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Abstract
Background  Although angiotensin-converting enzyme inhibitors (ACEIs) and angiotensin II receptor blockers (ARBs) have 
been recommended for patients with heart failure, their clinical and prognostic impact in the very acute phase of acute heart 
failure (AHF) is unclear, mainly because data on their safety and efficacy are lacking.
Methods  This study was a post hoc analysis of the REALITY-AHF trial. Patients with AHF who did not take an ACEI or 
ARB at admission were enrolled. Patients who received these medications within 48 h of admission were categorized as 
the ACEI/ARB group, and all other patients were categorized as the no ACEI/ARB group. The primary endpoint was a 
composite of all-cause death and heart failure readmission within 1 year of admission.
Results  Of the 1682 patients in the REALITY-AHF cohort, 900 were enrolled in this study, and 288 (32%) were included in 
the ACEI/ARB group. After propensity score matching, 152 pairs were evaluated, and no significant difference was found 
for in-hospital mortality, worsening renal function, or length of hospital stay. The ACEI/ARB group had significantly higher 
event-free survival (hazard ratio 0.51; 95% confidence interval 0.32–0.82; p = 0.006).
Conclusions  Early initiation of ACEIs/ARBs within 48 h of admission for hospitalized patients with AHF was not associated 
with adverse events and correlated with improved outcomes at 1 year from admission.

Electronic supplementary material  The online version of this 
article (https​://doi.org/10.1007/s4025​6-019-00355​-3) contains 
supplementary material, which is available to authorized users.
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Key Points 

The safety and efficacy of angiotensin-converting 
enzyme inhibitors (ACEIs)/angiotensin receptor block-
ers (ARBs) in the very acute phase of acute heart failure 
(AHF) is unclear.

Early initiation of ACEIs/ARBs correlated with 
improved outcomes at 1 year in patients with AHF.

Early initiation of ACEIs/ARBs was not associated with 
adverse events, including worsening renal function.

1  Introduction

Angiotensin-converting enzyme inhibitors (ACEIs) and 
angiotensin II receptor blockers (ARBs) have tradition-
ally been the cornerstones of heart failure treatment, espe-
cially in patients with reduced ejection fraction [1–3]. 
However, most of the studies that have shown beneficial 
effects tested the drugs in chronic heart failure; very little 
is known about the effect on outcomes of starting ACEIs/
ARBs in the very acute phase of acute heart failure (AHF) 
in patients not receiving these medications at admission. 
It could be that early treatment with ACEIs/ARBs can be 
beneficial in terms of possibly improving hemodynamic 
status given that activation of the renin–angiotensin–aldos-
terone system is one of the key mechanisms of AHF, and 
some small studies in severe heart failure have shown 
hemodynamically beneficial effects from early administra-
tion of intravenous captopril [4, 5]. On the other hand, this 
hypothesis has not been well-supported in the myocardial 
infarction population, and concerns have arisen regarding 
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hypotension and renal dysfunction, which have not been 
directly evaluated in an AHF population [6, 7]. There-
fore, we investigated the safety and clinical implications 
of starting ACEIs/ARBs in the very acute phase of AHF.

2 � Methods

2.1 � Study Design and Patients

This is a post hoc analysis of the REALITY-AHF (Registry 
Focused on Very Early Presentation and Treatment in Emer-
gency Department of Acute Heart Failure) trial, the study 
design and results of which have been published elsewhere 
[8–12]. Briefly, 1682 consecutive patients aged ≥ 20 years 
diagnosed with AHF through the emergency departments 
of 20 participating hospitals in Japan were registered and 
followed-up. The primary objective of the REALITY-AHF 
trial was to investigate the prognostic impact of time to treat-
ment in the acute phase of AHF. AHF was diagnosed using 
the Framingham criteria [13]. This study was conducted 
according to the Declaration of Helsinki and Japanese Ethi-
cal Guideline for Medical and Health Research involving 
Human Subjects. The study protocol was approved by the 
ethics committee of each participating hospital, and study 
information was registered in the publicly available Uni-
versity Hospital Information Network (unique identifier: 
UMIN000014105) before the first patient was enrolled. We 
prospectively followed-up patients at least every 3 months 
after discharge up to December 2016 to obtain prognos-
tic data. For those without follow-up at each participat-
ing hospital, prognostic data were collected via telephone 
interviews. Readmission event was defined as heart failure 
readmission only if it fulfilled the criteria for heart failure 
readmission described in the American College of Cardiol-
ogy/American Heart Association Key Data Elements and 
Definitions for Cardiovascular Endpoint Events in Clinical 
Trials [14].

The present analysis focused on the clinical and prognos-
tic impact of the very early introduction of ACEIs/ARBs 
within 48 h of hospital presentation in patients with AHF 
who were not receiving ACEIs/ARBs before admission. 
We divided the study cohort in two different ways. First, 
patients were divided into two groups according to whether 
they were treated with ACEIs/ARBs within 48 h of hospi-
tal presentation (ACEI/ARB group) or not (no ACEI/ARB 
group) (two-group comparison). To further assess whether 
early (within 48 h of admission) treatment with ACEIs/
ARBs was associated with better prognosis than late (> 48 h 
of admission) treatment, we divided the entire cohort into 
either early ACEI/ARB, late ACEI/ARB, or no ACEI/ARB 

groups (three-group comparison) and compared them in 
terms of prognosis.

Estimated glomerular filtration rate (eGFR; mL/
min/1.73 m2) was calculated using the Chronic Kidney 
Disease Epidemiology Collaboration equation [15]. The 
primary endpoint was a composite of all-cause death and 
heart failure readmission within 1 year of admission, and the 
secondary endpoint was safety outcomes, including worsen-
ing renal function (WRF) within 5 days after admission, 
defined as absolute increase in serum creatinine > 0.3 mg/
dl and > 25% from baseline, length of hospital stay, and in-
hospital mortality [16]. Trajectories of blood pressure were 
also compared between groups.

2.2 � Statistical Methods

Data are expressed as mean ± standard deviation (SD) for 
normally distributed variables and as median (interquartile 
range [IQR]) for non-normally distributed data. Categori-
cal data are expressed as numbers (%). When necessary, 
variables were transformed for further analyses. Between-
group differences were evaluated using the Student’s t test 
or the Mann–Whitney U test for continuous variables, and 
Chi squared or Fisher’s exact tests for categorical variables. 
Cumulative incidence curves for the composite endpoint 
were calculated using Kaplan–Meier estimates and analyzed 
with the log-rank test. Cox regression analyses were per-
formed to evaluate the association between the very early 
introduction of ACEIs/ARBs and the primary endpoint. To 
evaluate the difference in the longitudinal trajectory of blood 
pressure over time between groups with and without ACEI/
ARB treatment within 48 h while accounting for the within-
individual correlation of repeated blood pressure measure-
ment, we used a linear mixed-effect model. A subject fac-
tor was included as a random effect, and time was modeled 
linearly.

To control confounding as much as possible, propensity 
score matching was performed. The propensity score was 
estimated based on a logistic model constructed with the 
following variables: age; sex; systolic blood pressure; his-
tory of hypertension, diabetes mellitus and coronary artery 
disease; left ventricular ejection fraction (LVEF); prescrip-
tion of diuretics and β-blocker at admission; sinus rhythm 
on electrocardiogram at admission; white blood cell counts; 
hemoglobin; glucose levels; blood urea nitrogen; eGFR; and 
B-type natriuretic peptide (BNP), which were measured at 
admission. Propensity score matching was performed for the 
ACEI/ARB and no ACEI/ARB groups (two-group compari-
son) with one-to-one caliper matching using a caliper width 
equal to 20% of the SD of the logit of the calculated pro-
pensity score [17]. To assess the performance of the match-
ing, standardized mean differences were calculated for all 
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baseline variables, and a difference < 0.1 was considered 
negligible (i.e., the two groups were well-balanced) [18]. 
The variables used in the Cox regression model (chosen 
based on previous literature) as adjustment variables were 
age, sex, systolic blood pressure, weight, New York Heart 
Association class, history of heart failure, history of chronic 
obstructive lung disease, LVEF, β-blocker prescription, and 
creatinine, blood urea nitrogen, serum sodium, and BNP 
levels.

A two-sided p value < 0.05 was considered statistically 
significant. Statistical analyses were performed using R ver-
sion 3.1.2 (R Foundation for Statistical Computing, Vienna, 
Austria).

3 � Results

Of the 1682 patients in the REALITY-AHF cohort, 900 
patients were naïve to ACEIs/ARBs at the time of admis-
sion, and 288 (32%) patients were treated with ACEIs/ARBs 
within 48 h of hospital arrival (Fig. 1 in the Electronic Sup-
plementary Material [ESM]).

First, we performed a two-group comparison, and the 
baseline characteristics of both groups before and after pro-
pensity score matching are shown in Table 1. Before match-
ing, patients in the ACEI/ARB group were younger, were 
predominantly male, had higher blood pressure, were more 
likely to have de novo heart failure, and were less likely 
to have been previously treated with heart failure drugs. 
Regarding biomarker profiles, their white blood cell count, 

hemoglobin, and glucose levels were higher, BNP levels 
were lower, and renal function was better. In the propensity 
score analysis, 304 patients were matched based on the pro-
pensity score, and these differences in patient background 
were well-balanced in the matched cohort, and standardized 
mean differences between the two groups were < 0.1 for all 
variables (Fig. 2 in the ESM). Of note, the use of intrave-
nous drugs that had the potential to affect blood pressure 
(i.e., catecholamine and vasodilators) was also well-balanced 
between the groups.

During the study period, we observed 49 in-hospital 
deaths, 148 WRF within 5 days, and 326 all-cause deaths or 
heart failure readmission within 1 year of admission. The 
median length of hospital stay was 16 days (interquartile 
range [IQR] 10–25 days).

No difference in incidence of WRF within 5 days and 
length of hospital stay was observed between the groups, 
whereas in-hospital mortality was significantly higher in 
the no ACEI/ARB group before matching (Table 2). How-
ever, this difference was not retained in the matched cohort, 
and there was no significant between-group difference with 
respect to in-hospital mortality, incidence of WRF, and 
length of hospital stay.

Figure 1 shows the trajectories of blood pressure levels 
between the ACEI/ARB and no ACEI/ARB groups in the 
matched cohort. With the linear mixed-effects model, we 
found no significant between-group difference in either 
systolic or diastolic blood pressure (p = 0.210 and 0.447, 
respectively).

Regarding 1-year outcomes, there was a significant 
between-group difference in the Kaplan–Meier analysis 
(log-rank: p < 0.001) before matching, and this finding was 
retained even in the matched cohort (log-rank: p = 0.005) 
(Fig. 2). Cox regression analysis showed that the ACEI/ARB 
group was associated with better event-free survival, both 
before (hazard ratio [HR] 0.43; 95% confidence interval [CI] 
0.33–0.57, p < 0.001) and after (HR 0.51; 95% CI 0.32–0.82; 
p = 0.006) propensity score matching.

We also checked the interaction between heart failure 
phenotypes, defined by ejection fraction, and ACEI/ARB 
treatment within 48 h of admission on prognosis and found 
no statistically significant impact (p for interaction = 0.393).

Next, we performed a three-group comparison by 
dividing the entire cohort into three groups: early ACEI/
ARB, late ACEI/ARB, and no ACEI/ARB. There were 
several differences in baseline characteristics between 
the early ACEI/ARB and late ACEI/ARB groups. The 
early ACEI/ARB group was associated with high blood 
pressure, fewer patients with a history of heart failure, 
more patients with a history of hypertension, and fewer 
patients with coronary artery disease than was the late 
ACEI/ARB group (Table 3). Fewer patients in the early 
ACEI/ARB group were receiving heart failure medications 

Fig. 1   Change in systolic and diastolic blood pressure across the 
acute phase in patients in the no ACEI/ARB and ACEI/ARB groups. 
Open circles indicate the median value; error bars indicate the stand-
ard error. ACEI angiotensin-converting enzyme inhibitor, ARB angio-
tensin II receptor blocker
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at the time of admission and had preserved renal function 
than those in the late ACEI/ARB group. Kaplan–Meier 
analysis indicated a significant difference in the 1-year 
outcomes among the three groups (Fig. 3). In univariate 
Cox regression analysis using the early ACEI/ARB group 

as a reference, only the no ACEI/ARB group (HR 3.11; 
95% CI 2.21–4.37; p < 0.001) but not the late ACEI/ARB 
group (HR 1.31; 95% CI 0.84–2.03; p = 0.233) was asso-
ciated with significantly worse prognosis. However, both 
the no ACEI/ARB group (HR 2.54; 95% CI 1.50–4.31; 

Table 1   Baseline characteristics

Values are mean ± standard deviation, n (%), or median (interquartile range)
ACEI angiotensin-converting enzyme inhibitor, ALT alanine transaminase, ARB angiotensin II receptor blocker, AST aspartate transaminase, BL 
baseline, BNP B-type natriuretic peptide, BUN blood urea nitrogen, DBP diastolic blood pressure, ECG electrocardiogram, eGFR estimated glo-
merular filtration rate, HFmrEF heart failure with midrange ejection fraction, HFpEF heart failure with reduced ejection fraction, HFrEF heart 
failure with reduced ejection fraction, IV intravenous, SBP systolic blood pressure, WBC white blood cell

Variables Before matching After matching

No ACEI/ARB group 
(n = 612)

ACEI/ARB group 
(n = 288)

p value No ACEI/ARB group 
(n = 152)

ACEI/ARB group 
(n = 152)

Age, years 78 ± 13 74 ± 15 < 0.001 76 ± 14 76 ± 13
Male sex 318 (52.0) 171 (59.4) 0.044 82 (53.9) 87 (57.2)
Hospital visit by ambu-

lance
345 (56.4) 191 (66.3) 0.006 87 (57.2) 92 (60.5)

SBP (mmHg) 142 ± 35 162 ± 38 < 0.001 159 ± 36 159 ± 34
DBP (mmHg) 81 ± 23 95 ± 29 < 0.001 91 ± 24 92 ± 25
Heart rate (beats/min) 99 ± 29 107 ± 28 < 0.001 103 ± 32 106 ± 30
Sinus rhythm at BL ECG 319 (52.1) 177 (61.9) 0.008 81 (53.3) 87 (57.2)
Phenotype of heart failure 0.008
  HFrEF 219 (43.2) 82 (32.2) 63 (41.4) 56 (36.8)
  HFmrEF 100 (19.8) 53 (20.7) 34 (22.4) 38 (25.0)
  HFpEF 187 (37.0) 120 (47.1) 55 (36.2) 58 (38.2)
Medical history
  Heart failure 303 (49.5) 80 (27.8) < 0.001 45 (29.6) 49 (32.2)
  Hypertension 331 (54.2) 184 (63.9) 0.007 94 (61.8) 95 (62.5)
  Diabetes mellitus 188 (30.8) 100 (34.7) 0.274 55 (36.2) 51 (33.6)
  Coronary artery disease 182 (29.8) 47 (16.3) < 0.001 29 (19.1) 28 (18.4)
Medication at admission
  Loop diuretics 317 (51.9) 62 (21.7) < 0.001 41 (27.0) 42 (27.6)
  β-blocker 235 (38.7) 59 (20.6) < 0.001 39 (25.7) 34 (22.4)
  Aldosterone blocker 141 (23.0) 22 (7.6) < 0.001 12 (7.9) 12 (7.9)
  Catecholamines within 

48 h
122 (20.0) 31 (10.8) 0.001 22 (14.5) 18 (11.8)

  Vasodilators within 48 h 333 (54.4) 205 (71.2) < 0.001 100 (65.8) 100 (65.8)
  IV furosemide within 

48 h
497 (82.3) 240 (81.5) 0.612 126 (84.0) 133 (88.1)

Laboratory data
  WBC (/ul) 7200 (5700–10,025) 8300 (6400–10,325) 0.001 7750 (5775–10,325) 8000 (6075–10,025)
  Hemoglobin (g/dl) 11.5 ± 2.3 12.6 ± 2.7 < 0.001 12.3 ± 2.6 12.5 ± 2.6
  AST (IU/L) 32 (23–48) 32 (24–50) 0.469 33 (23–47) 30 (24–52)
  ALT (IU/L) 22 (13–38) 23 (15–40) 0.295 23 (14–41) 20 (14–41)
  Creatinine (mg/dl) 1.12 (0.84–1.77) 0.95 (0.76–1.24) < 0.001 0.96 (0.71–1.24) 0.95 (0.76–1.25)
  eGFR 58 ± 33 75 ± 53 < 0.001 73 ± 38 74 ± 54
  BUN (mg/dl) 26 (19–40) 20 (16–27) < 0.001 21 (16–28) 21 (16–28)
  Sodium (mEq/l) 139 ± 5 139 ± 5 0.066 139 ± 5 139 ± 5
  Glucose (mg/dl) 159 ± 78 178 ± 81 0.001 171 ± 91 173 ± 75
  BNP (pg/ml) 828 (449–1463) 659 (435–1233) 0.027 699 (445–1265) 639 (392–1233)
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p < 0.001) and the late ACEI/ARB group (HR 1.99; 95% 
CI 1.11–3.56; p = 0.020) were associated with a worse 
prognosis than was the early ACEI/ARB group after 
adjustment for covariates in the multivariable Cox regres-
sion analysis.

4 � Discussion

In the present study, we investigated the clinical and prog-
nostic impacts of initiating ACEI/ARB therapy in the very 
acute phase of AHF. We found that initiating treatment with 
ACEIs/ARBs within 48 h was not associated with short-term 
adverse outcomes, including WRF. Moreover, it was associ-
ated with improvement in 1-year prognosis. To the best of 
our knowledge, this is the first study to show the clinical and 
prognostic implications of ACEI/ARB treatment in the very 
acute phase of AHF in patients naïve to these drugs.

ACEIs/ARBs have been one of the cornerstones of heart 
failure treatment; however, the optimal timing of starting 

ACEI/ARB in hospitalized patients with AHF not receiving 
ACEI/ARB treatment at the time of admission is unclear 
[1–3, 19]. Masoudi et al. [20] retrospectively investigated 
medications prescribed at discharge in 17,456 patients with 
heart failure with reduced ejection fraction (HFrEF) who 
were hospitalized for AHF, and demonstrated that patients 
receiving ACEIs at discharge were associated with better 
1-year survival. Sanam et al. [21] conducted a similar retro-
spective study using propensity score matching analysis and 
showed lower 30-day and 1-year mortality after discharge 
in hospitalized patients with AHF receiving ACEIs/ARBs 
at the time of discharge. Although these studies clarified 
the importance of starting ACEI/ARB treatment before dis-
charge in patients hospitalized with AHF, especially those 
with reduced LVEF, when ACEI/ARB treatment should 
be started after admission remained unclear. The current 
American guidelines provide no specific recommendations 
regarding this question, and the current European guidelines 
state that “every attempt should be made to initiate ACEI/
ARB after hemodynamic stabilization” [22, 23]. Likewise, 

Fig. 2   Kaplan–Meier cumulative incidence of all-cause death and heart failure readmission (a) before and (b) after propensity score matching. 
ACEI angiotensin-converting enzyme inhibitor, ARB angiotensin II receptor blocker

Table 2   Clinical outcomes

Values are mean ± standard deviation, n (%), or median (interquartile range)
ACEI angiotensin-converting enzyme inhibitor, ARB angiotensin II receptor blocker, WRF worsening renal function

Variables Before propensity score matching After propensity score matching

ACEI/ARB group No ACEI/ARB group p value ACEI/ARB group No ACEI/ARB group p value

In-hospital mortality 43 (7.0) 6 (2.1) 0.002 4 (2.6) 2 (1.3) 0.684
WRF (> 0.3 and 25% in 5 days) 96 (15.8) 52 (18.1) 0.441 23 (15.1) 31 (20.4) 0.294
Length of hospital stay 16 (10–28) 16 (10–23) 0.152 16 (12–23) 17 (9–25) 0.957
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no obvious statement has been made for the use of ACEIs/
ARBs in the context of AHF.

The major concerns about starting ACEI/ARB treatment 
in the acute phase are hypotension and WRF, which might 
lead to subsequent poor prognosis [24, 25]. In healthy sub-
jects, the kidneys can usually maintain renal perfusion pres-
sure with its auto-regulatory response even when systemic 
blood pressure changes considerably. The key mechanism 
of this regulatory system is balancing the constriction of 
afferent and efferent arteriole, and angiotensin II is one of 

the vasopressor substances to these arterioles [26]. How-
ever, this compensatory system is blunted in patients with 
heart failure, and a decrease in systemic blood pressure can 
be directly associated with a reduction in renal blood flow 
and subsequent decline in glomerular filtration rate (GFR) 
[27]. Indeed, some studies have demonstrated an association 
between hypotension in the acute phase and WRF in patients 
with AHF [28, 29]. Moreover, blockage of angiotensin II by 
ACEIs/ARBs in the acute phase could accelerate decreasing 
perfusion pressure, resulting in declining GFR. However, 

Table 3   Baseline characteristics of early, late, and no ACEI/ARB groups

ACEI angiotensin-converting enzyme inhibitor, ALT alanine transaminase, ARB angiotensin II receptor blocker, AST aspartate transaminase, BL 
baseline, BNP B-type natriuretic peptide, BUN blood urea nitrogen, DBP diastolic blood pressure, ECG electrocardiogram, eGFR estimated glo-
merular filtration rate, HFmrEF heart failure with midrange ejection fraction, HFpEF heart failure with reduced ejection fraction, HFrEF heart 
failure with reduced ejection fraction, IV intravenous, SBP systolic blood pressure, WBC white blood cell

Variables Early ACEI/ARB (n = 233) Late ACEI/ARB (n = 176) No ACEI/ARB (n = 434) p value

Age, years 73 ± 15 74 ± 14 80 ± 11 < 0.001
Male sex 148 (63.5) 109 (61.9) 202 (46.5) < 0.001
Hospital visit by ambulance 156 (67.0) 108 (61.4) 240 (55.3) 0.012
SBP, mmHg 163 ± 38 154 ± 39 141 ± 34 < 0.001
DBP, mmHg 95 ± 29 90 ± 26 79 ± 22 < 0.001
Heart rate (beats/min) 108 ± 28 106 ± 30 96 ± 29 < 0.001
Sinus rhythm at BL ECG 141 (61.0) 106 (60.2) 219 (50.5) 0.012
Phenotype of heart failure < 0.001
  HFrEF 105 (49.8) 83 (50.0) 110 (30.6)
  HFmrEF 45 (21.3) 32 (19.3) 72 (20.0)
  HFpEF 61 (28.9) 51 (30.7) 178 (49.4)
Medical history
  Heart failure 62 (26.6) 56 (31.8) 233 (53.7) < 0.001
  Hypertension 157 (67.4) 100 (56.8) 230 (53.1) 0.002
  Diabetes mellitus 83 (35.6) 58 (33.0) 129 (29.8) 0.295
  Coronary artery disease 36 (15.5) 46 (26.1) 129 (29.8) < 0.001
Medication at admission
  Loop diuretics 45 (19.5) 53 (30.3) 247 (56.9) < 0.001
  β-blocker 41 (17.6) 42 (24.0) 196 (45.5) < 0.001
  Aldosterone blocker 15 (6.4) 23 (13.1) 109 (25.1) < 0.001
  Catecholamines within 48 h 26 (11.2) 33 (18.8) 73 (16.8) 0.071
  Vasodilators within 48 h 172 (73.8) 110 (62.5) 231 (53.2) < 0.001
  IV furosemide within 6 h 192 (82.4) 146 (83.9) 353 (82.1) 0.866
Laboratory data
  WBC (/ul) 8400 (6600–10,800) 8000 (6000–10,725) 6900 (5400–8975) < 0.001
  Hemoglobin (g/dl) 12.6 ± 2.7 12.5 ± 2.6 11.3 ± 2.2 < 0.001
  AST (IU/L) 32 (24–50) 36 (25–54) 29 (22–45) 0.010
  ALT (IU/L) 24 (15–41) 29 (18–47.50) 20 (13–33) < 0.001
  Creatinine (mg/dl) 0.96 (0.78–1.26) 1.02 (0.80–1.48) 1.12 (0.82–1.81) < 0.001
  eGFR 71 ± 34 65 ± 30 60 ± 49 0.003
  BUN (mg/dl) 21 (16–27) 24 (17–34) 26 (18–39) < 0.001
  Sodium (mEq/l) 139 ± 4 139 ± 4 138 ± 5 0.010
  Glucose (mg/dl) 177 ± 83 174 ± 85 153 ± 69 < 0.001
  BNP (pg/ml) 682 (395–1282) 914 (520–1592) 759 (421–1329) 0.028
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our study showed that starting ACEI/ARB treatment within 
48 h of arrival in the emergency department was not associ-
ated with WRF within 5 days after admission. However, this 
finding should be interpreted cautiously, as the number of 
subjects reduced substantially after propensity score match-
ing. Moreover, the analysis may not be adequately powered 
to detect the association between ACEI/ARB use in the 
acute phase and short-term adverse events.

Another unexpected result is that we did not find 
between-group differences in the trajectories of blood 
pressure changes in 48 h of admission. This is contrary to 
our expectations; however, one possible explanation is that 
hypotension induced by introducing ACEI/ARB treatment 
is known to be more likely in patients with lower intra-
vascular volume [30, 31]. Patients with AHF who need 
to be hospitalized are usually likely to have volume over-
load, and this might make the difference in blood pressure 
changes discernible. Another reason might be the small 
doses of ACEIs/ARBs used in the acute phase; however, 
we could not analyze this possibility as we did not obtain 
any information on the ACEI/ARB dose prescribed in our 
registry. In any case, it could be that the unexpected lack 
of difference in blood pressure changes led to the lack of 
difference in WRF incidence between groups. However, 
this finding and hypothesis both need to be evaluated in a 
randomized controlled trial.

Our study results demonstrated that the early prescrip-
tion of ACEIs/ARBs is associated with improved 1-year 
prognosis after admission. It could be that early initiation 
of these medications avoided situations in which clinicians 
simply forgot to prescribe these medications. However, it 
is notable that patients who initiated ACEIs/ARBs within 
48 h of admission were associated with a better prognosis 
than were those who started ACEIs/ARBs at > 48 h after 
admission. This result implies that the timing of starting 

ACEIs/ARBs may affect the prognosis of patients with 
AHF. Another finding that should be acknowledged is 
that the prognostic impact of early prescription of ACEIs/
ARBs was consistent irrespective of whether the patient 
had heart failure with preserved ejection fraction (HFpEF) 
or HFrEF, although previous large trials demonstrated that 
the prognostic benefit of ACEI/ARB treatment was more 
evident in patients with HFrEF than in those with HFpEF 
[32, 33]. This might be because too few patients were 
enrolled to enable us to assess the statistical significance 
of the interaction. One possibility is that the mechanism 
of the prognostically beneficial effects of ACEIs/ARBs 
can differ between chronic heart failure and AHF. Given 
that no study has focused on the prognostic role of ACEIs/
ARBs prescribed in the acute phase in AHF, further study 
is warranted.

Several limitations should be acknowledged. This anal-
ysis was not predefined, post hoc analysis of the REAL-
ITY-AHF study in which the association between time to 
AHF treatments and clinical outcomes in patients with 
AHF were investigated. Even though we tried to elimi-
nate bias as much as possible by using propensity score 
matching analysis, patients who were treated with ACEIs/
ARBs in the acute phase might have been more stable and 
the heart failure more mild than those without, and there 
may have been unmeasured confounding factors that were 
not taken into account. We evaluated only patients with 
AHF who had not taken ACEIs/ARBs before admission, 
and whether patients with AHF who had already taken 
ACEIs/ARBs should keep taking these medications in the 
very acute phase was unclear. Moreover, we did not collect 
data on exactly when ACEIs/ARBs were prescribed, only 
whether the patient received ACEIs/ARBs within 48 h.

5 � Conclusion

Administration of ACEIs/ARBs within 48 h of admission 
for hospitalized patients with AHF who are not already 
receiving these drugs may be safe and correlate with 
improved outcomes at 1 year.
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