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BACKGROUND: Clinical characteristics and outcomes of patients with myocardial infarction (Ml) with nonobstructive coronary
arteries (MINOCA) are not fully understood, particularly in Japan.

METHODS AND RESULTS: We enrolled a total of 8881 patients with acute Ml from the Miyagi Acute Myocardial Infarction
Registry Study (2012-2020), with a median age of 69years. Among them, 239 patients (2.7%) were diagnosed with MINOCA.
Compared with those with Ml with obstructive coronary artery disease (MI-CAD), patients with MINOCA were more often
women, had a higher incidence of non—-ST-segment—elevation Ml and a lower prevalence of dyslipidemia. Compared with
patients with MI-CAD, patients with MINOCA in all age groups (<59, 60-69, 70-79, >80years of age) had a higher incidence
of non—-ST-segment-elevation MI. Additionally, those <59years of age were more often women and had a lower prevalence of
diabetes and dyslipidemia. In-hospital mortality increased with age in patients with MI-CAD (3.9% for <569years of age, 5.6%
for 60-69years of age, 8.3% for 70-79years of age, and 15.2% for >80years of age; P<0.01), but not in patients with MINOCA
(4.5%, 7.4%, 6.0%, and 9.6%, respectively; P=0.36). Compared with patients with MI-CAD, patients with MINOCA had lower
in-hospital mortality for Killip class IV (40.7% versus 20.0%; adjusted odds ratio [OR], 0.31 [95% CI, 0.10-0.94]; P=0.04) and
renal dysfunction (20.0% versus 7.1%; adjusted OR, 0.29 [95% ClI, 0.09-0.96]; P=0.04).

CONCLUSIONS: Patients with MINOCA exhibit distinct clinical characteristics and outcomes compared with those with MI-CAD,
particularly in terms of age, sex, prevalence of comorbidities, and in-hospital mortality. These findings underscore the impor-
tance of tailored clinical approaches for patients with MINOCA.
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phy (CAG) in the early clinical management of patients are labeled as having myocardial infarction
acute myocardial infarction (AMI), it has been (MI) with nonobstructive coronary arteries (MINOCA).*
revealed that some patients with AMI have no evidence ~ The underlying pathophysiological mechanisms of

With the widespread use of coronary angiogra- of obstructive coronary artery disease (CAD)."-3 These
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CLINICAL PERSPECTIVE
What Is New?

e Patients with myocardial infarction with non-
obstructive coronary arteries in all age groups
(<59, 60-69, 70-79, >80years of age) had a
higher incidence of non-ST-segment-elevation
myocardial infarction compared with those with
myocardial infarction with obstructive coronary
artery disease, whereas patients with myocar-
dial infarction with nonobstructive coronary ar-
teries <69years of age were more often women
and had a lower prevalence of diabetes and
dyslipidemia compared with patients with myo-
cardial infarction with obstructive coronary ar-
tery disease.

e Compared with patients with myocardial infarc-
tion with obstructive coronary artery disease,
patients with myocardial infarction with nonob-
structive coronary arteries had lower in-hospital
mortality for Killip class IV and renal dysfunction.

What Are the Clinical Implications?

e Patients with myocardial infarction with nonob-
structive coronary arteries exhibit distinct clini-
cal characteristics and outcomes compared
with those with myocardial infarction with ob-
structive coronary artery disease, particularly in
terms of age, sex, prevalence of comorbidities,
and in-hospital mortality.

Nonstandard Abbreviations and Acronyms

CAG coronary angiography

MI-CAD  myocardial infarction with obstructive
coronary artery disease

MINOCA myocardial infarction with

nonobstructive coronary arteries

MINOCA are not fully understood. Guidelines indicate
that MINOCA encompasses a group of heterogeneous
diseases with different pathological mechanisms, in-
cluding plaque disruption, spasm, thromboembolism,
dissection, microvascular dysfunction, ischemic myo-
cardial injury due to supply/demand mismatch, and
clinically undetected myocarditis or takotsubo cardio-
myopathy.® This diversity in mechanisms contributes to
the complexity in diagnosing and managing MINOCA.

Several studies, including a large systematic review,
have shown that patients with MINOCA generally have
lower in-hospital mortality than those with Ml with ob-
structive CAD (MI-CAD).#8-"° However, these findings
are not entirely consistent across all reports, indicating
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the need for further research to fully understand the
outcomes associated with MINOCA.

The optimal treatment strategy for patients with
MINOCA remains uncertain, which complicates their
prognosis and identification of predictors. Recent stud-
ies have documented a strong relationship between
age and in-hospital mortality in patients with MINOCA
compared with patients with MI-CAD.® Interestingly,
the lower in-hospital mortality in patients with MINOCA
compared with patients with MI-CAD was more evi-
dent among older patients.® This suggests that age
might play a significant role in the prognosis of patients
with MINOCA.

The Miyagi AMI Registry Study'!'? is a prospective,
multicenter, observational study for >40years since
1979 in Japan, a country with a high proportion of
older patients.'® Therefore, in the present study, we ex-
amined the clinical characteristics and in-hospital out-
comes of patients with MINOCA, compared with those
with MI-CAD in Japan.

METHODS

The present study was approved by the institutional
review board of Tohoku University Graduate School of
Medicine (2017-1-284), under the condition that per-
sonal data are protected at all times. The data that
support the findings of this study are available from the
corresponding author upon reasonable request.

Miyagi AMI Registry Study and Study
Population

In the Miyagi AMI Registry Study, all 45 hospitals with
a cardiac care unit or cardiac catheterization facility in
the Miyagi prefecture, located in northeastern Japan
with a population of approximately 2.35 million, have
been participating (Data S1); thus, almost all patients
with AMI in the Miyagi prefecture have been prospec-
tively enrolled."'? Because the Miyagi AMI Registry
Study is an observational study, informed consent was
obtained in the form of opt out. In this registry, AMI
was diagnosed based on the WHO-MONICA (World
Health Organization-Multinational Monitoring of Trends
and Determinants in Cardiovascular Disease) criteria,
including typical severe chest pain accompanied by
ischemic ECG changes and elevated serum levels of
creatine kinase (CK)."* In 2000, the European Society
of Cardiology and American College of Cardiology
proposed new criteria for the diagnosis of AMI as a
universal definition, in which cardiac troponin was a
preferred biomarker of cardiac injury.'® Since then, car-
diac troponin has been widely applied for the diagnosis
of AMI in Japan.'®'” Therefore, we applied both CK and
troponin as cardiac markers for diagnosis of AMI in the
present study.
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In the Miyagi AMI Registry Study, we excluded pa-
tients with nonischemic myocardial disorders such as
takotsubo cardiomyopathy and myocarditis."'? The
treatment strategies, including medication and selec-
tion of reperfusion therapies, were left to the discretion
of the individual cardiologist in charge. The information
collected in the Miyagi AMI Registry Study included
age, sex, date and time of symptom onset, prehospital
management (eg, use of ambulance, time interval from
symptom onset to admission), infarction site, coronary
risk factors (hypertension, diabetes, dyslipidemia, and
smoking), reperfusion therapies (eg, thrombolysis and/
or percutaneous coronary intervention), peak CK lev-
els, and in-hospital mortality.""2 Our registration form
was revised occasionally during the 45years as re-
quired, and angiographic data were available for pa-
tients enrolled after 2012.

Therefore, in the present study, we enrolled a total
of 8881 patients with AMI who had coronary angio-
graphic data in the Miyagi AMI Registry between 2012
and 2020 and examined the clinical characteristics and
outcome of patients with MINOCA. MINOCA was de-
fined as patients with AMI without obstructive lesions
in the emergent CAG.% In the Miyagi AMI Registry
Study, no data were available for long-term outcomes
of patients with AMI after discharge. Thus, if the same
case developed an Ml again and was readmitted to the
hospital within the research period above, that event
was counted as a new, independent event.

Statistical Analysis

Continuous variables were expressed as median with
interquartile range (IQR) and compared using the
Mann-Whitney U test. Categorical variables were ex-
pressed as number with percentage and compared
using the Fisher exact test or the x? test, as appropri-
ate. To examine differences between the MINOCA and
MI-CAD groups by age, patients were divided into 4
age groups (<59, 60-69, 70-79, >80years), and the
Cochran-Armitage test for trend was used. To iden-
tify factors associated with MINOCA, univariable and
multivariable logistic regression models were applied.
Covariates included age, sex, ST-segment—elevation
MI, coronary risk factors, renal dysfunction (serum cre-
atinine >1.2mg/dL), heart failure with Killip class on ad-
mission, and cardiac arrest on admission. Odds ratio
(OR) and 95% CI were calculated using a stepwise
variable selection procedure. The impact of MINOCA
on in-hospital mortality was examined in subgroups
stratified by age, sex, Killip class on admission, pres-
ence of ST-segment—elevation Ml, and renal dysfunc-
tion. A multivariable logistic regression model was
used to adjust for covariates including age and sex.
The interaction between MINOCA and predefined clini-
cal subgroups on in-hospital mortality was assessed
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using a logistic regression model with interaction
terms. A P value of <0.05 and a P value for interaction
of <0.10 were considered as statistically significant. All
statistical analyses were performed using IBM SPSS
Statistics 25.0 (IBM, Armonk, NY) and R software (ver-
sion 3.0.3, R Foundation for Statistical Computing,
Vienna, Austria).

RESULTS

Prevalence of Patients With MINOCA

Among the 8881 patients with AMI, 239 (2.7%) were
diagnosed with MINOCA, whereas 8642 (97.3%) were
diagnosed with MI-CAD. When divided into 4 age
groups (<59, 60-69, 70-79, >80years of age), female
patients <69years of age had a higher prevalence of
MINOCA compared with male patients (8.5% versus
2.4%, P<0.01) (Figure 1). The prevalence of MINOCA
in female patients decreased with age (<569years of
age: 8.5%, 60-69years of age: 3.7%, 70-79years of
age: 3.6%, >80years of age: 2.6%; P<0.05 for trend),
which was not observed in male patients (<59years of
age: 2.4%, 60-69years of age: 2.1%, 70-79years of
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Figure 1. Prevalence of MINOCA by age.

A, Overall population. B, Male and female patients. MINOCA
indicates myocardial infarction with nonobstructive coronary
arteries.
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Table 1. Clinical Characteristics of the Study Population
MINOCA, n=239 | MI-CAD, n=8642

Characteristic (2.7%) (97.3%) P value
Age, y, median 69 (59-78) 69 (60-78) 0.40
Age >70y 49.8% (119/239) | 48.6% (4203/8642) | 0.72
Women 29.7% (71/239) 21.4% (1859/8642) | <0.01
Hypertension 65.7% (157/239) | 70.1% (6088/8642) | 0.14
Diabetes 31.0% (74/239) 36.0% (3123/8642) | 0.11
Dyslipidemia 30.1% (72/239) 40.0% (3471/8642) | <0.01
Smoking 42.7% (102/239) | 42.5% (3692/8642) | 0.96
Renal 19.3% (42/218) 17.3% (1291/7479) | 0.44
dysfunction
STEMI 511% (115/225) 76.1% (6369/8642) | <0.01
NSTEMI 48.9% (110/225) 23.9% (1998/8642)

Killip class on admission 0.04
| 77.0% (184/239) | 81.6% (7051/8642)
I 4.6% (11/239) 6.1% (523/8642)
Il 5.9% (14/239) 3.7% (324/8642)
v 12.6% (30/239) 8.6% (744/8642)
5.4% (13/239) 3.7% (317/8642) 0.15

Cardiac arrest
on admission

Peak CK (U/L)

667 (353-1170) | 1505 (642-3131) <0.01

Values are expressed as median with interquartile range or n (%). CK
indicates creatine kinase; MI-CAD, myocardial infarction with obstructive
coronary artery disease; MINOCA, myocardial infarction with nonobstructive
coronary arteries; NSTEMI, non-ST-segment-elevation myocardial
infarction; and STEMI, ST-segment-elevation myocardial infarction.

age: 2.7%, >80years of age: 2.6%; P=0.52 for trend)
(Figure 1).

Clinical Characteristics of Patients With
MINOCA

The clinical characteristics of patients with MI-CAD
and MINOCA are summarized in Table 1. The median
age was 69years in both the MI-CAD and MINOCA
cohorts. Patients with MINOCA exhibited a higher
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prevalence of women and non-ST-segment—eleva-
tion Ml (NSTEMI), along with a lower prevalence of
dyslipidemia. Moreover, patients with MINOCA pre-
sented with a higher Killip class on admission, despite
the lower peak CK levels compared with patients with
MI-CAD (median, 667 IU [IQR, 353-1170] versus 1505
U [IQR, 642-3131], P<0.01). Multivariable logistic re-
gression analysis revealed that female sex (OR, 1.76
[95% CI, 1.26-2.46]; P<0.01), NSTEMI presentation
(OR, 2.97 [95% CI, 2.24-3.93]; P<0.01), absence of
dyslipidemia (OR, 0.63 [95% CI, 0.47-0.86]; P<0.01),
and higher Killip class on admission (OR, 1.18 [95% Cl,
1.00-1.38]; P=0.49) were significantly associated with
the diagnosis of MINOCA (Table 2).

Upon stratification by age, the MINOCA group demon-
strated a higher prevalence of NSTEMI across all age
categories compared with the MI-CAD group (Figure 2).
Among patients <59years of age, the MINOCA group
exhibited a lower prevalence of dyslipidemia (16.7%
versus 47.2%, P<0.01) and diabetes (21.2% versus
33.6%, P<0.05) in contrast with the MI-CAD group,
although these differences were not observed in the
remaining age groups (>60years of age).

In-Hospital Mortality in Patients With
MINOCA

The overall in-hospital mortality did not significantly
differ between the MINOCA and MI-CAD groups
(6.7% versus 8.0%, P=0.55). When stratified by age,
in-hospital mortality showed an increasing trend with
age in the MI-CAD group (<59/60-69/70-79/>80years
of age, 3.9%/5.6%/8.3%/15.2%, respectively, P<0.05
for trend), whereas such a trend was not observed
in the MINOCA group (4.5%/7.4%/6.0%/9.6%, re-
spectively, P=0.36 for trend) (Figure 3). Age, sex, and
NSTEMI did not significantly influence the difference
in in-hospital mortality between the MINOCA and
MI-CAD groups (Figure 4).In both the MINOCA and

Table 2. Factors Associated With Myocardial Infarction With Nonobstructive Coronary Arteries

Univariable analysis Multivariable analysis
Factor OR (95% ClI) P value OR (95% ClI) P value
Age per 10y 0.95 (0.86-1.04) 0.25
Women 1.55 (1.17-2.06) <0.01 1.76 (1.26-2.46) <0.01
NSTEMI 3.05 (2.34-3.99) <0.01 2.97 (2.24-3.93) <0.01
Hypertension 0.82 (0.62-1.07) 014
Diabetes 0.80 (0.61-1.06) 017
Dyslipidemia 0.65 (0.49-0.85) <0.01 0.63 (0.47-0.86) <0.01
Current smoking 1.00 (0.78-1.30) 0.97
Renal dysfunction 1.00 (0.97-1.03) 0.85
Killip class on admission 1.16 (1.03-1.32) 0.02 1.18 (1.00-1.38) 0.49
Cardiac arrest on admission 1.52 (0.86-2.69) 015

NSTEMI indicates non—-ST-segment-elevation myocardial infarction; and OR, odds ratio.
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Figure 2. Clinical characteristics of patients with MINOCA and MI-CAD by age.

The difference between patients with MINOCA and MI-CAD in the prevalence of hypertension, diabetes,
dyslipidemia, current smoking, renal failure, NSTEMI, and Killip class IV on admission is shown. MI-CAD
indicates myocardial infarction with obstructive coronary artery disease; MINOCA, myocardial infarction
with nonobstructive coronary arteries; and NSTEMI, non—-ST-segment-elevation myocardial infarction.

MI-CAD cohorts, in-hospital mortality increased with
higher Killip class on admission (MINOCA: Killip I/1l/
171V, 3.8%/0%/21.4%/20.0%, respectively, P<0.05 for
trend; MI-CAD: 3.8%/10.1%/21.3%/40.7%, respec-
tively, P<0.01) (Figure 3). Additionally, among patients
with Killip class IV on admission, the MINOCA group
exhibited a better in-hospital outcome compared with
the MI-CAD group (20.0% versus 40.7%, adjusted
OR, 0.31 [95% CI, 0.10-0.94]; P=0.04), whereas no

J Am Heart Assoc. 2025;14:e036802. DOI: 10.1161/JAHA.124.036802

significant difference was observed in those with Killip
class | 'to Il (3.8% versus 3.8%, P=0.99) (Figures 3 and
4). Similarly, among those with renal dysfunction, the
MINOCA group showed better in-hospital outcomes
than the MI-CAD group (7.1% versus 20.0%, P=0.02;
adjusted OR, 0.29 [95% CI, 0.09-0.96]; P=0.04),
whereas there was no significant difference among
those without renal dysfunction (6.1% versus 5.5%,
P=0.83) (Figure 4).



Hao et al

Characteristics and Outcome of MINOCA in Japan

In-hospital mortality (%) MINOCA vs. MI-CAD
MINOCA ~ MI-CAD Adjusted ~ Pfor
(n=239)  (n=8542) OR (95%Cl) interaction
6.7% 8.0% ICLII
Over-all (16/239) (695/8642) 0.55  0.84(0.50-1.41) 0.50
5.8% 4.8%
Aged<70 years (7/12‘6) (211/4‘;’41) 0.58  1.35(0.62-2.95) 0.45 KA 0.17
7.6% 11.5%
> _
Aged>70 years (9/119)  (484/4201) 0.18  0.64(0.32-1.28) 0.21 KA
6.5% 7.0%
Male (11/1g3) (474/67"91) 0.83  0.93(0.50-1.73) 0.82 KA 0.59
Female (;'/07/{) (22111/‘3:51) 0.21  0.46 (0.70-1.78) 0.46 FOH
. 7.1% 20.0%
Renal dysfunction (3/42)  (258/1291) 0.02  0.29 (0.09-0.96) 0.04 @i 0.08
No renal 5.1% 5.5%
. 0.83  1.00(0.50-1.98) 1.00 KA
dysfunction (9/176)  (339/6188) ( )
8.7% 8.1% KA
STEMI (10/115) (517/6346) 0.83  1.09 (0.56-2.12) 0.80 0.45
5.5% 7.7% _ FCH
NSTEMI (6/110) (154/1988) 0.38  0.72(0.31-1.68) 0.45
- 3.8% 3.8%
Killip class I-11I (7/188)  (270/7051) 0.99 1.04(0.57-1.89) 0.90 0.05
- 20.0% 40.7%
Killip class IV (6/30‘; (303/724) 0.02  0.31(0.10-0.94) 0.04
0.1 1 10
MINOCA had better
in-hospital mortality
Figure 3. In-hospital mortality of patients with MINOCA and MI-CAD in subgroups.

Multivariable logistic regression analyses were performed to adjust for age and sex. MI-CAD indicates
myocardial infarction with obstructive coronary artery disease; MINOCA, myocardial infarction with
nonobstructive coronary arteries; NSTEMI, non-ST-segment-elevation myocardial infarction; OR, odds
ratio; and STEMI, ST-segment-elevation myocardial infarction.

DISCUSSION

The major findings of the present study were as fol-
lows: (1) Patients with MINOCA, as compared with pa-
tients with MI-CAD, were more often women, with more
NSTEMI cases, lower dyslipidemia rates, and higher
Killip class on admission. (2) Patients with MINOCA,
across all age groups, showed higher NSTEMI preva-
lence. Those <59years of age were more often women
and had lower diabetes/dyslipidemia rates. (3) In pa-
tients with MI-CAD, in-hospital mortality increased with
age, unlike patients with MINOCA. (4) Patients with
MINOCA, with Killip class IV or renal dysfunction, had

J Am Heart Assoc. 2025;14:e036802. DOI: 10.1161/JAHA.124.036802

better in-hospital outcomes than their counterpart pa-
tients with MI-CAD.

Prevalence of Patients With MINOCA

This systematic review comprising 176502 patients with
AMI from 27 studies indicated an average MINOCA
prevalence of 6% (95% Cl, 5-7).4 Large multicenter reg-
istry studies in the United States, Sweden, Canada, and
Korea reported MINOCA rates of 5.9%, 8.0%, 5.8%,
and 3.5%, respectively.>21%8 |n our study with 8881
Japanese patients with AMI, the MINOCA incidence was
notably lower at 2.7%, possibly attributable to 2 factors.
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Figure 4. In-hospital mortality of patients with MINOCA

and MI-CAD by age and Killip class on admission.

MI-CAD indicates myocardial infarction with obstructive coronary
artery disease; and MINOCA indicates myocardial infarction with
nonobstructive coronary arteries.

First, the age discrepancy within our study popula-
tion may account for this variance. Unlike the system-
atic review and studies from Canada and Korea, where
patients’ mean ages were comparatively lower (ranging
from 59 to 62 years of age), our study featured a notably
older median age of 69years, reflecting Japan’s status
as a super-aging society. #2913 Additionally, Japan’s
inclination toward more frequent invasive strategies for
AMI management, especially in older patients, might
have contributed. Previous reports have highlighted
Japan’s higher usage rates of emergent CAG and pri-
mary percutaneous coronary intervention in patients
with AMI, particularly among the older population.'®-23
Given that MINOCA diagnosis requires identifying non-
obstructive coronary arteries via emergent CAG, our
study population was naturally biased toward those
undergoing this procedure, potentially skewing toward
older patients and impacting MINOCA prevalence.

Second, discrepancies in MINOCA diagnostic crite-
ria across studies may have influenced incidence rates.
Initially, MINOCA was defined per the Third Universal
Definition of Mlyocardial Infarction, encompassingischemic

J Am Heart Assoc. 2025;14:e036802. DOI: 10.1161/JAHA.124.036802
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and nonischemic myocardial injury causes like myocardi-
tis and takotsubo cardiomyopathy.?*25 However, the re-
cent Fourth Universal Definition of Myocardial Infarction
recommended excluding nonischemic and myocardial
disorders from MINOCA diagnosis.>?®28 Our study ad-
hered to this updated definition, excluding patients with
nonischemic cardiac disorders, aligning with the Fourth
Universal Definition of Myocardial Infarction.®?628 Such
differences in interpretation may have contributed to vary-
ing MINOCA incidence rates across studies.

Clinical Characteristics of Patients With
MINOCA

Previous studies have consistently illustrated distinc-
tive characteristics of patients with MINOCA, including
younger age, higher female proportion, increased like-
lihood of NSTEMI, lower peak cardiac enzyme levels,
and reduced incidence of heart failure on arrival.#6:9:29.80
However, the prevalence of traditional coronary risk
factors, such as hypertension, diabetes, dyslipidemia,
and smoking, varied across studies.*#92930 |n line with
these findings, our study also observed a higher fe-
male proportion and NSTEMI prevalence among pa-
tients with MINOCA, along with lower peak CK levels
and reduced dyslipidemia prevalence. Intriguingly, pa-
tients with MINOCA in this study exhibited higher Killip
classes on admission despite lower peak CK levels.
This inconsistency might be attributed to the more fre-
quent use of invasive strategies for AMI management
in Japan, particularly among those characterized as
high risk, including older age, heart failure, and cardiac
shock.'9-2331:82 Gonsidering that a MINOCA diagnosis
requires identifying nonobstructive coronary arteries
via emergent angiography, our study might include pa-
tients with MINOCA with Killip class IV more frequently
compared with other countries. Additionally, regional
and racial disparities in MINOCA pathophysiology
should be mentioned. An international registry study
for patients with vasospastic angina, one of the main
causes of MINOCA, demonstrated that Japanese pa-
tients with vasospastic angina had a higher prevalence
of cardiac arrest compared with White patients.3®
However, our study lacked data on MINOCA mecha-
nisms such as intracoronary imaging, spasm provo-
cation test results, and cardiac magnetic resonance
imaging,?’ representing a notable limitation.

In-Hospital Mortality of Patients With
MINOCA

Our study revealed comparable in-hospital mortal-
ity rates between patients with MINOCA and MI-CAD
(5.7% versus 6.9%), consistent with nationwide studies
from Japan and Korea (6.4% versus 6.2% and 2.8%
versus 3.5%, respectively).%%* Conversely, a system-
atic review reported better in-hospital mortality among
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patients with MINOCA compared with patients with
MI-CAD (1.1% versus 3.2%), with similar findings in
national registry studies from the United States and
Canada (1.1% versus 2.9% and 0.8% versus 2.7%,
respectively).*®10 These disparities in MINOCA in-
hospital mortality might derive from the higher age of
our study population. However, among older patients
>70vyears of age, patients with MINOCA exhibited lower
in-hospital mortality compared with patients with MI-
CAD (7.6% versus 11.5%), contrasting with a reverse
trend among younger patients <70years of age (5.8%
versus 4.8%), suggesting that age alone may not ac-
count for the mortality discrepancy. Correspondingly,
the VIRGO (Variation in Recovery: Role of Gender on
Outcomes of Young AMI Patients) study found com-
parable 1-month mortality among younger patients
18 to 55years of age (1.1% versus 0.6%), whereas the
NCDR CathPClI Registry (National Cardiovascular Data
Registry CathPCI Registry) showed better in-hospital
mortality among older patients >65years of age (2.1%
versus 4.1%)./® Additionally, the ACTION Registry-
GWTG (Acute Coronary Treatment and Intervention
Outcomes Network Registry-Get With The Guidelines)
demonstrated a significant association between older
age and worse in-hospital mortality in patients with
MINOCA compared with patients with MI-CAD.®
Moreover, our study revealed the differences in mor-
tality between patients with MINOCA and MI-CAD for
Killip class IV on admission or renal dysfunction, both
of which are recognized as strong predictors of mor-
tality in patients with AMI.1216.35 Patients with AMI with
Killip class IV are known to have a higher frequency
of multivessel disease or left-main lesions with poor
prognosis, even after undergoing primary percutane-
ous coronary intervention.'>'6:36 Similarly, patients with
renal dysfunction often present with multiple comor-
bidities such as hypertension and diabetes, alongside
severe and diffuse coronary artery disease, contrib-
uting to an independent risk factor for cardiovascular
events post-AMI.3%3" Thus, the observed differences
in the prognostic impact of Killip class IV or renal dys-
function between patients with MINOCA and MI-CAD
might reflect underlying pathophysiological disparities.

Study Limitations

Several limitations warrant consideration in interpret-
ing our study findings. First, despite the Miyagi AMI
Registry Study’s extensive duration spanning more than
40years, angiographic data before 2012 were unavail-
able for our analysis. Consequently, patients enrolled
before 2012 were excluded, potentially affecting the
generalizability of our results. Second, the evolving diag-
nostic criteria for AMI over time, as well as variations in
diagnostic approaches within the registry, may have in-
fluenced patient characteristics. Diagnosis relied on the
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WHO-MONICA criteria with CK initially and transitioned
to the universal definition with troponin later, contribut-
ing to potential heterogeneity within the study popula-
tion. Third, the absence of data including left ventricular
function, underlying pathophysiological mechanisms of
MINOCA, such as intracoronary imaging, spasm provo-
cation tests, and cardiac magnetic resonance imaging,
precluded a comprehensive exploration of this critical
aspect. Fourth, our study’s observational nature meant
that treatment strategies, including CAG and interven-
tions, were at the discretion of individual cardiologists,
introducing potential bias into the results. Last, the lack
of long-term outcome data for patients with AMI post-
discharge in the Miyagi AMI Registry Study limited our
ability to assess the extended impact of MINOCA and
MI-CAD on patient prognosis.'6:17:2738

CONCLUSIONS

In this prospective, multicenter, observational study
conducted in Japan’s super-aging society, we dem-
onstrated that patients with MINOCA exhibit distinct
clinical characteristics and outcomes compared with
those with MI-CAD, particularly in terms of age, sex,
prevalence of comorbidities, and in-hospital mortality.
These findings underscore the importance of tailored
clinical approaches for patients with MINOCA.
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