwent point-by-point radiofrequency CA
(SMARTTOUCH®, Biosense Inc., Diamond Bar, CA, USA). The
procedural endpoint was ipsilateral PVI. Assessment of left
atrial (LA) surface area and LA fibrosis was based on bipolar
voltage map, which was created simultaneously with LA sur-
face reconstruction, guided by a three-dimensional
electroanatomical mapping system (CARTO 3, Biosense Web-
ster) using a multipolar mapping catheter (Lasso or PentaRay,
Biosense Webster). Bipolar voltage points were collected au-
tomatically with the use of the Confidense module. The set-
tings of tissue proximity index or end filtering, local activation
time, cycle length, and position stability were left to the op-
erators’ discretion.

Three different cut-offs were used for low-voltage zone
(LVZ), according to the underlying rhythm. In sinus rhythm
mapping, the LVZ cut-off was <0.5 mV. If mapping was in
AF, LVZ cut-off was <0.24 mV and in atrial flutter (AFL)
<0.3 mV.7 LVZ was identified as an area of at least 1 cm2 con-
taining ≥3 neighbouring points with ≤10 mm distance. The
LVZ area was measured by manually encircling the area with
a measurement tool and was expressed in cm2. Burden was
calculated as the percentage of total LA surface area exclud-
ing the PV ostia and mitral valve area. All patients underwent
ipsilateral wide-area circumferential PVI with the use of con-
tact force (CF)-sensing irrigated tip ablation catheter
(SMARTTOUCH®, Biosense Webster, Diamond Bar, CA, USA)
and automatic ablation annotation module (VISITAG®,
Biosense Webster, Diamond Bar, CA, USA).

Patient follow-up

Oral anticoagulation (OA) was maintained for at least
3 months following the procedure (until the first ambulatory
visit) and was subsequently continued in patients with a
CHA2DS2-VASc score ≥2. Antiarrhythmic drugs (AADs) were
continued during the blanking period.
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At the end of the blanking period, patients were encour-
aged to discontinue AAD. Ambulatory visits were systemati-
cally performed at 3, 6, and 12 months after the index proce-
dure. Each visit comprised detailed history taking, physical
examination, and 12-lead electrocardiogram (ECG). More-
over, 24 h Holter recording was routinely performed at 3, 6,
and 12 months. AF recurrence was defined as any episode
of AF/atrial tachycardia (AT) lasting for more than 30 s.8

Definitions

AiCM was defined as (i) development of unexplained HF [HF
with reduced ejection fraction (HFrEF) or HF with mid-range
ejection fraction (HFmrEF)] in the presence of AF or clear ev-
idence providing that AF contributed to the exacerbation of
left ventricular (LV) dysfunction in patients with pre-existing
CM and (ii) ≥10% ejection fraction (EF) improvement of LV
systolic EF 6 months after successful rhythm control,9,10 in-
cluding cardioversion or AF ablation.

At the time of the inclusion period, recognized
guideline-directed medical therapies (GDMTs) in the Euro-
pean Society of Cardiology guidelines for HFrEF were beta-
blockers, angiotensin-converting enzyme inhibitors (ACEIs)/
angiotensin receptor blockers (ARBs), and mineralocorticoid
receptor antagonists (MRAs).11 Patients were categorized as
being on GDMT if they had documented drug use between
echocardiograms for at least 90 days.

Endpoint

The primary outcome of the study was (i) LVEF recovery at
6 months after cardiac ablation (CA), defined as a ≥10% in-
crease in LVEF, and (ii) AF/AFL/AT recurrence-free survival af-
ter CA considering a blanking period of 3 months.

Statistical analysis

Continuous variables are expressed as mean ± standard devi-
ation. Bivariate analysis was performed either with the
Wilcoxon rank-sum test or with Pearson’s χ2 test, where
appropriate. Logistic regressions, Cox proportional hazards
models and log-rank test were used in order to test the exis-
tence of associations between independent and dependent
variables. All analyses were programmed in R 4.1 and Stata
15. P < 0.05 was considered as the statistical significance
reference.

Results

Baseline characteristics

The study population consisted of 769 consecutive patients.
One hundred and thirty-five (17.56%) patients met the
predefined diagnostic criteria of AiCM. Three hundred and
two patients underwent peripheral and LA blood sample
collection for biomarker analysis (Table 1). The median
follow-up period was 23.83 months [inter-quartile range
(IQR) 9–36].

In the non-AiCM group, there were 25 patients with con-
comitant ischaemic heart disease, 4 patients with ostium
secundum-type atrial septal defect, and 30 patients with
moderate or severe valvular heart disease (VHD), 18 aortic
and 12 mitral. Six cases of hypertrophic cardiomyopathy;
one patient with amyloidosis, one myocarditis, one sarcoido-
sis, one arrhythmogenic right ventricular CM and three as-
cending aortic aneurysms, one of 50 mm and two intervened
by Bentall surgery.

In the AiCM cohort, we detected 15 cases of associated
ischaemic heart disease, 17 cases of VHD (12 mitral and 5 aor-
tic), 9 cases of dilated CM and 1 case of Becker muscular
dystrophy. Both pre-procedural New York Heart Association
(NYHA) functional classification and basal heart rate are
shown in Table 1.

Guideline-directed medical therapy

Regarding medical treatment, 236 (37.62%) of the non-AiCM
group were on GDMT as compared with 121 (89.50%) in the
AiCM group. In the AiCM, 78 (57.72%) were under treatment
with aldosterone receptor antagonists, whilst 69 (11%) in the
non-AiCM cohort. Furthermore, 70% of patients were receiv-
ing beta-blockers at the time of the ablation [479 (75.05%) in
the non-AiCM patients and 128 (94.81%) in the AiCM pa-
tients]. Most patients were taking oral anticoagulants (direct
oral anticoagulants 67.50% vs. vitamin K antagonists 30.10%).

Overall, optimal medical therapy (OMT) was followed in
78.48% of cases. We thoroughly assessed each treatment ad-
ministered during ablation and identified the reasons for dis-
continuation of OMT as follows:

1. Beta-blockers: five cases (3.36%) experienced bradycardia
necessitating withdrawal, and one case had chronic ob-
structive pulmonary disease (COPD) exacerbation, which
led to switching to calcium antagonist.

2. ACEIs: three cases (2.22%) were discontinued due to exac-
erbation of chronic renal failure.

3. MRAs: discontinuation was mainly due to hyperkalaemia,
which occurred in five cases (3.36%) of patients.
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Clinical and biochemical parameters associated
with arrhythmia-induced cardiomyopathy

Baseline characteristics of each group are shown in Table 1.
In multivariate analysis, persistent AF, active smoker status,
chronic kidney disease (CKD), LA volume index (LAVi), and
width of the QRS were found as independent predictors of
AiCM (Table 2).

We noted that patients who presented with AF on the day
of ablation had higher heart rates than those with sinus
rhythm in both groups. However, there were no statistically
significant differences observed between the group that de-
veloped tachycardiomyopathy and the group that did not
(see Table 1). None of the biomarkers analysed were associ-
ated with the presence of AiCM.

Ablation outcomes

The mean duration of the follow-up was 23.35 ± 18 months
(median 22.83 months; IQR 9–36), and 533 patients
completed more than 12 months of follow-up. During this

period of time, AF recurred in 220 patients (28.53%) in
the overall cohort after the initial ablation. Of those
patients with recurrence, 70 (9.35%) underwent a redo
procedure.

Arrhythmia-free survival did not differ between the two
groups after the first or last procedure. Following the
blanking period, 41 (31.06%) and 173 (27.72%) patients ex-
perienced AF recurrence in the AiCM and non-AiCM groups,
respectively (P = 0.440). Results of both univariate and
multivariate analyses are presented in Table 3, and
recurrence-free survival between cohorts is shown in Figure
1. Adherence to GDMT did not result in a significant differ-
ence in the recurrence of AF after ablation (Table 3). During
the follow-up period, as major adverse events, we regis-
tered one cardiovascular death in each group. In the
non-AiCM group, the incidence of HF requiring hospitaliza-
tion, stroke, and all-cause mortality was 0.15% (1 of 659),
0.61% (4 of 659), and 0.15% (1 of 659), respectively. On
the other hand, in the AiCM cohort, there were no strokes
detected and the incidence of HF hospitalization and
all-cause mortality was 0.30% (4 of 134) and 0.74% (1 of
134), respectively.

Table 1 Demographic characteristics of the studied population

AiCM Non-AiCM
P valueN = 135 (17.56%) N = 634 (82.44%)

Baseline characteristics
Age (mean ± SD) 59.25 ± 9.89 60.61 ± 10.60 0.172
Gender (male), n (%) 75 (84.27%) 282 (66.35%) 0.001
Persistent AF, n (%) 123 (91.11%) 401 (63.75%) <0.001
Pre-procedural heart rate in SR (mean ± SD) 63 ± 12.34 62 ± 10.94 0.357
Pre-procedural heart rate in AF (mean ± SD) 90 ± 23.29 91 ± 23.37 0.715
Left atrial volume index (mL/m2) 37.32 ± 14.31 32.34 ± 6.33 <0.001
Arterial hypertension, n (%) 76 (56.30%) 285 (45.53%) 0.023
Type 2 diabetes mellitus, n (%) 24 (17.78%) 81 (12.92%) 0.137
Smokers, n (%) 44 (32.60%) 125 (19.94%) 0.004
Chronic kidney disease, n (%) 13 (14.29%) 28 (6.65%) 0.015
Pre-procedural NYHA class
I 526 (83%)
II 84 (62%) 101 (16%) <0.001
III 49 (36%)
IV 3 (2%)

Body mass index (mean ± SD) 29.90 ± 4.58 29.04 ± 4.75 0.058
Obstructive sleep apnoea syndrome, n (%) 25 (18.52%) 47 (7.52%) <0.001
QRS width (ms) 105.24 ± 23.44 97.12 ± 18.15 <0.001
Low-voltage zone % on voltage map (mean ± SD) 11.28 ± 19.12 9.33 ± 16.67 0.320

Biomarkers N = 151 N = 151
FABP4 peripheral blood (mean ± SD) 22.40 ± 16.71 22.19 ± 18.01 0.936
Galectin-3 peripheral blood (mean ± SD) 9.82 ± 6.39 10.62 ± 6.88 0.501
sRAGE peripheral blood (mean ± SD) 1220.22 ± 730.50 1697.59 ± 1506.424 0.199
FABP4 left atrium (mean ± SD) 20.24 ± 15.75 20.44 ± 17.29 0.939
Galectin-3 left atrium (mean ± SD) 9.34 ± 5.69 10.21 ± 6.36 0.434
sRAGE left atrium (mean ± SD) 3089.95 ± 1320.29 3832.19 ± 2190.59 0.173

Antiarrhythmic drugs
Pre-procedural flecainide 20 (14.93%) 188 (29.29%) <0.001
Pre-procedural amiodarone 60 (44.78%) 181 (28.50%) <0.001
Post-procedural flecainide 20 (14.93%) 219 (34.49%) <0.001
Post-procedural amiodarone 50 (37.31%) 114 (17.95%) <0.001

AF, atrial fibrillation; AiCM, arrhythmia-induced cardiomyopathy; FABP4, fatty acid-binding protein 4; NYHA, New York Heart Association;
SR, sinus rhythm; sRAGE, soluble receptor for advanced glycation end products.
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Improvement of left ventricular ejection fraction

The median increase in LVEF in patients with AiCM was 19.5%
(IQR 12–28%) without global changes in the non-AiCM group.
The median LVEF previous to CA in the AiCM group was 35%
(IQR 30–40%) and after the procedure 56% (IQR 51–60%)
(Figure 2). In multivariate regression analysis, male sex and
persistent AF were associated with an LVEF increase of
≥10%, whereas AF recurrence, age, and biomarkers were
not (Table 4).

Figure 3 illustrates an example of a patient with severely
depressed LVEF and complete normalization of LV systolic
function after ablation.

Discussion

The present study aims to deepen in the characterization of
AiCM patients by performing a clinical and biomarker investi-

Table 2 Univariate and multivariate logistic regression analyses for predicting the presence of AiCM

Variables

Univariate analysis Multivariate analysis

OR 95% confidence interval P value OR 95% confidence interval P value

Age 0.98 (0.97–1.00) 0.172
Gender (male) 2.72 (1.48–4.98) 0.001 2.19 (1.81–3.74) 0.034
Persistent AF 5.83 (3.15–7.78) <0.001 3.85 (1.85–6.16) 0.007
AHT 1.54 (1.06–2.24) 0.024 0.86 (0.47–1.6) 0.624
DM2 1.46 (0.88–2.40) 0.139
Smokers 1.67 (1.23–2.29) 0.001 1.76 (1.06–3.55) 0.037
OSAS 2.79 (1.65–4.73) <0.001 1.32 (0.52–3.35) 0.561
CKD 2.33 (1.16–4.72) 0.018 2.10 (1.10–3.50) 0.001
LAVi 1.10 (1.06–1.14) <0.001 1.08 (1.03–1.14) 0.002
QRS width (ms) 1.02 (1.01–1.028) <0.001 1.03 (1.01–1.05) 0.032
LVZ % on voltage map 1.00 (0.99–1.02) 0.321
Biomarkers

FABP4 peripheral blood 1.00 (0.98–1.01) 0.936
Galectin-3 peripheral blood 0.98 (0.93–1.04) 0.501
sRAGE peripheral blood 0.99 (0.99–1.00) 0.190
FABP4 left atrium 0.99 (0.98–1.01) 0.939
Galectin-3 left atrium 0.97 (0.91–1.03) 0.433
sRAGE left atrium 0.99 (0.99–1.00) 0.166

AF, atrial fibrillation; AHT, arterial hypertension; AiCM, arrhythmia-induced cardiomyopathy; CKD, chronic kidney disease; DM2, diabetes
mellitus 2; FABP4, fatty acid-binding protein 4; LAVi, left atrial volume index; LVZ, low-voltage zone; OR, odds ratio; OSAS, obstructive
sleep apnoea syndrome; sRAGE, soluble receptor for advanced glycation end products.

Table 3 Univariate and multivariate Cox regression analyses for predicting the risk of recurrence after catheter ablation

Variables

Univariate analysis Multivariate analysis

HR 95% confidence interval P value HR 95% confidence interval P value

Age 1.01 (1.00–1.03) 0.045
Female sex 1.35 (1.01–1.80) 0.040
AHT 1.24 (0.94–1.64) 0.131
DM2 0.99 (0.66–1.55) 0.992
Obesity 1.02 (0.77–1.36) 0.870
Persistent AF 2.10 (1.50–2.94) <0.001 2.40 (1.22–4.71) 0.001
LAVi 1.00 (0.99–1.02) 0.126
LVZ % on voltage map 1.02 (1.01–1.03) <0.001 1.02 (1.01–1.03) 0.002
AiCM 1.26 (0.89–1.79) 0.189
Previous admission for HF 1.30 (0.87–1.95) 0.203
COPD 1.76 (1.02–3.04) 0.041 2.28 (0.91–5.73) 0.008
GDMT 0.85 (0.32–1.29) 0.756
Biomarkers

FABP4 peripheral blood 1.00 (0.99–1.01) 0.759
Galectin-3 peripheral blood 1.00 (0.97–1.03) 0.816
sRAGE peripheral blood 1.00 (1.00–1.00) 0.016 1.00 (0.99–1.00) 0.838
FABP4 left atrium 1.00 (0.99–1.01) 0.787
Galectin-3 left atrium 1.01 (0.98–1.04) 0.548
sRAGE left atrium 1.00 (1.00–1.00) 0.034 1.00 (0.99–1.00) 0.703

AF, atrial fibrillation; AHT, arterial hypertension; AiCM, arrhythmia-induced cardiomyopathy; COPD, chronic obstructive pulmonary dis-
ease; DM2, diabetes mellitus 2; FABP4, fatty acid-binding protein 4; GDMT, guideline-directed medical therapy; HR, hazard ratio; LAVi, left
atrial volume index; LVZ, low-voltage zone; sRAGE, soluble receptor for advanced glycation end products.
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Figure 1 Kaplan–Meier curves showing atrial fibrillation recurrence-free survival. AiCM, arrhythmia-induced cardiomyopathy.

Figure 2 Improvement of left ventricular ejection fraction (LVEF) after catheter ablation in patients with arrhythmia-induced cardiomyopathy (AiCM).
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Table 4 Whole-cohort univariate and multivariate logistic regression analyses for predicting a recovery in LVEF of ≥10%

Variables

Univariate analysis Multivariate analysis

OR 95% confidence interval P value OR 95% confidence interval P value

Age 1.01 (0.99–1.02) 0.516
Male sex 1.84 (1.26–2.70) 0.002 3.40 (1.48–7.79) 0.004
AHT 1.41 (1.02–1.95) 0.040 1.52 (0.81–2.84) 0.190
DM2 1.38 (0.89–2.16) 0.157
Obesity 1.19 (0.86–1.66) 0.297
CKD 1.75 (0.85–3.61) 0.129
Persistent AF 2.50 (1.68–3.74) <0.001 3.10 (1.27–7.55) 0.013
OSAS 2.69 (1.38–3.74) 0.001
LAVi 1.10 (1.06–1.14) <0.001
LVZ % on voltage map 1.00 (0.99–1.01) 0.950
First recurrence after blanking 1.12 (0.78–1.60) 0.531
Biomarkers

FABP4 peripheral blood 1.00 (0.98–1.02) 0.936
Galectin-3 peripheral blood 0.98 (0.93–1.03) 0.497
sRAGE peripheral blood 0.99 (0.99–1.00) 0.200
FABP4 left atrium 0.99 (0.98–1.02) 0.937
Galectin-3 left atrium 0.97 (0.91–1.04) 0.428
sRAGE left atrium 0.99 (0.99–1.00) 0.168

AF, atrial fibrillation; AHT, arterial hypertension; CKD, chronic kidney disease; DM2, diabetes mellitus 2; FABP4, fatty acid-binding protein
4; LAVi, left atrial volume index; LVEF, left ventricular ejection fraction; LVZ, low-voltage zone; OR, odds ratio; OSAS, obstructive sleep ap-
noea syndrome; sRAGE, soluble receptor for advanced glycation end products.

Figure 3 Example of a 60-year-old patient who had been admitted for HF with severely depressed left ventricular ejection fraction and experienced
complete normalization of left ventricular systolic function after ablation. Despite long-standing persistent atrial fibrillation and 60% of low-voltage
zone on the bipolar voltage map, he maintained sinus rhythm during 2 years of follow-up.
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gation at baseline along with clinical outcomes after CA
(Figure 4). Our analysis, performed in a large cohort of pa-
tients, confirms that patients with AiCM benefit from AF ab-
lation with significant improvement in LVEF. We also report
a similar efficacy of AF ablation in patients with and without
AiCM. Contrary to our hypothesis, biomarker analysis (includ-
ing peripheral Gal-3, FABP4, and sRAGE levels) did not iden-
tify patients with AiCM nor patients at higher risk of recur-
rence after ablation.

Our results open the search for other biomarkers of AiCM
and reinforce the efficacy of CA as a useful strategy not only
in the global population of patients with AF but also in pa-
tients with AiCM.

Background

The AF epidemic has been closely linked to a concomitant rise
in HF morbidity and mortality. Cohort studies suggest that the
estimated incidence of HF among patients with AF is 1.58–4.4
per 100 person-years.12 Additionally, development of HF
among patients with AF in the Framingham Heart Study
was associated with two-fold to three-fold increase in
mortality.13 AiCM is an important reversible cause of HF that
is likely underdiagnosed in today’s clinical practice. Actually,
the true prevalence of AiCM is still unknown and is likely
underestimated due in part to the challenges in diagnosis.
In our study population, it represents almost 18% of the pa-
tients referred for ablation. However, despite this growing

incidence and recent advances, significant knowledge gaps
exist in our understanding of the mechanisms and prognosis
of AiCM.

Predictors of arrhythmia-induced
cardiomyopathy

It has been advocated that the development of AiCM may
be partially related to the common risk factors between AF
and HF, including age, obesity, diabetes mellitus, hyperten-
sion, sleep apnoea, or coronary artery disease.14 In our
study population, active smoker status, presence of CKD,
persistent AF, QRS width, and LAVi were the clinical vari-
ables able to predict the presence of AiCM. Although there
is scarce information regarding markers for AiCM, the most
established risk factor is the presence of persistent AF. Sev-
eral studies have reported the association between persis-
tent AF and new-onset HF. For instance, in the ORBIT-AF
registry,12 persistent AF predicted new-onset HF compared
with paroxysmal AF. Likely, resting heart rate in AF is
probably a poor indicator of overall heart rate.15 Interest-
ingly, QRS width, a marker of underlying CM that increases
the susceptibility of AiCM, resulted as an independent
predictor.

This may be in line with the results of the CABANA trial
that reported that late gadolinium enhancement (LGE) was
present in 36% of patients with persistent AF and idiopathic
CM.16 These factors, QRS width and AF burden, could

Figure 4 Central illustration. This figure summarizes the key points of our study. It includes the results of our analysis to identify the independent pre-
dictors for arrhythmia-induced cardiomyopathy (AiCM) development. The Kaplan–Meier curves represent that no differences in the rate of recurrence
were found during long-term follow-up after atrial fibrillation (AF) ablation between both groups. CI, confidence interval; CKD, chronic kidney disease;
EF, ejection fraction; LAVi, left atrial volume index; OR, odds ratio; PVI, pulmonary vein isolation.
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explain, at least partially, the increase in LAVi. Nevertheless,
LAVi was independently associated with AiCM in multivari-
able analysis, reflecting that some other factors may be in-
volved in LA dilatation. Concerning CKD, there are several
mechanisms connecting AF and CKD. As such, elevated
levels of inflammatory markers have been reported in the
early stages of CKD, which becomes more significant as the
disease progresses.17 Activation of the renin–angiotensin–
aldosterone system (RAAS) is another important link be-
tween AF and CKD.18 Further investigations are needed to
define first the precise role of CKD in AiCM and, second,
to determine whether the inhibition of RAAS activation
may have an important role in reducing the progression of
AF to manifest AiCM.

Role of biomarkers

We have hypothesized that differences in serum biomarkers
between patients with and without AiCM may be present.
Our first hypothesis relied on the role of obesity in AiCM, as
it is characterized by a systemic pro-inflammatory state.19

Proteomic studies have identified a FABP4, also known as ad-
ipocyte protein 2 (aP2), as a predictor of metabolic disorders
and a new biomarker for AF risk.20 Accordingly, FABP4 has
been reported to contribute to structural heart disease and
cardiac contractile dysfunction, explaining the relationship
between FABP4 and AF perpetuation.21

However, in the present study, we did not find significant
difference in FABP4 levels nor in leptin concentrations, which
could point towards an alternative pathway mechanism in-
volved in the pathophysiology of AiCM different to epicardial
adipose tissue.22,23

In addition to inflammation, fibrosis has been shown to in-
duce an arrhythmogenic substrate by inducing new micro
re-entry circuits, electrical heterogeneity, and alterations in
atrial refractory periods.24 Gal-3 represents a pivotal actor
of cardiac fibrosis, is highly expressed in fibrotic tissues, and
is up-regulated in chronic inflammatory and fibrotic condi-
tions in human. It also seems to be an independent predictor
of AF recurrence after ablation25,26 and was proposed to
serve as therapeutic target for AF treatment. Takemoto
et al.27 reported that Gal-3 inhibition decreased AF inducibil-
ity. Nevertheless, contrary to our hypothesis, there was no as-
sociation between AiCM and Gal-3 levels. Although we do not
have an explanation for this finding, it needs to be said that
Gal-3 is not a specific of cardiac fibrosis nor distinguish be-
tween atrial or ventricular fibrosis.

Finally, advanced glycation end products (AGEs) and its cell
receptor RAGE (receptor for AGE) and soluble receptor
(sRAGE) are involved in the pathogenesis of AF. In addition,
some studies have shown that levels of sRAGE rise as the
degree of HF worsens28,29 and that sRAGE levels increase in
renal disease.30 Other studies have reported contradictory

findings regarding changes in sRAGE with extent of disease.31

Relevantly, sRAGE levels may be modulated by drug treat-
ments such as statins,32 calcium channel blockers, ARBs,
thiazolidines, and ACEIs,33–35 which could have had influence
of this result.

In summary, further studies are needed to confirm the role
of AGEs in the characterization of patients with AiCM.

Outcomes

There is relative paucity of information regarding the out-
come of CA in patients with AiCM with contradictory results.
Yamashita et al.36 reported that the outcome after CA was
superior in the AiCM cohort (89% vs. 72%; P = 0.030) with
fewer CA procedures as compared with the non-AiCM cohort.
In contrast, Calvo et al.37 compared the outcome of CA in
AiCM vs. non-AiCM and reported arrhythmia-free survival
rates of 40% and 60% respectively at 2 years, without differ-
ences in those with or without AiCM. In the current study, re-
currence rate was comparable in the two study groups. A
possible explanation may be that AiCM patients have a re-
versible LV dysfunction and do not represent such a dissimilar
population as compared with patients without AiCM. Alterna-
tively, AF in the setting of AiCM may be detected and treated
in earlier stage and more aggressively due to the more severe
clinical consequence, which could have resulted in an
improved clinical outcome after CA comparable with
non-AiCM patients.

Improvement of left ventricular ejection fraction

The mechanisms of LVEF improvement after AF ablation re-
main unclear. Postulated mechanisms for reverse LV remodel-
ling include improved atrioventricular synchrony, regulariza-
tion of rhythm-enhancing haemodynamics, or reversal of
tachycardia-mediated CM.38 In the setting of AF CA, improve-
ment in LVEF in patients with HF has been widely
discussed.39–41 For instance, the CASTLE-AF study42 described
a median improvement in LVEF in paroxysmal AF of 7.3% at
60 months and 10.1% in persistent AF. In our cohort, in pa-
tients with suspected AiCM, the improvement was even su-
perior [16% (IQR 5.5–27)] without discerning differences
based on AF pattern.

Nevertheless, there is scarce information regarding the
predictors of LVEF improvement. Ukita et al.43 found in 401
patients with persistent AF and HFrEF the presence of LV
end-diastolic diameter (LVEDD) <53 mm pre-ablation as the
only marker for improvement.

In our sample, male sex and previous admission for HF
were the only identifiable factors associated with LVEF in-
crease. Proposed reasons for this gender effect could be
the presence of more atrial fibrosis [13 ± 8 vs. 8 ± 5
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(P = 0.018)] and older age [64 ± 5 vs. 58 ± 4 (P < 0.001)] in
females as compared with males, findings that are in line with
previous studies.44,45

Conclusions

Persistent AF and CKD may play a key role in the develop-
ment of AiCM. Biomarker analysis including peripheral Gal-
3, FABP4, and sRAGE levels did not differ between groups
nor predicted recurrence during long-term follow-up. Impor-
tantly, patients with AiCM benefit from AF ablation, with a
significant improvement in LVEF and without differences in
the rate of recurrence as compared with patients without
AiCM.

Limitations

The main limitation of our study is that the diagnostic criteria
for AiCM have not been well established and standardized.
The lack of association with some clinical variables or bio-
markers could be due to a lack of statistical power, and po-
tentially, if a larger number of patients were included, the
conclusion could have been different. Nonetheless, to the
best of our knowledge, it represents the largest study
analysing a widespread panel of biomarkers in the subset of
patients with AiCM. The study has also the inherent limita-
tions of a non-randomized study with a limited number of pa-
tients in two centres. The population of female patients

represents a minority as compared with males (30.81%);
however, although the results may not be generalizable to
female patients, the percentage of females is similar or
superior to previous studies.36,41 We were able to assess
NYHA functional classification of patients only at the
pre-procedural stage and not during the follow-up period,
so conclusions in terms of improvement in functional status
are lacking. Finally, the outcomes could have potentially dif-
fered if the current GDMT including sodium–glucose
cotransporter 2 (SGLT2) inhibitors and higher ARNI prescrip-
tion had been implemented.
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