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Accelerated Early Discharge and Clinical Outcomes in
Heart Failure Patients With Cardiac
Implantable Electronic Devices

— Subanalysis From a Multicenter Cohort Study —

Seyong Chung, MD, PhD; Tae-Hoon Kim, MD; Torri Schwartz, MS;
Torsten Kayser, PhD; Kazutaka Aonuma, MD, PhD; for the HINODE Investigators

Background: Previous studies have demonstrated that a shorter hospital stay reduces adverse outcomes in heart failure (HF),
primarily in observational study settings. This trend was further emphasized during the COVID-19 pandemic, resulting in case-control
study-like results.

Methods and Results: A subanalysis was conducted on 239 patients from a Japanese multicenter cohort study (HINODE), encom-
passing 32 months before and 6 months after pandemic onset. The duration of hospitalization and clinical outcomes were compared
between these 2 periods in HF patients who received guideline-directed medical and cardiac implantable electronic device (CIED)
therapy. The duration of HF hospitalization was significantly shortened by 41.1% (95% confidence interval [Cl] 6.7-62.8%) during
the pandemic period (median 13 days; interquartile range [IQR] 619 days) compared with the prepandemic period (median 21 days;
IQR 12-38 days). Nonetheless, the incidence rate (IR) of outcomes in the pandemic group was similar (ventricular arrhythmia, HF
events, HF and cardiac hospitalization) or lower (all-cause hospitalization [IR ratio 0.6; 95% CI 0.4—1.0]) compared with the prepan-
demic group. The odds ratio of adverse events was also similar between the 2 groups.

Conclusions: A significant reduction in hospitalization duration during the COVID-19 pandemic was associated with similar or
improved clinical outcomes for guideline-adherent HF patients. Current hospitalization durations for advanced HF patients are likely
unnecessarily long, and efforts to reduce them are warranted.
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heart failure (HF) patients.-7 Although this issue is

also pertinent for other diseases requiring hospital-
ization due to nosocomial infection risks and escalating
medical costs,2689 its significance in HF is further ampli-
fied by the substantially large patient population.4> More
importantly, several reports indicate that the length of
hospital stay can affect subsequent clinical outcomes, par-
ticularly rehospitalization rates, in HF patients after dis-
charge.-¢ However, it is not clear whether the reduction in
the length of hospital stay is causally related to prognosis
or merely associated with it. Although the results of many
studies advocate for shorter hospitalization periods,-35
other studies have reported contrasting results.+¢

T he length of hospital stay is a critical concern in

Conflicts among sources of evidence may originate from
study settings. Most studies regarding the length of hospi-
tal stay use observational study designs,!-¢ where physi-
cians share the same intention of ‘avoiding unnecessary
hospitalization’ for all patient groups. In addition, HF
severity is positively associated with prolonged hospitaliza-
tion.1%1! Therefore, the length of hospital stay analyzed in
those studies may be more reflective of the severity of a
patient’s condition rather than the physician’s intention. In
this context, patients with shorter hospitalization periods
show better clinical outcomes, possibly because they were
hospitalized for a shorter duration as their condition was
less severe. However, these results do not adequately
address the question of whether there is a need for a fur-
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ther reduction in the length of hospital stay.

In the early period of the COVID-19 pandemic, both
patients and physicians felt the pressure to shorten hospi-
talization periods, aiming to avoid in-hospital contagion.!2
Consequently, the length of hospital stay for patients with
cardiovascular disease was significantly reduced during the
pandemic compared with prepandemic periods.!3-15
Although the pandemic was a worldwide tragedy, it inad-
vertently provided unprecedented data of a therapy cross-
over design and facilitated investigation of the effects of
accelerated early discharge on clinical outcomes.

In this study, we analyzed data from the Heart fallure
iNdicatiOn and sudDEn cardiac death prevention trial
Japan (HINODE),!¢!7 which tracked HF patients indi-
cated for cardiac implantable electronic device (CIED)
implantation over a period encompassing 32 months
before (prepandemic) and 6 months after (pandemic) the
onset of the COVID-19 pandemic. We compared the length
of hospital stay between these 2 periods and analyzed its
effect on clinical outcomes.

Methods

Patient Population

The study design and primary results of HINODE have
been published previously.!¢!7 Briefly, HINODE was a
prospective multicenter registry designed to collect clinical
outcomes in HF patients who were indicated for CIED
implantation. HF patients with risk factors for sudden
cardiac death were enrolled and classified by the type of
CIED, such as implantable cardioverter-defibrillators
(ICD), cardiac resynchronization therapy defibrillator
(CRT-D), cardiac resynchronization therapy pacemaker
(CRT-P), or pacemakers. All patients provided written
informed consent and were followed until the last enrolled
patient completed the closeout visit after a minimum of 12
months. The study protocol was approved by the ethics
committees of all 34 participating centers, with the Institu-
tional Review Board (IRB) of the University of Tsukuba
Hospital serving as the representative (IRB no. H29-45).
All procedures were performed in accordance with the
principles of the Declaration of Helsinki.

In the present study, HF patients adhering to Japanese
Circulation Society guideline-directed medical and CIED
therapy were selected by excluding the non-device group in
HINODE, who met European Society of Cardiology
guideline CIED implantation criteria but were not
implanted. Patients were enrolled in the study from June
2017 to June 2019 and remained under follow-up until
their closeout visit, typically June through September 2020
(Supplementary Figure 1). The follow-up periods were cat-
egorized into prepandemic and pandemic periods based on
the outbreak of the COVID-19 pandemic (World Health
Organization declaration March 11, 2020). In addition, the
prepandemic period was further categorized into 2 therapy
periods to provide a baseline for the effect of CIED ther-
apy duration on outcomes, because patients who were
followed in the pandemic period had already received
CIED therapy during the prepandemic period. HINODE
was originally designed to follow up patients for a mini-
mum of 1 year after CIED implantation. In this study, 98%
of patients who contributed to the pandemic period had
already been followed up for more than 1 year during the
prepandemic period (mean [£SD] follow-up 18.0+5.7
months). Therefore, the prepandemic period was divided

into the first year of therapy (1Y period; 0-12 months
after implant) and the second year of therapy (>1Y period;
12-24 months after implant). Comparison of prepandemic
length of hospital stay and clinical outcomes stratified by
first and second years of therapy provides a baseline for the
effect of CIED therapy duration on outcomes in the
absence of a pandemic and is included to assess the longi-
tudinal effects that may be present when comparing the
pandemic and prepandemic periods.

Length of Hospital Stay and Clinical Outcomes
To confirm the decrease in hospitalization period, the
length of hospital stay in each period was compared with
regard to HF hospitalization, cardiac hospitalization, and
all-cause hospitalization. Hospitalization was defined as
admission to a hospital with at least 1 calendar date change.
HF hospitalization was defined as hospitalization for an
event classified as HF by an independent adjudication
committee. Cardiac hospitalization was defined as hospi-
talization for an event classified as cardiovascular condition
related by the study sponsor, including HF hospitalization.
All-cause hospitalization covers all hospitalizations,
including HF and cardiac hospitalization. However,
planned admissions with less direct relevance to the
patient’s clinical outcomes, such as initial implant proce-
dures or scheduled replacements for CIED, were excluded.
The incidence rates (IR) of clinical outcomes for each
period were compared with regard to ventricular arrhythmia
(VA) events, HF events, HF hospitalization, cardiac hospital-
ization, and all-cause hospitalization. VA events were adju-
dicated by an independent event committee and defined as
requiring treatment by shock or antitachycardia pacing or
causing hemodynamic instability requiring treatment. HF
events were adjudicated by an independent event committee
and defined as having primary cause linked to cardiac dys-
function with signs and symptoms consistent with conges-
tive HF and either of the following conditions met: (1) the
patient was hospitalized and received a new or increased
decongestive HF regimen, with oral or parenteral medica-
tions; or (2) the patient was not hospitalized but received
intravenous decongestive HF therapy. In addition, the odds
of an adverse event being related to HF or resulting in
intravenous or intramuscular medication change or adjust-
ment were compared for each period. The relationship of
an adverse event with HF was assessed by the site physician,
and medication changes were collected for all adverse events.

Statistical Analysis

Data are summarized in as counts and percentages for
categorical variables and as the median with interquartile
range (IQR) for continuous variables. The length of hospital
stay in each period was compared by estimating the differ-
ence for the average patient by fitting a normal regression
model with log-transformed length of stay (days) as the
outcome, period as the predictor, and adjusted for repeat
hospitalizations per patient using a generalized estimating
equation (GEE). In addition, log-transformed length of
stay was plotted against days from CIED implant for each
period with a fitted line produced by locally weighted scat-
terplot smoothing. IRs were calculated as the number of
events per patient year in each period and compared using
an IR ratio, estimated using a negative binomial regression
model with GEE to adjust for patient contribution to both
periods. Relationships between all-cause hospitalization
incidence per period and subgroups of age (<70 vs. >70
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Figure 1. Study design. Advanced heart failure (HF) patients receiving guideline-directed medical and cardiac implantable
electronic device (CIED) therapy were selected and divided into prepandemic and pandemic periods. The prepandemic period
was further divided into £1Y and >1Y based on time from CIED implantation.

years), left ventricular ejection fraction (LVEF; <40% vs.
>40%), CIED type, and connection to remote monitoring
were evaluated by adding the covariate and interaction
term to the model. Additional outcomes beyond all-cause
hospitalization were not assessed due to the limited num-
ber of events per subgroup. Among adverse events, the
probability of an event being related to HF or resulting in
medication change within each period was compared using
odds ratios calculated from logistic regression with GEE
to adjust for repeat events per patient and additionally
adjusted for hospitalization when evaluating the outcome
of medication change. A significance level of 5% and
2-sided 95% confidence intervals (CI) were used through-
out. All statistical analyses were performed using SAS
version 9.4 (SAS Institute Inc., Cary, NC, USA).

Results

Patient Population

Among the 354 HF patients enrolled in HINODE from
June 2017 to June 2019, 115 patients who met the criteria
for CIED implantation but did not receive the device were
excluded from the present study (Figure 1). Consequently,
this study analyzed 239 HF patients who adhered to guide-
line-directed medical and CIED therapy.

The mean (£SD) patient follow-up duration after CIED
implant was 20.416.8 months, with 17.316.2 months prepan-
demic and 3.4+1.0 months during the pandemic. The total
follow-up was 406.4 patient-years (345.1 patient-years pre-
pandemic and 61.3 patient-years during the pandemic).
Within the prepandemic period, the mean follow-up after
CIED implantation was 11.4+1.7 months for the <1Y period,
and 7.0+3.9 months for the >1Y period. The total follow-up
after CIED implantation was 226.5 patient-years for the <1

Y period and 108.6 patient-years for the >1Y period.

The baseline characteristics of the patients are summa-
rized in Table 1. The median age of the patients was 71
years (IQR 64-78 years), and 74.5% were male. The
patients had a median of 4 (IQR 3-4) risk factors for sud-
den cardiac death, with the most common factor being
LVEF <35%, which accounted for 87.0%. All patients in
the analysis were implanted with a CIED, including ICD
(42.7%), CRT-D (28.9%) or CRT-P/pacemakers (28.5%).

As indicated in Table 1, the median systolic blood pres-
sure was 108 mmHg (IQR 98-118 mmHg), and 61.9% of
patients had a history of previous hospitalization for HF.
The median QRS width on the electrocardiogram was
140ms (IQR 110-160ms), and the median LVEF on the
echocardiogram was 29% (IQR 23-33%). In terms of med-
ications, 78.7% of patients were taking f-blockers and
42.7% and 27.2% of patients were taking angiotensin-con-
verting enzyme inhibitors and angiotensin receptor block-
ers, respectively.

Length of Hospital Stay

The length of HF hospitalization during the pandemic
period (median 13 days; IQR 6-19 days) decreased signifi-
cantly to 41.1% (95% CI 6.7-62.8) of that during the pre-
pandemic period (median 21 days; IQR 12-38 days;
Figure 2). The median lengths of cardiac and all-cause
hospitalization during the prepandemic period were 16
(IQR 8-32) and 15 (IQR 7-31) days, respectively, com-
pared with 11 (5-16) and 8 (5-16) days during the pan-
demic period. The decreases in length of hospital stay of
cardiac and all-cause hospitalization were 28.3% (95% CI
—15.0%, 55.3%) and 26.1% (95% CI —9.1%, 50.0%) respec-
tively, showing a trend towards a shorter hospitalization
stay during the pandemic than prepandemic period
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Table 1. Patient Characteristics at Baseline (n=239) ECG findings
Patient demographics QR$ width (ms) 140 [110-160]
Age (years) 71 [64-78] PR !nterval (ms) 190 [170-208]
Male sex 178 (74.5) QT interval (ms) 450 [419-484]
Risk factors for sudden cardiac death LBBB 85 (36.2)
LVEF <35% 208 (87.0) RBBB o 29 (12.3)
NYHA Class Il or IV 78 (32.6) Echocardiographic findings
9 —
LBBB with QRS >130ms or QRS >150ms 121 (50.6) LVEF (%) 29 [23-33]
0,
BUN >26mg/dL or >9.28mmol/L 53 (22.2) LVEF <25% 88 (36.8)
Diabetes (Type 1 and 2) 88 (36.8) '-V_EDP (mm) 61 [56-67]
Chronic AF 37 (15.5) Medu.:atlons .
Prior MI 70 (29.3) Ant!arrhythmlc 73 (30.5)
Age 70 years 128 (53.6) Anticoagulant 107 (44.8)
Smoking history (past 5 years) 56 (23.4) Antlp.latelet 109 (45.6)
Total no. risk factors 4 (3-4) ACEi 102 (42.7)
CIED classification ARB 65 (27.2)
ICD 102 (42.7) ﬁ—blo.cker 188 (78.7)
CRT-D 69 (28.9) C.alcm.m channel blocker 38 (15.9)
CRT-P and pacemaker 68 (28.5) D!u.ren.cs 172 (72.0)
Physical examinations D'g't‘al's 3(54)
BMI (kg/m2) 3 [20-25] Statins 115 (48.1)
SBP (mmHg) 108 [98—118] Values are pres_ented_ as the median [interquarti!e range] orn
DBP H 56-70 (%). ACEi, angiotensin-converting enzyme inhibitor; AF, atrial
(mmHg) 2 [56-70] fibrillation; ARB, angiotensin receptor blocker; BMI, body mass
Resting heart rate (beats/min) [59—76] index; BUN, blood urea nitrogen; CIED, cardiac implantable elec-
Medical history tronic_device; CRT-D, car(_:iiac resynchron_izat_ion therapy with a
) ) defibrillator; CRT-P, cardiac resynchronization therapy pace-
selnz e SElE e EEE 92 (38.5) maker; DBP, diastolic blood pressure; ECG, electrocardiogram;
Hypertension 112 (46.9) HF, heart failure; ICD, implantable cardioverter defibrillator;
AF 64 (26.8) LBBB, left bundle branch block; LVEDD, left ventricular end-
. o diastolic dimension; LVEF, left ventricular ejection fraction; MI,
Previous hospitalization for HF 148 (61.9) myocardial infarction; NYHA, New York Heart Association;
History of non-sustained spontaneous VA 27 (11.3) RBBB, right bundle branch block; SBP, systolic blood pressure;
>30s VA, ventricular arrhythmia.
History of inducible VA during past 12 months 20 (8.4)

(Table 1 continued the next column.)
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Figure 2. Decreases in hospital stay during the pandemic. The days of hospital stay are presented in log scale for heart failure
(HF), cardiac, and all-cause hospitalizations. Blue circles and red triangles represent events from the prepandemic and pandemic
periods, respectively. Cl, confidence interval; CIED, cardiac implantable electronic device.
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Table 2. Incidence Rate Ratios for Clinical Outcomes
Clinical outcomes e\:\le?'nlts

Ventricular arrhythmia events

Prepandemic 61

Pandemic 4
HF events

Prepandemic 107

Pandemic 16
HF hospitalization

Prepandemic 86

Pandemic 13
Cardiac hospitalization

Pre-pandemic 137

Pandemic 16
All-cause hospitalization

Prepandemic 201

Pandemic 22

489
Incidence rate Incidence rate ratio
(events/year) (95% ClI) P value
0.18
0.3(0.1-1.2) 0.088
0.07
0.31
0.9 (0.6-1.4) 0.589
0.26
0.26
0.9 (0.5-1.5) 0.641
0.21
0.40
0.7 (0.4-1.1) 0.088
0.26
0.58
0.6 (0.4-1.0) 0.031
0.36

Cl, confidence interval; HF, heart failure.

(Supplementary Table 1).

Because those 2 periods are temporally sequential with
most patients in the later period having received >1 year of
CIED treatment, the impact of CIED implantation dura-
tion on length of hospital stay was evaluated to exclude
natural treatment course bias. Within the prepandemic
period, the median length of HF hospitalization was 24
days (IQR 14-37 days) in the >1Y period and 20 days
(IQR 11-41 days) in 1Y period, with no significant
decrease in the later period —12.9%; 95% CI —58.4, 19.5;
Supplementary Figure 2). Furthermore, the median length
of hospital stay in cardiac and all-cause hospitalization in
<1Y period were 17 (IQR 8-32) and 15 (IQR 7-29) days,
respectively, with corresponding values during the >1Y
period of 15 (IQR 6-28) and 13 (IQR 5-27) days. The
decreases in length of hospital stay of cardiac and all-cause
hospitalization were 18.9% (95% CI —28.3, 48.7) and
24.5% (95% CI —15.5, 50.6) respectively.

Clinical Outcomes

The IRs of VA events, HF events, HF hospitalization, and
cardiac hospitalization in the pandemic period were 0.07,
0.26, 0.21, and 0.26 events per year, respectively (Table 2).
No significant difference was found compared with the
prepandemic period, although the rates of VA events and
cardiac hospitalizations trended lower during the pan-
demic (IR ratios 0.3 [95% CI 0.1-1.2] and 0.7 [95% CI
0.4-1.1], respectively). The rate of all-cause hospitalization
was also lower during the pandemic than during the pre-
pandemic period, reached a significant difference with an
IR ratio of 0.6 (95% CI 0.4-1.0). Cardiac hospitalizations
accounted for 68.2% and 72.7% in the prepandemic and
pandemic periods, respectively, and no COVID-19 infec-
tions were reported in either period.

The impact of CIED implantation duration on IRs was
evaluated within the prepandemic period. Within the pre-
pandemic period, the respective IRs of VA and HF events
were 0.11 and 0.36 events per year in the <1Y period, and
0.32 and 0.21 events per year in the >1Y period, which showed
no significant worsened outcomes. Yet, HF, cardiac, and
all-cause hospitalizations were significantly lower in the

Table 3. Incidence Rate Ratios for All-Cause Hospitalization
in Subgroups
Incidence rate P for
Subgroup ratio” (95% CI) interaction
Age
Age <70 0.6 (0.2-1.3
ge <70 years ( ) 0722
Age >70 years 1.1 (0.6-2.0)
LVEF
LVEF >40% 0.6 (0.1-3.5)
0.936
LVEF <40% 0.6 (0.4-1.0)
Defibrillator
No defibrillator 0.8 (0.3-2.2)
0.663
ICD or CRT-D 1.0 (0.6-1.9)
CRT
No CRT 0.5 (0.3-1.0)
0.328
CRT-D or CRT-P 0.5 (0.3-0.9)
Remote monitoring
No remote monitoring 0.5 (0.2-1.6) 0.646
Remote monitoring 0.6 (0.3-1.1) '

APandemic/prepandemic. Cl, confidence interval; CRT, cardiac
resynchronization therapy. Other abbreviations as in Table 1.

Table 4. ORs of Adverse Events

Adverse events ORA (95% CI) P value
Events related to HF 1.25 (0.67-2.35) 0.487
Events resulting in medication ¢ (0.29-1.40) 0.260

changes

APandemic/prepandemic. Cl, confidence interval; HF, heart
failure; OR, odds ratio.

>1Y than £1Y period, with IR ratios of 0.6 (95% CI 0.3—
1.0; P=0.041), 0.5 (95% C1 0.4-0.8; P=0.006), and 0.6 (95%
C10.4-0.8; P=0.003), respectively (Supplementary Table 2).

In addition, the decrease in the all-cause hospitalization
IR during the pandemic period was similar across age,
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LVEF, CIED type, or remote monitoring subgroups
(Table 3). Although the decrease in the all-cause hospital-
izations was less evident for patients aged >70 years vs.
those aged <70 (IR ratios 1.1 vs. 0.6, respectively) and for
those implanted with a defibrillator (ICD or CRT-D) vs.
those with a pacing device (IR ratios 1.0 vs 0.8, respec-
tively), no significant differences were detected.

Finally, the odds of adverse events being related to HF
or requiring medication change were not significantly dif-
ferent during the pandemic and prepandemic periods, or in
the >1Y vs. <1Y period (Table 4; Supplementary Table 3).

Discussion

This subanalysis of HINODE, encompassing the early
pandemic period, examines the appropriate length of hos-
pital stay for HF patients. Despite the shortened length of
stay available for HF hospitalization in the pandemic
period, the IRs of clinical outcomes during the pandemic
were similar or lower than those in the prepandemic
period. Current hospitalization lengths for guideline-
adherent HF patients may be unnecessarily long, suggest-
ing that efforts to determine more appropriate durations
are warranted. In the present study, reducing nearly half
the HF hospitalization periods did not aggravate the sub-
sequent outcomes after discharge.

Furthermore, subanalysis within the prepandemic period
was conducted to exclude the possible bias due to natural
treatment course. Longer treatment periods (>1 year) did
not reduce the length of hospital stay compared with
shorter treatment periods (<1 year), unlike comparisons of
the pandemic and prepandemic periods. Yet, whether the
length of hospital stay was reduced or not, both the >1Y
and pandemic periods showed similar or improved clinical
outcomes compared with the <1Y and prepandemic peri-
ods, respectively. Together, the data indicate that natural
treatment course was less likely to affect clinical outcomes
in the pandemic period.

In addition, it is of note that some clinical outcomes
showed significant improvement or trends towards
improvement with a shortened hospitalization period. For
example, the IR ratio of all-cause hospitalization improved
significantly, with trends towards improvement in the IR
ratios of VA events and cardiac hospitalization during the
pandemic compared with prepandemic period. The natural
treatment course bias mentioned above seems to have
influenced these outcomes, because both cardiac and all-
cause hospitalizations improved in the >1Y vs. <1Y period.
Furthermore, there are reports of a significant decrease in
VA events during the pandemic period, possibly due to
social isolation and reduced real-life stressors.!81?

The issue of the appropriate length of hospital stay is
not merely a numerical matter, because “necessary admis-
sion” cannot be easily defined and varies according to
factors such as time,! country,* and the context of a pan-
demic, as seen in the present study. Regarding temporal
differences, one study analyzed the annual length of hospi-
tal stay and readmission rates for HF and other diseases
over 14 years.? In that study, although the length of hospi-
tal stays decreased over the study period, this did not
exacerbate the readmission rates.2 These findings may sug-
gest that a further reduction in HF hospitalization dura-
tion could be beneficial. However, the yearly decrease in
hospitalization duration is likely not solely attributable to
changes in treatment intention. Therefore, using these

results as evidence to actively shorten HF hospitalization
periods may not be appropriate. In terms of differences
among countries, an analysis of data from 27 countries
revealed that the average length of hospital stay for HF
patients ranged from 4.9 to 14.6 days.4?* Although coun-
tries with longer hospital stays tended to have lower read-
mission rates for HF patients, most countries did not show
a significant correlation between these 2 factors.

Shorter hospitalization lengths do not always lead to
better clinical outcomes, and there are limitations in clearly
establishing a causal relationship between them without
considering the aforementioned factors. However, similar
or improved clinical outcomes, even with an almost 50%
reduction in HF hospitalization length (from a median of
21 to 13 days) during the pandemic, highlight the poten-
tially unnecessary length of hospitalization. It is also nota-
ble that the reduced length of stay during the pandemic in
this study remained longer than the usual length of stay in
other countries or as reported in the MADIT-CRT sub-
study (mean[+SD] length of stay 4.2+0.79 and 4.8+0.58 days
in the CRT-D and ICD groups, respectively; P<0.001).2!

Another study also drew interesting insights based on
desperate management strategies during the pandemic.?
Guidelines recommend the use of non-invasive positive
pressure ventilation is recommended for acute decompen-
sated HF patients, but its use was significantly decreased
during the pandemic due to concerns about aerosol spread-
ing; however, although this was a desperate decision at the
time, it did not worsen clinical outcomes or increase medi-
cal expenses.?? As with our study, reviewing desperate deci-
sions made during the pandemic may provide us with
unprecedented data and unique insights.

Overall, determining the appropriate length of hospital
stay from observational studies conducted at different
times and in various countries has its limitations. Our sub-
analysis during the pandemic cannot equate to case-con-
trol studies, nor are such studies likely to be conducted on
this issue. Nevertheless, the results of this study indicate
that there is potential to reduce the length of hospital stays
in HF hospitalization by up to 40%, without necessarily
leading to adverse outcomes. Furthermore, this issue is
likely to be further investigated with growing importance
due to the development of remote monitoring, the possibil-
ity of another pandemic emerging, and skyrocketing med-
ical costs due to increasing numbers of HF patients.
Additional data on intentional or accelerated decreases in
the hospitalization period will add to evaluations of patient
and health economic benefits.

Our study has several limitations. First, the use of hos-
pitalization as a surrogate marker for clinical outcomes in
HF patients may be influenced by physician reluctance to
admit patients during the pandemic.!>-!5 This may be asso-
ciated with the reduction in all-cause hospitalizations dur-
ing the pandemic compared with pre-pandemic period.
Nonetheless, other clinical outcomes in addition to hospi-
talizations were evaluated in this study, and these results
support the shortened hospitalization periods. Second, the
shorter follow-up period during the pandemic resulted in a
smaller sample size and lower number of events compared
with the prepandemic period. As such, the statistical power
of some analyses was reduced and may have limited the
ability to detect significant differences. Although a larger
sample would be ideal for evaluation, most clinical out-
comes demonstrated a decreasing trend in IRs, with the
degree of decrease being significant for some clinical out-
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comes. Finally, the present study compared 2 sequential
time periods. Such a study design may introduce time-
varying confounding variables or imbalanced effects of
attrition, reducing the accuracy of effects estimates. Analy-
sis comparing the first to second year of device therapy was
used to quantify such effects and support the conclusions
of the study. Although we set the cut-off value for the 2
device therapy groups as 1 year based on the original study
design and baseline minimum follow-up period in the later
group, the aforementioned smaller sample size and lower
number of events were also considered for setting the cut-
off value. Therefore, the subanalysis within the prepan-
demic group provides a baseline for longitudinal comparisons,
with certain limitations. Overall, our study focused on the
unprecedented accelerated decrease in hospitalization peri-
ods in HF patients, despite these potential limitations.

In conclusion, the reduction in HF hospitalization peri-
ods by approximately 40% during the pandemic has
yielded better clinical outcomes, such as a decrease in all-
cause hospitalizations, among HF patients receiving guide-
line-directed medical and CIED therapy. Although caution
is warranted due to the unique circumstances of the pan-
demic, a further decrease in hospitalization periods for HF
patients may be necessary, and this study can provide
insight into approaches.

Acknowledgments

The authors sincerely thank HINODE enrolling sites, physicians, and
study coordinators. The authors also thank Professor Carolyn Lam
Su Ping and Samantha Dunmire (Boston Scientific SciComm) for
reviewing the manuscript.

Sources of Funding
HINODE was funded by Boston Scientific Corporation.

Disclosures

K.A. is a member of Circulation Journal’s Editorial Team. The
remaining authors have no conflicts of interest to declare.

IRB Information

This study was approved by the ethics committees of all 34 participat-
ing centers, with the IRB of the University of Tsukuba Hospital serv-
ing as the representative (IRB no. H29-45).

Data Availahility

The research data are not publicly available on ethical grounds.

References

1. Saczynski JS, Lessard D, Spencer FA, Gurwitz JH, Gore JM,
Yarzebski J, et al. Declining length of stay for patients hospital-
ized with AMI: Impact on mortality and readmissions. Am J
Med 2010; 123: 1007-1015.

2. Kaboli PJ, Go JT, Hockenberry J, Glasgow JM, Johnson SR,
Rosenthal GE, et al. Associations between reduced hospital
length of stay and 30-day readmission rate and mortality: 14-year
experience in 129 Veterans Affairs hospitals. Ann Intern Med
2012; 157: 837-845.

3. Vorhies JS, Wang Y, Herndon JH, Maloney WJ, Huddleston JI.
Decreased length of stay after TKA is not associated with
increased readmission rates in a national Medicare sample. Clin
Orthop Relat Res 2012; 470: 166—171.

4. Eapen ZJ, Reed SD, Li Y, Kociol RD, Armstrong PW, Starling
RC, et al. Do countries or hospitals with longer hospital stays for
acute heart failure have lower readmission rates?: Findings from
ASCEND-HF. Circ Heart Fail 2013; 6: 727-732.

5. Khan H, Greene SJ, Fonarow GC, Kalogeropoulos AP,
Ambrosy AP, Maggioni AP, et al. Length of hospital stay and
30-day readmission following heart failure hospitalization:

11.

12.

13.

14.

15.

17.

18.

19.

20.

21.

22.

Insights from the EVEREST trial. Eur J Heart Fail 2015; 17:
1022-1031.

Sud M, Yu B, Wijeysundera HC, Austin PC, Ko DT, Braga J, et
al. Associations between short or long length of stay and 30-day
readmission and mortality in hospitalized patients with heart
failure. JACC Heart Fail 2017; 5: 578 —-588.

Tigabe Tekle M, Bekalu AF, Tefera YG. Length of hospital stay
and associated factors among heart failure patients admitted to
the University Hospital in northwest Ethiopia. PLoS One 2022;
17: €0270809.

. Pittet D, Tarara D, Wenzel RP. Nosocomial bloodstream infec-

tion in critically ill patients: Excess length of stay, extra costs, and
attributable mortality. JAMA 1994; 271: 1598 —1601.

DeRienzo C, Kohler JA, Lada E, Meanor P, Tanaka D. Dem-
onstrating the relationships of length of stay, cost and clinical
outcomes in a simulated NICU. J Perinatol 2016; 36: 1128—1131.

. Gyalai-Korpos I, Ancusa O, Dragomir T, Tomescu MC, Marincu

1. Factors associated with prolonged hospitalization, readmission,
and death in elderly heart failure patients in western Romania.
Clin Interv Aging 2015; 10: 561 —568.

Mitani H, Funakubo M, Sato N, Murayama H, Rached RA,
Matsui N, et al. In-hospital resource utilization, worsening heart
failure, and factors associated with length of hospital stay in
patients with hospitalized heart failure: A Japanese database
cohort study. J Cardiol 2020; 76: 342—349.

Kiss P, Carcel C, Hockham C, Peters SAE. The impact of the
COVID-19 pandemic on the care and management of patients
with acute cardiovascular disease: A systematic review. Eur
Heart J Qual Care Clin Outcomes 2021;7: 18-27.

Bhatt AS, Moscone A, McElrath EE, Varshney AS, Claggett BL,
Bhatt DL, et al. Fewer hospitalizations for acute cardiovascular
conditions during the COVID-19 pandemic. J Am Coll Cardiol
2020; 76: 280-288.

Gluckman TJ, Wilson MA, Chiu ST, Penny BW, Chepuri VB,
Waggoner JW, et al. Case rates, treatment approaches, and out-
comes in acute myocardial infarction during the coronavirus
disease 2019 pandemic. JAMA Cardiol 2020; 5: 1419—1424.
Mafham MM, Spata E, Goldacre R, Gair D, Curnow P, Bray
M, et al. COVID-19 pandemic and admission rates for and man-
agement of acute coronary syndromes in England. Lancer 2020;
396: 381-389.

. Yamasaki H, Ando K, Ikeda T, Mitsuhashi T, Murohara T,

Nishii N, et al. Rationale and design of the HINODE study:
Heart failure indication and sudden cardiac death prevention
trial Japan. J Arrhythm 2021; 37: 1031-1037.

Aonuma K, Ando K, Kusano K, Asai T, Inoue K, Inamura Y,
et al. Primary results from the Japanese Heart Failure and Sudden
Cardiac Death Prevention Trial (HINODE). ESC Heart Fail
2022; 9: 1584—1596.

O’Shea CJ, Thomas G, Middeldorp ME, Harper C, Elliott AD,
Ray N, et al. Ventricular arrhythmia burden during the corona-
virus disease 2019 (COVID-19) pandemic. Eur Heart J 2021; 42:
520-528.

Galand V, Hwang E, Gandjbakhch E, Sebag F, Marijon E,
Boveda S, et al. Impact of COVID-19 on the incidence of cardiac
arrhythmias in implantable cardioverter defibrillator recipients
followed by remote monitoring. Arch Cardiovasc Dis 2021; 114:
407-414.

Hamaguchi S, Kinugawa S, Tsuchihashi-Makaya M, Goto D,
Yamada S, Yokoshiki H, et al. Characteristics, management,
and outcomes for patients during hospitalization due to worsen-
ing heart failure: A report from the Japanese Cardiac Registry of
Heart Failure in Cardiology (JCARE-CARD). J Cardiol 2013;
62:95-101.

Thomas S, McNitt S, Polonsky S, Alexis J, Bisognano J, Vidula
H, et al. The effects of cardiac resynchronization therapy on
cardiovascular and non-cardiovascular hospitalization: A long-
term follow-up MADIT-CRT sub-study. J Card Fail 2020;
26(Suppl): S9-S10.

Shirahige T, Matsumoto T, Shigeno A, Funatomi H, Takahashi
J, Funakoshi H. Impact of the COVID-19 pandemic on manage-
ment and outcomes of patients with acute heart failure. ESC
Heart Fail 2024; 11: 34433446, doi:10.1002/ehf2.14922.

Supplementary Files

Please find supplementary file(s);
https://doi.org/10.1253/circj.CJ-24-0675

Circulation Journal Vol.89, April 2025



