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Abstract
Background: Patients with heart failure (HF) and low left ventricular ejection frac-
tion (LVEF) are at high risk of sudden cardiac death (SCD). Optimal HF treatment can 
improve LVEF and reduce the risk of SCD. The aim of this study was to evaluate the 
incidence and predictors of SCD in Japanese patients with new- onset systolic HF and 
to investigate factors that affect LVEF improvement.
Methods: We retrospectively studied 174 consecutive hospitalized patients with 
new- onset HF and LVEF ≤35% (median age, 66 years; men, 71%). The primary out-
come was a composite of SCD, sustained ventricular arrhythmias, and appropriate 
implantable cardioverter- defibrillator therapy.
Results: The cumulative rates of meeting of the primary outcome at 3, 12, and 
36 months after discharge were 3.9%, 8.1%, and 10.5%, respectively. Atrial fibril-
lation was a significant predictor of the primary outcome within 12 months after 
discharge (odds ratio, 5.87; 95% confidence interval [CI], 1.60– 21.57). Among 104 
patients who completed follow- up echocardiography within 12 months after dis-
charge, changes in LVEF were inversely associated with SCD (odds ratio/1% increase, 
0.78; 95% CI, 0.65– 0.93). A QRS duration <130 ms and a B- type natriuretic peptide 
level <170 pg/mL were predictors of LVEF improvement to >35% (odds ratio, 3.69; 
95% CI, 1.15– 11.77; odds ratio, 3.19; 95% CI, 1.33– 7.69, respectively).
Conclusions: Our results showed a high incidence of meeting of the primary outcome 
within 12 months after discharge in hospitalized patients with new- onset systolic HF. 
An improved LVEF may reduce the risk of late SCD.
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1  | INTRODUC TION

Sudden cardiac death (SCD) is a major cause of cardiovascular death 
in patients with systolic heart failure (HF).1,2 Low left ventricular 
ejection fraction (LVEF) is a potential indicator of SCD in patients 
with myocardial infarction and/or HF.3- 6 Previous landmark trials 
have shown that the use of implantable cardioverter defibrillators 
(ICDs) reduced all- cause mortality, including that from SCD, in pa-
tients with systolic HF or prior myocardial infarction.5- 7

However, previous clinical trials reported that early implantation 
of ICDs did not reduce mortality in patients with myocardial infarc-
tion.8,9 There have been no clinical trials evaluating the benefit of 
early implantation of ICDs in patients with new- onset nonischemic 
HF.10 Optimal medical therapy or interventions such as revascu-
larization could improve LVEF within several months and improve 
prognosis in patients with new- onset systolic HF or myocardial 
infarction,11- 14 and they would not depend on the presence of an 
indication for ICD implantation. An observational study reported 
that LVEF improvement is associated with a decrease in the risks of 
all- cause mortality and appropriate shocks in HF patients receiving 
ICDs for the primary prevention of SCD.15

Previous studies revealed that nonischemic etiology, as well as 
short HF duration/new- onset HF, are associated with an early im-
provement in LVEF in patients with systolic HF.16- 18 In Japan, the 
prevalence of ischemic HF is approximately 30% of hospitalized pa-
tients with HF, and nonischemic HF is more common.19- 21 Moreover, 
most patients with acute myocardial infarction receive early cor-
onary revascularization, and a low prevalence of SCD in Japanese 
patients with myocardial infarction has been reported.22 However, 
there have been few reports regarding the incidence of SCD during 
the early period after hospital discharge or on how long we should 
protect against SCD in Japanese patients with new- onset HF and 
low LVEF. The aim of this study was to evaluate the incidence and 
predictors of early and late occurrences of SCD or sustained ventric-
ular tachycardia (VT)/fibrillation (VF) after discharge in hospitalized 
Japanese patients with new- onset systolic HF and to investigate fac-
tors that affect LVEF improvement.

2  | METHODS

2.1 | Patients

In this retrospective observational study, 174 consecutive hospital-
ized patients with new- onset HF and LVEF ≤35% who were admitted 
to our hospital between January 2014 and April 2016 were enrolled. 
We searched the inpatient database of our hospital and then con-
firmed that the patients had an LVEF of ≤35% by echocardiography 
during hospitalization. Among these patients, we identified consecu-
tive patients with new- onset (de novo) HF in whom LVEF ≤35% was 
detected during the index hospitalization by reviewing the patient 
medical records. New- onset HF was defined as a first- time diagno-
sis of HF. HF was defined as new or worsening signs and symptoms 

of HF, such as fatigue, dyspnea, edema, elevated venous pressure, 
crepitations, and additional use of diuretic drugs or treatment with 
intravenous inotropes and/or vasodilators, noninvasive positive 
pressure ventilation, respirators, or mechanical support. We ex-
cluded patients if the previous hospitalization for worsening HF was 
documented. Moreover, we also excluded patients who had a history 
of sustained VT/VF (Figure 1).

We collected information on baseline clinical characteristics 
and treatment during hospitalization from the medical records of 
our hospital. Acute myocardial infarction was defined on the basis 
of the fourth universal definition.23 Ischemic cardiomyopathy was 
defined as LV systolic dysfunction that results from coronary artery 
disease. Valvular heart disease was defined as a structural abnormal-
ity, at least of moderate grade, of cardiac valves or a history of valve 
surgery. Nonischemic cardiomyopathies were defined as structural 
and functional abnormalities of the ventricles in the absence of 
other causes of myocardial dysfunction. Hypertensive heart disease 
was defined as LV hypertrophy and dysfunction in the absence of 
other causes such as hypertrophic cardiomyopathy in patients with 
hypertension.

This study was approved by the institutional review board of 
Tokyo Women’s Medical University.

2.2 | Outcomes

The primary outcome was a composite of SCD, sustained VT/VF, 
and appropriate ICD therapy for VT/VF. SCD was defined as a non-
traumatic, unexpected death occurring within 1 h of the onset of 
symptoms or an unexpected death within 24 hours of having last 
been seen as well. Secondary outcomes included all- cause death and 
the recovery rate of LVEF in 104 patients who completed follow- up 
echocardiography within 12 months after discharge. The LV volume 
and LVEF were measured using the modified Simpson’s method. An 
improvement in LVEF was defined as more than 35%. Patients were 
followed until death or June 2020.

F I G U R E  1   Flow diagram of the study patients. HF, heart failure; 
LVEF, left ventricular ejection fraction; VT, ventricular tachycardia; 
VF, ventricular fibrillation
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Among our patients, six patients received ICDs at hospital dis-
charge, and one patient received an ICD after the index hospital-
ization. Detection and therapy zones for VF (261– 280 ms, 8/12 or 
30/40 intervals) and VT (351– 353 ms, 28– 48 intervals) were pro-
grammed. Antitachycardia pacing therapies were activated in six 
patients. An ICD shock was delivered when triggered by VF or if the 
antitachycardia pacing failed to terminate VT.

2.3 | Statistical analysis

Statistical analyses were performed using IBM SPSS Statistics soft-
ware, version 22.0 (IBM Corp.). Summary values are presented as 
the number of patients or as the medians with interquartile ranges. 
The chi- square test or Fisher’s exact test was used to compare cat-
egorical variables. The Kaplan– Meier method was used to estimate 
the cumulative proportion of the event- free rate. Multivariate Cox 
regression analysis estimated the relationships between baseline 
clinical characteristics and the primary outcome that occurred 
within 12 months after hospital discharge. Clinical variables were ad-
vanced age (>60 years), male sex, ischemic etiology, New York Heart 
Association Class II, estimated glomerular filtration rate (eGFR) 
<60 mL/min/1.73 m2, nonsustained VT, atrial fibrillation, nonuse of 
β- blockers, and nonuse of angiotensin- converting enzyme inhibitors 
(ACEIs)/angiotensin receptor blockers (ARBs), which are related to 
SCD. To evaluate the influence of LVEF improvement on subsequent 
outcomes, the Cox proportional hazards model adjusting for age, 
sex, risk factors, renal function, and medications was evaluated in 
patients with an improved LVEF >35% compared with patients with-
out LVEF improvement. Univariate and multivariate Cox regression 
analyses estimated the relationships between baseline clinical char-
acteristics and an improved LVEF of >35%. Clinical variables were 
selected based on previously reported predictors of clinical out-
comes, such as age <60 years, female sex, eGFR ≥60 mL/min/1.73 
m2, plasma brain natriuretic peptide (BNP) level <170 pg/mL,24,25 
ischemic etiology, use of β- blockers, use of ACEIs/ARBs, use of car-
diac resynchronizing therapy (CRT), and electrocardiographic and 
echocardiographic parameters. Multivariate analysis was performed 
using a forward stepwise method, with entry or removal based on a 
P value of <.05. A P value of <.05 was considered to be statistically 
significant.

3  | RESULTS

3.1 | Patient characteristics

The median age was 66 years, and the proportion of males was 
71%. Among the patients, nonischemic cardiomyopathy was the 
most common etiology, and ischemic etiology accounted for 28% of 
cases. Persistent atrial fibrillation was observed in 25% of patients, 
and nonsustained VT was detected in 34% of patients during hospi-
talization (Table 1).

During hospitalization, 27 (16%) patients underwent percuta-
neous coronary intervention or cardiac surgery, and 9 (5%) patients 
received implanted CRT and/or ICD therapy. Regarding medications 
prescribed during hospitalization, more than 80% of patients started 
β- blockers and ACEIs/ARBs (Table 2).

3.2 | Outcomes

During the median follow- up period of 51 [14– 64] months, 11 (6%) 
patients experienced SCD, 4 (2%) patients survived sustained VT/
VF, and 3 (2%) patients received appropriate ICD therapy. Among 
them, one patient experienced sustained VT, received a CRT plus 

TA B L E  1   Patient characteristics (n = 174)

Age (y) 66 (52- 78)

Male 123 (71%)

Body mass index (kg/m2) 23.6 (20.8- 26.7)

Underlying heart disease

Acute myocardial infarction 9 (5%)

Ischemic cardiomyopathy 40 (23%)

Nonischemic cardiomyopathy 87 (50%)

Hypertensive heart disease 24 (14%)

Valvular heart disease 14 (8%)

Family history of sudden death 8 (5%)

NYHA functional class at admission (II/III/IV) 72/53/49

Plasma BNP level at admission (pg/mL) 772 (342- 1385)

Hemoglobin at admission (g/dL) 13.6 (11.6- 15.0)

eGFR (mL/min/1.73 m2) 53 (28- 69)

Comorbidities

Hypertension 104 (60%)

Diabetes mellitus 53 (30%)

Dyslipidemia 81 (47%)

Echocardiography

LVEDD (mm) 59 (54- 66)

LVESD (mm) 50 (45- 58)

LVEF (%) 30 (25- 33)

Persistent atrial fibrillation 44 (25%)

Nonsustained VT during hospitalization 60 (34%)

Electrocardiographic parameters at 
admission

Heart rate 90 (75- 107)

QRS duration (ms) 100 (90- 116)

QTc (ms) 431 (416- 448)

Note: Values are n (%) or median (interquartile range).
Abbreviations: BNP, brain natriuretic peptide; eGFR, estimated 
glomerular filtration rate; LVEDD, left ventricular end- diastolic 
dimension; LVEF, left ventricular ejection fraction; LVESD, left 
ventricular end- systolic dimension; NYHA, New York Heart Association; 
QTc, corrected QT interval; VT, ventricular tachycardia.
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ICD (CRT- D), and subsequently experienced an appropriate shock 
after discharge. A total of 43 patients died including 12 in- hospital 
deaths. Kaplan– Meier curves for the primary outcome and all- 
cause death are shown in Figure 2. The cumulative rates of the 
meeting of the primary outcome at 3, 12, and 36 months were 
3.9%, 8.1%, and 10.5%, respectively, and the cumulative all- cause 
death rates at 3, 12, and 36 months were 5.2%, 7.9%, and 13.0%, 
respectively.

The cause of death and occurrence of VT/VF according to 
in- hospital stay and time after hospital discharge are shown in 
Table S1. Within 3 months after discharge, 6 (3.7%) of 162 patients 
who were discharged alive experienced SCD or received appropri-
ate ICD therapy. A total of 11 patients (6.8%) experienced SCD, 
had sustained VT/VF, or received appropriate ICD therapy within 
12 months after discharge, and the details of these patients are 
presented in Table S2. The etiologies of heart disease vary, and 5 
patients experienced NSVT during hospitalization. Basal rhythm 
in 6 of 11 patients was atrial fibrillation at discharge. Although 
9 of 11 patients received β- blockers, only 2 patients took the 
guideline- recommended maximum dose of β- blockers and the oth-
ers took <50% of the maximum dose. Multivariate analysis showed 
that atrial fibrillation was a significant factor associated with the 

occurrences of SCD and ventricular arrhythmias within 12 months 
after discharge (Table 3).

3.3 | Follow- up LVEF

Among patients who remained alive after discharge, 104 patients 
received follow- up echocardiography within 12 months after dis-
charge (median of 6 months after discharge). The mean LVEF 
significantly improved from the index hospitalization to posthospi-
talization (from 30% [25– 33] to 37% [30– 44]), and 52 of 104 pa-
tients (50%) demonstrated an improvement in LVEF to >35% on 

TA B L E  2   Procedures during hospitalization and medications at 
discharge

n = 174

Procedures

PCI 18 (10%)

Cardiac surgery 9 (5%)

Catheter ablation for AF/AFL 7 (4%)

CRT- P 3 (2%)

CRT- D/ICD 6 (3%)

PCPS 1 (1%)

LVAS 3 (2%)

Patients who were discharged alive n = 162

Medications at discharge

β- blockers 140 (86%)

ACEIs/ARBs 134 (83%)

MRAs 73 (45%)

Loop diuretics 101 (62%)

Digoxin 14 (9%)

Amiodarone 30 (19%)

Statins 57 (35%)

Note: Values are n (%).
Abbreviations: ACEIs, angiotensin converting enzyme inhibitors; 
AF, atrial fibrillation; AFL, atrial flutter; ARBs, angiotensin receptor 
blockers; CRT- D, cardiac resynchronization therapy with a defibrillator; 
CRT- P, cardiac resynchronization therapy with biventricular pacing; 
ICD, implantable cardioverter defibrillator; LVAS, left ventricular 
assist system; MRAs, mineralocorticoid receptor antagonists; 
PCI, percutaneous coronary intervention; PCPS, percutaneous 
cardiopulmonary support.

F I G U R E  2   Kaplan– Meier curves of the primary outcome 
(a composite of sudden cardiac death, sustained ventricular 
tachycardia/fibrillation, and appropriate implantable cardioverter- 
defibrillator therapy) (A) and all- cause death (B) in patients with 
new- onset systolic heart failure who were discharged alive
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follow- up echocardiography. The SCD trend was a lower incidence 
in patients with an LVEF improved to >35% than in patients without 
an LVEF improved to >35% (0/52 vs 4/52, P = .06). The odds ratio 
for SCD was 0.78 (95% CI, 0.65– 0.93) for every 1% increase in LVEF. 
The incidence of all- cause death was lower in patients with an LVEF 
improved to >35% than in patients without an LVEF improved to 
>35% (3/52 vs 11/52, P = .02). The odds ratio for all- cause death was 
0.91 (95% CI, 0.84– 0.97) for every 1% increase in LVEF. Multivariate 
analysis showed that a narrow QRS duration (<130 ms) and low BNP 
level (<170 pg/mL) at discharge could be predictors of an LVEF im-
provement to >35% (Table 4).

4  | DISCUSSION

Our study revealed the following results: (1) during a median follow-
 up of 51 months, 17 (9.8%) patients met the primary outcome (SCD, 
sustained VT/VF, or appropriate ICD therapy) among 174 patients 
with new- onset systolic HF (LVEF ≤35%), nearly half of which oc-
curred within 3 months after discharge; (2) the cumulative rates of 
meeting of the primary outcome at 3 and 12 months were 3.9% and 
8.1%, respectively, among 162 patients who were discharged alive; 
(3) among 104 patients who had available follow- up echocardio-
graphic data, 50% showed an improvement in LVEF to >35% within 

Variable OR 95% CI P value

Age >60 y 1.00 0.96- 1.05 .82

Male gender 0.48 0.13- 1.70 .25

Ischemic etiology 2.07 0.41- 10.55 .81

NYHA class II 1.45 0.35- 6.01 .61

eGFR <60 mL/min/1.73 m2 at discharge 0.45 0.12- 1.68 .24

Nonsustained VT 1.17 0.34- 4.07 .80

Atrial fibrillation 5.87 1.60- 21.57 .01

No β- blockers 1.45 0.25- 8.55 .68

No ACEIs/ARBs 1.75 0.31- 10.00 .53

Abbreviations: ACEIs, angiotensin- converting enzyme inhibitors; ARBs, angiotensin receptor 
blockers; CI, confidence interval; CRT, cardiac resynchronization therapy; eGFR, estimated 
glomerular filtration rate; OR, odds ratio; NYHA, New York Heart Association; VT, ventricular 
tachycardia.

TA B L E  3   Multivariate predictors 
of sudden cardiac death and sustained 
ventricular arrhythmias that occurred 
within 12 mo after hospital discharge

Variable

Univariate analysis Multivariate analysis

OR 95% CI P value OR 95% CI P value

Age <60 y 1.47 0.68- 3.19 .33

Female gender 0.74 0.31- 1.79 .50

Ischemic etiology 0.89 0.35- 2.26 .81

Baseline LVEF >30% 1.72 0.79- 3.73 .17

Baseline LVEDD <60 mm 1.36 0.63- 2.98 .73

Baseline QRS duration 
<130 ms

3.46 1.14- 10.53 .03 3.69 1.15- 11.77 .03

Heart rate <75 bpm at 
discharge

1.35 0.56- 3.26 .50

Plasm BNP <170 pg/mL at 
discharge

2.92 1.26- 6.80 .01 3.19 1.33- 7.69 .01

eGFR ≥60 mL/min/1.73 m2 
at discharge

0.68 0.31- 1.47 .33

Use of β- blockers 2.66 0.49- 14.38 .26

Use of ACEIs/ARBs 0.26 0.05- 1.30 .26

Use of CRT 0.65 0.11- 4.08 .65

Abbreviations: ACEIs, angiotensin- converting enzyme inhibitors; ARBs, angiotensin receptor 
blockers; BNP, B- type natriuretic peptide; CI, confidence interval; CRT, cardiac resynchronization 
therapy; eGFR, estimated glomerular filtration rate; OR, odds ratio; LVEDD, left ventricular end- 
diastolic dimension; LVEF, left ventricular ejection fraction.

TA B L E  4   Factors associated with 
improved left ventricular ejection fraction
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12 months after discharge; (4) patients with an improved LVEF had 
significantly lower rates of SCD or all- cause mortality than patients 
without an improved LVEF; and (5) a narrow QRS duration and low 
plasma BNP level were independent predictors of improved LVEF.

4.1 | Early incidence of ventricular arrhythmia

Recent guidelines recommended that ICDs should be implanted 
after 3 months or more of optimal medical therapy for patients with 
HF and LVEF ≤35%.26,27 However, the risk of SCD or ventricular 
arrhythmia does not decrease until LV systolic function improves. 
During the initiation and optimization of HF therapy, patients with 
newly diagnosed HF and low LVEF are reported to be at high risk 
of SCD.28 During this period, cardioprotective therapies such as β- 
blockers have not reached the maximum effective dose because of 
titration up to the target dose. The challenge is how to protect pa-
tients from SCD and sustained VT/VF during this period. Therefore, 
a wearable cardioverter defibrillator (WCD) is indicated for a limited 
period in patients at high risk of SCD.26

Several observational studies of patients with WCDs showed 
that 1.6%– 4.8% received an appropriate WCD shock within 2 or 
3 months among patients with low LVEF and a high risk of SCD, 
mostly with newly diagnosed ischemic or nonischemic cardiomyopa-
thies.29- 32 In our study, 6 (3.7%) of 162 patients who were discharged 
alive experienced SCD or received an appropriate ICD shock within 
3 months after discharge. This result was compatible with previous 
studies. Our study showed a high incidence of SCD or sustained VT/
VF within 3 months after discharge as well as a relatively high inci-
dence up to 12 months after discharge. In other words, we should 
treat patients with new- onset HF and low LVEF, recognizing that 
they are at high risk of SCD during this period. The mechanisms 
of early SCD occurrence after hospital discharge might be caused 
by hemodynamics that are not fully stabilized, electrophysiologic 
effects due to stretched myocardial fibers, neurohormonal activa-
tion such as increased sympathetic activity, rapid atrial fibrillation, 
inflammation, and transient ischemia or electrolyte imbalance that 
are not yet well controlled by medical HF treatment. In this study, 
half of the patients who met the primary outcome within 1 year after 
discharge had atrial fibrillation. Atrial fibrillation was also a signifi-
cant factor that affected the early occurrence of SCD and ventricular 
arrhythmias in this study. Atrial fibrillation is known to be a potential 
risk factor for SCD in patients with several heart diseases such as 
HF, hypertrophic cardiomyopathy, and prior myocardial infarction.33 
Although the mechanism of the relationship between atrial fibrilla-
tion and SCD is not fully understood, atrial fibrillation with rapid and 
irregular heart rate may induce ventricular arrhythmias via electri-
cal and structural remodeling of ventricular myocytes. The effect of 
β- blockers on mortality is diminished for patients with systolic HF 
and atrial fibrillation.34,35 It is controversial as to how long after the 
initiation of HF therapy in patients with new- onset HF there is a risk 
of SCD, but from our results, it cannot be concluded that a 3- mo risk 
reassessment is sufficient.

4.2 | Changes in LVEF and outcome

Our study showed that 50% of patients who underwent follow-
 up echocardiography showed an improvement in LVEF to >35% 
within 12 months after discharge. The Intervention in Myocarditis 
and Acute Cardiomyopathy (IMAC)- 2 trial reported that 65% of 
patients with newly diagnosed nonischemic cardiomyopathy and 
LVEF <40% showed an improved LVEF 6 months after initiation of 
cardioprotective therapy including β- blockers and ACEIs/ARBs.11 
Another observational study showed that 43% of patients with 
new- onset HF and LVEF <30%, of whom 76% had a nonischemic 
etiology, showed an improvement in LVEF to >35% after 6 months 
of cardioprotective therapy.12 Our results in patients with new- 
onset HF, among whom 72% had a nonischemic etiology, were 
comparable with the results of these studies. Although nonis-
chemic etiology was not a statistically significant factor for LVEF 
improvement, half of the patients with nonischemic HF improved 
LVEF to >35% (41 of 81 patients). In our study, a narrow QRS and 
low BNP levels at discharge were independent predictors of im-
proved LVEF. A previous study reported that baseline prolonged 
QRS duration was associated with high morbidity and mortality 
after discharge in hospitalized patients with HF and low LVEF.36 
The beneficial outcome observed in patients with a narrow QRS 
duration may be partially due to an improvement in LVEF. Low 
BNP levels, which suggest less myocardial damage, are also re-
ported to be a predictor of improvement in LVEF.18

In our study, patients with improved LVEF to >35% tended to-
ward a lower risk of SCD, but the trend was not conclusive because 
the occurrence of SCD was quite low. Several studies have shown 
that an improved LVEF may contribute to a reduced risk of ventric-
ular arrhythmia and mortality.37 Interestingly, no SCD was observed 
in patients with an improved LVEF. This result may partially explain 
the negative findings from randomized controlled trials of ICDs in 
patients with nonischemic HF and low LVEF receiving optimal car-
dioprotective therapy.38,39 Moreover, nonpharmacological manage-
ment, including cardiac rehabilitation, diet (eg, sodium intake and 
fluid restriction), nutrition, treatment adherence, and psychological 
support, may significantly impact patient stability, functional capac-
ity, and quality of life as well as mortality, including that from SCD, 
for patients with HF and low LVEF. Improvement in LVEF will be a 
therapeutic target for SCD prevention in patients with systolic HF, 
and WCDs will be a useful tool for Japanese patients with new- onset 
systolic HF who initiate HF therapy.

4.3 | Study limitations

Our study was a single- center, retrospective, observational de-
sign. To minimize selection bias, we enrolled consecutive patients, 
but 23 patients were lost to follow- up. The number of patients 
was relatively small. Although only 6 patients received CRT- D/
ICD, ICD detection, and therapy programming were not identical. 
Nonessential ICD therapy for the possibility of self- terminating/
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nonsustained VT could not be excluded. Because the incidence 
of late SCD (later than 12 months after hospital discharge) was 
low, the effect of an improvement in LVEF to >35% on late SCD 
or significant clinical factors that predict late SCD could not be 
demonstrated from this small sample size study. The patients in 
this study were hospitalized during the period when ivabradine 
and angiotensin receptor– neprilysin inhibitors were not available 
in Japan. At present, these drugs may also have a contributing role 
in improving LVEF.

5  | CONCLUSIONS

Our results showed a high incidence of meeting of the primary out-
come criteria within 12 months, especially within 3 months, after 
discharge in hospitalized patients with new- onset systolic HF. An 
improvement in LVEF to >35% within 12 months after discharge was 
a significant factor related to reduced risks of subsequent SCD and 
all- cause mortality.

ACKNOWLEDG MENTS
We thank Dr Kotaro Arai and Dr Kyomi Ashihara for their support.

CONFLIC T OF INTERE S T
MS is an endowed chair of Biotronik, Boston- Scientific, Medtronic, 
and St. Jude Medical. The remaining authors have no conflicts of 
interest to declare.

E THIC AL APPROVAL
IRB approval number: 2020- 0022, IRB approval date: 2021/1/12.

ORCID
Tsuyoshi Shiga  https://orcid.org/0000-0003-0358-7196 
Morio Shoda  https://orcid.org/0000-0002-1772-6823 

R E FE R E N C E S
 1. MERIT- HF Study Group. Effect of metoprolol CR/XL in chronic heart 

failure: metoprolol CR/XL randomised intervention trial in conges-
tive heart failure (MERIT- HF). Lancet. 1999;353(9169):2001– 7.

 2. Maggioni AP, Dahlström U, Filippatos G, Chioncel O, Leiro MC, 
Drozdz J, et al. EURObservational research programme: regional 
differences and 1- year follow- up results of the heart failure pilot 
survey (ESC- HF Pilot). Eur J Heart Fail. 2013;15(7):808– 17.

 3. Wilber DJ, Garan H, Finkelstein D, Kelly E, Newell J, McGovern 
B, et al. Out- of- hospital cardiac arrest. Use of electrophysiologic 
testing in the prediction of long- term outcome. N Engl J Med. 
1988;318(1):19– 24.

 4. Poole JE, Mathisen TL, Kudenchuk PJ, McAnulty JH, Swerolow CD, 
Bardy GH, et al. Long- term outcome in patients who survive out 
of hospital ventricular fibrillation and undergo electrophysiologic 
studies: evaluation by electrophysiologic subgroups. J Am Coll 
Cardiol. 1990;16(3):657– 65.

 5. Moss AJ, Zareba W, Hall WJ, Klein H, Wilber DJ, Cannom DS, 
et al. Prophylactic implantation of a defibrillator in patients with 
myocardial infarction and reduced ejection fraction. N Engl J Med. 
2002;346(12):877– 83.

 6. Bardy GH, Lee KL, Mark DB, Poole JE, Packer DL, Boineau R, et al. 
Amiodarone or an implantable cardioverter- defibrillator for con-
gestive heart failure. N Engl J Med. 2005;352(3):225– 37.

 7. Theuns DAMJ, Smith T, Hunink MGM, Bardy GH, Jordaens 
L. Effectiveness of prophylactic implantation of cardioverter- 
defibrillators without cardiac resynchronization therapy in patients 
with ischaemic or non- ischaemic heart disease: a systematic review 
and meta- analysis. Europace. 2010;12(11):1564– 70.

 8. Hohnloser SH, Kuck KH, Dorian P, Roberts RS, Hampton JR, 
Hatala R, et al. Prophylactic use of an implantable cardioverter- 
defibrillator after acute myocardial infarction. N Engl J Med. 
2004;351(24):2481– 8.

 9. Steinbeck G, Andresen D, Seidl K, Brachmann J, Hoffmann E, 
Wojciechowski D, et al. Defibrillator implantation early after myo-
cardial infarction. N Engl J Med. 2009;361(15):1427– 36.

 10. Desai AS, Fang JC, Maisel WH, Baughman KL. Implantable defibril-
lators for the prevention of mortality in patients with nonischemic 
cardiomyopathy: a meta- analysis of randomized controlled trials. 
JAMA. 2004;292(23):2874– 9.

 11. McNamara DM, Starling RC, Cooper LT, Boehmer JP, Mather PJ, 
Janosko KM, et al. Clinical and demographic predictors of out-
comes in recent onset dilated cardiomyopathy: results of the IMAC 
(Intervention in Myocarditis and Acute Cardiomyopathy)- 2 study. J 
Am Coll Cardiol. 2011;58(11):1112– 8.

 12. Teeter WA, Thibodeau JT, Rao K, Brickner ME, Toto KH, Nelson LL, 
et al. The natural history of new- onset heart failure with a severely 
depressed left ventricular ejection fraction: implications for timing 
of implantable cardioverter- defibrillator implantation. Am Heart J. 
2012;164(3):358– 64.

 13. Zou C- H, Zhang J, Zhang Y- H, Wei B- Q, Wu X- F, Zhou Q, et al. 
Frequency and predictors of normalization of left ventricular ejec-
tion fraction in recent- onset nonischemic cardiomyopathy. Am J 
Cardiol. 2014;113(10):1705– 10.

 14. Søholm H, Lønborg J, Andersen MJ, Vejlstrup N, Engstrøm T, Møller 
JE, et al. Repeated echocardiography after first ever ST- segment 
elevation myocardial infarction treated with primary percutaneous 
coronary intervention– is it necessary? Eur Heart J Acute Cardiovasc 
Care. 2015;4(6):528– 36.

 15. Zhang Y, Guallar E, Blasco- Colmenares E, Butcher B, Norgard 
S, et al. Changes in follow- up left ventricular ejection fraction 
associated with outcomes in primary prevention implantable 
cardioverter- defibrillator and cardiac resynchronization therapy 
device recipients. J Am Coll Cardiol. 2015;66(5):524– 31.

 16. Lupón J, Gavidia- Bovadilla G, Ferrer E, de Antonio M, Perera- 
Lluna A, López- Ayerbe J, et al. Dynamic trajectories of left ven-
tricular ejection fraction in heart failure. J Am Coll Cardiol. 
2018;72(6):591– 601.

 17. Park CS, Park JJ, Mebazaa A, Oh I- Y, Park H- A, Cho H- J, et al. 
Characteristics, outcomes, and treatment of heart failure with im-
proved ejection fraction. J Am Heart Assoc. 2019;8(6):e011077.

 18. Albert J, Lezius S, Störk S, Morbach C, Güder G, Frantz S, et al. 
Trajectories of left ventricular ejection fraction after acute decom-
pensation for systolic heart failure: concomitant echocardiographic 
and systemic changes, predictors, and impact on clinical outcomes. 
J Am Heart Assoc. 2021;10(3):e017822.

 19. Yamamoto M, Seo Y, Ishizu T, Nishi I, Hamada- Harimura Y, Machino- 
Ohtsuka T, et al. Different impact of changes in left ventricular ejec-
tion fraction between heart failure classifications in patients with 
acute decompensated heart failure. Circ J. 2019;83(3):584– 94.

 20. Shiga T, Suzuki A, Haruta S, Mori F, Ota Y, Yagi M, et al. Clinical 
characteristics of hospitalized heart failure patients with preserved, 
mid- range, and reduced ejection fractions in Japan. ESC Heart Fail. 
2019;6(3):475– 86.

 21. Kitai T, Miyakoshi C, Morimoto T, Yaku H, Murai R, Kaji S, 
et al. Mode of death among japanese adults with heart failure with 

https://orcid.org/0000-0003-0358-7196
https://orcid.org/0000-0003-0358-7196
https://orcid.org/0000-0002-1772-6823
https://orcid.org/0000-0002-1772-6823


     |  1155MINAMI et Al.

preserved, midrange, and reduced ejection fraction. JAMA Netw 
Open. 2020;3(5):e204296.

 22. Shiga T, Hagiwara N, Ogawa H, Takagi A, Nagashima M, Yamauchi 
T, et al. Sudden cardiac death and left ventricular ejection fraction 
during long- term follow- up after acute myocardial infarction in the 
primary percutaneous coronary intervention era: results from the 
HIJAMI- II registry. Heart. 2009;95(3):216– 20.

 23. Thygesen K, Alpert JS, Jaffe AS, Chaitman BR, Bax JJ, Morrow DA, 
et al. Fourth universal definition of myocardial infarction (2018). 
Circulation. 2018;138(20):e618– 51.

 24. van Veldhuisen DJ, Linssen GCM, Jaarsma T, van Gilst WH, Hoes 
AW, Tijssen JGP, et al. B- type natriuretic peptide and prognosis in 
heart failure patients with preserved and reduced ejection fraction. 
J Am Coll Cardiol. 2013;61(14):1498– 506.

 25. Vogeser M, Jacob K. B- type natriuretic peptide (BNP): Validation of 
an immediate response assay. Clin Lab. 2001;47(1– 2):29– 33.

 26. Priori SG, Blomström- Lundqvist C, Mazzanti A, Blom N, Borggrefe 
M, Camm J, et al. 2015 ESC guidelines for the management of 
patients with ventricular arrhythmias and the prevention of sud-
den cardiac death: The task force for the management of patients 
with ventricular arrhythmias and the prevention of sudden cardiac 
death of the European Society of Cardiology (ESC). Endorsed by: 
Association for European Paediatric and Congenital Cardiology 
(AEPC). Eur Heart J. 2015;36(41):2793– 867.

 27. Nogami A, Kurita T, Abe H, Ando K, Ishikawa T, Imai K. JCS/JHRS 
2019 guideline on non- pharmacotherapy of cardiac arrhythmias. J 
Arrhythm. 2021;37(4):709– 870.

 28. Kutyifa V, Moss AJ, Klein H, Biton Y, McNitt S, MacKecknie B, 
et al. Use of the wearable cardioverter defibrillator in high- risk 
cardiac patients: data from the prospective registry of patients 
using the wearable cardioverter defibrillator (WEARIT- II Registry). 
Circulation. 2015;132(17):1613– 9.

 29. Duncker D, König T, Hohmann S, Bauersachs J, Veltmann C. 
Ventricular arrhythmias in patients with newly diagnosed non-
ischemic cardiomyopathy: insights from the PROLONG study. Clin 
Cardiol. 2017;40(8):586– 90.

 30. Singh M, Wang NC, Jain S, Voigt AH, Saba S, Adelstein EC. Utility 
of the wearable cardioverter- defibrillator in patients with newly di-
agnosed cardiomyopathy: a decade- long single- center experience. 
J Am Coll Cardiol. 2015;66(23):2607– 13.

 31. Wäßnig NK, Günther M, Quick S, Pfluecke C, Rottstädt F, 
Szymkiewicz SJ, et al. Experience with the wearable cardioverter- 
defibrillator in patients at high risk for sudden cardiac death. 
Circulation. 2016;134(9):635– 43.

 32. Röger S, Rosenkaimer SL, Hohneck A, Lang S, El- Battrawy I, Rudic 
B, et al. Therapy optimization in patients with heart failure: the role 

of the wearable cardioverter defibrillator in a real- world setting. 
BMC Cardiovasc Disord. 2018;18(1):52.

 33. Rattanawong P, Upala S, Riangwiwat T, Jaruvongvanich V, 
Sanguankeo A, Vutthikraivit W, et al. Atrial fibrillation is associated 
with sudden cardiac death: a systemic review and meta- analysis. J 
Interv Card Electrophysiol. 2018;52(2):91– 104.

 34. Rienstra M, Damman K, Mulder BA, Van Gelder IC, McMurray JJ, 
Van Veldhuisen DJ. Beta- blockers and outcome in heart failure and 
atrial fibrillation: a meta- analysis. JACC Heart Fail. 2013;1(1):21– 8.

 35. Kotecha D, Holmes J, Krum H, Altman DG, Manzano L, Cleland 
JGF, et al. Efficacy of β blockers in patients with heart failure plus 
atrial fibrillation: an individual- patient data meta- analysis. Lancet. 
2014;384(9961):2235– 43.

 36. Wang NC, Maggioni AP, Konstam MA, Zannad F, Krasa HB, Burnett 
JC Jr, et al. Clinical implications of QRS duration in patients hos-
pitalized with worsening heart failure and reduced left ventricular 
ejection fraction. JAMA. 2008;299(22):2656– 66.

 37. Smer A, Saurav A, Azzouz MS, Salih M, Ayan M, Abuzaid A, et al. 
Meta- analysis of risk of ventricular arrhythmias after improvement 
in left ventricular ejection fraction during follow- up in patients with 
primary prevention implantable cardioverter defibrillators. Am J 
Cardiol. 2017;120(2):279– 86.

 38. Kadish A, Dyer A, Daubert JP, Quigg R, Estes NAM, Anderson KP, 
et al. Defibrillators in non- ischemic cardiomyopathy treatment 
evaluation investigators. Prophylactic defibrillator implantation in 
patients with nonischemic dilated cardiomyopathy. N Engl J Med. 
2004;350(21):2151– 8.

 39. Køber L, Thune JJ, Nielsen JC, Haarbo J, Videbæk L, Korup E, 
et al. DANISH investigators. Defibrillator implantation in pa-
tients with nonischemic systolic heart failure. N Engl J Med. 
2016;375(13):1221– 30.

SUPPORTING INFORMATION
Additional supporting information may be found online in the 
Supporting Information section.

How to cite this article: Minami Y, Kikuchi N, Shiga T, Suzuki 
A, Shoda M, Hagiwara N. Incidence and predictors of early 
and late sudden cardiac death in hospitalized Japanese 
patients with new- onset systolic heart failure. J Arrhythmia. 

2021;37:1148– 1155. https://doi.org/10.1002/joa3.12618

https://doi.org/10.1002/joa3.12618

