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Abstract

Background: In patients with acute myocardial infarction (MI), an elevated level of natriuretic
peptide (NP) is reportedly associated with worse clinical outcomes. I evaluated the prognostic
value of NP levels and in-hospital heart failure events after MI.

Method and Results: The present bi-center registry included a total of 600 patients with acute
MI undergoing percutaneous coronary intervention. HF was evaluated at 3 different timepoints
after acute MI: 1) high NP on admission; 2) in-hospital HF events; and 3) high NP at short-term
follow-up. When HF was present at each timepoint, one point was assigned to a risk scoring
system, namely the “HF time-points”, ranging from 0 to 3. The primary endpoint was a
composite of all-cause death and HF rehospitalization after discharge. In patients who survived
to discharge, 69 of 600 (11.5%) had the primary outcome during the mean follow-up period of
488 days. HF on admission, during hospitalization, and at short-term follow up were all
significantly associated with subsequent clinical outcomes. The higher HF time-points were
related to an increased risk of the primary endpoints. Multivariable analysis indicated the HF
time-points of 2 and 3 were independently associated with the outcome events in a stepwise
manner.

Conclusions: Among patients with acute MI, HF evaluation at different timepoints was useful

to stratify risks of mortality and HF rehospitalization after discharge.



Introduction

Ischemic heart disease such as acute myocardial infarction (MI) is a major underlying
pathogenic factor in heart failure (HF), accounting for approximately 50% in the current era,!-?
and HF event is a strong predictor of worse outcomes among patients with acute MI.>* B-type
natriuretic peptide (BNP) and N-terminal pro-BNP (NT-proBNP) are natriuretic peptide (NP)
secreted by cardiac ventricles in response to end-diastolic pressure and volume,’ and are widely
used as diagnostic biomarkers for HF in clinical practice.® An elevated NP level is associated
with an increased risk of death and HF in patients with acute MI,>" and thus NP measurement
is recommended to gain prognostic information in patients with acute MI in the recent
guidelines.® However, a trajectory of BNP and NT-proBNP levels varies widely among patients,
and appropriate timing for evaluating NP after acute MI remains unclear.” For instance, early
studies have demonstrated that a level of BNP at initial presentation of patients with ST-segment
elevation MI (STEMI) predicted mortality,!®!! while some reports indicated that NP levels
during short-term follow-up after acute MI were more predictive than that at baseline.'>!* In
addition, acute HF often develops during hospitalization for acute MI,'* but its prognostic value
in combination with NP is uncertain.»'> Thus, in the present study, I aimed to evaluate the
impact of elevated NP on admission, in-hospital HF, and a higher level of NP at short-term

follow-up, and their combination on clinical outcomes after discharge in patients with acute MI.

Methods

Study population

This was a retrospective, observational, bi-center study.!®>! From January 2012 to March 2020,
a total of 1102 acute MI patients underwent primary percutaneous coronary intervention (PCI)
at 2 tertiary referral centers, Chiba University Hospital and affiliated Eastern Chiba Medical

Center. Acute MI including STEMI and non ST-segment elevation MI was defined according



to the fourth universal definition of MI.*

Primary PCI was performed per local standard
practice with predominant use of radial access, intracoronary imaging, and new-generation
drug-eluting stents.?>*” Major exclusion criteria included in-hospital onset acute MI, late
presentation >48 hours, in-hospital death, missing data on NP levels on admission or at short-
term follow-up, and no follow-up information after hospital discharge (Figure 1). Thus, a total
of 600 patients were included into the present study. All the participants provided written
informed consent for the PCI procedure, and informed consent for this study was obtained in
the form of opt-out. The present study was done in accordance with the Declaration of Helsinki

and was approved by the ethical committee of Chiba University Hospital and Eastern Chiba

Medical Center.

Heart failure assessment

In my institutions, patients with acute MI undergoing PCI were usually followed-up at
outpatient clinic at 1 month after discharge and routinely underwent NP measurement during
hospitalization and at a follow-up visit. BNP was measured at Chiba University Hospital, while
NT-proBNP was available at Eastern Chiba Medical Center. All patients included into the
present analysis underwent NP measurement with either BNP or NT-proBNP on admission and
at short-term follow-up. The short-term follow-up NP level was obtained immediately before
discharge or at 1-month outpatient visit. When data on NP levels before discharge and at 1-
month follow-up were both available, the level of NP that was measured at the timing closer to
30 days after the onset of acute MI was applied as short-term follow-up data. Patients were
considered to have HF when NP levels on admission and at short-term follow-up were BNP
>200 pg/ml or NT-proBNP >900 pg/ml, according to the guidelines (Figure 2).*® In addition,
HF during the hospitalization was also evaluated. In-hospital HF was defined as the use of

intravenous diuretics (e.g. furosemide) or vasopressors/inotropes (e.g. norepinephrine,



dobutamine, and dopamine).!®* The use of intravenous vasodilators such as nitrates and
nicorandil did not fulfill the definition of in-hospital HF. One point was assigned to the presence
of HF at each timepoint (on admission, during hospitalization, and at short-term follow-up) in
order to create a risk scoring system, namely the “HF time-points”, ranging from 0 to 3 (Figure

2).

Endpoint and statistical analysis

Follow-up data were ascertained from medical records at Chiba University Hospital and Eastern
Chiba Medical Center. The primary outcome of the present study included all-cause death and
HF rehospitalization after discharge. Among patients with the HF time-points of 1 and 2, further
analysis was performed to evaluate the impact of HF at different timepoints. Additionally, in
patients with in-hospital HF, the relation of treatment strategies (i.e. intravenous diuretics and
vasopressors/inotropes) to clinical outcomes was also investigated.

Statistical analysis was conducted using EZR (Saitama Medical Center, Jichi Medical
University, Saitama, Japan), which is a graphical user interface for R (The R Foundation for
Statistical Computing, Vienna, Austria). All data are expressed as mean =+ standard deviation,
median [interquartile range], or frequency (%). Continuous variables were compared with
Student’s t-test or Mann-Whitney U test according to the normality of distribution. Categorical
variables were assessed with Fisher’s exact test. The time to the primary outcomes were
estimated using the Kaplan-Meier method, and the log-rank test was applied for between-group
comparisons. A Cox proportional-hazards model was used to estimate adjusted hazard ratios
with 95% confidence intervals for the primary outcomes. Univariable analyses were performed
to identify factors associated with the primary outcomes. Associated factors with p <0.01 on
univariable analyses were included into a multivariable model with age and sex (irrespective of

p values on univariable analyses). A value of p <0.05 was considered statistically significant.



Results

A total of 600 acute MI patients who underwent primary PCI and survived to discharge were
included in the present analysis. The median length of hospital stay, duration of short-term
follow-up for NP measurement, and follow-up period for primary outcomes were 9 [6, 14], 32
[18, 40], and 488 [343, 934] days, respectively. During the follow-up period, 69 (11.5%)
patients experienced the primary outcomes including death or HF rehospitalization after
discharge. No patients had the primary outcome events before the shot-term follow-up.

Table 1 lists baseline characteristics. Patients with the primary outcome events had
older age, lower body mass index, higher prevalence of comorbidities, and impaired left
ventricular ejection fraction than those without (Table 1). The rates of high NP (BNP >200
pg/ml or NT-proBNP >900 pg/ml) on admission (53.6% vs. 22.1%, p<0.001) and at short-term
follow-up (69.6% vs. 31.1%, p<0.001) were significantly higher in patients with the primary
outcome events than their counterpart. Similarly, in-hospital HF was more frequently observed
in patients experiencing all-cause death and HF rehospitalization after discharge (53.6% vs.
20.2%, p<0.001) (Table 1). According to the HF time-points (Figure 2), 291 (48.5%), 153
(25.5%), 110 (18.3%), and 46 (7.7%) patients had the score of 0, 1, 2, and 3, respectively (Table
2 and 3).

Kaplan-Meier analysis demonstrated that the higher HF time-points were associated
with an increased risk of all-cause death and HF rehospitalization after discharge (Figure 3). In
patients with the HF time-points of 1 and 2, no significant difference in the primary outcome
was found among the 3 groups with HF at different timepoints (Figure 4 and 5). With respect
to in-hospital HF, patients treated with both intravenous diuretics and vasopressors/inotropes
had worst clinical outcomes, followed by those treated with either treatment strategy and no in-

hospital HF (Figure 6). Multivariable analysis showed that the HF time-points of 2 and 3, as



well as older age and a lower hemoglobin level, were independently associated with the primary

endpoint in a stepwise manner (Table 4).

Table 1. Baseline patient characteristics

Variable All Adverse event (-)  Adverse event (+)
(n=600) (n=531) (n=69) p value
Age (years) 66.8£11.9 66.1£12.0 72.249.7 <0.001
Men 464 (77.3%) 411 (77.4%) 53 (76.8%) 0.88
Body mass index (kg/m?) 24.4+3.6 24.6+£3.6 23.1£3.7 0.002
Hypertension 412 (68.7%) 354 (66.6%) 58 (84.1%) 0.003
Diabetes 208 (34.7%) 182 (34.3%) 26 (37.7%) 0.59
Dyslipidemia 394 (65.7%) 356 (67.0%) 38 (55.1%) 0.06
Current smoker 209 (34.8%) 191 (36.0%) 18 (26.1%) 0.11
Previous MI 39 (6.5%) 29 (5.4%) 10 (14.5%) 0.009
Previous PCI 55(9.2%) 43 (8.1%) 12 (17.4%) 0.02
Previous HF 11 (1.8%) 8 (1.5%) 3 (4.3%) 0.12
eGFR (ml/min/1.73 m?) 65.6+23.6 67.4+22.6 51.5+£26.5 <0.001
Hemoglobin (g/dl) 13.94£2.1 14.2+2.0 12.242.3 <0.001
High NP on admission 154 (25.7%) 117 (22.1%) 37 (53.6%) <0.001
High NP at follow-up 213 (35.5%) 165 (31.1%) 48 (69.6%) <0.001
Peak CK (U/1) 1569 [524,3518] 1564 [515,3380] 1890 [747, 4908] 0.16
LVEF (%) 47.7£12.2 48.4+12.0 42.5+12.5 <0.001
Cardiogenic shock 67 (11.2%) 52 (9.8%) 15 (21.7%) 0.007
Triple vessel disease 127 (21.2%) 107 (20.2%) 20 (29.0%) 0.12
Type of MI 0.33
STEMI 421 (70.2%) 376 (70.8%) 45 (65.2%)
NSTEMI 179 (29.8%) 155 (29.2%) 24 (34.8%)
Medication at discharge
Aspirin 564 (94.0%) 501 (94.4%) 63 (91.3%) 0.29
P2Y 12 inhibitor 579 (96.5%) 515 (97.0%) 64 (92.8%) 0.07
Statin 562 (93.7%) 502 (94.5%) 60 (87.0%) 0.03
ACE-i or ARB 600 (100%) 531 (100%) 69 (100%) 1.00
B-blocker 471 (78.5%) 416 (78.3%) 55 (79.7%) 0.88
MRA 111 (18.5%) 89 (16.8%) 22 (31.9%) 0.005
Diuretic 134 (22.3%) 96 (18.1%) 38 (55.1%) <0.001
SGLT2 inhibitor 20 (3.3%) 18 (3.4%) 2 (2.9%) 1.00




In-hospital HF

144 (24.0%)

107 (20.2%)

37 (53.6%)

<0.001

Adverse event indicates the primary outcome, a composite of all-cause death and HF

rehospitalization after discharge. In-hospital HF was defined as the use of intravenous

vasopressors, inotropes, and diuretics during the index hospitalization for acute MI.

ACE-I, angiotensin-converting enzyme inhibitor; ARB, angiotensin II receptor blocker;

CK, creatine kinase; 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; SGLT2, sodium-glucose

cotransporter 2; STEMI, ST-segment elevation myocardial infarction.

Table 2. Baseline patient characteristics among 4 groups according to the HF time-points

Variable HF time-points p value
0 1 2 3
(n=291) (n=153) (n=110) (n=46)
Age (years) 63.2+11.6 68.3£11.6 71.1£10.6 73.8£11.3 <0.001
Men 239 (82.1%) 111 (72.5%) 80 (72.7%) 34 (73.9%) 0.051
Body mass index (kg/m?) 24.9+3.8 24.243.5 23.843.5 23.3£3.0 0.006
Hypertension 184 (63.2%) 114 (74.5%) 78 (70.1%) 36 (78.3%) 0.04
Diabetes 98 (33.7%) 48 (31.4%) 34 (30.9%) 19 (41.3%) 0.43
Dyslipidemia 200 (68.7%) 107 (69.9%) 63 (57.3%) 24 (52.2%) 0.02
Current smoker 123 (42.2%) 45 (29.4%) 32 (29.1%) 9 (19.6%) 0.002
Previous MI 22 (7.6%) 5(3.3%) 8 (7.3%) 4 (8.7%) 0.25
Previous PCI 27 (9.3%) 10 (6.5%) 12 (10.9%) 6 (13.0%) 0.43
Previous HF 1 (0.3%) 2 (1.3%) 6 (5.5%) 2 (4.3%) 0.002
eGFR (ml/min/1.73 m?) 73.4+20.8 63.7£22.5 54.4+25.4 48.8+19.2 <0.001
Hemoglobin (g/dl) 14.4+1.9 14.1+2.1 13.242.1 12.1+2.4 <0.001
High NP on admission 0 (0%) 39 (25.5%) 70 (63.6%) 46 (100%) <0.001
High NP at follow-up 0 (0%) 75 (49.0%) 92 (83.6%) 46 (100%) <0.001
Peak CK (U/l) 1045 [284,2156] 2557 [1187,4430] 2497[778,5607] 2429[2021,5038] <0.001
LVEF (%) 53.3£10.0 44 8+11.2 41.5¢11.3 36.5+11.9 <0.001
Cardiogenic shock 8 (2.7%) 23 (15.0%) 26 (23.6%) 10 (21.7%) <0.001
Triple vessel disease 52 (17.9%) 26 (17.0%) 30 (27.3%) 19 (41.3%) 0.001
Type of MI <0.001
STEMI 173 (59.5%) 126 (82.4%) 86 (78.2%) 36 (78.3%)
NSTEMI 118 (40.5%) 27 (17.6%) 24 (21.8%) 10 (21.7%)

Medication at discharge




Aspirin

P2Y 12 inhibitor

Statin

ACE-ior ARB

B-blocker

MRA

Diuretic

SGLT2 inhibitor
In-hospital HF

285 (97.9%)

286 (98.3%)

277 (95.2%)

291 (100%)

211 (72.5%)
19 (6.5%)
12 (4.1%)
13 (4.5%)

0 (0%)

142 (92.8%)
150 (98.0%)
146 (95.4%)
153 (100%)
127 (83.0%)
27 (17.6%)
34 (22.2%)
1 (0.7%)
40 (26.1%)

98 (89.1%)
99 (90.0%)
99 (90.0%)
110 (100%)
96 (87.3%)
41 (37.3%)
55 (50.0%)
4 (3.6%)
58 (52.7%)

39 (84.8%)
44 (95.7%)
40 (87%)
46 (100%)
37 (80.4%)
24 (52.2%)
33 (71.7%)
2 (4.3%)
46 (100%)

<0.001
0.001
0.050
1.00
0.004
0.005
<0.001
0.12
<0.001

Adverse event indicates the primary outcome, a composite of all-cause death and HF

rehospitalization after discharge. In-hospital HF was defined as the use of intravenous

vasopressors, inotropes, and diuretics during the index hospitalization for acute MI.

ACE-I, angiotensin-converting enzyme inhibitor; ARB, angiotensin II receptor blocker;
CK, creatine kinase; 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; SGLT2, sodium-glucose

cotransporter 2; STEMI, ST-segment elevation myocardial infarction.

Table 3. Clinical outcomes

Variable

All
(n=600)

HF time-points

1

2

3

p value

(n=291)

(n=153)

(n=110)

(n=46)

Primary endpoint
All-cause death

HF rehospitalization

69 (11.5%)
40 (6.7%)
35 (5.8%)

15 (5.2%)
13 (4.5%)
2 (0.7%)

7 (4.6%)
3 (2.0%)
4 (2.6%)

26 (23.6%)
13 (11.8%)
15 (13.9%)

21 (45.7%)
11 (23.9%)
14 (32.6%)

<0.001
<0.001
<0.001

HEF, heart failure.

Table 4. Factors associated with primary endpoint

Variable

Univariable

Multivariable

HR (95% CI)

p value

HR (95% CI)

p value

Age (years)
Men

Body mass index (kg/m?)

Hypertension

eGFR (ml/min/1.73 m?)

1.06 (1.04-1.09)
0.91 (0.52-1.59)
0.91 (0.85-0.98)
2.51 (1.32-4.80)
0.97 (0.96-0.98)

<0.001
0.73
0.008
0.005
<0.001

1.03 (1.00-1.06)
1.59 (0.88-2.86)
0.95 (0.88-1.03)
1.73 (0.86-3.50)
0.99 (0.98-1.00)

0.048
0.13
0.25
0.13
0.13



Hemoglobin (g/dl) 0.72 (0.65-0.79) <0.001 0.85 (0.75-0.97) 0.01
LVEF (%) 0.96 (0.95-0.98) <0.001 0.99 (0.97-1.01) 0.43
Cardiogenic shock 2.20 (1.24-3.90) 0.007 1.34(0.68-2.61) 0.39
HF time-points = 0 Reference Reference
HF time-points = 1 0.90 (0.37-2.2) 0.82 0.64 (0.25-1.64) 0.35
HF time-points = 2 4.96 (2.62-9.38) <0.001 2.61 (1.24-5.47) 0.01

HF time-points = 3

11.71 (6.00-22.85)  <0.001

CI, confidence interval; eGFR, estimated glomerular filtration rate; HF, heart failure; HR,

hazard ratio; LVEF, left ventricular ejection fraction.

Discussion

In the present bi-center registry, HF events were frequently observed on admission, during
hospitalization, and at short-term follow-up (median 32 days after the index MI) in 25.7%,
24.0%, and 35.5% in patients with acute MI who underwent PCI and survived to discharge, all
of which were associated with an increased risk of subsequent clinical events including all-
cause death and HF rehospitalization. When the presence or absence of HF events at the 3
timepoints was compounded, patients with the “HF time-points” of 2 and 3 had a higher risk of
death and HF rehospitalization after discharge, while those with the HF time-points of 1 did not,
irrespective of the timing of HF (i.e. on admission, during hospitalization, and at short-term

follow-up).

Natriuretic peptide levels in acute myocardial infarction

A large future increase in the prevalence of cardiovascular diseases such as MI and HF is
currently projected across the world, including Japan and the United States.>**! The prevalence
is estimated to rise for MI (16.9% increase compared with 2025; 4.9% of the population or 16.0
million persons) and for HF (33.4% increase compared with 2025; 4.0% of the population or
12.9 million persons) by 2060 in the United States.’! Because acute MI is a major etiology of

HF,"? the identification of acute MI patients at a high risk of developing future HF is clinically

11

4.17 (1.72-10.11) 0.002



relevant in the current “heart failure pandemic” era.’®*? In this context, the measurement of
BNP or NT-proBNP plasma concentrations is recommended to gain prognostic information in
patients with non ST-segment elevation MI in the recent guidelines (Class I1a),® but appropriate
timing for evaluating NP levels in acute MI patients remains unclear. A single-center,
observational study (n=1034) showed that NT-proBNP >150 and 600 pg/ml at initial
presentation of patients with STEMI was associated with higher mortality during the median
follow-up of 901 days in a stepwise manner.'! Further, previous studies have indicated the
prognostic impact of NP levels at short-term follow-up after acute MI, such as those at median
of 3 days,*® median of 6 days,'® 3-4 weeks,” and median of 56 days.'? In a previous study, the
plasma BNP level measured 3 to 4 weeks after the onset of acute MI was an independent
predictor of cardiac death with the best-cut off value of 180 pg/ml, which is in line with my
results (i.e. BNP >200 pg/ml or NT-proBNP >900 pg/ml).” Among patients with the HF time-
points of 2, the lack of HF at short-term follow-up was apparently associated with better
outcomes, although not significantly different. In addition to individual NP assessment on
admission and at short-term follow-up, a combination NP evaluation has been investigated to
stratify future cardiovascular risks after acute MI. A single-center study by Lee et al. (n=442)
reported that when patients were divided into 4 groups according to the initial and follow-up
median BNP levels, patient with high BNP levels both at initial and follow-up measurements
(i.e. high-high group) had worst clinical outcomes after acute MI, followed by the low-high
group and the low-low group, suggesting that patients who had an elevated BNP level during
the initial admission that subsequently reduced had good prognosis.'? Similar results were
shown in the multi-center TRIUMPH registry (n=803),%* although the “low-high” group was
excluded in the study because of the small sample size. Thus, whether elevated levels of NP on
admission and at short-term follow-up were independently prognostic after acute MI remained

uncertain. The present study demonstrated that elevated BNP or NT-proBNP levels on

12



admission and at median of 32 days were both associated with an increased risk of clinical
events, but patients having a high NP level at either timepoint did not result in the increased
risk if no in-hospital HF events occurred (Figure 4). Therefore, serial assessment of NP may be
useful to determine future cardiovascular risks after acute MI, especially when persistently
elevated. Given the fact that hazard ratios were increased in a stepwise manner in the
multivariable model (Table 4), the presence of HF at 2 and 3 timepoints was predictive for

worse clinical outcomes after acute MI.

In-hospital heart failure after acute myocardial infarction
Although the incidence has declined over time owing to advances in early reperfusion therapy
and medical treatment, in-hospital HF developing after acute MI is still a major complication

affecting up to 30% of patients,!*%

which is in line with my results (i.e. 24.0%). The presence
of HF during hospitalization for acute MI was intuitively associated with short- and long-term
morality.'*** Additionally, it was reported that HF developing >3 days after acute MI was more
predictive for cardiovascular events as compared with early-onset HF (<3 days).? Nevertheless,
the prognostic value of in-hospital HF in combination with initial and follow-up NP levels are
poorly investigated. In the present study, in-hospital HF itself was not predictive for subsequent
mortality and HF readmission risks unless either or both elevated levels of NP on admission
and at short-term follow-up were accompanied (i.e. HF time-points of 1). Thus, we believe that
the combination evaluation of HF after acute MI with the novel scoring system, HF time-points,
may be useful in daily practice. Interestingly and notably, intensity of HF treatment, represented
by the use of intravenous diuretics and/or vasopressors/inotropes, was significantly associated
with clinical outcomes after acute MI (Figure 6). Therefore, further risk stratification would be

possible with more factors associated with clinical outcomes, especially using artificial

intelligence technology.*®
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Study limitations

The present study has some limitations. This was retrospective study with a moderate sample
size, and the number of excluded patients was relatively large. Because of the retrospective and
exploratory nature of the present study, no sample size calculation was performed. Future
studies are needed to externally confirm the diagnostic ability of HF time-points. Despite the
recent advances in HF treatment including sodium-glucose cotransporter 2 inhibitor, the
number of patients receiving such a treatment was limited. In the present study, we employed
both BNP and NT-proBNP as NP measurement because of institutional availability. Thus, NP
levels were used as being dichotomous (i.e. BNP >200 pg/ml or NT-proBNP >900 pg/ml). NP
was routinely measured on admission and at short-term follow-up, while the NP measurement
during hospitalization for acute MI varied widely among individual cases in my institutions,
preventing HF evaluation by NP levels during hospitalization. The timing of short-term follow-
up of NP measurement was not uniformed in the present study, although none of participants
had the primary outcome events before the NP measurement at short-term follow-up. Further
investigations are warranted to improve clinical outcomes in patients with acute MI

complicated by HF.*7-*

Conclusion

Among patients with acute MI who underwent PCI and survived to discharge, the evaluation of
HF on admission, during hospitalization, and at short-term follow-up, was useful to stratify
risks of mortality and HF rehospitalization after discharge when HF was presented at 2 or 3

timepoints.

14



Disclosure

Yoshio Kobayashi is a member of Circulation Journal’s editorial team.
Acknowledgments
This work was supported by grants from Chiba Foundation for Health Promotion & Disease

Prevention.

Data Availability

The deidentified participant data will not be shared.

15



References

1. Tromp J, Ouwerkerk W, Cleland JGF, Angermann CE, Dahlstrom U, Tiew-Hwa Teng K, et
al. Global Differences in Burden and Treatment of Ischemic Heart Disease in Acute Heart
Failure: REPORT-HF. JACC Heart Fail 2021; 9: 349-359.

2. Vedin O, Lam CSP, Koh AS, Benson L, Teng THK, Tay WT, et al. Significance of Ischemic
Heart Disease in Patients With Heart Failure and Preserved, Midrange, and Reduced
Ejection Fraction. Circ Heart Fail 2017; 10: e003875.

3. Gerber Y, Weston SA, Enriquez-Sarano M, Berardi C, Chamberlain AM, Manemann SM,
et al. Mortality Associated With Heart Failure After Myocardial Infarction: A
Contemporary Community Perspective. Circ Heart Fail 2016; 9: €002460.

4. Taniguchi T, Shiomi H, Morimoto T, Watanabe H, Ono K, Shizuta S, et al. Incidence and
Prognostic Impact of Heart Failure Hospitalization During Follow-Up After Primary
Percutaneous Coronary Intervention in ST-Segment Elevation Myocardial Infarction. Am
J Cardiol 2017; 119: 1729-1739.

5. Richards AM, Nicholls MG, Espiner EA, Lainchbury JG, Troughton RW, Elliott J, et al. B-
type natriuretic peptides and ejection fraction for prognosis after myocardial infarction.
Circulation 2003; 107: 2786-2792.

6. Tsutsui H, Ide T, Ito H, Kihara Y, Kinugawa K, Kinugawa S, et al. JCS/JHFS 2021
Guideline Focused Update on Diagnosis and Treatment of Acute and Chronic Heart Failure.
Circ J 2021; 85: 2252-2291.

7. Suzuki S, Yoshimura M, Nakayama M, Mizuno Y, Harada E, Ito T, et al. Plasma level of
B-type natriuretic peptide as a prognostic marker after acute myocardial infarction: a long-
term follow-up analysis. Circulation 2004; 110: 1387-1391.

8. Collet JP, Thiele H, Barbato E, Barthélémy O, Bauersachs J, Bhatt DL, et al. 2020 ESC

Guidelines for the management of acute coronary syndromes in patients presenting without

16



10.

11.

12.

13.

14.

15.

16.

persistent ST-segment elevation. Eur Heart J 2021 ;42: 1289-1367.

Morita E, Yasue H, Yoshimura M, Ogawa H, Jougasaki M, Matsumura T, et al. Increased
plasma levels of brain natriuretic peptide in patients with acute myocardial infarction.
Circulation 1993; 88: 82-91.

Mega JL, Morrow DA, De Lemos JA, Sabatine MS, Murphy SA, Rifai N, et al. B-type
natriuretic peptide at presentation and prognosis in patients with ST-segment elevation
myocardial infarction: an ENTIRE-TIMI-23 substudy. J Am Coll Cardiol 2004; 44: 335-
339.

Damman P, Beijk MA, Kuijt WJ, Verouden NJ, van Geloven N, Henriques JP, et al.
Multiple biomarkers at admission significantly improve the prediction of mortality in
patients undergoing primary percutaneous coronary intervention for acute ST-segment
elevation myocardial infarction. J Am Coll Cardiol 2011; 57: 29-36.

Lee JW, Choi E, Khanam SS, Son JW, Youn YJ, Ahn MS, et al. Prognostic value of short-
term follow-up B-type natriuretic peptide levels after hospital discharge in patients with
acute myocardial infarction. Int J Cardiol 2019; 289: 19-23.

Pesaro AE, Katz M, Caixeta A, Makdisse MR, Correia AG, Pereira C, et al. Prognostic
value of serial brain natriuretic Peptide measurements in patients with acute myocardial
infarction. Cardiology 2015; 131: 116-121.

Jen¢a D, Melenovsky V, Stehlik J, Stan¢k V, Kettner J, Kautzner J, et al. Heart failure after
myocardial infarction: incidence and predictors. ESC Heart Fail 2021; 8: 222-237.

Bahit MC, Lopes RD, Clare RM, Newby LK, Pieper KS, Van de Werf'F, et al. Heart failure
complicating non-ST-segment elevation acute coronary syndrome: timing, predictors, and
clinical outcomes. JACC Heart Fail 2013; 1: 223-229.

Sato T, Saito Y, Matsumoto T, Yamashita D, Saito K, Wakabayashi S, et al. Impact of

CADILLAC and GRACE risk scores on short- and long-term clinical outcomes in patients

17



17.

18.

19.

20.

21.

22.

23.

24,

with acute myocardial infarction. J Cardiol 2021; 78: 201-205.

Matsumoto T, Saito Y, Yamashita D, Sato T, Wakabayashi S, Kitahara H, et al. 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.

Yamashita D, Saito Y, Sato T, Matsumoto T, Saito K, Wakabayashi S, et al. 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.

Sato T, Saito Y, Matsumoto T, Yamashita D, Saito K, Wakabayashi S, et al. In-hospital
adverse events in low-risk patients with acute myocardial infarction - Potential implications
for earlier discharge. J Cardiol 2022; 79: 747-751.

Matsumoto T, Saito Y, Sato T, Yamashita D, Suzuki S, Saito K, et al. Validation of the
Domestic High Bleeding Risk Criteria for Japanese Patients with Acute Myocardial
Infarction. J Atheroscler Thromb 2022. doi:10.5551/jat.63576.

Suzuki S, Saito Y, Yamashita D, Matsumoto T, Sato T, Wakabayashi S, et al. Clinical
Characteristics and Prognosis of Patients With No Standard Modifiable Risk Factors in
Acute Myocardial Infarction. Heart Lung Circ 2022; 31: 1228-1233.

Thygesen K, Alpert JS, Jaffe AS, Chaitman BR, Bax JJ, Morrow DA, et al. Fourth
Universal Definition of Myocardial Infarction (2018). J Am Coll Cardiol 2018; 72: 2231-
2264.

Sakamoto K, Sato R, Tabata N, Ishii M, Yamashita T, Nagamatsu S, et al. Temporal trends
in coronary intervention strategies and the impact on one-year clinical events: data from a
Japanese multi-center real-world cohort study. Cardiovasc Interv Ther 2022; 37: 66-77.
Yamashita T, Sakamoto K, Tabata N, Ishii M, Sato R, Nagamatsu S, et al. Imaging-guided
PCI for event suppression in Japanese acute coronary syndrome patients: community-based

observational cohort registry. Cardiovasc Interv Ther 2021; 36: 81-90.

18



25.

26.

27.

28.

29.

30.

31.

32.

33.

Saito Y, Kobayashi Y, Fujii K, Sonoda S, Tsujita K, Hibi K, et al. Clinical expert consensus
document on intravascular ultrasound from the Japanese Association of Cardiovascular
Intervention and Therapeutics (2021). Cardiovasc Interv Ther 2022; 37: 40-51.

Fujii K, Kubo T, Otake H, Nakazawa G, Sonoda S, Hibi K, et al. Expert consensus
statement for quantitative measurement and morphological assessment of optical
coherence tomography: update 2022. Cardiovasc Interv Ther 2022; 37: 248-254.

Saito Y, Kobayashi Y. Contemporary coronary drug-eluting and coated stents: a mini-
review. Cardiovasc Interv Ther. 2021; 36:20-22.

Tsutsui H, Isobe M, Ito H, Ito H, Okumura K, Ono M, et al. JCS 2017/JHFS 2017 Guideline
on Diagnosis and Treatment of Acute and Chronic Heart Failure - Digest Version. Circ J
2019; 83: 2084-2184.

Sharkawi MA, Filippaios A, Dani SS, Shah SP, Riskalla N, Venesy DM, et al. Identifying
patients for safe early hospital discharge following st elevation myocardial infarction.
Catheter Cardiovasc Interv 2017; 89: 1141-6.

Saito Y, Oyama K, Tsujita K, Yasuda S, Kobayashi Y. Treatment strategies of acute
myocardial infarction: updates on revascularization, pharmacological therapy, and beyond.
J Cardiol 2022. doi:10.1016/].jjcc.2022.07.003.

Mohebi R, Chen C, Ibrahim NE, McCarthy CP, Gaggin HK, Singer DE, et al.
Cardiovascular Disease Projections in the United States Based on the 2020 Census
Estimates. J Am Coll Cardiol 2022; 80: 565-578.

Harrington J, Jones WS, Udell JA, Hannan K, Bhatt DL, Anker SD, et al. Acute
Decompensated Heart Failure in the Setting of Acute Coronary Syndrome. JACC Heart
Fail 2022; 10: 404-414.

Omland T, Persson A, Ng L, O'Brien R, Karlsson T, Herlitz J, et al. N-terminal pro-B-type

natriuretic peptide and long-term mortality in acute coronary syndromes. Circulation 2002;

19



34.

35.

36.

37.

38.

39.

106: 2913-2918.

Kontos MC, Lanfear DE, Gosch K, Daugherty SL, Heidenriech P, Spertus JA. Prognostic
Value of Serial N-Terminal Pro-Brain Natriuretic Peptide Testing in Patients With Acute
Myocardial Infarction. Am J Cardiol 2017; 120: 181-185.

Desta L, Jernberg T, Lofman I, Hofman-Bang C, Hagerman I, Spaak J, et al. Incidence,
temporal trends, and prognostic impact of heart failure complicating acute myocardial
infarction. The SWEDEHEART Registry (Swedish Web-System for Enhancement and
Development of Evidence-Based Care in Heart Disease Evaluated According to
Recommended Therapies): a study of 199,851 patients admitted with index acute
myocardial infarctions, 1996 to 2008. JACC Heart Fail 2015; 3: 234-242.

Mohammad MA, Olesen KKW, Koul S, Gale CP, Rylance R, Jernberg T, et al.
Development and validation of an artificial neural network algorithm to predict mortality
and admission to hospital for heart failure after myocardial infarction: a nationwide
population-based study. Lancet Digit Health 2022; 4: e37-e45.

Ohashi J, Sakakura K, Jinnouchi H, Taniguchi Y, Tsukui T, Watanabe Y, et al. Comparison
of Long-Term Clinical Outcomes in Patients Stratified by a Novel Acute Myocardial
Infarction Risk Stratification (nARS) System. Circ J 2022; 86: 1519-1526.

Sawano M, Kohsaka S, Ishii H, Numasawa Y, Yamaji K, Inohara T, et al. One-Year
Outcome After Percutaneous Coronary Intervention for Acute Coronary Syndrome - An
Analysis of 20,042 Patients From a Japanese Nationwide Registry. Circ J 2021; 85: 1756-
1767.

Honda S, Nishihira K, Kojima S, Takegami M, Asaumi Y, Suzuki M, et al. Characteristics
and clinical outcomes of patients with de-escalation from prasugrel to clopidogrel after
acute myocardial infarction - Insights from the prospective Japan Acute Myocardial

Infarction Registry (JAMIR). J Cardiol 2021; 78: 99-106.

20



Figure legends

Figure 1. Study flow

1102 patients with acute Ml undergoing primary PCI ‘
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600 patients were included ‘

MI, myocardial infarction; PCI, percutaneous coronary intervention.

Figure 2. Timepoints for HF assessment
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BNP, B-type natriuretic peptide; HF, heart failure; IQR, interquartile range; IV, intravenous;

LOS, length of hospital stay; NT-proBNP, N-terminal pro-BNP.
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Figure 3. Probability free from all-cause death and HF rehospitalization after discharge

according to the HF time-points
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Figure 4. Probability free from all-cause death and HF rehospitalization after discharge
among patients with the HF time-points of 1
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Figure 5. Probability free from all-cause death and HF rehospitalization after discharge
among patients with the HF time-points of 2
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Figure 6. Probability free from all-cause death and HF rehospitalization after discharge

according to in-hospital HF and the treatment strategies
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