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Abstract

Introduction  and  Objectives: Atrial  fibrillation  (AF)  and  heart  failure  (HF)  often  coexist.  AF

catheter ablation  improves  left  ventricular  ejection  fraction  (LVEF),  but  its  impact  varies

between  patients.  We  aimed  to  identify  predictors  of  LVEF  improvement  in HF patients  with

impaired LVEF  undergoing  AF  ablation.

Methods:  We  conducted  a retrospective  single-center  study  in HF  patients  with  LVEF  <50%

undergoing  AF catheter  ablation  between  May  2016  and  May  2022.  The  primary  endpoint  was  the

LVEF recovery  rate  (‘responders’).  Secondary  endpoints  were  one-year  safety  and effectiveness.

We also  aimed  to  validate  a  prediction  model  for  LVEF  recovery.

Results:  The  study  included  100  patients  (79%  male,  median  age  60  years,  70%  with  probable

tachycardia-induced  cardiomyopathy  [TIC],  mean  LVEF  37%,  29%  with  paroxysmal  AF).  After  a

median follow-up  of  12  months  after  catheter  ablation,  LVEF  improved  significantly  (36±10%  vs.

53±10%, p<0.001),  with  an  82%  responder  rate.  A suspected  diagnosis  of TIC (OR  4.916  [95%  CI

1.166---20.732],  p=0.030),  shorter  QRS  duration  (OR  0.969  [95%  CI 0.945---0.994],  p=0.015),  and

smaller left  ventricle  (OR  0.893  [95%  CI  0.799---0.999],  p=0.049)  were  independently  associated

with LVEF  improvement.  Freedom  from  any  documented  atrial  arrhythmia  was  86%  (64%  under

antiarrhythmic  drugs),  and  the  rate  of  adverse  events  was  2%.  The  prediction  model  had  a  good

discriminative performance  (AUC  0.814  [95%  CI 0.681---0.947]).

Conclusion:  In  AF  patients  with  HF and  impaired  LVEF,  suspected  TIC,  shorter  QRS  duration,  and

smaller LV  diameter  were  associated  with  LVEF  recovery  following  AF catheter  ablation.
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open access  article  under  the CC BY-NC-ND  license  (http://creativecommons.org/licenses/by-
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PALAVRAS-CHAVE

Fibrilhação  auricular;
Ablação por  cateter;
Insuficiência
cardíaca;
Disfunção sistólica  do
ventrículo  esquerdo;
Preditores  de
recuperação;
Taquicardiomiopatia

Preditores  de  recuperação  da  função sistólica  após ablação  de  fibrilhação auricular

em  doentes  com  insuficiência  cardíaca

Resumo

Introdução  e  objetivos:  A  fibrilhação  auricular  (FA)  e  a  insuficiência  cardíaca  (IC)  frequente-

mente coexistem.  A  ablação  de FA  melhora  a  fração de  ejeção do ventrículo  esquerdo  (FEVE),

mas o  impacto  varia  entre  doentes.  O nosso  objetivo  foi identificar  preditores  da  melhoria  da

FEVE em  doentes  com  IC e FEVE  reduzida  submetidos  a  ablação  de FA.

Métodos:  Estudo  retrospetivo  unicêntrico  de  doentes  com  IC  e FEVE  <  50%  submetidos  a  ablação

de FA  entre  05/2016  e  05/2022.  O  endpoint  primário  foi  a  avaliação  da  taxa  de recuperação  da

FEVE (‘‘Respondedores’’).  Os  endpoints  secundários  centraram-se  na  segurança e eficácia  a  um

ano. Também  procurámos  validar  um  modelo  preditivo  de recuperação  da  FEVE.

Resultados: Foram  incluídos  100 doentes  (79%  homens,  idade  média  60  anos,  70%  com  provável

taquicardiomiopatia,  FEVE  média  37%,  29%  com  FA  paroxística).  Após  um seguimento  mediano

de 12  meses,  a  FEVE  melhorou  significativamente  (36  ± 10%  versus  53  ± 10%,  p  <  0,001),  com

82% de  «Respondedores».  Suspeita  de taquicardiomiopatia  (OR  4,916  [95%  CI  1,166-20,732],  p

= 0,030),  QRS de  menor  duração (OR  0,969  [0,945-0,994],  p  = 0,015)  e VE  de  menor  diâmetro

(OR 0,893  [0,799-0,999],  p  =  0,049)  associaram-se  à  melhoria  da  FEVE.  A  maioria  dos  doentes

(86%) não  apresentou  recorrência  de arritmia  e a  taxa  de  eventos  adversos  foi  de 2%.  O modelo

preditivo  demonstrou  bom  desempenho  (AUC  0,814  [0,681-0,947],  95%  CI).

Conclusões:  Em  doentes  com  FA  e  IC  com  FEVE  reduzida,  a  suspeita  de taquicardiomiopatia,

QRS de  menor  duração e  menor  diâmetro  do  VE  associam-se  à  recuperação  da  FEVE  após  a

ablação de  FA.

©  2024  Sociedade  Portuguesa  de Cardiologia.  Publicado  por Elsevier  España,  S.L.U.  Este é  um

artigo Open  Access  sob  uma  licença  CC BY-NC-ND  (http://creativecommons.org/licenses/by-

nc-nd/4.0/).

Introduction

Atrial  fibrillation  (AF)  and heart  failure  (HF)  often  coex-
ist,  creating  a complex  cause---effect  relationship.1 In  HF
patients,  the  development  of  AF is  associated  with  unfavor-
able  outcomes,2,3 while  AF-induced  tachycardiomyopathy
offers  potential  reversibility  and  a  better  prognosis.4 AF
catheter  ablation  is  a well-established  therapy  to  maintain
sinus  rhythm  and alleviate  symptoms.  The  2020  European
guidelines  for  the diagnosis  and management  of  AF  rec-
ommend  catheter  ablation  to  reverse  left  ventricular  (LV)
dysfunction  when tachycardiomyopathy  is  highly  probable,
regardless  of  symptoms.5 Catheter  ablation  has  demon-
strated  the  ability  to  increase  LV  ejection  fraction  (LVEF)
by  restoring  sinus  rhythm  and  facilitating  reverse  cardiac
remodeling,  although  the  extent  of  improvement  varies
between  individuals.6---10 Hence,  identifying  the subgroup
of  patients  with  a higher  likelihood  of  LVEF  recovery  after
catheter  ablation  is  of paramount  importance.  There  are
limited  national  data  addressing  this issue.10

Objectives

This  study  aims  to  investigate  predictors  of LVEF  improve-
ment  following  AF  catheter  ablation  in patients  with  HF  and
impaired  LVEF.

Methods

Study  design  and  setting

We  conducted  a  retrospective  observational  study  of  con-
secutive  patients  with  HF  and  LVEF <50%  referred  for  AF
catheter  ablation  between  May  2016  and May  2022  in a
tertiary  referral  center.  This  study  is a  continuation  of  our
prior  exploratory  research  which  included  a small  subset  of
patients.10 All  patients  provided  written  informed  consent
and  the  study  followed  the  principles  of the Declaration  of
Helsinki.

Patient  eligibility  criteria

Adult  patients  referred  for  AF  catheter  ablation  were  eligi-
ble  for  inclusion  in  the study  if they  presented  the following
criteria:  LVEF  <50% and symptomatic  HF. Paroxysmal  AF
was  defined  as  AF  that  terminates  spontaneously  or  with
intervention  (drugs  or  electrical  cardioversion)  within  seven
days.  Persistent  AF  was  defined  as  AF  lasting  beyond  seven
days  including  episodes  terminated  by  intervention,  while
long-standing  persistent  AF  was  defined  as  continuous  AF
beyond  12  months  with  the  adoption  of  a  rhythm  con-
trol  strategy.  Symptomatic  HF  was  defined  as  the presence
of  signs or  symptoms  typically  associated  with  HF in  the
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presence  of  LVEF  <50%,  and the severity  of  symptoms  was
described  according  to  the  New  York  Heart  Association
(NYHA)  functional  classification.11 Patients  with  impaired
LVEF  were  categorized  into  two  groups:  heart  failure
with  mildly  reduced  ejection  fraction  (HFmrEF)  with  LVEF
between  41% and 49%,  or  heart  failure  with  reduced  ejec-
tion  fraction  (HFrEF)  with  LVEF  ≤40%.11 Significant  coronary
artery  disease  had to  be  ruled  out  by  cardiac  angiog-
raphy  or  stress  testing.  Patients  without  severe  valvular
disease,  ischemic  cardiomyopathy,  hypertrophic  cardiomy-
opathy,  neuromuscular  disease,  congenital  heart  disease,  or
other  possible  etiology,  formed  the group  with  suspected
tachycardia-induced  cardiomyopathy  (TIC).  To  character-
ize  the  cohort,  relevant  data  were collected  from  medical
records.  This  included  the  echocardiogram  performed  on  the
day  before  ablation  and  at  least  six months  post-ablation
(LVEF,  LV  end-diastolic  diameter  [LVEDD],  left  atrial  [LA]
volume  index)  and  cardiac  magnetic  resonance  (CMR)  mea-
surements  performed  during  the  etiologic  assessment  of  HF
(LVEF,  LV end-diastolic  volume,  LA  area,  and  the  presence
of  late  gadolinium  enhancement).  Exclusion  criteria  were
redo  procedures,  contraindication  to  anticoagulation,  and
the  presence  of  intracardiac  thrombus  detected  before  the
ablation  procedure.

Ablation  procedure

Details  of the  periprocedural  management  of  AF  ablation
have  been  published  previously12---14 and  are described  in
detail  in  the  Supplementary  Data.  The  energy  source  for the
procedure  (cryoablation  or  radiofrequency  [RF])  was  at the
discretion  of  the  physician,  as  was  the  strategy  in  patients
treated  by RF  ---  pulmonary  vein  (PV)  isolation  (PVI)  or  PVI
plus  ablation  of  low-voltage  areas  (these  areas  were  ablated
to  achieve  tissue  homogenization  and if necessary,  lines
were  performed).  All RF  procedures  were  conducted  under
general  anesthesia.  In cases of previous  history  of  typical
atrial  flutter,  or  if flutter  was  induced  during  the procedure,
a cavotricuspid  isthmus  ablation  line  was  also  performed.  If
AF  persisted  or  was  inducible  at the end  of  the procedure,
electric  cardioversion  was  performed.

Study endpoints

The  primary  study  goal  was  to determine  the number
of  patients  who  recovered  LVEF  after  AF  catheter  abla-
tion  and  to  identify  predictors  of  LVEF  improvement.
Accordingly,  patients  were  divided  into  ‘responders’  and
‘non-responders’  in terms  of  LVEF  improvement.15 For
patients  with  HFmrEF,  a  response  was  considered  positive
if  LVEF  improved  to  ≥50%,  while  for  patients  with  HFrEF,  a
positive  response  was  defined  as  a  ≥10%  increase  from  base-
line  LVEF,  with  LVEF reaching  >40%.  All  patients  who  did  not
meet  these  criteria  were  categorized  as  non-responders.

Secondary  endpoints  focused  on  one-year  effectiveness
and  safety  data.  Effectiveness  was  defined  as freedom  from
any  documented  atrial  arrhythmia  lasting  at least  30  s,
irrespective  of  symptoms,  after  the three-month  blanking
period.16 Safety  was  defined  by  the occurrence  of any  of
the  following  events  after  the index  AF  ablation:  death,
major  bleeding  as  defined  by  the  International  Society  on

Thrombosis  and  Hemostasis,17 any  thromboembolic  event,
atrioesophageal  fistula,  phrenic nerve  palsy,  PV stenosis,
pericarditis,  or  vascular  access  complications.

We  also  aimed  to  validate  the LVEF  recovery  prediction
model  proposed  by  Bergonti  et al.18 This  model  takes  into
consideration  four variables:  established  etiology  of  HF  (2
points),  QRS  >120  ms  (2  points),  paroxysmal  AF  (1 point),
and  LA volume  index  (1 point).

Follow-up

After  the index  procedure,  patients  were  assessed  before
hospital  discharge  and  at  three,  six  and  12  months.
Each  appointment  included  clinical  evaluation,  electro-
cardiogram,  and  24-hour  Holter  monitoring.  Seven-day
Holter  monitoring  was  performed  once  a  year.  Addition-
ally,  echocardiography  was  repeated  at six or  12  months.
No  antiarrhythmic  drug (AAD)  was  prescribed  after  parox-
ysmal  AF  ablation,  while  for  persistent  AF, AAD  prescription
was  left  to  the physician’s  discretion.  The  first  three  months
post-procedure  were  considered  a blanking  period  and
recurrences  in  this  period  were not  considered.  Anticoagu-
lation  therapy  was  maintained  for the  first  three  months  and
prescribed  thereafter  according  to  the CHA2DS2VASc  score.19

Statistical analysis

Continuous  data  were  described  using  mean  ±  standard
deviation  or  median  and interquartile  range,  depend-
ing  on the  normality  of distribution  as  assessed  by  the
Kolmogorov---Smirnov  test.  The  Student’s  t  test  or  the
Mann---Whitney  U  test  was  used for  comparison,  depend-
ing  on  normality.  Categorical  variables  were  presented
as  frequency  and proportion  and compared  using  Fisher’s
exact  test  or  the chi-square  test. To  identify  predictors
of  LVEF  improvement,  univariate  and  multivariate  logistic
regression  analyses  were  conducted.  The  discriminative  per-
formance  of the prediction  model  for LV systolic  function
recovery  in  our  population  was  evaluated  using  the  area
under  the  curve  (AUC)  from  receiver  operating  character-
istic  (ROC)  analysis.  Kaplan---Meier  curves  and  the  log-rank
test  were  used  to  assess  and  compare  freedom  from  AF
recurrence  during  follow-up  according  to  AF  type (parox-
ysmal  vs.  persistent  or  long-standing  persistent).  Statistical
significance  was  set  at  a  two-sided  p-value  <0.05.  Data  anal-
ysis  was  performed  using  IBM  SPSS  Statistics  for  Macintosh
software,  version  20.0  (IBM).

Results

Baseline  characteristics

The  final  study  sample  consisted  of 100  patients  (79%  male,
median  age  60  [IQR  51---66]  years).  Baseline  characteristics
are  summarized  in  Table  1,  categorized  according  to  type  of
HF.  Most  patients  had  persistent  or  long-standing  persistent
AF  (71%).  After the  exclusion  of  alternative  causes  for  HF,
seventy  patients  were suspected  of  having  TIC (half  of them
underwent  CMR).  Most  patients  were  in NYHA  functional
class  II,  while  one-third  were  in class III.  Mean  LVEF  was  37%,
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Table  1  Baseline  characteristics  of  the  study  population.

All  patients  (n=100)  LVEF  ≤40%  (n=60)  LVEF  41---49%  (n=40)  p

Age,  years 60  (51---66) 59  (51---67)  60  (49---65)  0.381

Male, n  (%)  79  (79.0)  50  (83.3)  29  (72.5)  0.193

Body mass  index  (kg/m2) 28.0±3.3  27.7±3.1  28.5±3.6  0.237

CHA2DS2VASc  score  2.1±1.1  2.1±1.0  2.1±1.3  0.815

HAS-BLED score  1.2±0.9  1.3±0.9  1.1±1.0  0.311

AF pattern,  n  (%)

Persistent  58  (58.0)  39  (65.0)  19  (47.5)  0.082

Paroxysmal 29  (29.0)  13  (21.7)  16  (40.0)  0.048

Long-standing persistent 13  (13.0)  8  (13.3)  5  (12.5)  0.903

Time since  AF  diagnosis,  months 29  (11---65) 35  (13---55)  28  (10---81)  0.325

Comorbidities,  n  (%)

Type  2  diabetes  19  (19.0)  13  (21.7)  6  (15.0)  0.405

Hyperlipidemia  42  (42.0)  26  (43.3)  16  (40.0)  0.741

Hypertension 61  (61.0)  37  (61.7)  24  (60.0)  0.867

Current smoking 12  (12.0)  5  (8.3)  7  (17.5)  0.143

Past smoking 15  (15.0) 12  (20.0)  3  (7.5)  0.086

Excessive alcohol  intake 15  (15.0)  11  (18.3)  4  (10.0)  0.253

Coronary artery  disease 7  (7.0) 7  (11.7)  0  0.025

Previous stroke 4  (4.0)  2  (3.3)  2  (5.0)  0.527

Obstructive sleep  apnea 17  (17.0) 9  (15.0)  8  (20.0)  0.514

Obesity (BMI  >30  kg/m2) 21  (21.0) 9  (14.8) 12  (30.0)  0.071

Chronic kidney  disease 10  (10.0) 5  (8.3) 5  (12.5) 0.496

Hyperthyroidism  8  (8.0) 4  (6.7) 4  (10.0)  0.547

Hypothyroidism  11  (11.0) 7  (11.7) 4  (10.0) 0.794

HF etiology,  n  (%)

TIC 70  (70.0)  43  (71.7)  27  (67.5)  0.656

Valvular heart  disease  8  (8.0)  3  (5.0)  5  (12.5)  0.164

Congenital heart  disease  5  (5.0)  2  (3.3)  3  (7.5)  0.314

Ischemic cardiomyopathy  5  (5.0)  5  (8.3)  0  0.073

Dilated cardiomyopathy  5  (5.0)  5  (8.3)  0  0.073

Hypertrophic  cardiomyopathy  4  (4.0)  1  (1.7)  3  (7.5)  0.174

LVNC cardiomyopathy  2  (2.0)  0  2  (5.0)  0.158

Myocarditis 1  (1.0)  1  (1.7)  0  0.600

NYHA class,  n  (%)

I 17  (17.0)  5  (8.3)  12  (30.0)  0.005

II 50  (50.0)  29  (48.3)  21  (52.5)  0.683

III 32  (32.0)  25  (41.7)  7  (17.5)  0.011

IV 1  (1.0)  1  (1.7)  0  0.600

Device, n  (%)

CRT  9  (9.0)  7  (11.7)  2  (5.0)  0.220

ICD 6  (6.0)  4  (6.7)  2  (5.0)  0.544

Pacemaker 3  (3.0)  2  (3.3)  1  (2.5)  0.649

Biochemistry parameters

Hemoglobin  (g/dl)  14.1±1.6  14.3±1.3  13.8±1.8  0.150

Creatinine (mg/dl)  0.84  (0.74---1.10)  0.85  (0.78---1.10)  0.81  (0.72---0.99)  0.113

GFR (ml/min)  99.8±38.4  97.3±38.0  103.8±39.3  0.456

CRP (mg/dl)  0.23  (0.10---0.41)  0.18  (0.09---0.36)  0.32  (0.11---0.49)  0.100

hs-TnI (ng/l) 4.4  (2.6---10.0)  4.4  (2.6---10.8)  4.4  (2.0---8.6)  0.559

BNP (pg/ml) 133.0  (53.5---392.0) 156.5  (50.5---450.5)  118.5  (85.2---391.5)  0.969

TSH (�IU/ml) 1.75  (1.10---3.10)  1.70  (1.15---2.85)  2.10  (1.10---3.50)  0.585

Thyroxine (T4)  (ng/l)  1.05  (0.90---1.20)  1.04  (0.95---1.20)  1.08  (0.90---1.19)  0.993

QRS duration,  ms 116±26  116±26  115±26  0.832

AF: atrial fibrillation; BMI: body mass index; BNP: brain-type natriuretic peptide; CRP: high-sensitivity C-reactive protein; CRT: cardiac
resynchronization therapy; GFR: glomerular filtration rate; hs-TnI: high-sensitivity troponin I; ICD: implantable cardioverter-defibrillator;
LVNC: left ventricular noncompaction; NYHA: New York Heart Association; TIC: tachycardia-induced cardiomyopathy; TSH: thyroid-
stimulating hormone.
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Table  2  Echocardiographic  variables.

All  patients  (n=100)  LVEF  ≤40%  (n=60)  LVEF  41---49%  (n=40)  p

LVEF,  % 36  ± 9 30  ± 7  46  ± 2  <0.001

LVEDD, mm  56  ± 6 58  ± 6  53  ± 4  <0.001

LA volume,  ml/m2 45  ± 13  47  ± 15  44  ± 10  0.374

LA: left atrial; LVEDD: left ventricular end-diastolic diameter; LVEF: left ventricular ejection fraction.

Table  3  Procedural  characteristics.

All  patients  (n=100)  LVEF  ≤40%  (n=60)  LVEF  41---49%  (n=40)  p

Rhythm  at  beginning  of

procedure,  n  (%)

0.744

Sinus rhythm  53  (53.0)  31  (51.7)  22  (55.0)

Atrial fibrillation  47  (47.0)  29  (48.3)  18  (45.0)

Ablation  energy,  n  (%)  0.361

RF catheter  ablation  90  (90.0)  55  (91.7)  37  (87.5)

Cryoballoon  ablation 10  (10.0)  5 (8.3)  5 (12.5)

PVI only,  n  (%)  39  (39.0)  22  (36.7)  17  (42.5)  0.558

CTI line,  n  (%)  50  (50.0)  33  (55.0)  17  (42.5)  0.221

Lines other  than  CTI  or

low-voltage  homogenization,

n (%)

61  (61.0)  37  (61.7)  24  (60.0)  0.998

CTI: cavotricuspid isthmus; LVEF: left ventricular ejection fraction; PVI: pulmonary vein isolation; RF: radiofrequency.

with  60%  of  patients  presenting  LVEF ≤40%  (Table  2).  Most
patients  (71%)  were  on  AADs,  of which  amiodarone  was  the
most commonly  used (Supplementary  Table  S1).

Heart  failure  with  reduced  ejection  fraction  vs.

heart failure  with  mildly  reduced  ejection  fraction

Baseline  characteristics  were  similar  between  these  groups
(Table  1). Patients  with  HFrEF  presented  a  lower  preva-
lence  of  paroxysmal  AF  (21.7  vs.  40.0%,  p=0.048)  and less
frequent  history  of  coronary  artery disease  (11.7  vs.  0%,
p=0.025),  while  having  more  severe  symptoms  (NYHA  III)
(41.7  vs.  17.5,  p=0.011).  There  were  no  significant  dif-
ferences  between  groups  in brain-type  natriuretic  peptide
levels  (156.5  [50.5---450.5]  vs.  118.5  [(85.2---391.5]  pg/ml,
p=0.969).  Patients  with  LVEF  ≤40%  had  greater  LVEDD  (58±6
vs.  53±4  mm,  p<0.001)  but  similar  LA  volume  (47±15  vs.
44±10  ml/m2,  p=0.37)  compared  to  patients  with  HFmrEF
(Table  2).

Procedural  details  and  complications

Table  3  provides  an  overview  of  the  procedural  details.
Although  71% of  the  patients  had  previously  undergone  elec-
trical  cardioversion  (those  with  persistent  or  long-standing
persistent  AF),  only  53%  were  in sinus  rhythm  at  the begin-
ning  of  the  procedure.  Most  patients  (90%)  underwent
RF-guided  ablation  and  61%  underwent  additional  ablation
besides  PVI. At  the end  of  the procedure,  75%  of patients

were  in sinus  rhythm,  the  remainder  requiring  electrical
cardioversion.

Most  patients  were  discharged  under AADs  (51%),
mainly  amiodarone  (28%),  followed  by  flecainide  (18%),
propafenone  (4%),  and sotalol  (1%).  Medication  for  HF is
detailed  in Supplementary  Table S2.

Improvement  after  catheter  ablation  of atrial

fibrillation

After  a median  follow-up  of  12  (IQR 7---18)  months,  there
was  a  significant  improvement  in LVEF  (36±10 vs.  53±10%,
p<0.001),  with  82%  of  patients  meeting  the criteria  for
responders.  The  mean  absolute  increase  in LVEF  from
baseline  to  the  subsequent  re-evaluation  was  17±13%.  A
suspected  diagnosis  of  TIC  was  associated  with  a  substan-
tial  increase  in LVEF  compared  to  patients  with  other  HF
etiologies  (21±12%  vs.  9±12%,  p<0.001).  Patients  without
new  episodes  of  atrial  arrhythmia  exhibited  a significant
improvement  in LVEF  compared  to  those  who  experienced
recurrences  during  the  follow-up  period  (22±13  vs.  14±10%,
p=0.038).

The  predictors  of LVEF  improvement  following  AF
catheter  ablation  are detailed  in Table  4.  Multivari-
ate  analysis  revealed  that  a  suspected  diagnosis  of  TIC
rather  than  another  HF  etiology  (OR  4.916  [95%  CI
1.166---20.732],  p=0.030),  shorter  QRS  duration  (OR  0.969
[95%  CI  0.945---0.994],  p=0.015)  and  smaller  LVEDD  (OR  0.893
[95%  CI  0.799---0.999],  p=0.049)  were associated  with  LVEF
improvement.
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Table  4  Univariate  and  multivariate  predictors  of  left  ventricular  ejection  fraction  improvement  after  atrial  fibrillation

ablation.

Univariate  model  Multivariate  model

OR  (95%  CI) p  OR  (95%  CI) p

Age  1.026  (0.982---1.072)  0.248

Male gender  3.630  (0.439---30.004)  0.232

BMI 1.020  (0.854---1.218)  0.827

CHA2DS2VASc  score  1.346  (0.791---2.291)  0.274

HAS-BLED  score 1.196  (0.632---2.263) 0.582

AF pattern

Persistent 0.461  (0.133---1.592) 0.221

Paroxysmal 0.990  (0.279---3.507) 0.988

Long-standing

persistent

0.978 (0.854---1.621)  0.982

Time since  AF

diagnosis

0.997  (0.986---1.008)  0.621

Comorbidities

Type 2  diabetes  1.538  (0.422---5.612)  0.514

Hyperlipidemia  0.519  (0.150---1.799)  0.301

Hypertension 0.664  (0.215---2.052)  0.477

Current smoking  0.992  (0.191---5.140)  0.992

Past smoking  0.992  (0.191---5.140)  0.992

Excessive alcohol

intake

1.009  (0.195---5.229)  0.992

Coronary artery

disease

5.417  (0.975---30.090)  0.053

Previous stroke  0.365  (0.218---1.516)  0.281

Obstructive sleep

apnea

0.651  (0.131---3.246)  0.600

Obesity (BMI  >30

kg/m2)

4.308  (0.525---35.343) 0.174

Chronic kidney

disease

2.583  (0.566---11.782) 0.220

Hyperthyroidism  0.406  (0.067---2.455)  0.326

Hypothyroidism  0.271  (0.043---1.727)  0.167

TIC 7.639  (2.156---27.061)  0.002  4.916  (1.166---20.732)  0.030

NYHA class

I 0.690  (0.165---2.888)  0.611

II 1.886  (0.583---6.101)  0.290

III 0.623  (0.201---1.929)  0.412

IV 0.511  (0.148---1.322)  0.718

Device

CRT 0.250  (0.050---1.262)  0.093

ICD 0.406  (0.067---2.455)  0.326

Pacemaker 0.866  (0.335---3.124)  0.788

Biochemistry  parameters

Hemoglobin  1.188  (0.844---1.670)  0.323

Creatinine 0.784  (0.406---1.513)  0.468

GFR 1.009  (0.993---1.025)  0.274

CRP 0.573  (0.284---1.156)  0.120

hs-TnI 1.000  (0.998---1.003)  0.807

BNP 1.000  (1.000---1.000)  0.381

TSH 0.961  (0.828---1.114)  0.596

Thyroxine (T4)  0.546  (0.040---7.361)  0.648

QRS duration  0.961  (0.940---0.983)  0.001  0.969  (0.945---0.994)  0.015
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Table  4  (Continued)

Univariate  model  Multivariate  model

OR  (95%  CI)  p  OR (95%  CI)  p

Echocardiographic  variables

LVEF 1.009  (0.956---1.065) 0.755

LVEDD 0.906  (0.829---0.991) 0.031 0.893  (0.799---0.999) 0.049

LA volume 0.995  (0.941---1.053) 0.873

Procedural  characteristics

Rhythm  at beginning

of procedure

0.679  (0.321---1.462)  0.572

RF catheter  ablation  1.938  (0.338---11.101)  0.457

Cryoballoon  ablation  0.516  (0.090---2.954)  0.457

PVI only  0.566  (0.168---1.911)  0.359

CTI line  2.250  (0.695---7.281)  0.176

Lines (others  than  CTI)

or low-voltage

homogenization

0.429  (0.124---1.483)  0.181

AF: atrial fibrillation; BMI: body mass index; BNP: B-type natriuretic peptide; CI:  confidence interval; CRP: high-sensitivity C-reactive
protein; CRT: cardiac resynchronization therapy; CTI: cavotricuspid isthmus; GFR: glomerular filtration rate; hs-TnI: high-sensitivity
troponin I;  ICD: implantable cardioverter-defibrillator; LA: left atrial; LVEDD: left ventricular end-diastolic diameter; LVEF: left ventricular
ejection fraction; NYHA: New York Heart Association; OR: odds ratio; PVI: pulmonary vein isolation; RF: radiofrequency; TIC: tachycardia-
induced cardiomyopathy; TSH: thyroid-stimulating hormone.

Validation  of the  left  ventricular  ejection  fraction

recovery prediction  model

The  mean  score  derived  from  Bergonti  et  al.’s  predic-
tion  model18 was  1.98±1.78,  with  a  higher  score  being
significantly  associated  with  a lack  of  LVEF improvement
(3.75±1.39  in  non-responders  vs.  1.79±1.90  in responders
(p=0.004)).  Among subjects  with  a  score  ≤1, the  major-
ity  (82%)  were  responders.  In  our  study  population,  the
scoring  system  demonstrated  good  ability  to  discriminate
between  responders  and non-responders,  as  evidenced  by
an  area  under  the  curve (AUC)  of  0.814  (0.681---0.947,  95%
CI)  (Figure  1).

Effectiveness  and safety

After  a  median  follow-up  of  12  (IQR  7---18)  months  (Figure  2),
freedom  from  arrhythmia  recurrence  was observed  in 86%  of
the  patients  (64% under  AADs).  The  median  time  to recur-
rence  was  7.5  (6.0---9.0)  months.  There  was  no  statistically
significant  difference  in atrial  arrhythmia  recurrence  rate
between  patients  with  paroxysmal  vs.  persistent  or  long-
standing  persistent  AF  (11.3  vs.  20.7%,  p=0.293).  Among
those  in  whom  atrial  arrhythmia  recurred,  nine  patients
had  AF  (five  persistent  and  four  paroxysmal),  while  the
remainder  presented  atrial  tachycardia.  The  most  frequent
strategy  involved  consisted  of initiating  or  increasing  the
AAD  dose  (64.4%),  while  21.4%  of  them underwent  another
catheter  ablation  procedure.  No  predictors  of  recurrence
were  identified  (Supplementary  Table  S2).

There  were  only  two  reported  complications  (vascular
fistula  and  hematoma),  both  managed  conservatively.

Figure  1 Receiver  operating  characteristic  analysis  demon-

strating good  discriminative  power  between  responders  and

non-responders  with  Bergonti  et  al.’s  scoring  system18 (area

under the  curve  [AUC]  0.814,  95%  confidence  interval

0.681---0.947).

Discussion

To our  knowledge,  this  is  the  first  national  study  to  ana-
lyze  predictors  for LVEF  improvement  after AF ablation  in
patients  with  HF and impaired  LVEF.  Our  findings  suggest  that
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Figure  2  Freedom  from  atrial  fibrillation  over  time.  (A)  Recurrence  was  observed  in  14%  of  the  overall  cohort  at  12  months  of

follow-up; (B)  there  was  no significant  difference  in  recurrence  rate  between  patients  with  paroxysmal  vs.  persistent  or  long-standing

persistent AF  (11.3  vs.  20.7%,  p=0.293).  AF:  atrial  fibrillation.

(1) most  patients  recovered  LV function,  and  a  suspected
diagnosis  of  TIC,  shorter  QRS  duration,  and  smaller  LVEDD
were  independently  associated  with  LVEF improvement;  (2)
the  newly  proposed  scoring  system18 aiming to  predict  LVEF
recovery  after  AF  ablation  demonstrated  good discrimina-
tion  in  our  population;  (3)  the effectiveness  of  AF  ablation  in
this  subset  of  patients  persisted  over one year  of  follow-up,
with  a  low  rate  of  adverse  events.

Our  study  highlights  the beneficial  impact  of  AF  catheter
ablation  on LVEF  improvement  in patients  with  HF. Although
in  the  AMICA trial  no  difference  was  found  in outcomes
between  catheter  ablation  and  medical  treatment,8 sev-
eral  other  clinical  trials  supported  the  benefit  of catheter
ablation  in comparison  to  medical  therapy in patients  with
HF.6,7,9,20 Although  our  study  did not  set  out  to compare
these  two  strategies,  it was  notable  that  82%  of  the patients
who  underwent  catheter  ablation  were  responders  and  mean
LVEF  improved  by  17%  at one  year  of  follow-up,  despite
guideline-directed  medical  therapy.  This  improvement  may
be  attributed,  in part,  to  the higher  proportion  of patients
with  a  suspected  diagnosis  of  TIC,  leading  to  an increased
likelihood  of substantial  LVEF  recovery.11 On the other
hand,  it  may  also  be explained  by  the low  recurrence  rate
observed  in  our  cohort,  which  may  have  contributed  to  the
high  rate  of  responders.  In  the  CASTE-AF  trial, patients
undergoing  AF  ablation  spent  longer  in sinus  rhythm  and
therefore  had  a better  outcome  than  those  under  medical
therapy.6 In  animal  studies,  inducing  persistent  tachycar-
dia  through  continuous  rapid  atrial  or  ventricular  pacing
resulted  in  LV  systolic  dysfunction,  while  interrupting  pacing
promoted  LVEF  recovery.  Within  these  models,  impairment
of  excitation-contraction  coupling  and diastolic  function  can
be  attributed  to  factors  such  as subclinical  ischemia,  distur-
bances  in  energy  metabolism  and  mitochondrial  function,
oxidative  stress, and  abnormal  calcium  homeostasis.21,22

Additional  research is  needed to  elucidate  the mechanisms
underlying  both  impairment  and  restoration  of  systolic  func-
tion.

Identifying  patients  with  AF  and  HF who  may  benefit
from  catheter  ablation  is  of paramount  importance,  since
catheter  ablation  is  an  invasive  procedure  and  the degree
of  LVEF  improvement  varies  between  patients.  Recently,

Bergonti  et  al.  introduced  a novel  model18 with  several
parameters  (HF etiology,  QRS  duration,  AF  type,  and  LA
volume  index)  for  predicting  LV  systolic  function  recovery
following  AF  catheter  ablation  in patients  with  HF.  This
score  presented  a good  discriminative  value  in our  popu-
lation,  with  some of the variables  included  in the model
being  independent  predictors  of  LVEF  improvement,  includ-
ing  suspected  TIC or  shorter  QRS  duration.  As  previously
mentioned,  TIC was  associated  with  an  increased  likelihood
of  LVEF  improvement,11,21,22 probably  due  to a lesser  degree
of  fibrosis,23 which  has previously  been demonstrated  to  be
associated  with  LVEF  recovery.24---26 QRS  duration  was  also
associated  with  LVEF  improvement  in our  study. It is  well
known  that  a  wide  QRS  complex  is  associated  with  the  extent
of  myocardial  scar  in both  ischemic  and nonischemic  cardiac
disease,27 promoting  mechanical  dyssynchrony  in patients
with  HF.28 Hence,  a  wider  QRS  complex  might indicate  more
profound  and  enduring  structural  alterations  that  are  less
amenable  to  remodeling  after  AF  catheter  ablation.18 How-
ever,  in our  study  LA  volume  index  and persistent  AF  were
not  predictors  of LVEF  improvement,  while  LV diameter  was.
In  Bergonti  et  al.’s  study,  LV  dilatation  was  associated  with
LVEF  recovery,  but  only in  univariate  analysis.18 Similarly
to  our  findings,  Ukita  et al.  found  that  a smaller  LVEDD
predicted  LVEF  improvement  after AF  catheter  ablation.30

Compared  to  Bergonti  et  al.’  sample,18 our study  had  fewer
patients  with  severe  LA dilatation  (29%  vs.  72%) and fewer
with  persistent  AF  (71%  vs.  82%),  which  may  explain  the  lack
of  predictive  power  of  these  variables  in our study.  How-
ever,  it should  be borne  in mind  that  both  studies  included
a limited  sample  of  patients,  and  therefore  more  data  are
required  from  larger  multicenter  randomized  studies.

Our  study  presented  good  freedom  from  arrhythmia
recurrence  at one-year  follow-up,  despite  71%  of  the
patients  presenting  persistent  or  long-standing  persistent
AF,  which  is  usually  associated  with  greater  arrhythmia
recurrence.29,30 Several  factors  may  explain  our  results:  (1)
a  significant  percentage  of  patients  had  probable  TIC,  which
is  associated  with  better outcomes,  including  reverse  atrial
and  ventricular  remodeling4,10,22; (2)  a  tailored  approach
has  been  associated  with  high  medium-term  effectiveness
in  patients  with  persistent  AF12,31,32;  (3)  a  significant  pro-
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portion  of  responders,  who  normally  have  reverse  atrial
and  ventricular  remodeling  and therefore  present  a better
outcome33,34; and (4)  nearly  two-thirds  of  patients  were still
on  AADs  at  one-year  follow-up.  The  latter  probably  derives
from  the  concern  that  potential  AF  recurrence  could  lead
once  again  to  LVEF  deterioration  and  HF  symptoms.  Impor-
tantly,  even  in this  population  with  low  ejection  fraction,
catheter  ablation  was  a  safe  procedure  with  a  low rate  of
adverse  events,  in line  with  data  from  other  studies.35

Study  limitations

We  acknowledge  several  limitations  inherent  to our  work.
First,  this  was  a  single-center  study  and  therefore  our
results  cannot  be generalized  to  other  centers.  Although
the  sample  size  of  our  study  was  relatively  modest,  it was
similar  to that  of  other  studies  analyzing  predictors  of  LVEF
improvement.18,36 Larger  clinical  trials  are  required  to verify
our  results.  Second,  we  acknowledge  that  not  all  patients
underwent  CMR  and  therefore  we  might have  erroneously
categorized  some  subjects  as  having  a  suspected  diagnosis
of  TIC.  Third,  we  recognize  that allowing  patients  to  undergo
electrical  cardioversion  before  ablation  could  have affected
our  results.  The  goal  was  to  reduce  time  in AF, which  has
an  impact  on  AF  ablation  outcomes.37 Nevertheless,  since
echocardiographic  assessment  was  performed  on  the day
before  ablation,  the impact  of  this  measure  was  limited.
Fourth,  we  acknowledge  that arrhythmia  recurrence  was
underestimated  in our  study, since  our  assessment  relied
on  24-hour  and seven-day  Holter  monitoring.  However,  as
demonstrated  in CASTLE-AF,6 perhaps  more  important  than
the  arrhythmia  recurrence  rate  is  reduction  in arrhythmia
burden.  The  assessment  of  arrhythmia  burden  in our  study
was  limited,  since  only  17%  of  patients  had an implantable
device,  precluding  a  comprehensive  analysis.  Finally,  there
will  always  be  a  degree  of  intra-  and  interobserver  variability
in  LVEF  measurement.  Nonetheless,  LVEF  continues  to  be  the
primary  parameter  employed  to  assess  LV  systolic  function
in  clinical  settings,  providing  crucial  therapeutic  guidance
and  prognostic  insights  across  a range  of cardiac conditions,
including  AF.38

Conclusions

In  patients  with  impaired  LVEF  and HF, a suspected  diagnosis
of  TIC,  shorter  QRS  duration,  and smaller  LV  diameter  were
associated  with  LVEF  improvement  following  AF  catheter
ablation.
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