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Abstract

Aims Guidelines for the diagnosis and treatment of acute and chronic heart failure (HF) provided by the European Society of
Cardiology state that echocardiography is recommended for the assessment of the myocardial structure and function of sub-
jects with suspected HF including HF with reduced (HFrEF), mid‐range (HFmrEF), and preserved ejection fraction (HFpEF) as
class I of recommendation and level C of evidence. However, the impact of timing of echocardiography on survival for hospi-
talized HF patients or the prevalence of echocardiography during their stay has not yet been fully investigated. Therefore, we
designed and conducted a prospective multicentre study, Optimal Timing of Echocardiography for Heart Failure Inpatients in
Japanese Institutions (OPTIMAL) study, to investigate and evaluate the prevalence of echocardiography during the in‐hospital
stay of HF patients, and the impact of timing of echocardiography on their survival.
Methods and results OPTIMAL was based on a nationwide, prospective, multicentre registry at 10 institutions in Japan
endorsed by the Japanese Society of Echocardiography. A total of 601 patients hospitalized with HF were enrolled between
August 2016 and July 2018 at the participating centres. Their mean age was 73.9 ± 13.0 years, left ventricular ejection fraction
was 37.0% (26.0–50.0), and 256 patients (42.6%) were female. Admission echocardiography (admission echo) was categorized
as either standard or point‐of‐care echocardiography performed within 3 days of admission, as was pre‐discharge echocardi-
ography (pre‐discharge echo) within 3 days of discharge. The primary endpoint was defined as cardiovascular death over a
median follow‐up period of 18.9 months (9.3–26.5 months). Admission echo was performed for 476 patients (79.2%) and
pre‐discharge echo for 216 patients (35.9%). The primary endpoint of cardiovascular death occurred in 65 patients (10.8%).
Kaplan–Meier curve findings indicated that survival of patients with pre‐discharge echo was significantly better than that of
patients without it (log‐rank P < 0.001), and the same findings were obtained for patients with HFrEF, HFmrEF, and HFpEF.
However, survival of patients with and without admission echo was similar (log‐rank P = 0.33).
Conclusions This OPTIMAL study prospectively showed the importance of pre‐discharge echo for hospitalized HF patients.
Careful attention is needed regarding the haemodynamic status of HF patients by administering pre‐discharge echo to avoid
HF re‐hospitalization after discharge, and pre‐discharge echo may provide additional information for deciding the appropriate
discharge time. Our findings may thus offer a new insight into the management of hospitalized HF patients.
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Introduction

Heart failure (HF) is a global pandemic affecting at least 26
million people worldwide and still increasing in prevalence.1

HF health expenditures are considerable and will increase
dramatically owing to ageing populations. Despite the signifi-
cant advances in therapies and prevention, mortality and
morbidity are still high, and quality of life remains poor. The
reported prevalence, incidence, mortality, and morbidity
rates show geographic variations, depending on the different
aetiologies and clinical characteristics observed among
patients with HF. Projections are even more alarming, how-
ever, with total costs expected to increase by 127% between
2012 and 2030.2 Echocardiography is the most useful and
widely available examination for diagnosing patients with
suspected HF. It provides immediate information on chamber
volumes, ventricular systolic and diastolic function, wall
thickness, valve function, and pulmonary hypertension.3–6

This information is crucial for establishing a diagnosis and
determining appropriate treatment. Furthermore, guidelines
for the diagnosis and treatment of acute and chronic HF
provided by the European Society of Cardiology (ESC) state
that echocardiography is recommended for the assessment
of the myocardial structure and function of subjects with
suspected HF. Such an assessment is then used to establish
a diagnosis of either HF with reduced ejection fraction (EF)
(HFrEF), HF with mid‐range EF (HFmrEF), or HF with pre-
served EF (HFpEF) as class I of recommendation and level C
of evidence.7 In addition, echocardiography is recommended,
also as class I of recommendation and level C of evidence, for
various other purposes, including the assessment of left ven-
tricular (LV) EF (LVEF), valvular heart disease, and pulmonary
artery pressure of HF patients.7 In addition to standard
routine echocardiography, point‐of‐care echocardiography
as a quick bedside method has recently been reported to
be useful for the evaluation of cardiac findings.8–10 Thus,
echocardiography can measure multiple, clinically important
parameters of HF patients’ cardiac function, including haemo-
dynamic status and LV function, volumes, and mass. How-
ever, the impact of timing of echocardiography on survival
for hospitalized HF patients or the prevalence of echocardiog-
raphy during their stay has not yet been fully investigated.
Therefore, we designed and conducted a prospective
multicentre study, Optimal Timing of Echocardiography for
Heart Failure Inpatients in Japanese Institutions (OPTIMAL)
study, to investigate and evaluate the prevalence of echocar-
diography during the in‐hospital stay of HF patients, and the
impact of timing of echocardiography on their survival.

Methods

OPTIMAL was based on a nationwide, prospective,
multicentre registry at 10 institutions in Japan endorsed by

the Japanese Society of Echocardiography (Principal Investi-
gator: Hidekazu Tanaka). A total of 601 patients hospitalized
with HF and who met the Framingham criteria11 were
enrolled between August 2016 and July 2018 at the depart-
ment of cardiology in each participating centre. There were
no specific exclusion criteria for this study. The trial was
registered with the University Hospital Medical Information
Network (UMIN) Clinical Trials Registry (registration number:
UMIN000024450) and conforms to the principles outlined in
the Declaration of Helsinki. The protocol was approved by
the institutional review board at each of the participating
centres, and written informed consent was obtained from
all patients.

Study protocol

After informed consent form was obtained at admission, the
decision on timing of echocardiography was left to the
attending physicians in each participating centre during
the hospital stay. In‐hospital care and post‐discharge
care for HF were based on the way at each of the
participating centres. The number of times both standard
echocardiography (standard echo) and point‐of‐care echocar-
diography (point‐of‐care echo) were performed during
hospital stay was determined. Standard echo was defined
as routinely performed echocardiography and point‐of‐care
echo as a quick bedside echocardiography method for the
evaluation of any cardiac findings obtained at each of the par-
ticipating centres. Admission echocardiography (admission
echo) was determined as either standard echo or point‐of‐
care echo performed within 3 days after admission. Similarly,
pre‐discharge echocardiography (pre‐discharge echo) was
determinedas either standard echo or point‐of‐care echo
performedwithin 3 days before discharge. Furthermore, the
following blood examinations were performed at admission:
blood urea nitrogen (BUN), creatinine, estimated glomerular
filtration rate (eGFR), and either B‐type natriuretic peptide
(BNP) or N‐terminal pro‐B‐type natriuretic peptide (NT‐
proBNP). BNP was converted into a logarithmic scale (Log
BNP) according to its distribution, while NT‐proBNP was
converted into log BNP using the formula proposed by
Nabeshima et al.12

Echocardiographic examination

Echocardiography was performed with commercially avail-
able ultrasound systems at each of the participating centres.
Standard echocardiographic measurements were obtained in
accordance with the current guidelines of the European Asso-
ciation of Cardiovascular Imaging.13 All echocardiographic
examinations were performed by senior echocardiologists or
sonographers.
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Definition of primary endpoint

The primary endpoint was defined as cardiovascular death
over a median follow‐up period of 18.9 months (9.3–
26.5 months).

Statistical analysis

Continuous variables were expressed as mean values with
standard deviation for normally distributed data and as me-
dians with inter‐quartile range for non‐normally distributed
data. Categorical variables were expressed as frequencies
and percentages. The parameters of the two subgroups were
compared by using Student t‐test or Mann–Whitney U‐test
according to data distribution. Proportional differences were
evaluated with Fisher’s exact test. Survival curves of freedom
from cardiovascular death were determined with the Kaplan–
Meier method, and cumulative event rates were compared
by using the log‐rank test. The associations of parameters
with cardiovascular death were identified using a Cox
proportional‐hazards model in univariate and multivariate
analyses. Variables with a univariate value of P < 0.10 were
incorporated into the stepwise selection. For all steps, a P‐
value of <0.05 was considered statistically significant. All
the analyses were performed with commercially available
software (MedCalc software version 18.1.1; MedCalc Soft-
ware, Mariakerke, Belgium).

Results

Patient characteristics

The baseline clinical and echocardiographic characteristics of
the 601 patients are summarized in Table 1. Their median
age was 73.9 ± 13.0 years, LVEF was 37.0% (26.0–50.0), and
256 patients (42.6%) were female. In accordance with the
ESC guidelines,7 323 patients (53.7%) were diagnosed with
HFrEF, 102 (17.0%) with HFmrEF, 169 (28.1%) with HFpEF,
and seven (1.2%) with unknown HF phenotypes. Of 601 pa-
tients, 395 patients (66%) were newly diagnosed HF, and
the remaining 206 patients (34.3%) had a history of hospital-
ized HF.

In‐hospital data

The mean length of in‐hospital stay was 19.0 days (13.0–
29.0). The frequency of standard echo and point‐of‐care echo
administration was 2.0 ± 1.1 times and 0.7 ± 1.2 times,
respectively, while the frequency for either standard echo
or point‐of‐care echo was 2.7 ± 1.6 times. Admission echo
was performed for 476 patients (79.2%) and pre‐discharge

echo for 216 patients (35.9%). The frequency distribution
for ‘standard echo’, ‘point‐of‐care echo’, and ‘either standard
echo or point‐of‐care echo’ during in‐hospital stay is shown in
Figure 1.

Table 1 Baseline clinical and echocardiographic data of patients

Patients
(n = 601)

Clinical data
Age, years 73.9 ± 13.0
Gender (female), n (%) 256 (42.6)
Body mass index, kg/m2 23.1 ± 4.7
Ischaemic aetiology, n (%) 182 (30.3)

Blood examination
BUN, mg/dL 30.3 ± 17.6
Creatinine, mg/dL 1.8 ± 1.9
eGFR, mL/min/1.73 m2 43.8 ± 23.6
Log BNP 2.8 ± 0.4

Electrocardiogram, n (%)
Sinus rhythm 343 (57.1)
Atrial fibrillation 191 (31.8)
Ventricular pacing 46 (7.7)
Others 21 (3.5)

HF phenotypes, n (%)
HFrEF 323 (53.7)
HFmrEF 102 (17.0)
HFpEF 169 (28.1)
Unknown 7 (1.2)

Echocardiographic parameters at admission
LV end‐diastolic diameter, mm 53 ± 10
LV end‐systolic diameter, mm 42 ± 13
IVSTd, mm 10 ± 2
PWTd, mm 10 ± 2
LV mass index, g/m2 128 ± 40
LV end‐diastolic volume, mL 138 ± 68
LV end‐systolic volume, mL 91 ± 57
LVEF, % 37 (26–50)
Left atrial volume index, mL/m2 59 ± 30
E/e′ 21 ± 10
TR‐PG, mmHg 34 ± 14
MR ≥ moderate, n (%) 152 (36.1)
AR ≥ moderate, n (%) 37 (8.8)
AS ≥ moderate, n (%) 38 (9.0)

In‐hospital data

Length of stay, days
19.0 (13.0–

29.0)
Frequency of standard echo, times 2.0 ± 1.1
Frequency of point‐of‐care echo, times 0.7 ± 1.2
Frequency of either standard or point‐of‐care

echo, times
2.7 ± 1.6

Admission echo, n (%) 476 (79.2)
Pre‐discharge echo, n (%) 216 (35.9)

AR, atrial regurgitation; AS, atrial stenosis; BUN, blood urea nitro-
gen; e′, spectral pulsed‐wave Doppler‐derived early diastolic veloc-
ity from the septal mitral annulus; E, peak early diastolic mitral flow
velocity; Echo, echocardiography; eGFR, estimated glomerular fil-
tration rate; HF, heart failure; HFmrEF, heart failure with
mid‐range ejection fraction; HFpEF, heart failure with preserved
ejection fraction; HFrEF, heart failure with reduced ejection frac-
tion; IVSTd, interventricular septal thickness end‐diastole; Log
BNP, logarithmic scale of B‐type natriuretic peptide; LV, left ventric-
ular; MR, mitral regurgitation; PWTd, posterior wall thickness end‐
diastole; TR‐PG, tricuspid regurgitation pressure gradient.
Values are mean ± standard deviation for normally distributed
data, and median and inter‐quartile range for non‐normally distrib-
uted data, or n (%). Echocardiographic data at admission were
available in 421 patients with standard admission
echocardiography.

Optimal timing of echocardiography for HF inpatients 4215

ESC Heart Failure 2020; 7: 4213–4221
DOI: 10.1002/ehf2.13050



Primary endpoint

The primary endpoint of cardiovascular death occurred in 65
patients (10.8%). Table 2 shows the clinical and echocardio-
graphic parameters for patients with and without cardiovas-
cular death. Cardiovascular death was more likely to occur
in patients who were older and had lower body mass index,
higher BUN, lower eGFR, higher log BNP, higher frequency
of ventricular pacing, and lower LVEF than patients without
cardiovascular death. It was noteworthy that the frequency
of pre‐discharge echo for patients with cardiovascular death
was significantly lower than that for patients without
(16.9% vs. 38.2%, P < 0.001), while the frequency of admis-
sion echo for patients with and without cardiovascular death
was similar (73.8% vs. 79.9%, P = 0.33). In addition, the
Kaplan–Meier curve indicated that survival of patients with
pre‐discharge echo was significantly better than that of
patients without pre‐discharge echo (log‐rank P = 0.0005;
Figure 2). Similar findings were observed for patients with
HFrEF, HFmrEF, and HFpEF (Figure 3). On the other hand, sur-
vival of patients with admission echo was similar to that of
patients without admission echo (log‐rank P = 0.22; Figure 4).

Comparison of data for patients with and without
pre‐discharge echo

Table 3 shows a comparison of the baseline clinical and echo-
cardiographic parameters for patients with and without
pre‐discharge echo. Patients with pre‐discharge echo
were likely to have lower prevalence of female, lower
BUN, shorter length of hospital stay, and higher frequency
of either standard or point‐of‐care echo than patients

without pre‐discharge echo. Table 4 shows a Cox
proportional‐hazards model in univariate and multivariate
analyses for the associations with cardiovascular
death including parameters with significant differences
between patients with and without pre‐discharge echo.
Pre‐discharge echo was a powerful independent parameter
for predicting cardiovascular death in multivariate Cox
proportional‐hazards analyses.

Discussion

Our OPTIMAL study has clarified the prevalence of both stan-
dard echo and point‐of‐care echo during in‐hospital stay, and
the association of optimal timing of echocardiography during
in‐hospital stay with cardiovascular death for hospitalized HF
patients in Japan. The main findings of this prospective
multicentre study pertain to the following: (i) the frequency
of echocardiography, whether standard echo or point‐of‐care
echo, was 2.7 ± 1.6 times during hospital stay; (ii) admission
echo was performed for 79.5% of patients, but pre‐discharge
echo for only 34.8%; and (iii) the survival of patients with
pre‐discharge echo was significantly better than that of
patients without pre‐discharge echo, whereas the survival of
patients with and without admission echo was similar.

Echocardiography for heart failure patients

HF is a clinical syndrome characterized by typical symptoms
that may be accompanied by a structural and/or functional
cardiac abnormality, resulting in a reduced cardiac output
and/or elevated intracardiac pressures at rest or during

FIGURE 1 Distribution of the frequency of ‘standard echo’, ‘point‐of‐care echo’, and ‘either standard echo or point‐of‐care echo’ during in‐hospital
stay.
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stress. As a rapid and accurate modality, echocardiography
can provide non‐invasive detection and a more accurate def-
inition of the haemodynamic and morphologic changes asso-
ciated with HF. Echocardiography also seems to be as good as
catheter‐based techniques for managing therapy and improv-
ing outcomes without the risks and cost of invasive
measures.14 Haemodynamic data such as intracardiac pres-
sure measurements are very important information for the
management of HF patients but has traditionally required in-
vasive methods, whereas echocardiography can be a
non‐invasive substitute. Furthermore, echocardiography
plays an important role in the management of HF patients, in-
cluding those with HFrEF, HFmrEF, and HFpEF, and is, accord-
ing to current ESC guidelines, a class I recommendation for
the assessment of myocardial structure, cardiac function, val-
vular heart disease, and pulmonary artery pressure in HF.7 Al-
though echocardiography has been proven to be useful for
the management of HF patients for the abovementioned rea-
sons, the impact of its timing or frequency on survival for hos-
pitalized HF during their stay remains uncertain. On the basis
of findings from the Nationwide Inpatient Sample study in the
USA, Papolos et al. reported that the use of echocardiogra-
phy was associated with lower odds of inpatient mortality in-
cluding patients hospitalized for acute myocardial infarction,
cardiac dysrhythmia, acute cerebrovascular disease, conges-
tive HF, and sepsis.15 In addition, point‐of‐care echo for HF
patients, which is a quick bedside echocardiography per-
formed by cardiologists or attending physicians, is, according
to recent reports, as effective as routine standard echo.8–10

Although point‐of‐care echo is simply a quick echocardiogra-
phy method, it can provide important information about HF,
such as the status of preload, afterload, cardiac contractility,
diastolic function, and valvular disease.

Table 2 Comparison of baseline clinical and echocardiographic
data of patients with and without cardiovascular death

Patients with
cardiovascular
death (n = 65)

Patients without
cardiovascular
death (n = 536) P‐value

Clinical data
Age, years 78.6 ± 11.2 73.3 ± 13.1 0.002
Gender (female), n

(%)
29 (44.6) 227 (42.4) 0.79

Body mass index, kg/
m2

21.6 ± 3.9 23.3 ± 4.8 0.008

Ischaemic aetiology,
n (%)

26 (40.0) 156 (29.1) 0.06

Blood examination
BUN, mg/dL 38.8 ± 22.1 29.3 ± 16.8 <0.001
Creatinine, mg/dL 2.0 ± 1.6 1.8 ± 1.9 0.29
eGFR, mL/min/

1.73 m2
35.0 ± 21.3 44.9 ± 23.7 0.002

Log BNP 2.9 ± 0.4 2.8 ± 0.4 0.012
Electrocardiogram, n (%)

Sinus rhythm 32 (49.2) 311 (58.0) 0.19
Atrial fibrillation 20 (30.8) 171 (31.9) 0.89
Ventricular pacing 10 (15.4) 36 (6.7) 0.02
Others 3 (4.6) 18 (3.4) 0.72

HF phenotypes, n (%)
HFrEF 35 (53.8) 288 (53.7) 1.0
HFmrEF 14 (21.5) 88 (16.4) 0.38
HFpEF 12 (18.5) 157 (29.3) 0.08
Unknown 4 (6.2) 3 (0.6) 0.003

Echocardiographic parameters at admission
LV end‐diastolic

diameter, mm
54 ± 11 53 ± 11 0.54

LV end‐systolic
diameter, mm

50 ± 14 42 ± 12 0.10

IVSTd, mm 10 ± 3 10 ± 2 0.76
PWTd, mm 10 ± 2 10 ± 2 0.09
LV mass index, g/m2 130 ± 41 128 ± 39 0.79
LV end‐diastolic

volume, mL
146 ± 93 137 ± 65 0.31

LV end‐systolic
volume, mL

100 ± 66 90 ± 56 0.20

LVEF, % 31 (24–43) 38 (26–51) 0.02
Left atrial volume

index, mL/m2
64 ± 27 58 ± 30 0.22

E/e′ 19 ± 11 18 ± 8 0.28
TR‐PG, mmHg 37 ± 13 33 ± 14 0.05
MR ≥ moderate, n

(%)
21 (32.3) 131 (24.4) 0.18

AR ≥moderate, n (%) 5 (7.7) 37 (6.9) 1.0
AS ≥moderate, n (%) 9 (13.8) 38 (7.1) 0.08

In‐hospital data
Length of stay, days 21.0 (13.0–35.0) 19.0 (13.0–29.0) 0.37
Frequency of

standard echo, times
1.7 ± 1.2 2.0 ± 1.1 0.02

Frequency of point‐
of‐care echo, times

1.2 ± 2.0 0.7 ± 1.1 0.001

Frequency of either
standard or point‐of‐
care echo, times

2.8 ± 2.3 2.7 ± 1.5 0.49

Admission echo, n
(%)

48 (73.8) 428 (79.9) 0.33

Pre‐discharge echo,
n (%)

11 (16.9) 205 (38.2) <0.001

Values are mean ± standard deviation for normally distributed
data, and median and inter‐quartile range for non‐normally distrib-
uted data, or n (%). Echocardiographic data at admission were
available in 421 patients with standard admission echocardiogra-
phy. Abbreviations as in Table 1.

FIGURE 2 Kaplan–Meier curve indicating that survival of patients with
pre‐discharge echo was significantly better than that of patients without
pre‐discharge echo.
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Impact of pre‐discharge echo on survival of
hospitalized heart failure patients

Our study prospectively showed that performance of
pre‐discharge echo was associated with better patient sur-
vival irrespective of HF phenotypes after discharge, but not
for those who had undergone admission echo only.
Pre‐discharge echo results, unlike those of admission echo,
reflect treatment response in terms of LV filling pressure re-
duction, the degree of haemodynamic stability, HF progres-
sion, and the severity of underlying diastolic dysfunction.

Thus, pre‐discharge echo makes it possible to verify
whether patients have responded well to the HF therapy
or not. The information of therapeutic regimen at discharge
such as dose of diuretics or the need for cardiac devices
was not part of this study so that impact of pre‐discharge
echo on post‐discharge care for HF in patients with
pre‐discharge echo may not be uniform at each
participating centre. However, pre‐discharge echo for HF
patients may be widely expected positive impact on
outcome as follows based on this trial. If patients who
did not respond well to the HF therapy were confirmed
by pre‐discharge echo such as dilated inferior vena cava
or high trans‐tricuspid pressure gradient, further adminis-
tration of diuretics or other intensive treatment for HF
may be considered. Yang et al. previously reported that
pre‐discharge echo is important for hospitalized HF
patients.16 They retrospectively studied 267 hospitalized
HF patients to investigate the utility of admission echo
(within 2 days of admission) or pre‐discharge echo (within
7 days of discharge) for predicting major adverse cardiovas-
cular events. They showed that several pre‐discharge echo
parameters were associated with major adverse cardiovas-
cular events for both HFrEF and HFpEF patients; however,
none of the admission echo parameters were associated
with such events. They therefore concluded that
pre‐discharge echo should be recommended for
hospitalized HF patients to provide more information about
their status.

In addition, the length of hospital stay in patients with
pre‐discharge echo was significantly shorter than that
in patients without pre‐discharge echo in this study.
Because patients with pre‐discharge echo were more

FIGURE 3 Kaplan–Meier curve indicating that survival of HFrEF, HFmrEF, and HFpEF patients with pre‐discharge echo was significantly better than that
of patients without pre‐discharge echo. HF, heart failure; HFmrEF, HF with mid‐range ejection fraction; HFpEF, HF with preserved ejection fraction;
HFrEF, HF with reduced ejection fraction.

FIGURE 4 Kaplan–Meier curve indicating that survival of patients with
admission echo was similar as compared with that of patients without ad-
mission echo.
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likely to have higher frequency of either standard or point‐
of‐care echo during the hospital stay, the frequent echo
for HF may also contribute to reduce the length of
hospital stay.

Clinical implications

The clinical course of HF is generally chronic and progres-
sive. HF often manifests as acute HF and then progresses
to compensated, chronic HF. Patients with established HF
show chronic progression and may have repeated episodes
of acute decompensated HF. Repeated acute exacerbations
gradually lead to the development of more severe HF, from
Stage C HF to Stage D HF. Attending physicians thus need
to prevent repeated acute exacerbations for HF patients.
The I‐PRESERVE Trial with 4128 patients with New York
Heart Association functional class II to IV HF and
LVEF > 45% enrolled reported that 55% of the patients
needed at least one hospital admission after discharge.17

Moreover, they showed that cumulative mortality of
patients without re‐hospitalization for HF after discharge
was much better than that for patients with at least one
re‐hospitalization for HF after discharge. The findings of this
trial thus support the results of our study that careful at-
tention is needed regarding the haemodynamic status of
HF patients by administering pre‐discharge echo to avoid
HF re‐hospitalization and to lead to a positive impact
of outcome after discharge. Also, pre‐discharge echo
may provide additional information for deciding the
appropriate discharge time to avoid HF re‐hospitalization
after discharge.

Table 3 Comparison of baseline clinical and echocardiographic
data of patients with and without pre‐discharge echo

Patients with
pre‐discharge
echo (n = 216)

Patients without
pre‐discharge
echo (n = 385) P‐value

Clinical data
Age, years 74.1 ± 13.0 73.8 ± 13.0 0.77
Gender (female), n

(%)
98 (45.4) 225 (58.4) 0.002

Body mass index, kg/
m2

23.4 ± 4.7 22.9 ± 4.7 0.20

Ischaemic aetiology,
n (%)

59 (27.3) 123 (31.9) 0.27

Blood examination
BUN, mg/dL 28.1 ± 16.5 31.5 ± 18.2 0.02
Creatinine, mg/dL 1.6 ± 1.6 1.9 ± 2.0 0.07
eGFR, mL/min/

1.73 m2
45.5 ± 22.4 42.9 ± 24.2 0.21

Log BNP 2.8 ± 0.4 2.8 ± 0.4 0.08
Electrocardiogram, n (%)

Sinus rhythm 121 (56.0) 222 (57.7) 0.73
Atrial fibrillation 73 (33.8) 118 (30.6) 0.47
Ventricular pacing 19 (8.8) 27 (7.0) 0.52
Others 3 (4.6) 18 (3.5) 0.04

HF phenotypes, n (%)
HFrEF 106 (49.1) 217 (56.4) 0.09
HFmrEF 41 (19.0) 61 (15.8) 0.38
HFpEF 65 (30.1) 104 (27.0) 0.36
Unknown 4 (1.9) 3 (0.8) 0.43

Echocardiographic parameters at admission
LV end‐diastolic

diameter, mm
53 ± 10 53 ± 10 0.97

LV end‐systolic
diameter, mm

42 ± 13 43 ± 12 0.72

IVSTd, mm 10 ± 2 10 ± 2 0.48
PWTd, mm 10 ± 2 10 ± 2 0.79
LV mass index, g/m2 129 ± 39 128 ± 40 0.89
LV end‐diastolic

volume, mL
141 ± 68 136 ± 69 0.42

LV end‐systolic
volume, mL

92 ± 59 90 ± 56 0.72

LVEF, % 38 (27–51) 36 (25–50) 0.18
Left atrial volume

index, mL/m2
58 ± 33 60 ± 28 0.59

E/e′ 18 ± 8 18 ± 9 0.28
TR‐PG, mmHg 34 ± 14 33 ± 14 0.58
MR ≥ moderate, n

(%)
50 (23.1) 102 (26.5) 0.38

AR ≥ moderate, n (%) 15 (6.9) 27 (6.9) 1.0
AS ≥ moderate, n (%) 15 (6.9) 32 (8.3) 0.64

In‐hospital data
Length of stay, days 17.5 (13.0–25.0) 21.0 (14.0–32.0) 0.004
Frequency of

standard echo, times
2.3 ± 1.0 1.8 ± 1.2 <0.001

Frequency of point‐
of‐care echo, times

0.7 ± 1.3 0.7 ± 1.2 0.48

Frequency of either
standard or point‐of‐
care echo, times

2.9 ± 1.4 2.6 ± 1.7 0.004

Admission echo, n
(%)

180 (83.3) 296 (76.9) 0.07

Values are mean ± standard deviation for normally distributed
data, and median and inter‐quartile range for non‐normally distrib-
uted data, or n (%). Echocardiographic data at admission were
available in 462 patients with standard admission echocardiogra-
phy. Abbreviations as in Table 1.

Table 4 Univariate and multivariate Cox proportional‐hazards
analysis

Variables

Univariate analysis Multivariate analysis

HR 95% CI
P‐

value HR 95% CI
P‐

value

Gender (female) 0.980.68–1.410.915
BUN 1.021.01–1.020.0021.021.01–1.030.001
Length of stay 1.000.98–1.020.777
Frequency of standard
echo

0.580.41–1.410.004

Frequency of either
standard or point‐of‐care
echo

1.180.99–1.410.061

Admission echo 1.260.61–2.600.525
Pre‐discharge echo 0.200.06–0.630.0060.380.20–0.730.004
Admission echo and
pre‐discharge echo

2.680.89–8.050.080

BUN was the data at admission. Other abbreviations as in Table 1.
CI, confidential interval; HR, hazard ratio.
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Study limitations

Several limitations this study should be addressed. First, the
length of stay for HF patients in Japan was long as compared
with that in other countries owing to the differences in reim-
bursement and participation in inpatient disease manage-
ment programmes. Global hospitalized HF registries
revealed the median length of stay ranges from 4 to 20 days
with a median length of stay of approximately 4 days,17 but a
median length of stay of 21 days as reported according to the
Japanese ATTEND registry.17,18 As the median length of stay
in this study was as long as 19 days, this may have affected
the timing and the prevalence of echocardiography during
in‐hospital stay for HF patients. Second, evaluation of the
association of specific parameters of pre‐discharge echo with
cardiovascular death was not part of this study. The multivar-
iate Cox proportional hazard analysis used in a retrospective
study by Yang et al. showed that several specific parameters
of pre‐discharge echo were associated with major adverse
cardiovascular events after discharge for patients with HFrEF
and HFpEF.16 Thus, further prospective studies to evaluate
the association of specific parameters of pre‐discharge echo
with cardiovascular death will be needed to augment our
findings. Finally, this registry did not enrol consecutive hospi-
talized HF patients in each participating centre so that some
extent bias regarding enrolment of patients may occur
between the participating centres. Less biased study with
consecutive hospitalized HF patients will be needed to
validate our findings.

Conclusions

This OPTIMAL study prospectively showed the importance of
pre‐discharge echo for hospitalized HF patients. Our findings

may thus offer a new insight into the management of hospi-
talized HF patients.
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