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Abstract

Introduction: Catheter ablation of atrial fibrillation (AF) and/or atrial tachycardia (AT) in heart failure (HF) patients

provides improvement in symptoms cardiac function and survival. However, these procedures remain challenging with higher

recurrence and complication rates compared to patients with normal cardiac function. We aimed to compare outcomes of

AF/AT ablations guided by an ultra-high density mapping system between HF patients and controls. Methods and results:

Primary endpoint was the one-year recurrence rate of AF/AT. We retrospectively examined all Rhythmia-guided procedures

performed in Caen and Toulouse University Hospitals between 2015 and 2018 for AF/AT. Patients with reduced left ventricular

ejection fraction (LVEF) (i.e. <50%), or with preserved LVEF and signs/symptoms of HF were constituted the HF group

and were subsequently classified in two subgroups of HF patients with preserved (HFpEF) or reduced/mildly reduced (HFrEF)

LVEF. 246 patients were included, 135 in the HF group. At one-year, 71 patients had experienced AF/AT recurrences, with

no difference between HF group versus non-HF group (31.9 vs 25.2% respectively, p=0.262). AF/AT recurrence rates were

not different between HFpEF and HFrEF subgroups (37.1 vs 26.4% respectively, p=0.196). In multivariate analysis, patients

with mitral regurgitation (p=0.011), hypertrophic cardiomyopathy (p=0.011) and persistent AF (p=0.02) were at higher risk

of recurrence. AF/AT recurrence was not significantly associated with HF hospitalization (p=0.078) but HF status was the

only independent predictive factor of HF hospitalization (p=0.002). Patients in the HF group showed significant improvement

in both their NYHA class and LVEF than non-HF patients. After ablation procedures, while patients with HFrEF and HFpEF

showed similar NYHA class improvement, LVEF only improved in HFrEF patients. The rate of complications were comparable

in both groups. Conclusion: Clinical outcomes of AF/AT ablations guided by UHD mapping system appear similar in HF

and non-HF patients. During the follow-up period, patients with HF exhibit improvement of NYHA status and LVEF.
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ABSTRACT

Introduction: Catheter ablation of atrial fibrillation (AF) and/or atrial tachycardia (AT) in heart failure
(HF) patients provides improvement in symptoms cardiac function and survival. However, these procedures
remain challenging with higher recurrence and complication rates compared to patients with normal cardiac
function. We aimed to compare outcomes of AF/AT ablations guided by an ultra-high density mapping
system between HF patients and controls.

Methods and results: Primary endpoint was the one-year recurrence rate of AF/AT. We retrospectively
examined all Rhythmia-guided procedures performed in Caen and Toulouse University Hospitals between
2015 and 2018 for AF/AT. Patients with reduced left ventricular ejection fraction (LVEF) (i.e. <50%), or
with preserved LVEF and signs/symptoms of HF were constituted the HF group and were subsequently clas-
sified in two subgroups of HF patients with preserved (HFpEF) or reduced/mildly reduced (HFrEF) LVEF.
246 patients were included, 135 in the HF group. At one-year, 71 patients had experienced AF/AT recur-
rences, with no difference between HF group versus non-HF group (31.9 vs 25.2% respectively, p=0.262).
AF/AT recurrence rates were not different between HFpEF and HFrEF subgroups (37.1 vs 26.4% respec-
tively, p=0.196). In multivariate analysis, patients with mitral regurgitation (p=0.011), hypertrophic car-
diomyopathy (p=0.011) and persistent AF (p=0.02) were at higher risk of recurrence. AF/AT recurrence
was not significantly associated with HF hospitalization (p=0.078) but HF status was the only independent
predictive factor of HF hospitalization (p=0.002). Patients in the HF group showed significant improvement
in both their NYHA class and LVEF than non-HF patients. After ablation procedures, while patients with
HFrEF and HFpEF showed similar NYHA class improvement, LVEF only improved in HFrEF patients. The
rate of complications were comparable in both groups.

Conclusion: Clinical outcomes of AF/AT ablations guided by UHD mapping system appear similar in HF
and non-HF patients. During the follow-up period, patients with HF exhibit improvement of NYHA status
and LVEF.

Key Words: atrial arrhythmia, heart failure, catheter ablation, clinical outcomes, electroanatomic mapping
system

INTRODUCTION

Congestive heart failure (HF) and atrial fibrillation (AF), two major cardiovascular conditions, often coexist.
Patients with HF usually have chronically elevated filling pressures, that favour left atrial enlargement and
atrial arrhythmias, either AF or atrial tachycardia (AT) occurrence. Besides, AF worsens their functional
capacity and increases mortality, regardless of whether they have preserved or reduced left ventricular ejection
fraction (LVEF).1,2 Catheter ablation (CA) of AF in a setting of HF with reduced LVEF is safe, and has
proven effectiveness in improving functional status, quality of life, LVEF,3–5 and mortality.6 Data regarding
CA for AF in case of HF with preserved LVEF (HFpEF) are limited but encouraging. 7,8 AF and AT
often coexist as they shared risk factors and underlying substrate, especially in HF. Nevertheless, these
procedures can be challenging in HF patients, who are likely to experience more recurrences, and repeated
ablations than patients with normal cardiac function, despite the use of three-dimensional electroanatomic
(3D) mapping systems.7,9 The novel ultra-high-density (UHD) mapping system (Rhythmia, Boston Scientific,
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Inc., Marlborough, MA, USA) using a dedicated 64-pole mini-basket catheter (IntellaMap Orion, Boston
Scientific) has been now widely used, enabling rapid and accurate mapping with low signal/noise ratio
and limited need for additional manual editing. Several studies have reported the ability of this system
to elucidate complex arrhythmias. 10,11 However, data about clinical use of this UHD mapping system in
HF patients are scarce, and whether this UHD system could improve CA results, with no clear data on
safety in this particular population is unknown. The aim of our study was to assess clinical outcomes after
Rhythmia-guided ablation procedures of complex atrial arrhythmias in patients with clinical HF with and
without reduced LVEF, compared to patients normal LVEF and no HF.

METHODS

Study population

We conducted a retrospective study including every consecutive ablation procedure of AF or atrial tachycar-
dia (AT) using the Rhythmia system at both University Hospitals of Caen and Toulouse from August 2015 to
April 2018. We considered de novo and redo procedures, paroxysmal and persistent AF and AT. AT was de-
fined as organized atrial activity on 12 lead ECG and electrophysiological study demonstrating macro/micro
reentrant or focal mechanism. We excluded AT displaying ECG pattern of typical cavotricuspid dependant
atrial flutter.: Patients with reduced left ventricular ejection fraction (LVEF) (i.e. <50%), or with preserved
LVEF and signs/symptoms of HF and evidence for cardiac structural of functional abnormalities (elevated
filling pressures, natriuretic peptides) were designated the HF group, and the remaining patients constituted
the non-HF group.12 HF patients were divided into subgroups based on LVEF : reduced or mildly reduced
LVEF (HFrEF) if LVEF<50%, and HFpEF if LVEF[?]50%.

Radiofrequency ablation procedure

All procedures were performed according to standard of care and current guidelines. Patients were under
efficient stable oral anticoagulation for at least four weeks with no interruption prior to ablation. Contrast
cardiac computed tomography or transesophageal echocardiography was performed the day before the proce-
dure to rule out intracardiac thrombus. All patients underwent ablation under mild or deep assisted sedation
or general anaesthesia. After venous femoral access, intravenous heparin was infused targeting an activated
clotting time (ACT) >300 s. ACT was tested every 30 min, and additional heparin was applied if neces-
sary. Trans-septal puncture was performed by standard technique under fluoroscopy and transoesophageal
echocardiography guidance when needed. Electroanatomic mapping was completed using IntellaMap Orion.
Radiofrequency (RF) ablation was performed with standard 4-mm-tip irrigated catheter (Celsius Thermo-
cool, Biosense Webster; Blazer OI, Boston Scientific), magnetic irrigated catheters (IntellaNav OI, Boston
Scientific) or with contact force sensing irrigated catheters (Tacticath, St. Jude Medical). PVI was achieved
using a wide circular antral linear lesion. Additional lesion sets including linear lesions and ablation of
complex fractionated atrial electrograms for persistent AF procedures were performed at the physician’s
discretion. For AT, ablation targeted the critical isthmus or the area of focal origin.Pulmonary veins en-
trance and exit blocks, as well as bidirectional blocks for linear lesions were confirmed by conventional pacing
and/or activation mapping. After procedure completion, the patient was monitored in the recovery unit then
discharged 24 to 48 hours later after clinical examination, ECG and transthoracic echocardiography. .

Follow-up and data collection

All patients were scheduled for follow-up visit three months after the procedure and every six months with
clinical examination, AF/AT recurrences were documented either by electrocardiogram or Holter recordings.
Patients with recurrences after the blanking period of three months after procedure were considered for
repeated ablation. We collected clinical, electrocardiographic, echocardiographic, and procedural data from
medical files, or from patients’ cardiologist if they were no longer followed in our centers.

Clinical endpoints

The primary endpoint was one-year recurrence of AF/AT. Secondary endpoints were hospitalizations for HF
at one year, death of any cause, cardiovascular death, NYHA class and LVEF improvements.
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Statistical analysis

Categorical variables were expressed as numbers and percentages and compared using the Pearson Chi
square test or Fisher’s exact test as suitable. Continuous variables were expressed as mean +- standard
deviation if normally distributed otherwise as median (1st and 3rd quartiles) and compared using Student’s
t-test or non-parametric Mann-Whitney test as needed. Association between baseline characteristics and
the occurrence of clinical event was evaluated by univariate analysis. Variables with p value [?]0.20 in the
univariate analysis were introduced in the multivariate analysis using a binary logistic regression model with
Wald’s step-by-step method. Statistical significance was set at a two-tailed probability level of <0.05. All
analyses were performed using IBM SPSS Statistics for Windows version 23.0 (released 2015, IBM SPSS
Statistics for Windows, IBM Corp., Armonk, NY, USA).

Ethics

This retrospective study based on previous collected data complied with the Declaration of Helsinki and
French ethics guidelines. This study was approved by the regional ethics committee and the French committee
of informatics and civil liberties (CNIL, conformity agreement ndeg2204611). All patients provided written
informed consent for intervention and received a non-opposition letter, as requested by French authorities
for retrospective studies.

RESULTS

Baseline characteristics and procedural data

During the study period, 644 patients underwent AF/AT ablation procedures in our two centres, and 253
of them were performed with the Rhythmia system. Seven patients were lost to follow-up. Finally, 246
patients were included, 135 of them (54.9%) constituted the HF group (Figure 1). In the HF group, 62
patients had preserved LVEF (46.3%), and 72 (53.7%) had reduced LVEF. One patient was excluded from
subgroup analysis due to missing LVEF data.

The procedures were performed mostly in men (71.5%) with a median age of 64 years old (56-69). The clinical
characteristics are detailed in Table 1. As expected, patients in the HF group had more comorbidities and
were more symptomatic. Arrhythmias were also unequally distributed between the groups; AT and persistent
AF were more frequent in the HF group, whereas 20% of the patients in the non-HF group had paroxysmal
AF (p=0.005). The majority of the patients had already undergone a previous CA (59.3%) with no difference
between groups. Patients with HF had more frequent history of non-PVI and non cavo-tricuspid isthmus
ablation (p=0.04).

Procedures in the HF group were longer (p=0.01), with longer fluoroscopy duration (p<0.001), higher
fluoroscopy dose (p<0.001), more maps (p=0.017), and longer mapping time (p<0.001), compared to pro-
cedures in the non-HF group. Conversely, the number of recorded electrograms (p=0.714), the RF duration
(p=0.118), and the volume of infused serum (p=0.623) did not differ between the groups. A total of 285 ATs
were analysed, including those occurring during ablation of persistent AF. Most of them were macro-reentries
(58.9%) while the mechanism of 33 ATs remained undetermined (12.3%), with no difference between groups.

Primary endpoint

At one-year, 71 patients had experienced AF/AT recurrences after one or more procedures, with no difference
between the groups: 43/135 HF patients relapsed (31.9%) versus 28/111 control patients (25.2%), p=0.262.
The average rate of repeated ablation was 17.1% with a trend toward a greater number of procedures
performed in the HF group (1.2+-0.5 procedures vs 1.1+-0.4 respectively, p=0.065). Nevertheless, there was
also no difference in recurrence rates between HF and non-HF groups after the index procedure (44.4% vs
36% respectively, p=0.196). In multivariate analysis using Cox regression, the cumulative risk of AF/AT
recurrence was significantly higher in case of mitral regurgitation (Hazard ratio [HR]=2.38, 95% confidence
interval [CI] 1.22 to 4.69, p=0.011), hypertrophic cardiomyopathy (HR= 2.35, 95% CI 1.21 to 4.57, p=0.011)
and persistent AF (HR=1.89, 95% CI 1.11 to 3.22, p=0.02). AF/AT recurrence rates were not significantly
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different, considering the type of ablation catheter used (36% with contact force catheter versus 47% with
other catheter, p=0.277). About a quarter of the patients (62/246) had interrupted their antiarrhythmic
drug therapy at one-year regardless of HF status. One-year survival without AF/AT recurrence was not
modified by antiarrhythmic drug regimen, in both groups. Survival curves are represented by the Kaplan
Meier method in Figure 2. Primary and secondary outcomes are detailed in Table 2.

Secondary outcomes

Mortality

Three patients died during follow-up, all in the HF group. There was only one cardiovascular death resulting
from cardiogenic shock during pulmonary sepsis. The two remaining patients died from a biliary tract
cancer and from haemorrhagic complications of liver cirrhosis. Therefore one-year survival was 98.8% with
no difference between groups (p=0.254).

Heart failure hospitalization

As expected, more HF patients (19/135, 14.1%) were hospitalized for worsening of HF during follow-up than
controls (2/111, 1.8%), p<0.001 (Figure 2). If AF/AT recurrence tended only to increase the risk of HF
hospitalization (HR=2.71, 95% CI 0.90 to 8.20, p=0.078), HF status was the only independent predictive
factor in multivariate analysis (HR=10.2, 95% CI 2.29 to 10.43, p=0.002). Conversely, patients referred for
redux procedure were significantly less hospitalized for HF worsening, than patients with index procedure
(HR=0.32, 95% CI 0.12 to 0.82, p=0.018). Among HF patients, we did not find predictive factor associated
with hospitalization.

Functional status

At the end of follow-up, 69/135 HF patients experienced an improvement by one or more NYHA class (51.9%)
compared to 36 non-HF patients (34%), p=0.006. Among HF patients, AF/AT recurrence was negatively
associated with NYHA improvement (HR=0.42, 95% CI 0.19 to 0.91, p=0.028).

Cardiac function

At one-year after the index procedure, we observed an improvement in LVEF, by 5% or more, in 46.4% of the
HF patients and in 5.7% of the control patients (p<0.001). HF patients who experienced AF/AT recurrence
were less likely to improve their LVEF, but with no statistical difference (35.7% vs 51.8% respectively,
p=0.126). HF patients with paroxysmal AF were less likely to improve their LVEF (HR=0.08, 95% CI 0.01
to 0.79, p=0.030) than HF patients with AT or persistent AF.

HF Subgroup analysis

Patients with HFpEF and HFrEF were comparable in their baseline characteristics, comorbidities, symptoms,
previous ablations, medications, and echocardiography findings except LVEF. Baseline characteristics of
patients of the subgroup analysis are detailed in Table 3. AF/AT recurrence rates were not different whether
HF patients had preserved (37.1%) or reduced (26.4%) LVEF, p=0.196. However, patients in HFpEF
subgroup (35.6%) had more antiarrhythmic drug therapy discontinuation than HFrEF patients (15.9%),
p=0.014. At one-year, there was a greater proportion of LVEF improvement among patients with HFrEF
(40/72, 55.6%) compared to patients with HFpEF (18/62, 29%, p=0.002), whereas NYHA improvement was
not different between the subgroups (47.2% versus 54.8% respectively, p=0.49).

Complications

Fourteen complications occurred in 13 procedures with no difference between the groups: 8 procedures (5.3%)
in the HF group had complications versus 5 in the non-HF group (4.8%) (p=1.000), with no difference
whether LVEF was preserved or reduced. The types of complications were equally distributed between
groups: two tamponades in each group; three groin bleedings, two of them in the HF group; two other
vascular complications in each group, either femoral arteriovenous fistula or pseudoaneurysms; and three
strokes, all in the HF group (p=0.231). One HF patient experienced both femoral pseudoaneurysm and a
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stroke. There was no hemodynamic complication or congestive heart failure but patients of the HFrEF group
were more likely to need diuretics increase after ablation (p=0.013).

DISCUSSION

Our present study is the first to evaluate long-term clinical outcomes after AF/AT ablation procedures
guided by UHD mapping system, in patients with clinical HF, with either preserved or reduced LVEF. We
showed that recurrence rates after complex ablations were not lower in HF patients than in non-HF patients.
There was no difference in the mortality rates, whereas HF patients were more likely hospitalized for HF
worsening during follow-up. Nevertheless, as expected, CA was associated with greater NYHA and LVEF
improvements in HF patients compared to controls.

CA of complex atrial arrhythmias has been shown to be safe and able to improve prognosis of patients with
HF, particularly in cases with HFrEF. Nevertheless, those patients are at high risk of recurrence, and reported
rates varied from 27-73% after one procedure to 23-34% after repeated ablation on or off antiarrhythmic drug
therapy.4,7–9,13,14. Data are more limited in HFpEF patients, but they also seem to benefit from CA, despite
high recurrence rates.7,8,15 HF has been identified as an independent risk factor for AF/AT recurrence in
several reports that compared CA outcomes in patients with or without HF.7,9,14 These lower success rates in
HF could be related to different mechanisms: atrial enlargement and structural remodelling, due to chronic
high filling-pressures and/or mitral regurgitation, that favours perpetuation of AF and a higher proportion of
persistent AF; ischemia or the cardiomyopathy itself that can also alter atrial myocardium; but also patients’
frailty, that can prevent from long-lasting procedures’ completion. There were only few studies that directly
compared outcomes of CA of AF between HF and control patients. Chen et al reported a 27% rate of AF
recurrence in patients with systolic dysfunction after PVI achieved without 3D mapping, whereas patients
with normal cardiac function had only 13% of recurrence (p=0.03).9 Using a standard 3D mapping system,
Cha et al reported respectively 38%, 25% and 16% one-year recurrence in patients, whether they had systolic
dysfunction, diastolic dysfunction, or normal cardiac function.7 Furthermore, success rates of AF ablation
were previously reported lower in patients with LVEF<50% compared to patients with LVEF>50%.13Black-
Maier et al. recently published outcomes of CA of AF in both HFrEF and HFpEF patients with respectively
32.6% and 33.9% of recurrence (p=NS), but lower rates of repeated ablations than in our study.15 Our
present one-year recurrence rates were consistent with previous reports. Moreover, HF status was not a
predictive factor of AF/AT recurrence, as well as the alteration of LVEF among HF patients. Yang et al.
reported that patients with previous CA of AF would rather have AT than AF recurrence, depending on
the degree of atrial remodelling. Patients with more dilated atria and lower left atrial bipolar voltage were
likely to have AF recurrence suggesting that HF patients should preferably relapse in AF.16 It is important
to note that ATs were the most frequent arrhythmia in our study population in both groups. AF and AT
share the same precipitants and are often studied as interchangeable diagnosis, even an important proportion
of patients with AF would not experience AT and vice-versa. In the particular setting of HF patients, the
overlap between AF and AT is important and should justify to study these atrial arrhythmias together.17

In our study, the high proportion of AT was consistent with the high proportion of repeated procedures as
previous ablation can lead to additional atrial scar and subsequent complex ATs. In our study, the type of
arrhythmia was not predictive of recurrence. The UHD mapping system we used was already reported to be
able to improve comprehension and ablation success of complex post-AF ablation ATs.18,19

In our study, we identified mitral regurgitation, hypertrophic cardiomyopathy and persistent AF as predictive
factors of recurrences. A multicentre registry also highlighted higher recurrence rates in HF patients with
persistent AF compared to controls, whereas the results of CA for paroxysmal AF were not different between
HF patients and controls.14 Data about CA in this setting are scarce, but a systematic review has already
reported higher recurrence rates in patients with hypertrophic cardiomyopathy compared to controls and
with mitral regurgitation that amplifies and aggravates the atrial remodelling.20

The other important result of our present work is the beneficial effect of CA on both NYHA class and LVEF
in patients with HF. In patients with HFrEF, CA of persistent AF, using a 3D mapping system, was already
reported to improve LVEF, peak oxygen consumption, and Minnesota living with HF questionnaire score.4
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Another study reported better improvement in 6 minutes walking distance, Minnesota score and LVEF, after
PVI compared to atrioventricular node ablation combined with cardiac resynchronization.3 Moreover, the
CASTLE-AF trial, reported a decrease in a composite endpoint of mortality and hospitalization for HF in
the CA group compared to control group, in patients with HFrEF.6 Another study conducted in patients
with HFpEF, showed that only patients who maintained sinus rhythm had improvement in echographic
parameters.8 We also reported here, that AF/AT recurrence was associated with lower improvement in
functional status and LVEF. Black-Maier et al reported similar effect of CA on AF recurrence and NYHA
improvement in both HFrEF and HFpEF groups, as we did, but they did not include AT in their analysis.
They also showed a trend towards a greater improvement in NYHA class in patients with HFpEF that nearly
reached statistical significance.15 Likewise, our patients with HFrEF did not improve their NYHA class more
than HFpEF patients, despite a significant larger increase in LVEF.

Despite longer procedures with longer mapping duration in the HF group, there was no difference in fluid
intake and no acute HF, even in patients with reduced LVEF. Our present complications rates were similar
with those previously reported in HF patients or with this particular mapping system. The TRUE-HD
study, the largest prospective study assessing outcomes of this novel UHD mapping system, reported a 4%
complications rate. 21 We acknowledge that our patients did not present severely depressed LVEF, as the
median LVEF was 45% in the HF group. Nevertheless, they had associated comorbidities and were more
fragile than the non-HF patients. Acute HF events were not rare in patients with HFpEF (3.8%) and HFrEF
(6.2%) after CA of AF in a previous report using the same LVEF cut-off values.15

Limitations

Our study was retrospective, leading to possible confusion bias. Nevertheless, we included all consecutive
procedures in each group over the same period of time. The choice of the Rhythmia system to guide ablation
procedure was not randomized, and one could assume that our study population should be slightly different
if all procedures were considered, regardless of the mapping system used. LVEF was not determined by
a core-lab but was retrieved from medical files. We did not use a standardized arrhythmia recurrence
diagnostic protocol and patients with HFrEF had more implanted device allowing asymptomatic recurrence
documentation. Therefore, it would be important to address these biases and confirm our results in a
prospective manner. Conversely, our study population is probably representative of the real-life ablation
landscape in a setting of HF, with repeated ablations and recurrent ATs.

CONCLUSION

CA of complex atrial arrhythmias performed in patients with HF, either with preserved or reduced LVEF
and guided by an UHD system is associated with similar rates of AF/AT recurrence, and achieved greater
improvement in both NYHA class and LVEF, compared to non-HF patients. Outcomes of CA were similar
in HF patients with preserved or reduced LVEF. Larger studies should be conducted to address the potential
benefit of this novel mapping system in complex arrhythmias management in case of HF and the relative
benefit of CA and in the particular population of HFpEF patients.
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