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myocardial infarction is heart failure with non-reduced
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Abstract

Aims Patients who survive acute myocardial infarction (AMI) are at risk of being rehospitalized owing to the occurrence of
acute decompensated heart failure (HF). However, the clinical characteristics of HF after AMI, especially the frequency of each
HF subtype, are unclear.

Methods and results We retrospectively studied 1055 patients with AMI. We excluded 257 patients, who were admitted
>48 h after the onset of AMI, died during hospitalization or after discharge, and whose echocardiogram data at index hospi-
talization and follow-up data were missing. The remaining 798 patients (mean age: 66.5 + 11.7 years) were investigated for a
mean follow-up period of 4.9 years. All patients underwent emergency coronary angiography. The mean maximum creatine
kinase levels were 2898 + 2627 IU/L, and mean left ventricular ejection fraction (LVEF) was 58.9 + 10.2%. Eighty-one
patients (10.2%) were rehospitalized because of unexpected worsening of HF. Echocardiography data were available for 74
of the 81 patients during the acute phase of the second hospitalization, of which 30, 20, and 24 patients (41%, 27%, and
32%, respectively) were diagnosed as having HF with preserved LVEF (LVEF > 50%), HF with mid-range LVEF
(40% < LVEF < 50%), and HF with reduced LVEF (LVEF < 40%), respectively. The ejection fraction during index
hospitalization was 58.3 + 9.7% in the HF with preserved LVEF group, 53.3 * 10.2% in the HF with mid-range LVEF group,
and 43.3 £ 10.5% in the HF with reduced LVEF group (P < 0.001).

Conclusions The predominant subtypes of HF after AMI were HF with mid-range ejection fraction and preserved ejection
fraction, or HF with non-reduced ejection fraction.
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Introduction following AMI using electronic health records, showed that

approximately 16-24% of patients with a history of AMI were

Recent advances in the management of acute myocardial in-
farction (AMI) have significantly reduced the probability of
in-hospital mortality.>™ However, the occurrence of heart
failure (HF) in survivors of AMI, which requires readmission,
has recently emerged as a critical clinical problem.>® More-
over, HF is one of the most common causes of hospitalization
with high mortality and an increasing prevalence.”” Earlier
studies, which investigated the frequency of HF and mortality

rehospitalized during the 3-4 year follow-up after index
hospitalization.*®** Conversely, the current registries of acute
decompensated HF (ADHF) report that approximately
7.5-25% of patients have a history of AMI.2>*3

Heart failure has recently been classified into the following
three subgroups based on the left ventricular ejection frac-
tion (LVEF): HF with reduced LVEF (HFrEF) (LVEF < 40%), HF
with mid-range LVEF (HFmrEF) (40% < LVEF < 50%), and HF
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with  preserved LVEF  (HFpEF) (LVEF > 50%).
Angiotensin-converting enzyme inhibitors (ACEls) or angio-
tensin receptor blockers (ARBs), beta-blockers, and mineralo-
corticoid antagonists form the pillars of the current
management of HFrEF.” However, no treatment has been
shown to reduce mortality and morbidity in HFpEF.* Several
cardiologists assume that most cases of HF that develop after
AMI are classified as HFrEF because AMI affects the viable
myocardium. A recent meta-analysis that comprised four
community-based cohorts showed that although the history
of MI was a significant predictor of both HFrEF and HFpEF,
it was a more accurate predictor of HFrEF.'®> Nevertheless,
no study has reported the most frequent subtype of
post-AMI HF. Therefore, we investigated the clinical profile
of post-AMI ADHF using the Nara Registry and Analysis for
Myocardial Infarction (NARA-MI) study to address this gap
in the literature.

Methods
Study participants

Nara Registry and Analysis for Myocardial Infarction study
was retrospective in design. NARA-MI study enrolled 1055
patients with AMI (approximately 100 patients every year)
who underwent emergency coronary angiography at Nara
Medical University between 2007 and 2016. The definitive di-
agnosis of AMI was made on the basis of a history of chest
pain, typical electrocardiography changes, and creatine ki-
nase (CK) levels that were twice the upper limit.*®

We excluded 58 of the 1055 patients who were admitted
>48 h after the onset of AMI, 43 patients who died during in-
dex hospitalization, 3 patients whose echocardiography data
at index hospitalization were missing, and 18 patients who
were lost to follow-up. We excluded 135 of 933 patients,
who died during the follow-up period (mean: 4.9 years), from
the final data analyses. Only seven of the 135 patients died of
HF. Eighty-one patients of 798 patients who survived were
rehospitalized during the follow-up period, because of unex-
pected worsening of HF. The echocardiography data were
available for 74 of 81 patients at the second hospitalization
but could not be obtained for seven patients. These 74 pa-
tients were divided into three groups according to the LVEF
at rehospitalization due to ADHF (ADHF group). Thirty, 20,
and 24 patients had HFpEF (LVEF > 50%), HFmrEF
(40% < LVEF < 50%), and HFrEF (LVEF < 40%), respectively
(Figure 1).

Data collection and endpoints

Coronary angiography and revascularization were performed
using standard techniques. Revascularization procedures,

FIGURE 1 Flow chart of the study methodology. ADHF, acute decompen-
sated heart failure; HFmrEF, heart failure with mid-range left ventricular
ejection fraction; HFpEF, heart failure with preserved left ventricular ejec-
tion fraction, HFrEF, heart failure with reduced left ventricular ejection
fraction; NARA-MI, Nara Registry and Analysis for Myocardial Infarction.
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such as thrombectomy, pre-dilatation, stenting, and/or
post-dilatation, were performed at each operator’s discre-
tion. LVEF was measured using the biplane modified
Simpson’s method. Echocardiography was performed at in-
dex admission for AMI after shifting the patient from the cor-
onary care unit to the general ward. Echocardiography was
also performed in the acute period during readmission due
to ADHF. The diagnosis of HF was based on the Framingham
criteria.’” NARA-MI study was approved by the Ethics
Committee of Nara Medical University (ID No. 2162) and
was conducted in accordance with the 1975 Declaration of
Helsinki guidelines for clinical research protocols. Informed
consent was obtained from all patients. Research assistants
recorded the data using individual chart review, and the pa-
tients’ families were reached by phone if such information
was unavailable.

Statistical analysis

Continuous variables were presented as the mean * standard
deviation. The differences between the clinical characteristics
and laboratory data of the ADHF and non-ADHF groups were
analysed using the unpaired t-test or Wilcoxon rank-sum test.
Univariate and multivariate analyses of admission for HF were
performed using Cox proportional hazard models. P < 0.05
was considered statistically significant for univariate analysis
of the predictors of ADHF. We selected six variables with P
values <0.01 for Cox multivariate analysis. Moreover, we
used Bonferroni post hoc tests to determine the differences
between HFrEF, HFmrEF, and HFpEF at rehospitalization for
HF. All data were analysed using JMP Version 12.2 for
Windows (SAS Institute, Cary, NC).
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Results

Clinical characteristics

The final analysis included 798 patients after excluding 135
patients who died during the follow-up period (mean
4.9 years), as shown in Figure 1. The baseline clinical charac-
teristics of the study population are shown in Table 1. The
mean age was 66.5 + 11.7 years (23.8% women). Eighty-one
of the 798 patients developed ADHF (10.2%). The comparison
of the clinical characteristics of the first hospitalization in pa-
tients with ADHF and non-ADHF revealed that patients in the
ADHF group were older than those in the non-ADHF group.
The percentage of women was higher in the ADHF group than
that in the non-ADHF group. The percentage of patients with
diabetes mellitus in the ADHF group was higher than that in
the non-ADHF group. The incidence of Killip Class IV was

higher in the ADHF group than that in the non-ADHF group.
Laboratory examination revealed that the levels of B-type na-
triuretic peptide (BNP) were significantly higher in the ADHF
group than those in the non-ADHF group. Haemoglobin levels
and estimated glomerular filtration rates (eGFRs) were signif-
icantly lower in the ADHF group than those in the non-ADHF
group. However, the maximum CK values were similar in both
groups of patients. Moreover, the LVEF was significantly
lower in patients in the ADHF group than that in the
non-ADHF group. Loop diuretics and mineralocorticoid recep-
tor blockers were used more frequently in the ADHF group.

We stratified 798 patients with AMI using ejection fraction
(EF) measured during the index AMI hospitalization. We
found that 40 patients had reduced EF (rEF) (EF < 40%),
105 patients had mid-range EF (mrEF) (40 < EF < 50%), and
653 patients had preserved EF (pEF) (EF > 50%). The baseline
characteristics of these groups are summarized in Supporting

Table 1 Baseline clinical and lesion characteristics and medications

Total (n = 798) ADHF (n = 81) Non-ADHF (n = 717) P value
Age (years) 66.5 + 11.7 75.4 +11.9 65.5 + 11.3 <0.001
Sex: female, n (%) 190 (23.8) 28 (34.6) 162 (22.6) 0.021
Medical history
Smoking, n (%) 551 (69.1) 52 (64.2) 499 (69.6) 0.325
Diabetes mellitus, n (%) 265 (33.2) 35 (43.2) 230 (32.1) 0.048
Hypertension, n (%) 506 (63.4) 53 (65.4) 453 (63.2) 0.689
Dialysis, n (%) 17 (2.1) 6 (7.4) 11 (1.5) 0.005
Killip class
IV, n (%) 49 (6.1) 13 (16.1) 36 (5.0) <0.001
STEMI, n (%) 653 (81.8) (81.5) 587 (81.9) 0.932
Laboratory data on admission
Hb (g/dL) 14.0 £ 2.0 128 £ 24 142 1.9 <0.001
eGFR (mL/min/1.73 m?) 68.8 + 25.1 54.3 + 32.0 70.5 + 23.6 <0.001
LDL-C (mg/dL) 114.5 = 38.1 100.7 = 38.6 116.1 = 37.7 <0.001
HDL-C (mg/dL) 46.8 = 12.5 46.1 = 12.8 46.9 = 12.5 0.456
BNP (pg/mL) 126.6 (60.2-255.5) 378.3 (171.3-853.1) 116.3 (56.6-228) <0.001
Max CK (IU/L) 2898 + 2627 3621 + 3181 2817 = 2547 0.056
Max CK (IU/L) = 2000 423 (53.0) 47 (58.0) 376 (52.4) 0.339
EF (%) 58.9 + 10.2 52.4 +11.8 59.6 = 9.8 <0.001
Culprit vessel
RCA, n (%) 287 (36.0) 22 (27.2) 265 (37.0) 0.076
LAD, n (%) 386 (48.4) 46 (56.8) 340 (47.4) 0.110
LCX, n (%) 101 (12.7) 8(9.9) 93 (13.0) 0.413
LMT, n (%) 8 (1.0) 2 (2.5) 6 (0.8) 0.227
Final TIMI flow grade
3, n (%) 753 (94.4) 76 (93.8) 677 (94.4) 0.828
Medications at discharge
Aspirin, n (%) 778 (97.5) 76 (93.8) 702 (97.9) 0.054
ACEls or ARBs, n (%) 777 (97.4) 76 (93.8) 701 (97.8) 0.067
ACEls, n (%) 684 (85.7) 69 (85.2) 615 (85.8) 0.886
ARBs, n (%) 109 (13.7) 13 (16.1) 96 (13.4) 0.517
Beta-blockers, n (%) 538 (67.4) 55 (67.9) 483 (67.4) 0.922
Loop diuretics, n (%) 212 (26.6) 56 (69.1) 156 (21.8) <0.001
MR blockers, n (%) 94 (11.8) 18 (22.2) 76 (10.6) 0.005
Statins, n (%) 598 (74.9) 41 (50.6) 557 (77.7) <0.001

ACEls, angiotensin-converting enzyme inhibitors; ADHF, acute decompensated heart failure; ARBs, angiotensin receptor blockers; BNP,
B-type natriuretic peptide; EF, ejection fraction; eGFR, estimated glomerular filtration rate; Hb, haemoglobin; HDL-C, high-density lipopro-
tein cholesterol; LAD, left anterior descending artery; LCX, left circumflex artery; LDL-C, low-density lipoprotein cholesterol; LMT, left main
trunk; Max CK, maximum creatinine kinase; MR, mineralocorticoid receptor; RCA, right coronary artery; STEMI, ST-segment elevation myo-

cardial infarction; TIMI, thrombolysis in myocardial infarction.

Data represented as n (%), mean * standard deviation, or median (25th-75th percentile).
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Information, Table S1. Patients with lower EF tend to be
older. The peak CK and BNP levels in the pEF group were sig-
nificantly lower than those in the mrEF and rEF groups, re-
spectively. Fourteen patients (35%) out of 40 patients with
rEF, 16 patients (15.2%) out of 105 patients with mrEF, and
51 patients (7.8%) out of 653 patients with pEF were
rehospitalized because of ADHF (Figure 2).

Predictors of rehospitalization

We subsequently investigated the predictors of rehospitaliza-
tion using univariate and multivariate analyses (Table 2).
Univariate analysis revealed that age, haemoglobin, eGFR,
BNP, LVEF, and use of loop diuretics were significant predic-
tors of ADHF. Multivariate analysis found that age [hazard ra-
tio (HR) 1.047; 95% confidence interval (Cl) 1.020-1.077,
P = 0.0005], BNP (HR 1.076; 95% Cl 1.031-1.120, P = 0.001),
LVEF (HR 0.959; 95% Cl 0.938-0.980, P = 0.0001), and use
of loop diuretics (HR 3.284; 95% Cl 1.980-5.595,
P < 0.0001) were independent predictors of ADHF.

Classification by ejection fraction at
rehospitalization due to acute decompensated
heart failure

We analysed EF in 74 patients whose echocardiography data
were collected during the second hospitalization. Conse-
quently, 30, 20, and 24 patients (41%, 27%, and 32%,

respectively) were classified into the HFpEF, HFmrEF, and
HFrEF groups, respectively (Figure 1 and Supporting Informa-
tion, Figure S1). Clinical characteristics, such as age, sex, and
medical history, were similar for patients with ADHF from
the three groups for during the index AMI admission (as
shown in Table 3). Although the maximum CK levels were
the highest in patients with HFrEF, followed by those with
HFmrEF and HFpEF, their differences were not statistically
significant. The EF in the HFrEF group was significantly lower
than that in the HFpEF and HFmrEF groups (43.3 + 10.5% vs.
58.3 £ 9.7%, P < 0.001, and 43.3 + 10.5% vs. 53.3 = 10.2%,
P = 0.004), but there was no significant difference between
the EF of the HFpEF and HFmrEF groups (58.3 £ 9.7% vs.
53.3 + 10.2%, P = 0.081). The prescription rates of ACEls,
ARBs, beta-blockers, and loop diuretics were similar for all
three groups.

We analysed the relationship between EF and HF during
the index AMI and that during rehospitalization. Eleven of
the 24 patients with HFrEF at rehospitalization had rEF, 6 pa-
tients had mrEF, and 7 patients had pEF at index AMI. On the
contrary, 25 of the 30 patients with HFpEF at rehospitaliza-
tion were classified as pEF, 4 patients were classified as mrEF,
and only 1 patient was classified as rEF (Figure 2). The aver-
age EF decreased significantly from index hospitalization for
AMI to rehospitalization in patients with HFrEF and HFmrEF
(from 43.3 + 10.5% to 29.4 + 6.7% P < 0.01, and from
53.3 + 10.2% to 45.0 + 2.8%, P < 0.01, respectively) (Figure
3). However, the EF of the HFpEF group did not show signifi-
cant change between index hospitalization and rehospitaliza-
tion (from 58.3 + 9.7% to 59.3 £ 6.1%, P = 0.69).

FIGURE 2 Effect of ejection fraction (EF) on the index acute myocardial infarction (AMI) on rehospitalization due to acute decompensated heart failure
(ADHF) [red line: heart failure with reduced left ventricular ejection fraction (HFrEF); blue line: heart failure with mid-range left ventricular ejection
fraction (HFmrEF); and green line: heart failure with preserved left ventricular ejection fraction (HFpEF)]. mrEF, mid-range ejection fraction; pEF, pre-

served ejection fraction; rEF, reduced ejection fraction.
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Table 2 Univariate and multivariate analyses of predictors for ADHF
Univariate analysis Multivariate analysis

Variable Hazard ratio (95% Cl) P value Hazard ratio (95% Cl) P value
Age (years) 1.094 (1.070-1.121) <0.0001 1.047 (1.020-1.077) 0.0005
Sex: male 0.572 (0.365-0.916) 0.0207

Diabetes mellitus 1.651 (1.057-2.557) 0.0279

Hypertension 1.081 (0.690-1.732) 0.7369

Hb (g/dL) 0.727 (0.661-0.802) <0.0001 0.950 (0.838-1.082) 0.4368
eGFR (mL/min/1.73 m?) 0.972 (0.963-0.980) <0.0001 0.992 (0.980-1.003) 0.1540
BNP (100 pg/mL) 1.168 (1.134-1.201) <0.0001 1.076 (1.031-1.120) 0.0010
Max CK (100 IU/L) 1.009 (1.002-1.014) 0.0176

EF (%) 0.938 (0.919-0.957) <0.0001 0.959 (0.938-0.980) 0.0001
Final TIMI flow Grade 3 0.841 (0.377-2.395) 0.7146

Loop diuretics 7.140 (4.507-11.64) <0.0001 3.284 (1.980-5.595) <0.0001

Cl, confidence interval. Other abbreviations as in Table 1.

Timing of rehospitalization due to acute
decompensated heart failure

Forty-one (55%) of the 74 patients analysed were readmitted
because of ADHF within 1 year of discharge from index hospi-
talization (Figure 4A). The LVEF was significantly lower, while
BNP levels were higher in these 41 patients than their respec-
tive values in patients who were readmitted after 1 year
(Supporting Information, Table S2). The frequency of read-
mission within 1 year of the first hospitalization was higher
in each subgroup of HF (Figure 4A). The percentage of pa-
tients with HFrEF to the total number of patients seemed to
be higher in patients rehospitalized within 1 year (of index
hospitalization), in contrast to those who were rehospitalized
after 1 year, although the difference was not statistically sig-
nificant (Figure 4B and 4C).

Discussion

The principal finding of the present study was that approxi-
mately 10% of patients with AMI were rehospitalized because
of ADHF during the follow-up period of 4.9 years, and older
patients and those with lower EF and higher BNP levels
showed a greater probability of being rehospitalized. We clas-
sified the rehospitalized patients into three groups depending
on the subtype of HF (i.e. HFrEF, HFmrEF, and HFpEF) based
on the EF measured at rehospitalization. We found that
41% was HFpEF, 27% was HFmrEF, and 32% was HFrEF, and
more than half of the patients were rehospitalized within
1 year after index hospitalization in each subgroup. To the
best of our knowledge, this was the first study to report the
frequency of occurrence of the three subtypes of HF after
AMI. Importantly, the frequency of post-AMI HFpEF was
higher than speculated.

The frequency of post-AMI HFpEF has not been studied
well, although the concept of HFpEF has been widely accepted
during the last two decades.*®2° Similarly, the reason for the

high prevalence of HFpEF following AMI (approximately 40%)
remains unclear. One possible explanation is that the size of
the infarct is smaller in contemporary AMI, which is supported
by our result that the average EF during index AMI was approx-
imately 60% (Table 1). All patients underwent emergency cor-
onary angiography in the present study, and approximately
50% had peak CK levels of less than 2000 IU/L; that is, the size
of the infarction was small. Moreover, patients with HFpEF
showed lower peak CK values compared with the other two
subgroups, although the peak CK levels during the first hospi-
talization did not differ significantly among the three sub-
groups. In fact, 25 of 30 patients with HFpEF were
categorized in the pEF group during the index AMI (Figure 2).
More than 90% of patients were prescribed with ACEls or
ARBs, and beta-blockers were prescribed in 64.6% of patients
in the pEF group during discharge after index AMI hospitaliza-
tion. However, the lower prescription rate of beta-blockers at
discharge was not associated with the development of ADHF
(HR 1.235; 95% Cl 0.702-2.234, P = 0.468). New treatment
strategies need to be developed in patients with AMI with
EF > 40%, because no drug can improve cardiac outcomes in
patients with HFpEF or HFmrEF. The use of sodium—glucose
co-transporter 2 inhibitors would be possible for patients with
AMI and diabetes mellitus, or sacubitril/valsartan would also
be possible for patients with EF < 50%.

Another reason is that the prevalence of AMI is higher in
older patients. Patients with HFpEF are generally older than
those with HFmrEF or HFrEF. In the present study, patients
with post-AMI ADHF were approximately 10 years older than
those without ADHF. Therefore, it is possible that patients
with HFpEF would have developed AMI. Therefore, further
studies are required to investigate the mechanism by which
HFpEF develops in patients with AMI.

We also conducted another study in patients with ADHF,
known as the Nara Registry and Analyses for Heart Failure co-
hort study (NARA-HF study). NARA-HF study found that 31%
of patients with a history of AMI were classified as HFpEF,*3
supporting the present findings on the frequency of HFpEF af-
ter AMI. In contrast, only 18% of patients with HFpEF
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FIGURE 3 Change in the ejection fraction (EF) between the first hospitalization for acute myocardial infarction and rehospitalization for acute decom-
pensated heart failure in the three groups. HFmrEF, heart failure with mid-range left ventricular ejection fraction; HFpEF, heart failure with preserved
left ventricular ejection fraction; HFrEF, heart failure with reduced left ventricular ejection fraction.

EF Change in the three groups

P<0.01 P<0.01 ﬁ
70% [ |

| |
60%
50%
L 40% -
w
30%
20% -
10%
0% -

First Re- First Re- First Re-
hospitalization hospitalization hospitalization hospitalization hospitalization hospitalization
HFrEF HFmrEF HFpEF

FIGURE 4 (A) Distribution of heart failure-free time. Distribution of heart failure subgroups for (B) patients rehospitalized within 1 year after index
hospitalization and (C) patients rehospitalized 1 year after the index hospitalization. ADHF, acute decompensated heart failure; HFmrEF, heart failure
with mid-range left ventricular ejection fraction; HFpEF, heart failure with preserved left ventricular ejection fraction; HFrEF, heart failure with reduced
left ventricular ejection fraction.
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presented with a history of AMI in the NARA-HF study. Thus, Moreover, we compared the prognosis in the HFpEF,
AMI is an important in the aetiology of HFpEF but not the HFmrEF, and HFrEF groups and found no significant differ-
most common aetiology. Moreover, HFpEF, HFrEF, and ences in survival rate after rehospitalization of the three
HFmrEF occurred frequently within 1 year of discharge after  groups, although the number of patients was small (log rank
index AMI hospitalization, indicating that special care should P = 0.6823, data not shown).

be taken during 1 year after discharge, irrespective of the In this study, the frequency of ADHF was approximately
type of HF. 10% during the follow-up period (mean 4.9 years) and
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considerably lower than that found in the electronic health
records of Western-based population databases. We do not
know if these differences are the result of variations in race,
size, and/or database characteristics.

Limitations

First, this was a retrospective, single-centre study; therefore,
there is the possibility of selection bias. Second, the study
was conducted in Japan and only included Japanese patients.
Therefore, other populations were not assessed. Third, the
numbers of documented patients with HFpEF, HFmrEF, and
HFrEF were too small to further conduct Cox multivariate
analysis. Fourth, we were not able to explain that the loss
of cardiac function was caused by AMI and not due to exac-
erbation of pre-existing HF before the index AMI, because
we had little information on the echocardiographic findings
before AMI.

Conclusions

Following AMI, 41% of patients who were rehospitalized be-
cause of ADHF were classified as HFpEF, 27% were HFmrEF,
and 32% were HFrEF, which should be a consideration in
the management of patients with AMI.
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