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Aims In patients with advanced heart failure requiring dobutamine infusion, it is usually recommended to initiate beta-blockers 
after weaning from dobutamine. However, beta-blockers are sometimes initiated under dobutamine infusion in a real-world 
scenario. The association between such early beta-blocker initiation with clinical outcomes is unknown. Therefore, this study 
investigates the association between initiating beta-blockers under dobutamine infusion and survival outcomes.

Methods 
and results

This observational study with a multicentre inpatient-care database emulated a pragmatic randomized controlled trial (RCT) 
of the beta-blocker initiation strategy. First, 1151 patients on dobutamine and not on beta-blockers on the day of heart fail-
ure admission (Day 0) were identified. Among 1095 who met eligibility criteria, patients who were eventually initiated beta- 
blockers under dobutamine infusion by Day 7 (early initiation strategy) were 1:1 matched to those who were not initiated 
(conservative strategy). The methods of cloning, censoring, and weighting were applied to emulate the target trial. Patients 
were followed up for up to 30 days. The primary outcome was all-cause death. Among 780 matched patients (median age, 
81 years), the adjusted hazard ratio was 1.11 (95% confidence interval 0.75–1.64, P = 0.59) for the early initiation strategy. 
The estimated 30-day all-cause mortalities in the early initiation strategy and the conservative strategy were 19.3% (10.6– 
30.7) and 16.2% (9.2–25.3), respectively. The results were consistent when we used different days to determine strategies 
(i.e. 5 and 9) instead of 7 days.

Conclusion The present observational study emulating a pragmatic RCT found no positive or negative association between beta-blocker 
initiation under dobutamine infusion and overall survival.
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Graphical Abstract

In a panel of patient identification, ‘strategy’ indicates the eventual clinical courses that patients actually followed. In the target trial emulation, all matched 
patients were cloned into two replicates and assigned to both treatment strategies. Then, they were artificially censored when they deviated from assigned 
strategies. CI, confidence interval; HR, hazard ratio; IPCW, inverse probability of censoring weighting; RCT, randomized controlled trial.

Keywords Beta-blockers • Dobutamine • Target trial emulation • Advanced heart failure

Introduction
Beta-blockers are the cornerstone of heart failure treatment to im-
prove long-term outcomes, and their prompt initiation and up-titration 
are recommended by guidelines.1–4 The American Heart Association/ 
the American College of Cardiology guideline for heart failure manage-
ment suggests that the appropriate timing of beta-blocker initiation is 
when patients no longer require inotropes.2 However, several real- 
world studies5–7 and case reports8–12 indicate that beta-blockers are 
sometimes initiated concurrently with dobutamine infusion.

The reasons behind the clinical practice of initiating beta-blockers un-
der dobutamine infusion remain unclear. Currently, no evidence, guide-
lines, or physiological rationale seem to provide strong support for this 
practice. As mentioned in some case reports,9,12 physicians may expect 
beta-blockers to provide antiarrhythmic or cardioprotective effects 
even under dobutamine infusion. Additionally, physicians may want to 
initiate beta-blockers early to secure their long-term use, as suggested 
in previous studies.13,14 Given that such practice seems to be largely 
based on expert opinions, further investigations on its effectiveness 
are needed to guide physicians in treating patients with advanced heart 
failure.

Although the safety of sustained beta-blocker therapy has been de-
monstrated in heart failure hospitalizations without requiring ino-
tropic agents,13 no studies have investigated the safety of initiating 
beta-blockers under dobutamine infusion in patients with severe 
heart failure, presumably because of the lack of supportive rationales. 
Therefore, we conducted an observational study with a multicentre 
inpatient-care database using the framework of target trial emula-
tion15 that allows the use of observational data for causal questions 
wherein conducting a randomized controlled trial (RCT) is practically 

difficult or requires more evidence. The present study was designed 
to explicitly emulate an RCT of initiating beta-blockers under dobuta-
mine infusion.

Methods
Study design
In this study, we aimed to emulate a pragmatic RCT to evaluate the effect of 
beta-blocker initiation under dobutamine infusion on all-cause mortality 
within 30 days. In this hypothetical pragmatic RCT, patients assigned to 
an intervention arm were initiated beta-blockers under dobutamine infu-
sion within 7 days from admission. Conversely, patients assigned to a 
control arm were not initiated beta-blockers under dobutamine infusion 
within 7 days from admission. The study was reported following the 
Strengthening the Reporting of Observational Studies in Epidemiology 
guidelines16 (see Supplementary material online, Table S1). A detailed com-
parison of the target trial and the present study is given in Supplementary 
material online, Table S2.

Treatment strategies

(1) Early initiation strategy: The early initiation strategy was defined as ini-
tiating beta-blockers with continuing dobutamine during the grace per-
iod. The grace period was set to 7 days from the day of admission.

(2) Conservative strategy: The conservative strategy was defined as re-
fraining from initiating beta-blockers during the grace period if the pa-
tient was under the use of dobutamine. After the grace period, there 
were no restrictions regarding beta-blocker initiation and dobutamine 
infusion.
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Data sources
We obtained multicentre inpatient-care data from the Medical Data Vision 
database (http://www.mdv.co.jp), one of the largest commercial healthcare 
databases in Japan, consisting of laboratory and administrative data from 
more than 200 acute-care hospitals nationwide. The available data included 
the date of birth, sex, disease codes translatable into the International 
Classification of Diseases, 10th revision (ICD-10),17 procedural and pre-
scription records, discharge status, and laboratory data. The administrative 
data were standardized nationwide because they have been used in Japan’s 
inpatient reimbursement system.18 A previous study reported the high spe-
cificity and moderate sensitivity of these administrative data.19 Laboratory 
values were available from a subset of participating hospitals, and the avail-
able dates varied across each hospital.

Study population
From the database, we identified 58 045 patients hospitalized from 10 
October 2016 to 31 November 2021, with recorded reasons of congestive 
heart failure (ICD-10: I500, as previously validated in the Japanese adminis-
trative database20). Among them, the study cohort was retrospectively 
identified with the following inclusion and exclusion criteria. These criteria 
were designed to exclude those with too severe clinical status to consider 
initiating beta-blockers. The inclusion criteria were (i) the use of dobuta-
mine on the day of admission (Day 0), (ii) no use of beta-blockers on 
Day 0, and (iii) available laboratory data on Day 0 or 1. Patients were ex-
cluded if (i) age ≤ 18; (ii) death within 24 h from admission; (iii) transferred 
to other facilities on Day 0; (iv) underwent surgery with general anaesthesia, 
percutaneous coronary intervention, or transcatheter aortic valve replace-
ment on Day 0; or (v) used temporary cardiac pacing, percutaneous mech-
anical circulatory support device, percutaneous cardiopulmonary support, 
intra-aortic balloon pump, or adrenaline on Day 0. The definition of beta- 
blockers included both intravenous and oral agents available in Japan with 
a few exceptions: (i) intravenous esmolol, which is approved for use only 
during general anaesthesia; and (ii) a brand of intravenous landiolol 
(Corebeta, Ono Pharmaceutical Co., Osaka, Japan), which is approved 
only for heart rate control in coronary artery computed tomography. All 
beta-blockers considered in the study are listed in Supplementary 
material online, Table S3.

After the initial inclusion and exclusion process, we additionally excluded 
patients with extreme background characteristics using propensity-score 
matching with calliper. Patients who eventually followed the early initiation 
strategy were 1:1 matched to those who eventually did not. The propensity 
score was derived from a logistic regression model, and the matching was 
based on nearest-neighbour matching with a calliper of 0.10. Unmatched 
patients were excluded from the analysis. Missing data on covariates 
were imputed using a random forest algorithm.21 All predictor variables 
were used for matching, and these variables and other potentially relevant 
variables were used for imputation (see the Predictor variables section).

Predictor variables
The following variables were used for matching, artificial censoring predic-
tion, and weighting procedure: age, sex, blood pressure on admission 
(recorded in three categories in the database: <100, 100–140, or >140 
mmHg), body mass index (BMI), haemoglobin, albumin, sodium, potassium, 
blood urea nitrogen, estimated glomerular filtration rate (eGFR), and 
N-terminal pro-brain natriuretic peptide (NT-pro-BNP). In addition, we in-
corporated potentially relevant variables with <30% missingness for imput-
ing missing data (see Supplementary material online, Tables S4 and S5). 
Laboratory data on Day 0 or 1 (only when there were no available labora-
tory data on Day 0) were used as predictor variables. When NT-proBNP 
was not measured, but brain natriuretic peptide was available, 
NT-proBNP was approximated with brain natriuretic peptide multiplied 
by 6.25.22 We adopted the single ratio because our data had no information 
on atrial fibrillation at admission, which may affect the ratio.22

Outcomes
The primary outcome was all-cause mortality. To compare the outcome 
between strategies, we estimated a hazard ratio of all-cause death for the 
early initiation strategy compared with the conservative strategy with a 
weighted Cox proportional hazard model. Patients were followed up until 

an occurrence of the outcome, discharged from the hospital (i.e. lost to 
follow-up), or 30 days from their admission, whichever occurred first. 
Also, the 30-day absolute risk of the primary outcome and the restricted 
mean survival time (RMST)23 for each strategy were estimated.

Statistical analysis
We employed methods of cloning, censoring, and weighting to deal with im-
mortal time bias in line with previous investigations.15,24–26 Immortal time 
bias refers to the bias from a period during which, by design, the outcome 
could not occur. In our study, patients who followed the early initiation 
strategy must have been alive until they were initiated beta-blockers, 
whereas those in the conservative strategy could have died soon after 
the follow-up began. Adjusting the baseline characteristics with matching 
and regression is irrelevant to the immortal time bias.27 The detailed meth-
odologies are elaborated in the Supplementary material online, Methods. 
We employed those methods as the following steps.

First, to emulate randomization, participants were cloned into two repli-
cates, and each replicate was assigned to each strategy at the start of the 
follow-up (cloning step). Second, participants’ survival, end of follow-up, 
and use of beta-blockers and dobutamine were assessed at daily intervals. 
Replicates were artificially censored when they deviated from the assigned 
strategy (the artificial censoring step). Third, to minimize the potential se-
lection bias arising from artificial censoring, participants were weighted 
with a time-varying inverse probability of censoring weight (IPCW). The 
probability of being censored was calculated with a Cox proportional haz-
ard model by adjusting predictor variables (see the Predictor variables sec-
tion) for each strategy arm. Participants were also weighted with an inverse 
probability of treatment weight (IPTW) based on the propensity score cal-
culated in the matching procedure (see the Study population section). 
Stabilized weight with a truncation of upper and lower outliers (2.5% 
each) was used for IPTW and IPCW to mitigate the influence of too ex-
treme weights on results.28 Finally, the hazard ratio and the 95% confidence 
intervals (95% CIs) for the early initiation strategy were derived from the 
Cox proportional hazard regression. Also, the mortality rate and the 
RMST for each strategy were calculated based on the weighted survival 
curve. The 95% CI of the mortality and the RMST were estimated by using 
a non-parametric bootstrap with 1000 samples. The bootstrap procedure 
was applied for the post-matched samples29 with accounting for the match-
ing pair. All bootstrapped samples repeated the statistical analysis from the 
cloning step. Differences were considered statistically significant at P ≤ 0.05. 
All statistical analyses were performed using R4.1.2.

Sensitivity analysis
The following two sensitivity analyses were conducted to test the consist-
ency of the main results. First, we repeated the main analysis by redefining 
the grace period of 5 and 9 days to account for the arbitrariness of setting 
the grace period as 7 days. Second, to estimate survival outcomes for a 
more extended period, we conducted the analysis of 60-day follow-up 
with the following additional assumption: patients who were discharged 
or transferred with outcome records of disease recovery were regarded 
as alive until Day 60 because the database utilized in the study could not fol-
low up patients who were moved to other facilities or discharged.

Additional analysis
To assess whether the main analysis adequately adjusted selection bias and 
immortal time bias, we conducted two additional analyses. First, the primary 
outcomes were evaluated without adjusting selection bias (i.e. without 
IPTW and IPCW, but with cloning and artificial censoring). Second, we 
repeated the main analysis without accounting for immortal time bias (i.e. 
without cloning, censoring, and IPCW but with IPTW). We assumed that 
both analyses would erroneously favour the early initiation strategy because 
participants who eventually followed the strategy would have milder clinical 
status and should have been alive until they were initiated beta-blockers.

Ethical review of study
The Institutional Review Board of Kyoto University approved this study and 
waived the requirement of informed consent owing to the use of 
de-identified data (R3925; 15 May 2023; ‘The Timing of Beta-Blocker 
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Initiation in Advanced Heart Failure’). All methods were conducted in ac-
cordance with the Declaration of Helsinki.

Results
From 1497 patients hospitalized due to congestive heart failure and 
initially treated with dobutamine, we identified 1151 patients who 
did not use beta-blockers on the day of admission. Of those, 1095 pa-
tients met the eligibility criteria (eventual clinical course; 403: early ini-
tiation strategy, 692: conservative strategy). After propensity-score 
matching, 780 patients (390: early initiation strategy, 390: conserva-
tive strategy) were finally enrolled (Figure 1 and Supplementary 
material online, Figure S1). At baseline, the median age of the enrolled 
patients was 81.0 (interquartile range 70.0–87.0) years, and 38.5% 
(n = 300) were women. The median BMI, eGFR, and NT-proBNP 
were 22.0 (19.9–24.5) kg/m2, 40.1 (24.3–55.7) mL/min/1.73 m2, and 
7965.0 (4597.2–11 767.0) pg/dL, respectively. On the day of admis-
sion, 66.8% (n = 521) were treated with intravenous diuretics, 
31.7% (n = 247) received intravenous vasodilators, and 9.4% (n = 73) 
required an arterial line (Table 1).

During the 30-day follow-up, 74.4% (n = 580) initiated beta- 
blockers, 11.5% (n = 90) had died, and 60.6% (n = 473) were dis-
charged alive. Among 90 patients who died during the follow-up, 52 
were recorded as having died of heart failure and 38 of other causes. 
The median days of follow-up were 8.00 (4.00–12.00). More than 
90% of the beta-blockers used within 7 days were bisoprolol or 

carvedilol (371/390). Among patients who had not been initiated 
beta-blockers under dobutamine infusion by Day 7, 48.7% (190/390) 
were eventually initiated beta-blockers, and the most used class was 
carvedilol (95/190), followed by bisoprolol (85/190) (see 
Supplementary material online, Table S6).

In the main analysis (i.e. after cloning, censoring, and weighting), the 
adjusted hazard ratio was 1.11 (0.75–1.64, P = 0.59) for the early initi-
ation strategy (Figure 2). The estimated 30-day all-cause mortality was 
19.3% (95% CI 10.6–30.7) in the early initiation strategy and 16.2% 
(9.2–25.3) in the conservative strategy [difference in percentage points: 
3.1% (−9.0 to 16.7); P = 0.66]; and the RMST was 27.7 (26.3–28.6) days 
in the early initiation strategy and 27.8 (26.6–28.8) days in the conser-
vative strategy [difference: −0.1 days (−1.2 to 1.6); P = 0.92]. In add-
ition, there was no clear difference in the results across the 
beta-blockers used in the early initiation strategy arm [bisoprolol, haz-
ard ratio: 1.13 (0.69–1.86); carvedilol, hazard ratio: 1.01 (0.57–1.77), 
Supplementary material online, Figure S2]; or the cause of death [death 
from heart failure, hazard ratio: 1.08 (0.65–1.79); death from other 
causes, hazard ratio: 1.16 (0.63–2.13); see Supplementary material 
online, Figure S3].

In sensitivity analyses, the early initiation strategy did not show better 
survival rates than the conservative strategy. The hazard ratios for the 
early initiation strategy in the analysis with 5 and 9 days of the grace 
period were 1.05 (0.70–1.59) and 1.02 (0.72–1.45), respectively 
(Table 2 and Supplementary material online, Figure S4). In a 60-day 
follow-up estimation in which patients discharged or transferred with 
records of disease recovery were assumed to be alive until the end 

≤

anaesthesia (n = 1)

Figure 1 A flow of study sample selection. Early initiation strategy: initiating beta-blockers with continuing dobutamine within 7 days. Conservative 
strategy: refraining from initiating beta-blockers within 7 days if the patient was using dobutamine. IABP, intra-aortic balloon pump; PCI, percutaneous 
cardiac intervention; PCPS, percutaneous cardiopulmonary support; TAVR, transcatheter aortic valve replacement.
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of the follow-up, the hazard ratio was 1.07 (0.74–1.53). The estimated 
60-day mortality and RMST also suggested a slightly worse survival rate 
in the early initiation strategy than in the conservative strategy (see 
Supplementary material online, Figure S5).

When we did not apply IPTW and IPCW (i.e. leaving selection bias), 
the result slightly moved towards the direction of favouring the early 
initiation strategy [hazard ratio: 0.96 (0.66–1.41)] compared with the 
main analysis. Similarly, when we did not apply cloning, censoring, and 
IPCW (i.e. leaving immortal time bias), the early initiation strategy 
showed better survival rates than the conservative strategy [hazard 
ratio: 0.79 (0.52–1.20); Table 3]. In this sensitivity analysis, the survival 
curve of the early initiation strategy was nearly flat in the first 
few days, suggesting the influence of immortal time bias (see 
Supplementary material online, Figure S6).

Discussion
In the present observational study, explicitly designed to emulate a 
pragmatic RCT, beta-blocker initiation under dobutamine infusion 
within 7 days from admission was not associated with either an increase 
or decrease in all-cause mortality (Graphical abstract). The result was 
consistent across several sensitivity analyses, and additional analyses 
highlighted the importance of adjusting for selection bias and immortal 
time bias in observational studies in case patient selection preceded the 
treatment assignment, even in studies on acute-stage care.

Our findings extend the current state of knowledge about the 
prompt initiation of beta-blockers in advanced heart failure. Although 
previous reports suggested that baseline beta-blocker use did not influ-
ence clinical outcomes in patients with cardiogenic shock treated by 

Figure 2 Association between treatment strategies and all-cause death. Early initiation strategy: initiating beta-blockers with continuing dobutamine 
during the grace period (7 days). Conservative strategy: refraining from initiating beta-blockers during the grace period if the patient was using dobu-
tamine. All participants were cloned into two replicates, and each replicate was assigned to each strategy at the start of the follow-up. The replicates 
were artificially censored when they deviated from the assigned strategy. Survival curves were weighted with the inverse probability of treatment as-
signment and the inverse probability of artificial censoring. The hazard ratio and its 95% confidence interval were estimated on all-cause death with a 
Cox proportional hazard model. CI, confidence interval; HR, hazard ratio.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 2 Sensitivity analysis for different grace periods

Estimates Main analysis Grace period: 5 days from admission Grace period: 9 days from admission

HR 1.11 (0.75–1.64) 1.05 (0.70–1.59) 1.02 (0.72–1.45)

Mortality, %, early initiation strategy 19.3 (10.6–30.7) 17.4 (8.6–29.1) 19.4 (11.6–30.0)

Mortality, %, conservative strategy 16.2 (9.2–25.3) 16.6 (8.8–25.3) 17.7 (9.6–26.8)
RMST, days, early initiation strategy 27.7 (26.3–28.6) 27.5 (26.1–28.7) 27.4 (26.3–28.3)

RMST, days, conservative strategy 27.8 (26.6–28.8) 27.6 (26.4–28.7) 27.3 (26.1–28.5)

The 95% CIs are provided in parentheses. Grace periods were used to define clinical strategies. The early initiation strategy was defined as initiating beta-blockers with continuing 
dobutamine during the grace period. Conservative strategy was defined as refraining from initiating beta-blockers during the grace period if the patient was under dobutamine. 
Survival curves for the two sensitivity analyses are displayed in Supplementary material online, Figure S3. 
CI, confidence interval; HR, hazard ratio; RMST, restricted mean survival time.
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dobutamine,30 no evidence, guidelines, or physiological rationale have 
supported the initiation of beta-blockers under dobutamine infusion, 
which was occasionally conducted in a real-world scenario.8–12 Our re-
sults indicate no significant positive or negative effect of such beta- 
blocker use on survival. A sensitivity analysis, which estimated all-cause 
mortality in a 60-day follow-up scenario, showed consistent results, 
suggesting that long-term benefits may not justify the early initiation 
of beta-blockers under dobutamine infusion.

Our study also emphasized the importance of accounting for immortal 
time bias and selection bias, which have often been ignored in observa-
tional studies. Immortal time bias arose and favoured the early initiation 
strategy when study arms were defined primitively with propensity-score 
matching on eventual clinical courses. Selection bias was also confirmed 
to favour the early initiation strategy when IPTW and IPCW were not 
implemented. Given that patients who were eventually initiated beta- 
blockers were likely to have only a mild clinical status, we observed the 
directions of bias as expected. These findings indicate that failing to adjust 
for these biases would overestimate the effect of beta-blocker initiation 
on survival outcomes in patients with advanced heart failure.

While conducting an RCT immediately is practically difficult, an ob-
servational study with an explicit emulation of a target trial would be 
one of the best possible alternatives. Because we utilized the diagnosis 
procedure combination database, which is based on electronic health 
records, the application of claims data would be complementary to 
our study. Claims data would provide implications from a long-term per-
spective as they can help follow up patients from inpatient to outpatient 
settings across facilities, identify medical histories, and increase the co-
hort size. On the other hand, claims data are disadvantaged in terms 
of reflecting patients’ health status, especially with regard to the results 
of various examinations. The attempt to integrate electronic health re-
cords and claims data may leverage the strength of both databases, al-
though practical difficulties lie in linking data from multiple providers.31

Several limitations should be considered in this study. First, there is 
the likelihood of the presence of unmeasured or unrecorded confoun-
ders, including aetiology of heart failure, baseline heart rhythm, heart 
rate, ejection fraction, lactic acid, or socioeconomic status. The null re-
sult limited the assessment of the robustness of the findings regarding 
these confounders with established methods. Second, the study did not 
account for other inotropes because the prevalence rate of milrinone 
use was very low (<1.0%) in our cohort, and levosimendan was not ap-
proved in Japan. Third, since the database covers only inpatient care, it 

lacks a longitudinal follow-up across inpatient and outpatient care. 
Fourth, there remains a possibility of misclassifications in administrative 
data, particularly with regard to blood pressure, because its recorded 
timing has ambiguity (i.e. at patient encounters or care unit admissions). 
Fifth, because our cohort excluded patients with extreme background 
characteristics to consider initiating beta-blockers, it is uncertain 
whether our results can be applied to patients with severer clinical sta-
tuses. Sixth, although a subgroup analysis showed no obvious difference 
in the results between bisoprolol and carvedilol, uncertainty remains 
regarding the impact of beta-1 selectivity. Last, the study did not ac-
count for the dosing of beta-blockers during dobutamine infusion, 
which may affect clinical outcomes. These limitations and null results 
in the present study support conducting future RCTs on this topic.

Conclusions
In this observational study with a multicentre inpatient-care database 
emulating an RCT for patients with advanced heart failure, we did 
not observe either a decreased or increased risk of all-cause mortality 
through the initiation of beta-blockers during dobutamine infusion. The 
study was carefully designed to mitigate immortal time bias and selec-
tion bias. Although there is still room for individualized discussions 
and our findings need to be validated in other settings, the initiation 
of beta-blockers under dobutamine infusion may not generally be re-
commended in the management of advanced heart failure.
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Table 3 Additional analysis with incomplete emulations

Methods/estimates Main analysis Leaving selection biasa Leaving immortal time biasb

IPTW ✓ ✓
Cloning and artificial censoring ✓ ✓
IPCW ✓
HR 1.11 (0.75–1.64) 0.96 (0.66–1.41) 0.79 (0.52–1.20)

Mortality, %, early initiation strategy 19.3 (10.6–30.7) 17.9 (10.2–27.5) 17.0 (12.2–22.6)

Mortality, %, conservative strategy 16.2 (9.2–25.3) 17.2 (10.3–26.6) 18.1 (13.1–23.0)
RMST, days, early initiation strategy 27.7 (26.3–28.6) 27.8 (26.6–28.6) 28.0 (27.4–28.6)

RMST, days, conservative strategy 27.8 (26.6–28.8) 27.6 (26.4–28.5) 27.3 (26.6–28.0)

The 95% CIs are provided in parentheses. Survival curves for the two sensitivity analyses are displayed in Supplementary material online, Figure S5. 
CI, confidence interval; HR, hazard ratio; IPCW, inverse probability of censoring weight; IPTW, inverse probability of treatment weight; RMST, restricted mean survival time. 
aIn this sensitivity analysis, the main analysis was repeated without IPTW and IPCW. The 30-day mortality and RMST, and their 95% confidence intervals, were estimated using unweighted 
Kaplan-Meirer curve and non-parametric bootstrap with 1000 samples.The hazard ratio was estimated with a unweighted Cox proportional hazard model adjusting the same covariates as 
the main analysis. 
bIn this sensitivity analysis, the main analysis was repeated without cloning and artificial censoring. The treatment assignment was determined based on the eventual clinical course of each 
patient. The 30-day mortality and RMST, and their 95% confidence intervals, were estimated using Kaplan-Meirer curve with IPTW and non-parametric bootstrap with 1000 samples. 
The hazard ratio was estimated with the Cox proportional hazard model with IPTW adjusting the same covariates as the main analysis.
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Supplementary material
Supplementary material is available at European Heart Journal Open online.

Authors’ contribution
Y.M. conceptualized the study and wrote the draft. All authors contrib-
uted to the design and conduct of the study; interpretation of the data; 
and preparation, review, or approval of the manuscript.

Funding
K.I. receives funding from the Japan Society for the Promotion of Science 
(22K17392 and 23KK0240), the Japan Agency for Medical Research and 
Development (AMED; JP22rea522107), the Japan Science and Technology 
(JST PRESTO; JPMJPR23R2), and the Program for the Development of 
Next-generation Leading Scientists with Global Insight (L-INSIGHT) spon-
sored by the Ministry of Education, Culture, Sports, Science and 
Technology (MEXT), Japan for other work not related to this study. 

Conflict of interest: none declared.

References
1. Tsutsui H, Isobe M, Ito H, Okumura K, Ono M, Kitakaze M, Kinugawa K, Kihara Y, Goto 

Y, Komuro I, Saiki Y, Saito Y, Sakata Y, Sato N, Sawa Y, Shiose A, Shimizu W, Shimokawa 
H, Seino Y, Node K, Higo T, Hirayama A, Makaya M, Masuyama T, Murohara T, 
Momomura SI, Yano M, Yamazaki K, Yamamoto K, Yoshikawa T, Yoshimura M, 
Akiyama M, Anzai T, Ishihara S, Inomata T, Imamura T, Iwasaki YK, Ohtani T, Onishi 
K, Kasai T, Kato M, Kawai M, Kinugasa Y, Kinugawa S, Kuratani T, Kobayashi S, Sakata 
Y, Tanaka A, Toda K, Noda T, Nochioka K, Hatano M, Hidaka T, Fujino T, Makita S, 
Yamaguchi O, Ikeda U, Kimura T, Kohsaka S, Kosuge M, Yamagishi M, Yamashina A; 
Japanese Circulation Society and the Japanese Heart Failure Society Joint Working 
Group. JCS 2017/JHFS 2017 guideline on diagnosis and treatment of acute and chronic 
heart failure ― digest version. Circ J 2019;83:2084–2184.

2. Heidenreich PA, Bozkurt B, Aguilar D, Allen LA, Byun JJ, Colvin MM, Deswal A, Drazner 
MH, Dunlay SM, Evers LR, Fang JC, Fedson SE, Fonarow GC, Hayek SS, Hernandez AF, 
Khazanie P, Kittleson MM, Lee CS, Link MS, Milano CA, Nnacheta LC, Sandhu AT, 
Stevenson LW, Vardeny O, Vest AR, Yancy CW. 2022 AHA/ACC/HFSA guideline 
for the management of heart failure: a report of the American College of Cardiology/ 
American Heart Association Joint Committee on Clinical Practice Guidelines. 
Circulation 2022;145:e895–e1032.

3. McDonagh TA, Metra M, Adamo M, Gardner RS, Baumbach A, Böhm M, Burri H, Butler 
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