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Abstract: Background: We previously developed a risk-scoring system for heart failure (HF) in
patients with acute myocardial infarction (MI), namely “HF time-points (HFTPs)”. In the original
HFTPs, the presence of HF on admission, during hospitalization, and at short-term follow-up was
individually scored. This study examined whether the revised HFTPs, with additional scoring of
previous HF, provide better predictivity. Methods: This multicenter registry included a total of
1331 patients with acute MI undergoing percutaneous coronary intervention. HF was evaluated at
four time-points before and after acute MI onset: (1) a history of HF; (2) elevated natriuretic peptide
levels on admission; (3) in-hospital HF events; and (4) elevated natriuretic peptide levels at a median
of 31 days after the onset. When HF was present at each time-point, one point was assigned to a risk
scoring system, namely the original and revised HFTPs, ranging from 0 to 3 and from 0 to 4. The
primary endpoint was a composite of cardiovascular death and HF rehospitalization after discharge.
Results: Of the 1331 patients, 65 (4.9%) had the primary outcome events during a median follow-up
period of 507 (interquartile range, 335–1106) days. The increase in both original and revised HFTPs
was associated with an increased risk of the primary outcomes in a stepwise fashion with similar
diagnostic ability. Conclusions: The original and revised HFTPs were both predictive of long-term
HF-related outcomes in patients with acute MI undergoing percutaneous coronary intervention. Yet,
the original HFTPs may be sufficient to estimate HF risks after MI.
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1. Introduction

Ischemic heart disease, including myocardial infarction (MI), is a common etiology
of heart failure (HF) across the world, accounting for approximately 50% in the current
era [1,2], and the presence of HF is a strong predictor of mortality in patients with acute
MI [3]. HF developing after MI is a consequence of cardiomyocyte death and scar for-
mation. Left ventricular remodeling post-MI includes mechanical (pressure and volume
overload) and non-mechanical (neurohumoral activation of renin-angiotensin-aldosterone
and sympathetic nervous systems, activation of pro-inflammatory pathways, and changes
in the extracellular matrix) pathophysiology, leading to impaired systolic and diastolic
function [4]. It is well known that the presence of worse HF conditions (i.e., higher Killip
class) after acute MI is associated with higher short-term mortality in a stepwise manner [5],
and an administrative database study demonstrated that new-onset HF after acute MI
occurred in one out of every three patients and denoted an “exceptionally” high long-term
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mortality rate [6]. To identify patients with HF and stratify risks of adverse outcomes,
the evaluation of natriuretic peptides (NPs), such as B-type natriuretic peptide (BNP)
and N-terminal pro-BNP (NT-proBNP), is recommended in patients with acute MI in
the international guidelines [7,8]. NPs are produced by ventricular cardiomyocytes and
released into circulation in response to volume and pressure overload to the ventricular
wall [9]. In daily clinical practice, elevated levels of NPs are reportedly associated with
poor outcomes after acute MI. For instance, a previous study found that the level of BNP
on admission was an independent predictor of all-cause mortality at 30 days in patients
with acute MI [10]. Similarly, a Japanese study demonstrated that BNP levels 3 to 4 weeks
after acute MI were independently associated with the risk of cardiac death at a mean
follow-up of 58.6 months [11]. In addition to the elevated NP levels, clinical HF events are
also related to worse clinical outcomes after MI [3,12]. Taken together, a comprehensive risk
assessment incorporating both NP levels and clinical evidence of HF events may contribute
to better risk prediction in patients with acute MI. Given that an intensive therapeutic
approach of rapid up-titration of guideline-directed medical therapy resulted in better
outcomes in hospitalized HF patients, as shown in a recent randomized trial [13], timely
risk stratification is clinically important, and subsequent medical intervention may benefit
patients with acute MI.

In this context, we previously developed a risk-predicting model, namely “HF time-
points (HFTPs)”, showing that HF evaluation at different time-points provided diagnostic
value for future clinical events in a setting of acute MI [14]. In our previous study, patients
with acute MI were assessed as to whether HF was present at three different time-points:
(1) high NP levels on admission; (2) in-hospital HF events; and (3) high NP levels at short-
term follow-up [15]. With the increase in the number of patients with HF status at the
time-points, the rate of all-cause death and HF progressively increased after acute MI [14].
In the original HFTPs, however, a history of HF before admission for MI was not included
due to the limited sample size, which also has a prognostic value in patients with acute
MI in previous studies [16,17]. Therefore, in the present study, we added a history of HF
besides the original criteria to develop the revised HFTPs and evaluated its diagnostic
ability for HF events after acute MI.

2. Materials and Methods
2.1. Study Population

This was a series of retrospective, observational, multicenter studies [18–20]. From
January 2012 to March 2021, a total of 2485 patients with acute MI underwent percuta-
neous coronary intervention (PCI) at four hospitals (Chiba University Hospital, Eastern
Chiba Medical Center, Chiba Emergency and Psychiatric Medical Center, and Chiba Aoba
Municipal Hospital). In the present study, acute MI included ST-segment elevation and
non-ST-segment elevation MI, defined according to the fourth universal definition [21]. PCI
procedures were performed based on the local standard practice with the predominant use
of dual antiplatelet therapy, radial access, intracoronary imaging, new-generation drug-
eluting stents, and mechanical circulatory support devices [22–27]. Patients with in-hospital
onset acute MI (n = 24), late presentation >48 h (n = 81), in-hospital death (n = 209), missing
data on NP levels on admission or at short-term follow-up (n = 744), and no follow-up
information after hospital discharge (n = 96) were hierarchically excluded. Thus, a total
of 1331 patients were included in the present study. Cardiovascular risk factors such as
hypertension, diabetes, dyslipidemia, and current smoking were defined based on the
Japanese Association of Cardiovascular Intervention and Therapeutics criteria [28]. Hyper-
tension was defined as a previous diagnosis of hypertension or previous antihypertensive
medications, or newly diagnosed hypertension during hospitalization with systolic blood
pressure ≥140 mm Hg and/or diastolic blood pressure ≥90 mm Hg. Diabetes was defined
as a previous diagnosis of diabetes or the previous use of glucose-lowering drugs, or a
level of hemoglobin A1c ≥6.5%. Dyslipidemia was defined as having low-density lipopro-
tein cholesterol ≥140 mg/dL, high-density lipoprotein cholesterol <40 mg/dL, or fasting
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triglycerides >150 mg/dL, or a previous diagnosis of dyslipidemia. Low- and high-density
lipoprotein cholesterol levels were assessed in either a fasting or non-fasting state. Other
blood examination findings, including hemoglobin and creatinine, were also assessed. Ad-
ditionally, patients having a history of smoking within the past year were defined as being
current smokers. Chronic kidney disease was defined based on an estimated glomerular
filtration rate <60 mL/min/1.73 m2. Cardiogenic shock was defined as a sustained episode
of systolic blood pressure <80 mm Hg and/or a cardiac index <1.8 L/min/m2 (regardless
of the measurement method) despite the maximum treatment determined to be secondary
to cardiac dysfunction and/or the need for parenteral inotropic or vasopressor agents or
mechanical support, including an intra-aortic balloon pump to maintain blood pressure
and cardiac index above specified levels within 24 h prior to the initiation of PCI [28]. This
study was conducted in accordance with the Declaration of Helsinki and was centrally
approved by the ethics committee of Chiba University Hospital. Informed consent for the
present study was obtained in an opt-out manner.

2.2. Heart Failure Evaluation

In the present study, HF status was evaluated at four different time-points: (1) before ad-
mission; (2) on admission; (3) during hospitalization; and (4) at short-term follow-up (Figure 1).
Levels of BNP or NT-proBNP were measured on admission and at short-term follow-up in
a real-world setting. The short-term follow-up NP level was obtained immediately before
discharge or at the 1-month visit in routine clinical practice at the four institutions [14]. Patients
were considered to have HF when NP levels on admission and at short-term follow-up were
high, with BNP ≥200 pg/mL or NT-proBNP ≥ 900 pg/mL, according to the guidelines [29].
A history of HF before admission was assessed based on the medical record. In-hospital
HF was defined as the use of intravenous diuretics (e.g., furosemide) and vasopressors or
inotropes (e.g., norepinephrine and dobutamine) [30]. The use of intravenous vasodilators
such as nitrates and nicorandil did not fulfill the definition of in-hospital HF. The original
HFTPs were evaluated using the criteria at the three time-points: on admission, during
hospitalization, and at short-term follow-up [14], while the revised HFTPs in the current
study were assessed with HF status at the four time-points, including previous HF before
admission (Figure 1). When HF was present at each time-point, one point was added to the
risk-scoring models. Thus, the original and revised HFTPs ranged from 0 to 3 and from 0
to 4, respectively.
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Figure 1. Time-points of heart failure assessment in the original and revised scores. AMI, acute
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2.3. Outcomes and Statistical Analysis

Follow-up data were ascertained from medical records at individual institutions. The
primary outcome of the present study included cardiovascular death and HF rehospital-
ization after discharge. Cardiovascular death was defined as death presumably resulting
from cardiovascular causes, according to the Academic Research Consortium-2 consensus
document [31]. Cardiovascular death included death caused by acute MI, stroke, and
cardiovascular procedures and resulting from HF and cardiovascular hemorrhage. Sudden
cardiac—including unwitnessed—death and death from other cardiovascular causes were
also included as cardiovascular death [31].

Statistical analysis was conducted using EZR version 1.61 (Saitama Medical Center,
Jichi Medical University, Saitama, Japan), which is a graphical user interface for R (The
R Foundation for Statistical Computing, Vienna, Austria). Data are expressed as mean
± standard deviation, median [interquartile range], or frequencies with percentages, as
appropriate. Continuous variables were assessed with Student’s t-test, and categorical
variables were compared using Fisher’s exact test. The time to the primary outcome events
(cardiovascular death and HF rehospitalization after discharge) was estimated using the
Kaplan–Meier method with the log-rank test. The date of discharge was set as a landmark.
The receiver operating characteristics (ROC) curve analysis was performed based on the
primary outcomes. In the ROC curve analysis, the best cut-off value was established by
finding the values that corresponded to the maximum average sensitivity and specificity.
The area under the curve (AUC) of the ROC curve was compared with the Delong method.
Multivariable analysis was performed using a Cox proportional hazards model for the
primary outcomes, with factors included in the model in our previous report [14]. A
p value < 0.05 was considered statistically significant.

3. Results

A total of 1331 patients with acute MI who underwent PCI and survived to discharge
were included in the present analysis. Overall, the mean age was 67.1 ± 12.2 years,
and 77.8% were men (Table 1). Cardiovascular risk factors were commonly found, with
hypertension in 68.3%, diabetes in 34.6%, dyslipidemia in 66.9%, and current smoking
in 37.3%, respectively. The majority of patients suffered from ST-segment elevation MI
(72.4%), and cardiogenic shock was found in 9.2% (Table 1). The median length of hospital
stay, duration of short-term follow-up for NP measurement, and follow-up period after
discharge were 8 [6, 14], 31 [19, 39], and 507 [355, 1106] days, respectively. During the follow-
up period, 65 (4.9%) patients experienced the primary outcomes, including cardiovascular
death and HF rehospitalization after discharge. No patients had the primary outcome
events before the short-term follow-up.

Table 1 shows baseline characteristics between patients with and without adverse
events. Patients with the primary outcome events had older age, anemia, and impaired
left ventricular ejection fraction and renal function as compared to those without (Table 1).
The prevalence of HF was significantly higher at all four time-points in patients with
the primary outcome events than in their counterparts before admission (7.7% vs. 1.7%,
p = 0.007), on admission (60.0% vs. 24.6%, p < 0.001), during hospitalization (61.5% vs.
19.6%, p < 0.001), and at short-term follow-up (73.8% vs. 33.1%, p < 0.001) (Table 1). Overall,
the median original and revised HFTPs were 0 [0, 2].

Kaplan–Meier analysis demonstrated that the higher original and revised HFTPs
were associated with an increased risk of cardiovascular death and HF rehospitalization
after discharge in a stepwise manner (Figure 2). In the ROC curve analysis, no significant
difference in a prognostic value for the primary endpoint was observed between the original
and revised HFTPs (AUC 0.79 vs. 0.79, p = 0.62), while the revised HFTPs had a significantly
greater AUC as compared with Killip classification (Figure 3). With the best cut-off values
for predicting cardiovascular death and HF rehospitalization after discharge, sensitivity,
specificity, positive predictive value, negative predictive value, and accuracy of the original
and revised HFTPs were 70.8%, 77.2%, 13.7%, 98.1%, and 76.9% and 72.3%, 77.0%, 13.9%,
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98.2%, and 76.8%. Multivariable analysis indicated that the original HFTPs of 2 and 3 and
the revised HFTPs of ≥2 were independently associated with the occurrence of primary
outcome events after discharge, in addition to anemia and impaired renal function, while
one point was related with marginal significance in the multivariable models in both scores
(Table 2).

Table 1. Baseline characteristics.

Variable All
(n = 1331)

Adverse Event (−)
(n = 1266)

Adverse Event (+)
(n = 65) p Value

Age (years) 67.1 ± 12.2 66.9 ± 12.3 70.9 ± 11.0 0.009
Men 1036 (77.8%) 984 (77.7%) 52 (80.0%) 0.76

Body mass index (kg/m2) 24.5 ± 3.9 24.6 ± 3.9 23.4 ± 4.2 0.01
Hypertension 909 (68.3%) 856 (67.6%) 53 (81.5%) 0.02

Diabetes 461 (34.6%) 436 (34.4%) 25 (38.5%) 0.51
Dyslipidemia 890 (66.9%) 850 (67.1%) 40 (61.5%) 0.35

Current smoker 496 (37.3%) 474 (37.4%) 22 (33.8%) 0.60
Previous MI 105 (7.9%) 94 (7.4%) 11 (16.9%) 0.02
Previous PCI 142 (10.7%) 128 (10.1%) 14 (21.5%) 0.007

eGFR (mL/min/1.73 m2) 66.7 ± 23.1 67.7 ± 22.6 46.9 ± 23.7 <0.001
Hemoglobin (g/dL) 14.2 ± 2.0 14.2 ± 1.9 12.8 ± 2.3 <0.001

LVEF (%) 47.6 ± 11.2 48.0 ± 11.0 40.6 ± 13.0 <0.001
Cardiogenic shock 123 (9.2%) 119 (9.4%) 4 (6.2%) 0.51

Type of MI 0.26
STEMI 964 (72.4%) 921 (72.7%) 43 (66.2%)

NSTEMI 367 (27.6%) 345 (27.3%) 22 (33.8%)
Medication at discharge

Aspirin 1227 (92.2%) 1172 (92.6%) 55 (84.6%) 0.03
P2Y12 inhibitor 1283 (96.3%) 1225 (96.8%) 60 (92.3%) 0.07

Oral anticoagulation 191 (14.4%) 174 (13.7%) 17 (26.2%) 0.01
Statin 1267 (95.2%) 1210 (95.6%) 57 (87.7%) 0.01

ACE-i or ARB 1043 (78.4%) 992 (78.4%) 51 (78.5%) 1.00
β-blocker 1064 (79.9%) 1011 (79.9%) 53 (81.5%) 0.87

MRA 249 (18.7%) 229 (18.1%) 20 (30.8%) 0.01
Diuretic 265 (19.9%) 227 (17.9%) 38 (58.5%) <0.001

HF history before admission 26 (2.0%) 21 (1.7%) 5 (7.7%) 0.007
High NP on admission 350 (26.3%) 311 (24.6%) 39 (60.0%) <0.001

In-hospital HF 288 (21.6%) 248 (19.6%) 40 (61.5%) <0.001
High NP at follow-up 467 (35.1%) 419 (33.1%) 48 (73.8%) <0.001

Adverse event indicates the primary outcome, a composite of cardiovascular death and HF rehospitalization after
discharge. In-hospital HF was defined as the use of intravenous diuretics (e.g., furosemide) and vasopressors or
inotropes (e.g., norepinephrine and dobutamine) during the index hospitalization for acute MI. ACE-i, angiotensin-
converting enzyme inhibitor; ARB, angiotensin II receptor blocker; eGFR, estimated glomerular filtration rate; HF,
heart failure; LVEF, left ventricular ejection fraction; MI, myocardial infarction; MRA, mineralocorticoid receptor
antagonist; NP, natriuretic peptide; NSTEMI, non-ST-segment elevation myocardial infarction; PCI, percutaneous
coronary intervention; STEMI, ST-segment elevation myocardial infarction.

Table 2. Factors associated with primary endpoint.

Variable
Univariable Multivariable

(Original HFTPs)
Multivariable

(Revised HFTPs)

HR (95% CI) p Value HR (95% CI) p Value HR (95% CI) p Value

Age (years) 1.04 (1.01–1.06) 0.002 1.00 (0.98–1.03) 0.84 1.00 (0.98–1.03) 0.86
Men 1.10 (0.60–2.01) 0.77 1.60 (0.84–3.05) 0.15 1.57 (0.82–3.01) 0.17

BMI (kg/m2) 0.91 (0.86–0.98) 0.009 0.96 (0.89–1.04) 0.30 0.96 (0.89–1.04) 0.32
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Table 2. Cont.

Variable
Univariable Multivariable

(Original HFTPs)
Multivariable

(Revised HFTPs)

HR (95% CI) p Value HR (95% CI) p Value HR (95% CI) p Value

Hypertension 2.04 (1.09–3.82) 0.03 1.45 (0.73–2.84) 0.28 1.44 (0.73–2.83) 0.29
eGFR (mL/min/1.73 m2) 0.96 (0.95–0.97) <0.001 0.98 (0.97–0.99) 0.002 0.98 (0.97–0.99) 0.004

Hemoglobin (g/dL) 0.75 (0.68–0.83) <0.001 0.87 (0.76–0.99) 0.04 0.87 (0.76–0.99) 0.04
LVEF (%) 0.94 (0.92–0.96) <0.001 0.98 (0.95–1.00) 0.07 0.98 (0.95–1.00) 0.07

Cardiogenic shock 0.65 (0.24–1.80) 0.41 0.36 (0.11–1.19) 0.10 0.38 (0.12–1.24) 0.11
Original HFTPs

0 Reference Reference
1 3.45 (1.36–8.76) 0.009 2.72 (0.99–7.45) 0.051

2 10.54
(4.52–24.6) <0.001 6.29 (2.35–16.8) <0.001

3 21.48
(9.21–50.1) <0.001 7.37 (2.48–21.9) <0.001

Revised HFTPs
0 Reference Reference
1 3.11 (1.21–8.03) 0.02 2.48 (0.89–6.90) 0.08

2 11.19
(4.82–26.0) <0.001 6.59 (2.47–17.6) <0.001

3 18.08
(7.60–43.0) <0.001 6.65 (2.22–19.9) <0.001

4 40.32
(11.8–138.0) <0.001 9.70 (2.25–41.8) 0.002

BMI, body mass index; CI, confidence interval; eGFR, estimated glomerular filtration rate; HFTPs, heart failure
time-points; HR, hazard ratio; LVEF, left ventricular ejection fraction.
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4. Discussion

In the present multicenter registry study, we evaluated the prognostic impact of revised
HFTPs, a risk-scoring system based on HF status at different time-points, in patients with
acute MI undergoing PCI. The original HFTPs consist of the presence or absence of HF on
admission, during hospitalization, and at short-term follow-up, while the revised HFTPs
further incorporate a history of HF before MI. Although the presence of previous HF was
associated with an increased risk of cardiovascular death and HF rehospitalization after
discharge, the addition of previous HF as a part of HFTP criteria did not result in better
risk stratification. Their similar diagnostic abilities may support the use of both original
and revised HFTPs for estimating patient risks of long-term death and HF events after MI.

HF developing after acute MI is common with the underlying mechanisms of cardiac
remodeling and systolic and diastolic dysfunction, which is a powerful predictor of death,
while the presence of HF has important clinical implications for treatment [4,15,32]. It has
been established that the presence of HF is associated with worse clinical outcomes in
patients with acute MI. In a historical study, the higher Killip class was associated with an
increased mortality rate at 30 days after acute MI: 5.1% in those with Killip class 1, 13.6% in
class 2, 32.2% in class 3, and 57.8% in class 4, respectively [5]. The prognostic impact of the
Killip class was also demonstrated in patients with MI with non-obstructive coronary artery
disease [33]. For long-term outcomes, a recent study using a Medicare database showed
that the presence of new-onset HF after acute MI was significantly associated with higher
long-term mortality: 68.7% at 5 years in patients with new-onset HF and 38.4% in those
without [6]. Previous investigations have also found that HF at several time-points is related
to the prognosis in patients with acute MI. A large-scale administrative database study
indicated that among hospitalized acute MI patients, pre-existing HF was a predictor of
in-hospital mortality [17]. A sub-analysis of the ENTIRE-TIMI-23 (Enoxaparin Tenecteplase-
Tissue-Type Plasminogen Activator With or Without Glycoprotein IIb/IIIa Inhibitor as
Reperfusion Strategy in ST-Segment Elevation Myocardial Infarction-Thrombolysis In
Myocardial Infarction-23) trial demonstrated that an elevated level of BNP on admission
with a cut-off value of 80 pg/mL was associated with a seven-fold higher 30-day mortality
risk [10]. In-hospital HF events after acute MI are also known as predictors of poor
prognosis [12]. When assessed 3 to 4 weeks after acute MI, a higher BNP level was
identified as a significant factor related to higher long-term cardiac mortality, with the best
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cut-off value of 180 pg/mL [11]. In summary, the presence of HF at different times—before
and after acute MI—is a strong prognostic marker, and thus, it may be reasonable to stratify
patient risks, particularly for HF-related events, based on HF status at such time-points.

In this context, we developed the original HFTPs in a previous report [14]. In the
original study, we included a total of 600 patients with acute MI undergoing PCI at two
tertiary referral centers. With the same criteria for HF evaluation as was employed in the
present study on admission (BNP ≥ 200 pg/mL or NT-proBNP ≥ 900 pg/mL), during
hospitalization (clinical HF events), and at short-term follow-up (BNP ≥ 200 pg/mL or
NT-proBNP ≥ 900 pg/mL), the original HFTPs predicted composite endpoints of all-cause
death and HF rehospitalization [14]. Although patients with the higher original HFTPs
were likely to be older and have impaired renal function and anemia, multivariable analysis
identified the original HFTPs as a predictor of the clinical events, particularly when the
score was 2 or 3 [14]. As shown previously, the present study confirmed that the original
HFTPs were predictive of long-term HF-related events in patients with acute MI [14]. For
further improvement in predictivity, we hypothesized that the addition of HF evaluation
at different time-points may be efficient. In the pivotal GRACE (Global Registry of Acute
Coronary Events) study, nine variables, such as older age, higher heart rate, lower blood
pressure, ST-segment deviation on electrocardiogram, renal impairment, cardiogenic shock,
and cardiac arrest, were identified to be associated with a composite of death and MI at
six months in patients presenting with acute coronary syndrome, of which the presence
of previous HF was also included [16]. In addition, a recent large-scale administrative
database study demonstrated that patients with pre-existing HF had higher mortality
than those without, irrespective of their left ventricular ejection fraction [17]. However,
because the endpoints of these studies did not include HF-related events, the prognostic
impact of previous HF before MI on the development of HF after MI during long-term
follow-up remains unclear. In the present study, the univariable analysis showed that a
history of HF was more frequently observed in patients with cardiovascular death and
HF rehospitalization than in those without (1.7% vs. 7.7%, p = 0.007), suggesting that the
presence of previous HF was at least an indicator of future HF events after MI. Nonetheless,
the addition of HF before MI in the revised HFTPs did not lead to improved diagnostic
ability as compared to the original score, possibly explained by the small sample size of
patients with previous HF (i.e., 2.0%) in this population. Therefore, the original HFTPs
may be sufficient for predicting HF-related events after acute MI. Another important point
to note in this study was that one point in the original and revised HFTPs was indicative
of adverse outcomes, significantly in univariable analysis and with marginal significance
in multivariable analysis. This signal was not found in our previous report, in which
the sample size was smaller, and the primary endpoint included all-cause rather than
cardiovascular death [14]. Thus, beyond the fact that the risk of cardiovascular death and
HF was progressively increased with the increase in HFTPs, the presence of HF, even at one
time-point, may be taken into account when treating and managing patients with acute MI.

The early and accurate risk stratification may improve HF-related clinical outcomes
in patients with acute MI, owing to intensified medical intervention with anti-HF drugs.
The STRONG-HF (Safety, Tolerability and Efficacy of Rapid Optimization, Helped by NT-
proBNP Testing, of Heart Failure Therapies) trial enrolled hospitalized patients with acute
HF, irrespective of left ventricular ejection fraction, and evaluated the effect of an intensive
treatment strategy of rapid up-titration of guideline-directed HF medication on clinical
outcomes as compared to the control treatment, resulting in lower adverse event rates
in the experimental arm at 180 days [13]. The randomized trial did not include patients
with acute MI (one of the exclusion criteria) but supported the therapeutic potential of
the intensive treatment strategy to reduce HF events. In the randomized SAVE (Survival
and Ventricular Enlargement) trial, early initiation of angiotensin-converting enzyme
inhibitor (captopril) within 3 to 16 days after acute MI was associated with better survival
at the mean of 42 months [34]. Similarly, the beneficial effect of early initiation of β-
blocker and mineralocorticoid receptor antagonist in a setting of acute MI complicated by
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reduced left ventricular ejection fraction has also been established in pivotal clinical studies,
such as the CAPRICORN (Carvedilol Post-Infarct Survival Control in Left Ventricular
Dysfunction) and EPHESUS (Eplerenone Post-AMI Heart Failure Efficacy and Survival
Study) trials [35,36]. More recently, the safety and possible therapeutic effect of angiotensin
receptor-neprilysin inhibitor and sodium-glucose cotransporter-2 have been suggested
in the EMMY (Empagliflozin in Myocardial Infarction) and PARADISE-MI (Prospective
ARNI vs. ACE inhibitor trial to DetermIne Superiority in reducing heart failure Events after
Myocardial Infarction) trials [37,38]. Although not established yet, early intensive medical
treatment with anti-HF drugs in high-risk patients may be beneficial after acute MI. Further
studies are warranted to evaluate whether risk-based intervention is effective in reducing
HF-related events in a setting of acute MI. Prospective studies are needed to confirm our
results and to show the clinical effectiveness of HFTP-based therapeutic approaches.

There are some limitations in the present study. This was a retrospective study in
which a proportion of patients were excluded mainly due to the lack of NP data. Data
on some comorbidities, including chronic obstructive pulmonary disease, were missing.
Additionally, baseline characteristics, including medications (e.g., aspirin and statin), signif-
icantly differed between patients with and without adverse events, suggesting the presence
of selection bias in a real-world clinical setting. Even with the increased sample size in
the present study compared to our previous report [14], the number of HF events at each
time-point was relatively small. Although the efficacy of sodium-glucose co-transporter-2
inhibitors for HF has been established [39], the number of patients on the drug was also
small. In our original study, the primary endpoint was a composite of all-cause death and
HF rehospitalization, while in the present study, it was set as cardiovascular death and HF
rehospitalization. Because either BNP or NT-proBNP was employed in the participating
study centers, NP levels were used as being dichotomous with the thresholds (i.e., BNP of
200 pg/mL and NT-proBNP of 900 pg/mL). In addition, we believe that external validation
of HFTPs with different study cohorts and investigators is needed.

5. Conclusions

In patients with acute MI who underwent PCI and survived to discharge, the evalua-
tion of HF status at four different time-points, including a history of HF, an elevated NP
level on admission, in-hospital HF events, and a higher NP level at short-term follow-up,
was useful to stratify the risk of cardiovascular death and HF rehospitalization after dis-
charge, although the addition of the presence of previous HF as a part of the scoring model
did not provide incremental improvement in the prognostic impact.
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15. Jenča, D.; Melenovský, V.; Stehlik, J.; Staněk, V.; Kettner, J.; Kautzner, J.; Adámková, V.; Wohlfahrt, P. Heart failure after myocardial
infarction: Incidence and predictors. ESC Heart Fail. 2021, 8, 222–237. [CrossRef]

16. Fox, K.A.; Dabbous, O.H.; Goldberg, R.J.; Pieper, K.S.; Eagle, K.A.; Van de Werf, F.; Avezum, A.; Goodman, S.G.; Flather, M.D.;
Anderson, F.A., Jr.; et al. Prediction of risk of death and myocardial infarction in the six months after presentation with acute
coronary syndrome: Prospective multinational observational study (GRACE). BMJ 2006, 333, 1091. [CrossRef] [PubMed]

17. Abramov, D.; Kobo, O.; Mohamed, M.; Roguin, A.; Osman, M.; Patel, B.; Parwani, P.; Alraies, C.; Sauer, A.J.; Van Spall, H.G.C.;
et al. Management and outcomes of acute myocardial infarction in patients with preexisting heart failure: An analysis of 2 million
patients from the national inpatient sample. Expert Rev. Cardiovasc. Ther. 2022, 20, 233–240. [CrossRef] [PubMed]

18. Matsumoto, T.; Saito, Y.; Yamashita, D.; Sato, T.; Wakabayashi, S.; Kitahara, H.; Sano, K.; Kobayashi, Y. Impact of Active and
Historical Cancer on Short- and Long-Term Outcomes in Patients with Acute Myocardial Infarction. Am. J. Cardiol. 2021, 159,
59–64. [CrossRef] [PubMed]

19. Yamashita, D.; Saito, Y.; Sato, T.; Matsumoto, T.; Saito, K.; Wakabayashi, S.; Kitahara, H.; Sano, K.; Kobayashi, Y. Impact of PARIS
and CREDO-Kyoto Thrombotic and Bleeding Risk Scores on Clinical Outcomes in Patients with Acute Myocardial Infarction.
Circ. J. 2022, 86, 622–629. [CrossRef]

20. Suzuki, S.; Saito, Y.; Yamashita, D.; Matsumoto, T.; Sato, T.; Wakabayashi, S.; Kitahara, H.; Sano, K.; Kobayashi, Y. Clinical
Characteristics and Prognosis of Patients with No Standard Modifiable Risk Factors in Acute Myocardial Infarction. Heart Lung.
Circ. 2022, 31, 1228–1233. [CrossRef]

21. Thygesen, K.; Alpert, J.S.; Jaffe, A.S.; Chaitman, B.R.; Bax, J.J.; Morrow, D.A.; White, H.D. Fourth Universal Definition of
Myocardial Infarction (2018). J. Am. Coll. Cardiol. 2018, 72, 2231–2264. [CrossRef] [PubMed]

https://doi.org/10.1253/circj.CJ-11-0135
https://www.ncbi.nlm.nih.gov/pubmed/21436596
https://doi.org/10.1016/j.jchf.2020.12.015
https://www.ncbi.nlm.nih.gov/pubmed/33839078
https://doi.org/10.1161/CIRCHEARTFAILURE.115.002460
https://www.ncbi.nlm.nih.gov/pubmed/26699392
https://doi.org/10.1093/eurheartj/ehac223
https://www.ncbi.nlm.nih.gov/pubmed/35511857
https://doi.org/10.1161/01.CIR.91.6.1659
https://doi.org/10.1016/j.cardfail.2021.09.001
https://doi.org/10.1093/eurheartj/ehad191
https://doi.org/10.1253/circj.CJ-19-0133
https://doi.org/10.1038/s41569-020-0381-0
https://doi.org/10.1016/j.jacc.2004.04.033
https://doi.org/10.1161/01.CIR.0000141295.60857.30
https://www.ncbi.nlm.nih.gov/pubmed/15353502
https://doi.org/10.1016/j.jchf.2013.02.007
https://www.ncbi.nlm.nih.gov/pubmed/24621874
https://doi.org/10.1016/S0140-6736(22)02076-1
https://www.ncbi.nlm.nih.gov/pubmed/36356631
https://doi.org/10.1253/circj.CJ-22-0577
https://www.ncbi.nlm.nih.gov/pubmed/36418113
https://doi.org/10.1002/ehf2.13144
https://doi.org/10.1136/bmj.38985.646481.55
https://www.ncbi.nlm.nih.gov/pubmed/17032691
https://doi.org/10.1080/14779072.2022.2058931
https://www.ncbi.nlm.nih.gov/pubmed/35332806
https://doi.org/10.1016/j.amjcard.2021.08.021
https://www.ncbi.nlm.nih.gov/pubmed/34497007
https://doi.org/10.1253/circj.CJ-21-0556
https://doi.org/10.1016/j.hlc.2022.06.666
https://doi.org/10.1016/j.jacc.2018.08.1038
https://www.ncbi.nlm.nih.gov/pubmed/30153967


J. Clin. Med. 2024, 13, 2501 11 of 11

22. Natsuaki, M.; Sonoda, S.; Yoshioka, G.; Hongo, H.; Kaneko, T.; Kashiyama, K.; Yokoi, K.; Hikichi, Y.; Node, K. Antiplatelet therapy
after percutaneous coronary intervention: Current status and future perspectives. Cardiovasc. Interv. Ther. 2022, 37, 255–263.
[CrossRef] [PubMed]

23. Ozaki, Y.; Hara, H.; Onuma, Y.; Katagiri, Y.; Amano, T.; Kobayashi, Y.; Muramatsu, T.; Ishii, H.; Kozuma, K.; Tanaka, N.; et al.
CVIT expert consensus document on primary percutaneous coronary intervention (PCI) for acute myocardial infarction (AMI)
update 2022. Cardiovasc. Interv. Ther. 2022, 37, 1–34. [CrossRef] [PubMed]

24. Saito, Y.; Kobayashi, Y.; Fujii, K.; Sonoda, S.; Tsujita, K.; Hibi, K.; Morino, Y.; Okura, H.; Ikari, Y.; Kozuma, K.; et al. CVIT 2023
clinical expert consensus document on intravascular ultrasound. Cardiovasc. Interv. Ther. 2024, 39, 1–14. [CrossRef] [PubMed]

25. Fujii, K.; Kubo, T.; Otake, H.; Nakazawa, G.; Sonoda, S.; Hibi, K.; Shinke, T.; Kobayashi, Y.; Ikari, Y.; Akasaka, T. Expert
consensus statement for quantitative measurement and morphological assessment of optical coherence tomography: Update
2022. Cardiovasc. Interv. Ther. 2022, 37, 248–254. [CrossRef] [PubMed]

26. Saito, Y.; Kobayashi, Y. Contemporary coronary drug-eluting and coated stents: An updated mini-review (2023). Cardiovasc.
Interv. Ther. 2024, 39, 15–17. [CrossRef] [PubMed]

27. Saito, Y.; Tateishi, K.; Kanda, M.; Shiko, Y.; Kawasaki, Y.; Kobayashi, Y.; Inoue, T. Volume-outcome relationships for extracorporeal
membrane oxygenation in acute myocardial infarction. Cardiovasc. Interv. Ther. 2024, 39, 156–163. [CrossRef] [PubMed]

28. Ando, H.; Yamaji, K.; Kohsaka, S.; Ishii, H.; Wada, H.; Yamada, S.; Sawano, M.; Inohara, T.; Numasawa, Y.; Ikari, Y.; et al. Japanese
Nationwide PCI (J-PCI) Registry Annual Report 2019: Patient demographics and in-hospital outcomes. Cardiovasc. Interv. Ther.
2022, 37, 243–247. [CrossRef]

29. Tsutsui, H.; Ide, T.; Ito, H.; Kihara, Y.; Kinugawa, K.; Kinugawa, S.; Makaya, M.; Murohara, T.; Node, K.; Saito, Y.; et al. JCS/JHFS
2021 Guideline Focused Update on Diagnosis and Treatment of Acute and Chronic Heart Failure. Circ. J. 2021, 85, 2252–2291.
[CrossRef]

30. Sato, T.; Saito, Y.; Matsumoto, T.; Yamashita, D.; Saito, K.; Wakabayashi, S.; Kitahara, H.; Sano, K.; Kobayashi, Y. Impact of
CADILLAC and GRACE risk scores on short- and long-term clinical outcomes in patients with acute myocardial infarction. J.
Cardiol. 2021, 78, 201–205. [CrossRef]

31. Garcia-Garcia, H.M.; McFadden, E.P.; Farb, A.; Mehran, R.; Stone, G.W.; Spertus, J.; Onuma, Y.; Morel, M.A.; van Es, G.A.;
Zuckerman, B.; et al. Standardized End Point Definitions for Coronary Intervention Trials: The Academic Research Consortium-2
Consensus Document. Circulation 2018, 137, 2635–2650. [CrossRef]

32. Bahit, M.C.; Kochar, A.; Granger, C.B. Post-Myocardial Infarction Heart Failure. JACC Heart Fail. 2018, 6, 179–186. [CrossRef]
[PubMed]

33. Armillotta, M.; Amicone, S.; Bergamaschi, L.; Angeli, F.; Rinaldi, A.; Paolisso, P.; Stefanizzi, A.; Sansonetti, A.; Impellizzeri, A.;
Bodega, F.; et al. Predictive value of Killip classification in MINOCA patients. Eur. J. Intern. Med. 2023, 117, 57–65. [CrossRef]
[PubMed]

34. Pfeffer, M.A.; Braunwald, E.; Moyé, L.A.; Basta, L.; Brown, E.J., Jr.; Cuddy, T.E.; Davis, B.R.; Geltman, E.M.; Goldman, S.; Flaker,
G.C.; et al. Effect of captopril on mortality and morbidity in patients with left ventricular dysfunction after myocardial infarction.
Results of the survival and ventricular enlargement trial. The SAVE Investigators. N. Engl. J. Med. 1992, 327, 669–677. [CrossRef]

35. Dargie, H.J. Effect of carvedilol on outcome after myocardial infarction in patients with left-ventricular dysfunction: The
CAPRICORN randomised trial. Lancet 2001, 357, 1385–1390.

36. Pitt, B.; Remme, W.; Zannad, F.; Neaton, J.; Martinez, F.; Roniker, B.; Bittman, R.; Hurley, S.; Kleiman, J.; Gatlin, M. Eplerenone, a
selective aldosterone blocker, in patients with left ventricular dysfunction after myocardial infarction. N. Engl. J. Med. 2003, 348,
1309–1321. [CrossRef] [PubMed]

37. von Lewinski, D.; Kolesnik, E.; Tripolt, N.J.; Pferschy, P.N.; Benedikt, M.; Wallner, M.; Alber, H.; Berger, R.; Lichtenauer, M.; Saely,
C.H.; et al. Empagliflozin in acute myocardial infarction: The EMMY trial. Eur. Heart J. 2022, 43, 4421–4432. [CrossRef]

38. Pfeffer, M.A.; Claggett, B.; Lewis, E.F.; Granger, C.B.; Køber, L.; Maggioni, A.P.; Mann, D.L.; McMurray, J.J.V.; Rouleau, J.L.;
Solomon, S.D.; et al. Angiotensin Receptor-Neprilysin Inhibition in Acute Myocardial Infarction. N. Engl. J. Med. 2021, 385,
1845–1855. [CrossRef]

39. Zannad, F.; Ferreira, J.P.; Pocock, S.J.; Anker, S.D.; Butler, J.; Filippatos, G.; Brueckmann, M.; Ofstad, A.P.; Pfarr, E.; Jamal, W.; et al.
SGLT2 inhibitors in patients with heart failure with reduced ejection fraction: A meta-analysis of the EMPEROR-Reduced and
DAPA-HF trials. Lancet 2020, 396, 819–829. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1007/s12928-022-00847-1
https://www.ncbi.nlm.nih.gov/pubmed/35237927
https://doi.org/10.1007/s12928-021-00829-9
https://www.ncbi.nlm.nih.gov/pubmed/35018605
https://doi.org/10.1007/s12928-023-00957-4
https://www.ncbi.nlm.nih.gov/pubmed/37656339
https://doi.org/10.1007/s12928-022-00845-3
https://www.ncbi.nlm.nih.gov/pubmed/35167032
https://doi.org/10.1007/s12928-023-00954-7
https://www.ncbi.nlm.nih.gov/pubmed/37656338
https://doi.org/10.1007/s12928-023-00976-1
https://www.ncbi.nlm.nih.gov/pubmed/38147176
https://doi.org/10.1007/s12928-021-00832-0
https://doi.org/10.1253/circj.CJ-21-0431
https://doi.org/10.1016/j.jjcc.2021.04.005
https://doi.org/10.1161/CIRCULATIONAHA.117.029289
https://doi.org/10.1016/j.jchf.2017.09.015
https://www.ncbi.nlm.nih.gov/pubmed/29496021
https://doi.org/10.1016/j.ejim.2023.08.011
https://www.ncbi.nlm.nih.gov/pubmed/37596114
https://doi.org/10.1056/NEJM199209033271001
https://doi.org/10.1056/NEJMoa030207
https://www.ncbi.nlm.nih.gov/pubmed/12668699
https://doi.org/10.1093/eurheartj/ehac494
https://doi.org/10.1056/NEJMoa2104508
https://doi.org/10.1016/S0140-6736(20)31824-9

	Introduction 
	Materials and Methods 
	Study Population 
	Heart Failure Evaluation 
	Outcomes and Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

