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a b s t r a c t 

Background: Implantable cardioverter-defibrillator and cardiac resynchronization therapy using a defib- 

rillator (ICD/CRT-D) are established means of reducing mortality due to ventricular arrhythmia. Although

atrial fibrillation/flutter (AF) is the most common cardiac arrhythmia in patients with heart disease, the

impact of AF on the prognosis of patients with ICD/CRT-D remains controversial.

Methods and Results: We analyzed data from the Nippon Storm Study, a prospective observational study

of 1570 patients that was conducted at 48 Japanese ICD centers. We allocated 1549 participants to AF

and non-AF groups, compared their clinical data at the time of enrollment, and monitored the inci- 

dences of mortality, hospitalization, and appropriate and inappropriate ICD/CRT-D therapy during a me- 

dian 28 months. When the AF ( n = 257, 16.6%) and non-AF-( n = 1292, 83.4%) groups were compared, 

the AF group was older (67.7 vs . 61.4 years; p < 0.0 0 01), and had lower left ventricular ejection frac- 

tion (38.0 ± 17.0% vs. 43.5 ± 18.9%; p < 0.0 0 01). During follow up, mortality was significantly higher 

in the AF than the non-AF group ( p < 0.0 0 01). In multivariate analysis, AF was significantly associated

with all-cause mortality [ p = 0.013; hazard ratio (HR) = 1.62]. Inappropriate ICD/CRT-D therapy occurred 

in 40/257 patients (15.6%) and AF was associated with a higher prevalence of inappropriate ICD/CRT-D

therapy ( p < 0.0 0 01; HR = 2.25). 

Conclusion: The presence of AF at ICD/CRT-D implantation carries subsequent independent risks of 1.62-

fold for death and 2.25-fold for inappropriate therapy.

© 2021 Published by Elsevier Ltd on behalf of Japanese College of Cardiology.
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In general, the prevalence of atrial fibrillation/flutter (AF) in- 

reases with the severity of chronic heart failure and is associ- 

ted with further deterioration and higher mortality in patients 

ith heart failure (HF). Implantable cardiac shock devices, such as 

he implantable cardioverter-defibrillator (ICD) and cardiac resyn- 

hronization therapy with a defibrillator (CRT-D), are established 
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eans of reducing mortality due to ventricular arrhythmia in pa- 

ients with HF. However, AF, which is thought to be present in up 

o 20% of ICD patients [1] , limits the clinical usefulness of ICD, be-

ause it can provoke inappropriate shock therapies and cause a de- 

erioration in patient quality of life (QOL). 

The impact of AF on the prognosis of patients with ICD is con- 

roversial [ 2 , 3 ] and it remains unclear how AF influences the in-

idences of hospitalization due to HF, ventricular tachyarrhythmia, 

ortality due to arrhythmia, inappropriate ICD therapy, and hem- 

rrhage. Therefore, the aim of the present study was to provide 

urther information regarding the importance of AF in Japanese pa- 
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ients with ICD or CRT-D by the analysis of data from a cohort 

tudy (the Nippon Storm study) [4] . 

ethods 

articipants and study protocol 

We analyzed data from the Nippon Storm Study, which was 

 multi-center, prospective, observational study of 1570 patients 

n Japan who were being newly treated using ICD or CRT-D. This 

tudy demonstrated that the incidence of electrical storm (ES) 

as 6.6% (84 of 1570 patients) during a median follow-up period 

f 28 months. The details of the overall study design have been 

ublished previously [5] . Briefly, the study was organized by the 

apanese Heart Rhythm Society and the Japanese Society of Elec- 

rocardiology. Website registration of patients was conducted in 48 

apanese ICD centers and the Japanese Heart Rhythm Society col- 

ected data regarding the participants that were entered by their 

hysicians. According to the guidelines for implantation of an ICD, 

he indication and purpose of implantation was determined by the 

ttending cardiologist at each center. 

CD/CRT-D programming 

Each ICD or CRT-D was programmed at the physician’s dis- 

retion. Various discrimination algorithms, such as PR Logic and 

avelet (Medtronic, Minneapolis, MN, USA), Rhythm ID (Boston 

cientific, Marlborough, MA, USA), and Morphology Discrimination 

lus AV Rate Branch (St. Jude Medical, St. Paul, MN, USA), were 

sed. The ventricular fibrillation (VF) zone was defined as > 188 

o 200 bpm, with at least one train of anti-tachycardia pacing 

ATP) before the ICD-delivered shock; and the ventricular tachy- 

ardia (VT) zone was defined as > 140 to 160 bpm, with at least 

hree trains of ATP before the ICD-delivered shock; although modi- 

cations were permitted on the basis of each patient’s background. 

ollow up 

For comprehensive follow up, we constructed a new tracking 

ystem called “Chaser” that was intended to minimize the loss of 

ollow-up data. Data regarding both appropriate and inappropriate 

nterventions that were obtained from the ICD were sent at max- 

mum intervals of 6 months to the office of the Japanese Heart 

hythm Society via the dedicated study website. 

ata analysis 

Twenty-one patients were lost to follow up. We allocated the 

emaining 1549 participants to an AF group and a non-AF group, 

ccording to whether they had AF or not at the time of enrollment. 

The following baseline patient characteristics were assessed: 

ge, sex, underlying heart disease [for example, ischemic heart 

isease (IHD), non-ischemic dilated cardiomyopathy (DCM), hyper- 

rophic cardiomyopathy (HCM), or Brugada syndrome], left ventric- 

lar ejection fraction (LVEF), indication for ICD (primary or sec- 

ndary), and renal function (estimated glomerular filtration rate, 

GFR). The primary outcomes were the incidences of death, HF- 

elated hospitalization, inappropriate ICD therapy, and ICD shock. 

n inappropriate event was defined as the delivery of any inap- 

ropriate ICD or CRT-D therapy, including ATP or shock for sinus 

achycardia, AF, regular supraventricular tachycardia, or for non- 

rrhythmic events (such as detected noise, myopotentials, electro- 

agnetic interference, or T-wave over-sensing). Arrhythmic death 

as defined as the documentation of a life-threatening ventricular 

achyarrhythmia in a participant with an ICD immediately before 

eath, regardless of the therapy delivered by the ICD. Sudden death 
245
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as defined as unexpected death immediately after the onset of 

ymptoms, but in the absence of an electrogram recording during 

he event (for example if a patient with an ICD was cremated with- 

ut obtaining the data). The baseline characteristics of the partic- 

pants were evaluated and the Kaplan-Meier method was used to 

ompare the incidences of the listed clinical events between the 

wo groups. Multivariate Cox proportional hazards regression anal- 

sis was used to identify risk factors for AF. 

tatistical analysis 

Categorical data are presented as absolute counts and percent- 

ges, and continuous data as means ± standard deviations. When 

wo groups were compared, we used the χ2 test for categorical 

ariables and Student’s t -test for continuous variables. Cumulative 

vent rates (all-cause mortality, ES, hospitalization, appropriate de- 

ice therapy, and inappropriate device therapy) were analyzed us- 

ng the Kaplan-Meier method, and log-rank tests were used to 

est statistical hypotheses. The effect of AF on mortality was as- 

essed using a Cox regression model that was adjusted for AF, age, 

VEF, secondary or primary indication, and the use of beta-blockers 

nd/or a class Ⅲ antiarrhythmic drug, and hazard ratios (HRs) and 

5% confidence intervals (CIs) were calculated. 

esults 

aseline characteristics 

Data from 1549 patients who enrolled in the Nippon Storm 

tudy at 48 ICD centers in Japan were analyzed. The baseline 

haracteristics of these participants are summarized in Table 1 . 

omparisons of the AF group ( n = 257, 16.6%) and the non- 

F group ( n = 1292, 83.4%) showed that participants in the 

ormer were older (67.7 vs . 61.4 years; p < 0.0 0 01); and had

ore primary indications (54.1% vs. 45.8%; p = 0.003), lower 

VEF (38.0 ± 17.0% vs. 43.5 ± 18.9%; p < 0.0 0 01), lower eGFR 

51.7 ± 20.8 vs. 62.2 ± 26.6; p < 0.0 0 01), had more incidence of 

CM (30.4% vs 21.4%; p = 0.003), and more hypertension (47.5% vs 

7.7%; p = 0.004), hyperuricemia (17.9% vs 10.8%; p = 0.002), and 

erebral infarction (14.0% vs 5.3%; p < 0.0 0 01). Although there were 

o significant differences in the prevalence of other underlying 

tructural heart diseases between the two groups [AF group: IHD 

n 31.9% (82/257) and HCM in 14.8% (38/257) vs. non-AF group: 

HD in 31.3% (404/1292) and HCM in 12.6% (163/1310)], primary 

lectrical abnormalities (including long QT syndrome, Brugada syn- 

rome, and idiopathic ventricular fibrillation) were more frequent 

n the non-AF group [4.7% (12/257) vs. 18.3% (236/1292); p < 0.001]. 

ortality and cause of death 

During a median follow-up period of 28 months, the mortality 

ate of the AF group was significantly higher than that of the non- 

F group [41/257 (16.0%) vs. 103/1292 (8.0%), log-rank p < 0.0 0 01) 

 Fig. 1 ). In multivariate analysis that included AF, LVEF, age, sec- 

ndary prevention, and the use of a beta-blocker or class III anti- 

rrhythmic agent, AF was significantly associated with all-cause 

ortality ( p = 0.013; HR = 1.62) ( Table 2 ). The incidences of death

ue to HF or arrhythmia, and sudden death were significantly 

igher in the AF group than in the non-AF group [15/257 (5.8%) 

s. 30/1310 (2.3%); p = 0.005, 7/257 (2.7%) vs. 6/1292 (0.46%); 

 = 0.002; respectively]. However, the incidence of non-cardiac 

eath did not significantly differ between the two groups [19/257 

7.4%) in the AF group vs. 67/1292 (5.2%) in the non-AF group; 

 = 0.17] ( Table 3 ). The incidence of ES also did not significantly

iffer between the two groups [21/257 (8.2%) in the AF group vs. 

6/1292 (5.9%) in the non-AF group; p = 0.13] ( Fig. 2 a). 
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Table 1

Comparisons of the characteristics of the AF group ( n = 257, 16.6%) and the non-AF group 

( n = 1292, 83.4%). 

AF, atrial fibrillation; EF, ejection fraction; NYHA, New York Heart Association; CRT-D, cardiac

resynchronization therapy defibrillator; LQT, long QT; IVF, idiopathic ventricular fibrillation; OMI,

old myocardial infarction; IHD, ischemic heart disease; DCM, dilated cardiomyopathy; HCM, hyper- 

trophic cardiomyopathy; ARVC, arrhythmogenic right ventricular cardiomyopathy; PAD, peripheral

atrial disease; BNP, brain natriuretic peptide; Hb, hemoglobin; AAD, anti-arrhythmic drug.

AF group ( n = 257) Non-AF group ( n = 1292) p

Age (years) 67.7 ± 10.9 61.4 ± 14.6 < 0.0001

Male 215 (83.7%) 994 (76.9%) 0.0167

EF 38.0 ± 17.0 43.5 ± 18.9 < 0.0001

Primary prevention 139 (54.1%) 592 (45.8%) 0.016

No atrial lead 56 (21.8%) 145 (11.2%) < 0.0001

NYHA(n) Ⅰ (65) Ⅱ ()94 Ⅲ (86) Ⅳ (12) Ⅰ (572) Ⅱ (398) Ⅲ (282) Ⅳ (40)

NYHA Ⅲ + Ⅳ 98(38.1%) 322(24.9%) < 0.0001

CRT-D 115 (44.7%) 391 (30.2%) < 0.0001

LQT + Brugada + IVF 12 (4.7%) 236 (18.3%) < 0.0001

OMI + IHD 82 (31.9%) 404 (31.3%) 0.88

DCM 78 (30.4%) 276 (21.4%) 0.003

HCM 38 (14.8%) 163 (12.6%) 0.36

ARVC 2 (0.8%) 26 (2.0%) 0.14

Cardiac sarcoidosis 0 61 (4.7%) < 0.0001

Hypertension 122(47.5%) 487(37.7%) 0.004

Diabetes 82(31.9%) 313(24.2%) 0.11

Dyslipidemia 53(20.6%) 370(28.6%) 0.009

PAD 5(2.0%) 27(2.1%) 1.00

Hyperuricemia 46(17.9%) 140(10.8%) 0.002

Cerebral infarction 36(14.0%) 69(5.3%) < 0.0001

Cerebral hemorrhage 3(1.17%) 14(1.08%) 0.90

Heart Rate (bpm) 69.9 ± 18.6 65.4 ± 13.3 < 0.0001

QRS width 130.3 ± 35.4 126.1 ± 35.4 0.08

QT interval 434.4 ± 61.4 441.9 ± 108.9 0.28

BNP 522.0 ± 572.8 425.3 ± 764.0 0.07

Hb 13.0 ± 2.1 13.9 ± 25.6 0.59

Cr 1.39 ±1.24 1.27 ±1.53 0.26

eGFR 51.7 ± 20.8 62.2 ± 26.6 < 0.0001

Class Ⅲ AAD 115 (44.8%) 452 (35.0%) 0.004

β-blocker 162 (63.0%) 713 (55.2%) 0.02

Fig 1. Kaplan-Meier curves for all-cause mortality in participants in the non-AF and

AF groups.

Log rank test: p < 0.0 0 01. Red: non-AF group; blue: AF group.

AF, atrial fibrillation.
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Table 2

Hazard ratios for all-cause mortality associated with clinical variables.

AF, atrial fibrillation; EF, ejection fraction; AAD, anti-arrhythmic drug.

Hazard ratio 95% CI p

AF 1.62 1.10–2.32 0.013

EF < 42% 2.21 1.50–3.37 < 0.0001

Secondary prevention 1.04 0.73–1.49 0.82

Age (10-year increments) 1.55 8.64–107.4 < 0.0001

β-blocker 0.84 0.59–1.17 0.32

Class Ⅲ AAD 1.18 0.83–1.70 0.36

Table 3

Comparison of the causes of death in the two groups.

AF, atrial fibrillation.

AF group

( n = 257) 

Non-AF group

( n = 1292) p

Cardiac death 22 (8.6%) 36 (2.8%) < 0.001

Heart failure 15 (5.8%) 30 (2.3%) 0.005

Arrhythmia and sudden death 7 (2.7%) 6 (0.46%) 0.002

Non-Cardiac death 19 (7.4%) 67 (5.2%) 0.17

Cancer 2 (0.8%) 12 (0.9%) 1.00

Infection 4 (1.6%) 11 (0.9%) 0.29

Hemorrhage 0 2 (0.15%) 0.39

Unknown/other 13 (5.0%) 42 (3.2%) 0.17

d

w

ospitalization 

Patients in the AF group had a significantly higher incidence 

f hospitalization than those in the non-AF group (53/257 in the 

F group vs. 141/1292 in the non-AF group; p < 0.0 0 01) ( Fig. 2 b).

n multivariate analysis that included AF, LVEF, age, secondary pre- 

ention, and the use of a beta-blocker or class III anti-arrhythmic 
246

3

rug, AF was only the parameter that was significantly associated 

ith hospitalization ( p = 0.0 0 04; HR 1.87). 
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Fig 2. Kaplan-Meier analyses of events during the follow-up period in each group.

(a) Electrical storm events, p = 0.13. (b) Hospitalization, p < 0.0 0 01. (c) Appropriate ICD therapy, p = 0.177. (d) Inappropriate ICD therapy, p = 0.0 0 03. Red: non-AF group;

blue: AF group.

AF, atrial fibrillation.
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Table 4

Hazard ratios for the risks of inappropriate ICD therapy associated with

clinical variables

AF, atrial fibrillation; EF, ejection fraction; AAD, anti-arrhythmic drug.

Hazard ratio 95% CI p

AF 2.25 1.54–3.26 < 0.0001

EF < 42% 1.20 0.84–1.72 0.31

Secondary prevention 1.32 0.94–1.87 0.11

Age (10-year increments) 0.49 0.21–1.17 0.11

β-blocker 1.02 0.73–1.43 0.89

Class Ⅲ AAD 0.67 0.45–0.96 0.03
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ppropriate and inappropriate ICD therapy 

Although the cumulative event rate for appropriate ICD ther- 

py in the AF group did not significantly differ from that in the 

on-AF group [65/257 (25.3%) vs. 286/1292 (22.1%), p = 0.29], the 

vent rate for inappropriate therapy in the AF group was signif- 

cantly higher than that in the non-AF group [40/257 (15.6%) vs. 

15/1292 (8.9%), p = 0.002, respectively] ( Fig. 2 c and d). In mul-

ivariate analysis that included AF, LVEF, age, the use of a beta- 

locker or class III anti-arrhythmic drug, and secondary prevention, 

F was significantly associated with increase of inappropriate ICD 

herapy ( p < 0.0 0 01, HR = 2.25), and class Ⅲ anti-arrhythmic drug was

ssociated with decrease of inappropriate ICD therapy ( p = 0.03, 

R = 0.67) ( Table 4 ). Furthermore, supraventricular tachycardia, in- 

luding AF, was the main cause of inappropriate ICD shock therapy 

n both groups, but this occurred more frequently in the AF group 

han in the non-AF group [21/22 (95.1%) vs. 32/51 (62.7%)]. 

iscussion 

The principal novel finding of the present study is that a his- 

ory of AF at the time of ICD or CRT-D implantation is an indepen-

ent risk factor for mortality resulting from HF or arrhythmia in 

apanese patients. 
247
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ortality 

It is well known that the incidence of AF increases as HF wors- 

ns, and its existence is a major cause of further deterioration of 

F and fatal cardiac arrhythmia. A significant negative impact on 

he prognosis of HF patients has also been shown by the CASTLE 

F study [6] , which demonstrated that the elimination or reduction 

f AF reduced mortality in patients with LVEF < 35%. Because the 

ajority of patients with ICD or CRT-D have poor LV systolic func- 

ion, AF may have a significant impact on the outcomes of these 

atients. According to this study, class III anti-arrhythmic drugs re- 
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uced the incidence of inappropriate therapy, but it could not pro- 

ide improvement in mortality. Therefore, challenges to restore si- 

us rhythm by performing catheter ablation of AF should be con- 

idered for patients with reduced LVEF as the CASTLE AF suggested 

6] . However, the impact of AF on the prognosis of patients with

CD or CRT-D has been controversial. van Gelder et al. showed no

ignificant difference in mortality between patients with AF and

hose without in a retrospective study of patients with ICD [2] ,

hereas Bunch et al. demonstrated that persistent AF is an inde- 

endent risk factor for overall mortality during the first year of ICD 

herapy [3] . The findings of the present study are consistent with 

he latter finding, because they show that the total mortality rate 

n the AF group was 1.62 times higher than that in the non-AF 

roup. Analysis of the cause of death showed that death due to HF 

nd sudden cardiac death were significantly more common in the 

F group than in the non-AF group. 

Several previous clinical studies have demonstrated that the 

oss of atrioventricular synchrony and impairment in optimal 

iventricular pacing during AF induce HF in patients with low LVEF 

ho have ICD or CRT-D [ 7 , 8 ]. The loss of synchronous pacing in

RT-D patients due to AF is thought to be one of the causes of HF

n the present study. Although the causes of hospitalization were 

ot collected in the present study, we speculate that 53.6% of the 

ospitalization events were related to ICD therapy, because they 

ccurred immediately after ICD therapy (inappropriate therapy in 

2 participants, appropriate therapy in 81 participants, and both 

herapies in one participant). Infection associated with the device 

as another apparent cause of hospitalization ( n = 14). 

Irregular RR interval during AF may cause random impulse at- 

acks or short-long-short sequences in a reentrant pathway, and 

ay ultimately induce VT or VF. AF may also induce a reduction in 

ardiac output and an increase in filling pressure, because of the 

oss of atrial effective contraction, which are likely to induce my- 

cardial ischemia [9] . 

Recent clinical trials have shown that shock ICD therapies (ei- 

her appropriate or inappropriate) impair the patient’s QOL and 

ncrease mortality. In the present study, the incidence of sudden 

eath in the AF group was significantly higher than that in the 

on-AF group, even though all the patients had devices implanted. 

f the 13 participants (6 patients in AF group and 7 patients 

n Non-AF group) who died because of arrhythmia, clinical data 

stored electrograms in the ICDs) immediately before the event 

ere available for six. Based on the detailed analysis of the elec- 

rograms, multiple appropriate but unsuccessful shocks, including 

S, were observed in 5/6 participants (4/7 in AF group and 1/6 in 

on-AF group), but four of them died the day after the arrhyth- 

ic event. Another patient died due to the failure to appropriately 

etect VT. Although it is not clear how the presence of AF was as- 

ociated with death due to arrhythmia in these patients, irregular 

nd short RR intervals may have led to subsequent VT or VF, or the 

etting of a high threshold to avoid the administration of inappro- 

riate therapy may have caused VT/VF to be missed. 

nappropriate therapy 

In addition to the present study, many previous studies have 

hown that AF, and especially paroxysmal AF, is associated with in- 

ppropriate ICD therapy [10] . Even when the most advanced algo- 

ithms are used to differentiate supra-ventricular tachycardia from 

T/VF, AF is still the commonest cause of inappropriate therapy 

11] , because it may cause a rapid heart rate, which reaches the

etection rate of VT/VF, especially in the presence of HF. Rapid

F produces relatively regular RR interval and aberrant ventricular

onduction, which finally results in diagnostic error and inappro- 

riate therapy. The delivery of inappropriate shock therapy during 
248
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he development of HF may have a deleterious effect on the pa- 

ient and increase the risk of mortality. 

imitations 

There were several limitations to the present study. First, we 

ould not collect follow-up data regarding the development of AF 

fter ICD implantation. Therefore, the new onset of AF after ICD 

mplantation, which has been reported to largely affect patients’ 

utcomes, could not be evaluated in the present study. However, 

he main purpose of our study is to speculate whether existence 

f AF at the time of implantation affects outcome of ICD patients 

ith AF. Second, in 81/257 (31.5%) patients with AF, we could not 

xactly differentiate the type of AF, such as paroxysmal or perma- 

ent. Several previous studies have demonstrated that paroxysmal 

F is associated with a higher prevalence of inappropriate therapy 

3] , but we could not find any difference regarding inappropriate

herapy or mortality rate between patients with paroxysmal and

hose with permanent AF by excluding patients with undetermined

ype of AF. Therefore, the types of AF might not have largely influ- 

nced the patient outcomes in the present study. Third, the ap- 

ropriateness of the ICD therapies except for electrical storm were

udged by the attending medical doctors. Two electrophysiologists,

ho did not participate in the Nippon storm study, independently

valuated whether the events of “electrical storm” fulfilled the cri- 

eria of ES by analyzing the stored electrograms. According to this 

valuation, 35 out of 179 events were excluded from the main 

nalysis of ES because of unsatisfied criteria, however the accu- 

acy of differentiation of VT or VF from supra-ventricular tachycar- 

ia determined by the attending doctors was extremely high [176 

ut of 179 events (98.3%)]. Therefore, we considered that almost 

ll the events were diagnosed correctly in this study. Furthermore, 

he rate of inappropriate therapy depends on device programing 

nd manufacturers, which is not integrated in each institution. 

onclusion 

AF carries an independent 1.62-fold higher risk of death and a 

.25-fold risk of inappropriate therapy after ICD implantation. To 

anage the ICD patients with AF, a particular ICD programming to 

void inappropriate therapy (e.g. delayed or high-rate therapy) or 

atheter ablation to improve the mortality are recommended. 
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