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Abstract

Introduction: Although decompensated heart failure (DHF) can complicate catheter ablation of atrial fibrillation (AF), its

incidence and risk factors have not been defined. We sought to investigate the incidence and risk factors for DHF in these

patients. Methods: In total, 1004 consecutive patients who underwent initial ablation for AF (age, 68 ± 10 years old; females,

346 [34%]; and persistent AF, 513 [51%]) were enrolled. Δheart rate, which was defined as heart rate after ablation minus

heart rate before ablation, were calculated. DHF was defined as heart failure requiring medical therapy during post-procedure

hospitalization, or re-hospitalization due to heart failure < 90 days after the procedure. DHF was classified into early peri-

procedual DHF, which occurring within 2 days after the procedure, and late peri-procedual DHF, which occurring [?] 3 days

after the procedure. Results: The incidence of DHF was 32/1004 (3%) patients. Patients with DHF had a higher prevalence

of a past history of symptomatic heart failure (17/32 [53%] versus 154/972 [16%], P < 0.01) and lower Δheart rate after the

procedure than those without (-16 ± 28 versus 2 ± 21 beats/min, P < 0.01). On multivariate analysis, lower Δheart rate was

a significant independent predictor of early peri-procedual DHF, while early recurrence of AF was a significant independent

predictor of late peri-procedual DHF. Conclusion: In patients with AF, lower Δheart rate was an independent predictor of

early peri-procedual DHF, and early recurrence of AF was an independent predictor of late peri-procedual DHF.
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Abstract (244 words)

Introduction: Although decompensated heart failure (DHF) can complicate catheter ablation of atrial
fibrillation (AF), its incidence and risk factors have not been defined. We sought to investigate the incidence
and risk factors for DHF in these patients.

Methods: In total, 1004 consecutive patients who underwent initial ablation for AF (age, 68 ± 10 years
old; females, 346 [34%]; and persistent AF, 513 [51%]) were enrolled. Δheart rate, which was defined as
heart rate after ablation minus heart rate before ablation, were calculated. DHF was defined as heart failure
requiring medical therapy during post-procedure hospitalization, or re-hospitalization due to heart failure <
90 days after the procedure. DHF was classified into early peri-procedual DHF, which occurring within 2
days after the procedure, and late peri-procedual DHF, which occurring [?] 3 days after the procedure.

Results: The incidence of DHF was 32/1004 (3%) patients. Patients with DHF had a higher prevalence of
a past history of symptomatic heart failure (17/32 [53%] versus 154/972 [16%],P < 0.01) and lower Δheart
rate after the procedure than those without (-16 ± 28 versus 2 ± 21 beats/min, P< 0.01). On multivariate
analysis, lower Δheart rate was a significant independent predictor of early peri-procedual DHF, while early
recurrence of AF was a significant independent predictor of late peri-procedual DHF.

Conclusion: In patients with AF, lower Δheart rate was an independent predictor of early peri-procedual
DHF, and early recurrence of AF was an independent predictor of late peri-procedual DHF.

Key words

Atrial fibrillation; Catheter ablation; Decompensated heart failure; Complications; Heart rate

Introduction

Catheter ablation is one of several well-established therapies for atrial fibrillation (AF),1 but is a complex
interventional procedure which is associated with a significant risk of complications.1 A previous study
showed an overall incidence of complications of 6.3%,2 and decompensated heart failure (DHF) can occur
after catheter ablation.3

There is a wide variety of risk factors for DHF, such as overhydration, tachycardia, bradycardia, and blood
pressure elevation.4 Irrigation fluid, sedation, and invasion may also cause DHF after catheter ablation.4 In
addition, cardiac output decreases in more than one-third of patients with cardioversion of AF, recovering
by degrees over four weeks.5 These factors are thought to induce DHF after the procedure, however, it is
not easy to identify whether DHF occurs after catheter ablation in the clinical setting.

Here, we investigated the incidence of and risk factors for DHF in patients undergoing AF ablation.

Methods

Patients

The data of a total of 1004 consecutive patients undergoing initial ablation for AF at our hospital from
December 2014 to December 2018 were retrospectively analyzed.

Exclusion criteria were age < 20 years and incomplete standard electrophysiological studies following pul-
monary vein (PV) isolation.

This study complied with the Declaration of Helsinki. Written informed consent for catheter ablation and the
use of data in this study was obtained from all patients, and the protocol was approved by our institutional
review board (Reference number 2001030).

Catheter ablation procedure
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. Electrophysiological studies and catheter ablation were performed by experienced operators under intra-
venous sedation with propofol or dexmedetomidine. Electroanatomical mapping system (Carto 3, [Biosense
Webster, Inc., Diamond Bar CA, USA]; Ensite NavX, [Abbott, Abbott Park IL, USA]; or Rhythmia, [Boston
Scientific, Boston MA, USA]) were used. Radiofrequency catheter ablation was performed in all cases from
October 2014 to March 2016. From March 2016 to December 2018 cryoballoon ablation was performed for
paroxysmal AF and for persistent AF in patients considered frail and at high risk of procedure-related com-
plications. Patients with common PVs or a large PV diameter underwent radiofrequency catheter ablation.
Five patients with paroxysmal AF underwent laser balloon ablation from July 2018 to September 2018.

In general, Ringer’s acetate was used as a peri-procedural infusion. Infusion volume before the procedure
was 0.45 L, infusion volume during the procedure was 0.1 L/h and infusion volume after the procedure was 1
L. Peri-procedural infusion was reduced or avoided if hydration was contraindicated, such as in hemodialysis
patients, or in other situations as per the operator’s judgment.

In radiofrequency catheter ablation, circumferential ablation around both ipsilateral PVs was performed
using an open-irrigated linear ablation catheter via a Swartz Braided SL0 Transseptal Guiding Introducer
Sheath (Abbott) or AGILIS NXT Steerable Introducer (Abbott). PV isolation was considered complete
when the 20-pole circular catheter no longer recorded any PV potentials.

In cryoballoon ablation, an Arctic Front Advance cryoballoon catheter with a 28-mm balloon size (Medtronic,
Inc., Minneapolis MN, USA) was passed into each PV under guidance by fluoroscopy and/or a electroanatom-
ical mapping system. After confirming PV occlusion by pulmonary venography, cryoablation commenced
and was usually continued for 180 seconds. If left atrium-PV conduction persisted after cryoballoon abla-
tion, an additional touch-up ablation was performed using an open-irrigated linear ablation catheter with a
3.5-mm tip.

Additional ablation was also performed for any AF triggers originating from non-PV foci induced by iso-
proterenol infusion, and for spontaneous atrial flutter or atrial tachycardia induced by atrial burst stimuli.
Empirical ablation, such as left atrial linear ablation, complex fractionated atrial electrogram ablation, or
low-voltage-area (LVA) ablation was also performed according to the operator’s judgment.

Following PV isolation, voltage mapping was performed using a multi-electrode mapping catheter or bipolar
3.5-mm tip catheter during sinus rhythm or with pacing from the right atrium. The presence of LVAs was
defined as areas with voltage < 0.5 mV covering [?] 5 cm2 across the total surface area of the left atrium.

Thermocool SmartTouch (Biosense Webster), Thermocool SmartTouch SF (Biosense Webster), NAVISTAR
Thermocool (Biosense Webster), Thermocool SF (Biosense Webster), CELSIUS (Biosense Webster), Tac-
tiCath SE (Abbott), or FlexAbility (Abbott) were used for open-irrigated linear ablation catheters. RF
energy was applied for 30 s at each site using a maximum temperature of 42°C and maximum power of 35
W. An irrigation flow rate of 17 mL/min was used with Thermocool SmartTouch, NAVISTAR Thermocool,
or TactiCath SE catheters; 8 mL/min was used with the other catheters.

Followup

DHF was defined as heart failure requiring medical therapy during post-procedure hospitalization, or that
required re-hospitalization < 90 days after the procedure. DHF was classified into early peri-procedural DHF
and late peri-procedural DHF; namely, early peri-procedural DHF was defined as occurring within 2 days
after the procedure and late peri-procedural DHF as occurring [?] 3 days after the procedure.

Long-term rhythm outcomes after catheter ablation were followed for 2 years. late phase DHF requiring
re-hospitalization in this 2-year period was also assessed.

A 12-lead ECG and blood tests were performed one day before the procedure. In accordance with Japanese
guidelines, we set cutoff values for brain natriuretic peptide (BNP) and N-terminal pro-BNP of 100 ng/L
and 400 ng/L, respectively.4 After the procedure, a 12-lead ECG was performed one day after the procedure,
and Δheart rate, which was defined as heart rate after ablation minus heart rate before ablation, were
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. calculated. ECG monitoring, peripheral oxyhemoglobin saturation monitoring, and observations by nurses
were performed for at least 2 days after the procedure. In general, ECGs and chest X-rays were also performed
when DHF occurred. If heart rate could not be measured, pulse rate was measured and substituted for heart
rate.

Followup after discharge was performed as a part of routine visits, usually conducted at 1, 3, 6, 9, 12, 18,
and 24 months after the procedure. Each routine visit included a 12-lead ECG. In addition, 24-hour Holter
electrocardiography was performed 6 months after the procedure.

Early recurrence of AF was defined as atrial tachyarrhythmias detected by 12-lead ECG or atrial tach-
yarrhythmias lasting > 30 seconds detected by ECG monitoring or 24-hour Holter monitoring at < 90 days
after the procedure. If early recurrence of AF occurred, antiarrhythmic drugs were generally used. Electrical
cardioversion was performed according to the chief doctor’s judgment.

AF recurrence was defined as atrial tachyarrhythmias detected by 12-lead ECG or atrial tachyarrhythmias
lasting > 30 seconds detected by 24-hour Holter electrocardiography [?] 90 days after the procedure.

Statistical methods

Categorical data are presented as absolute values and percentages, and continuous data as mean ± stan-
dard deviation or median (1st–3rd quartile). Tests for significance were conducted using the chi-squared
test for categorical variables and the unpaired t -test or Mann-Whitney U -test for continuous variables.
Univariate and multivariate Cox proportional hazards regression analyses were used to determine clinical
factors associated with the DHF. Variables with aP value [?] 0.05 in the univariate models were included
in the multivariate analysis. Kaplan-Meier analysis, log-rank test, and Cox proportional hazards regression
analyses were used to investigate the association between the AF recurrence or late phase DHF requiring
re-hospitalization and DHF.

All analyses were performed using commercial software (SPSS version 25, SPSS, Inc., Chicago IL, USA).

Results

Patient and procedural characteristics

PV isolation was successfully completed in all 1004 cases, using Carto 3 in 822 (82%), Ensite NavX in 159
(16%) and Rhythmia in 23 (2%). Patient characteristics are shown in Table 1. Procedural characteristics
between patients with and without DHF are shown in Supplementary Table 1.

DHF

DHF occurred in 32/1004 (3%) cases. Ten (31%) cases developed early recurrence of AF before DHF. For
management of early recurrence of AF, antiarrhythmic agents were used in 8 cases and electrical cardioversion
were performed in 3 cases. A representative case of DHF is shown in Figure 1. The time course and heart
rate from the procedure to DHF are shown in Figure 2, and the details of patients with DHF are shown in
Supplementary Table 2.

There were different etiologies of heart failure. Patients with late peri-procedural DHF had a higher preva-
lence of valvular heart disease than those with early peri-procedural DHF (4 [40%] versus 2 [9%], P = 0.04).
There was no difference in other presumed etiologies of heart failure, clinical scenarios, Nohria-Stevenson
classification, or management of DHF between early peri-procedural DHF and late peri-procedural DHF.

Predictors of overall DHF are shown in Supplementary Table 3. Lower Δheart rate after the procedure and
early recurrence of AF were independent predictors of DHF on multivariate analysis.

Early peri-procedural DHF occurred in 22 (2%) patients. Patients with early peri-procedural DHF had a
higher prevalence of persistent AF, past history of symptomatic heart failure, diuretic usage, elevated BNP
or N-terminal pro-BNP, and LVAs than those without early peri-procedural DHF. In addition, patients
with early peri-procedural DHF had a higher New York Heart Association class, higher left atrial diameter,

4
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. lower left ventricular ejection fraction, and lower Δheart rate than those without early peri-procedural DHF.
Lower Δheart rate was also an independent predictor of early peri-procedural DHF in multivariate analysis
(Table 2). Four (18%) patients needed intensive care; however, no mechanical ventilation with endotracheal
intubation for respiratory failure was needed. Two (9%) patients needed temporary cardiac pacing for
bradycardia. Duration of hospitalization after early peri-procedural DHF was 3 (1–9) days, and all patients
were discharged from the hospital. Median New York Heart Association class at discharge was 1 (range,
1–1).

Late peri-procedural DHF occurred in 10 (1%) of patients. Patients with late HF had a higher prevalence
of early recurrence of AF, past history of symptomatic heart failure, diuretics usage, and LVAs than those
without late peri-procedural DHF. In addition, patients with late peri-procedural DHF had a higher New
York Heart Association class, higher CHA2DS2-VASc score, and lower left ventricular ejection fraction than
those without late peri-procedural DHF. Early recurrence of AF was also an independent predictor of late
peri-procedural DHF in multivariate analysis (Table 3). Two (20%) patients needed intensive care; however,
no mechanical ventilation with endotracheal intubation or temporary cardiac pacing was needed. Duration
of hospitalization after late peri-procedural DHF was 8 (2–27) days. One patient died due to progression
of dilated cardiomyopathy; the other patients were discharged from the hospital. Median New York Heart
Association class at discharge was 1 (range, 1–2).

Δηεαρτ ρατε ανδ ΔΗΦ

Δheart rate was an independent predictor of early peri-procedural DHF; therefore, subgroup analysis of
Δheart rate was also performed. Persistent AF, past history of symptomatic heart failure, low left ventricular
ejection fraction, beta antagonist usage, and LVAs were significantly associated with lower Δheart rate
(Figure 3). In contrast, Δheart rate was similar between patients with AF duration < 1 year and those with
AF duration [?] 1 year (2 ± 22 versus -1 +- 19 beats/min, P = 0.17).

Impacts of peri-procedural DHF on long-term rhythm and cardiac outcomes.

During the 2-year study period, 277 (28%) cases developed AF recurrence. Freedom from AF recurrence
was similar between patients with and without DHF (hazard ratio 1.2, 95% confidence interval 0.7–2.3, p =
0.50).

Seventeen (2%) cases developed late phase DHF requiring re-hospitalization during the 2-year study period.
Freedom from late phase DHF requiring re-hospitalization was significantly lower in patients with DHF than
those without DHF (hazard ratio 11, 95% confidence interval 3.6–34, p < 0.01) (Figure 4).

Discussion

In this retrospective study of 1004 patients undergoing initial AF ablation, we found that DHF which
needed medical therapy during post-ablation hospitalization or re-hospitalization < 90 days after the ablation
occurred in 32 (3%) patients. DHF frequently occurred in the first 48 hours after the procedure. Independent
predictors of DHF were lower Δheart rate and early recurrence of AF. In particular, lower Δheart rate was
an independent predictor of early peri-procedural DHF, which occurred within 2 days after the procedure,
and early recurrence of AF was an independent predictor of late peri-procedural DHF, which occurred [?] 3
days after the procedure. Freedom from AF recurrence was similar between patients with and without DHF.
In contrast, freedom from late phase DHF requiring re-hospitalization was significantly lower in patients
with DHF than without DHF.

Early peri-procedural DHF

In this study, DHF occurred in 3% of patients. Previous studies showed a 3% incidence of pulmonary
edema after electrical cardioversion,6 and showed that 20–26% of patients undergoing AF ablation suffered
symptoms of heart failure within 30 days after the procedure.7,8

In our study, Δheart rate was an independent predictor of early peri-procedural DHF. Either high heart rate
before the procedure or decrease in heart rate after the procedure was associated with DHF.
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. Although preprocedure tachycardia is a recognized independent prognostic risk factor for heart failure,9 an
increase in heart rate with increasing severity of heart failure is considered to be a compensatory response to
the reduced cardiac reserve via activation of sympathetic activity.10,11 In addition, some AF patients develop
tachycardia-induced cardiomyopathy.12In tachycardia-induced cardiomyopathy patients, it takes 4–6 weeks
after sinus conversion to improve left ventricular ejection fraction.13 In these patients, low Δheart rate might
induce DHF.

Decrease in heart rate can occur after the procedure. In general, heart rate is higher in patients with AF than
in those with sinus rhythm,14 and sinus node dysfunction frequently occurs in patients with AF.15 Sedation
during the procedure also results in a decrease in heart rate.16 These factors lead to DHF immediately after
ablation, that is, early peri-procedural DHF.

Late peri-procedural DHF

Our study showed that 9 (90%) patients developed early recurrence of AF before late peri-procedural DHF.
AF results in a rapid ventricular heart rate.17 In addition, loss of effective atrial contractile function occurs.17

These factors lead to a reduction in cardiac output, so AF is a risk factor for DHF.17 Our study also showed
early recurrence of AF was an independent predictor of DHF, especially of late peri-procedural DHF. A
previous study showed that 78% of early recurrence of AF occurred within 7 days after catheter ablation.18

It is thought that early recurrence of AF often occurs at some point and contributes to late peri-procedural
DHF.

DHF and late phase DHF requiring re-hospitalization

During the 2-year study period, freedom from late phase DHF requiring re-hospitalization was significantly
lower in patients with a DHF than in those without. Past history of hospitalization due to DHF predicts
cardiovascular death and re-hospitalization due to DHF. Once symptomatic heart failure occurs, the stage of
heart failure and underlying structural heart diseases has already progressed.4Diuretics and inotropic agents
often used for management of DHF can cause renal impairment and myocardial toxicity, and might lead to
late phase DHF requiring re-hospitalization in the long term.19,20 Careful treatment, lifestyle management,
and close followup of chronic heart failure will be needed in patients with DHF after ablation.

Clinical implications

Observation of Δheart rate and early recurrence of AF are simple and noninvasive, and prediction of DHF
after catheter ablation may be useful for safe peri-procedural management. If Δheart rate is low, close
observation of symptoms is needed in the early phase (within 2 days) after the procedure. Additionally,
quick management of early recurrence of AF, such as antiarrhythmic agents and electrical cardioversion, is
taken into consideration in the late phase ([?] 3 days) after the procedure.

Limitations

Several limitations of our study warrant mention. First, although ECG monitoring was performed for at
least two days after the procedure, we could not observe heart rate after discharge. Second, we were unable
to assess for mild DHF that did not require re-hospitalization, and the indication for re-hospitalization due
to DHF depended on the chief doctor’s judgment. Third, the infusion volume in the peri-procedural period
and ablation procedure might have varied, even though we attempted to standardize as far as possible.
Fourth, we could not fully eliminate confounding factors because this study was retrospective, and there
were therefore some differences in patient characteristics between patients with DHF and those without.
Finally, the number of cases of DHF was small, weakening the statistical analysis.

Conclusions

In patients with AF, DHF occurred in 3% of patients after catheter ablation. Heart rate decrease after
the procedure and early recurrence of AF were independent predictors of DHF after catheter ablation. In
particular, heart rate decrease after the procedure was an independent predictor of early peri-procedural
DHF and early recurrence of AF was an independent predictor of late peri-procedural DHF.

6
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Figure legendsFigure 1. Representative case of DHF after AF ablation In this patient, DHF occurred
12 hours after RFCA for persistent AF. Intensive care, diuretics, and nitrates were needed for management.
AF: atrial fibrillation, RFCA: radiofrequency catheter ablation, DHF: decompensated heart failureFigure 2.
Time course and heart rate from the procedure to DHF DHF occurred in 32 (3%) of all patients, and 10 (31%)
patients developed early recurrence of AF before DHF. AF: atrial fibrillation, DHF: decompensated heart
failureFigure 3. Subgroup analysis of Δheart rate Persistent AF, past history of symptomatic heart failure,
low LVEF, beta-blocker usage and low-voltage areas were significantly associated with lower Δheart rate
AF: atrial fibrillation, LVEF: left ventricular ejection fractionFigure 4. Freedom from AF recurrence and
late phase DHF requiring re-hospitalization in patients with and without DHF Freedom from AF recurrence
was similar between patients with and without DHF. In contrast, freedom from late phase DHF requiring
re-hospitalization was significantly lower in patients with DHF than in those without. AF: atrial fibrillation,
DHF: decompensated heart failure
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 69 year-old male

 Height: 170 cm, Body weight: 107 kg, Body mass index: 37 kg/m2

 Past history of symptomatic heart failure (−), Left ventricular ejection fraction: 49%

 Comorbidity: Chronic kidney disease, Diabetes, Dyslipidemia

 AF duration: Persistent AF lasting for 1 month

12 hours after the catheter ablationBefore the procedure After the procedure

DHF

・Nohria-Stevenson classification: B

・Early recurrence of AF(-)

・Management of DHF:

Diuretics and nitrates

Heart rate, beats/min

Blood pressure, mmHg

114

162/100

77

182/110

Heart rate, beats/min

Blood pressure, mmHg

Decrease in heart rate: 37 beats/min

Ablation procedure

PV isolation with RFCA +

Additional ablation -

Procedural time, min 83

Presumed Infusion volume, L

Before the procedure 0.450

During the procedure 0.356

Irrigation volume 0.218

After the procedure 1.0
AF Sinus rhythm
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20

(/min)

0 3 4

Time since ablation

5

(days)

140

1 2-1

Atrial fibrillation

Sinus rhythm

6 7 8 12

160

180

0

19 29 31 86

Early peri-procedural DHF Late peri-procedural DHF

Ablation

↓

40

20

0

-20

-40

-60

Δ
h
e

a
rt

ra
te

 (
b

e
a

ts
/m

in
)

n = 833 

Without With

P < 0.01

n = 171 n = 921

≥ 40% < 40%

n = 71 n = 652

Without With

n = 352 n = 798

Without With

n = 206n = 491

Paroxysmal 

AF

Persistent

AF

P < 0.01

n = 513 

Past history of 

symptomatic heart failure

LVEF Beta antagonist Low-voltage areasAF type

P < 0.01 P < 0.01 P < 0.01
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