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Abstract

There are a few Japanese data regarding the incidence and outcomes of acute myocardial infarction (AMI) after the coro-
navirus disease 2019 (COVID-19) outbreak. We retrospectively reviewed the data of AMI patients admitted to the Nihon
University Itabashi Hospital after a COVID-19 outbreak in 2020 (COVID-19 period) and the same period from 2017 to
2019 (control period). The patients’ characteristics, time course of admission, diagnosis, and treatment of AMI, and 30-day
mortality were compared between the two period-groups for both ST-segment elevation myocardial infarction (STEMI) and
non-STEMI (NSTEMI), respectively. The AMI inpatients decreased by 5.7% after the COVID-19 outbreak. There were no
differences among most patient backgrounds between the two-period groups. For NSTEMI, the time from the symptom onset
to admission was significantly longer, and that from the AMI diagnosis to the catheter examination tended to be longer during
the COVID-19 period than the control period, but not for STEMI. The 30-day mortality was significantly higher during the
COVID-19 period for NSTEMI (23.1% vs. 1.9%, P=0.004), but not for STEMI (9.4% vs. 8.3%, P=0.77). In conclusion,
hospitalizations for AMI decreased after the COVID-19 outbreak. Acute cardiac care for STEMI and the associated outcome
did not change, but NSTEMI outcome worsened after the COVID-19 outbreak, which may have been associated with delayed
medical treatment due to the indirect impact of the COVID-19 pandemic.
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o . .. . In December 2019, a novel coronavirus causing pneumonia
Division of Cardiology, Department of Medicine, Nihon ; . . .
University School of Medicine, Oyaguchijomachi 30-1, was first reported in Wuhan City, Hubei, China [1]. Shortly
Ttabashi-ku, Tokyo 1738610, Japan thereafter, it spread not only within China but throughout the
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world. In Japan, the first coronavirus disease 2019 (COVID-
19) case was reported on January 16, 2020. Since then, the
preparations for a medical treatment system assuming a
COVID-19 spread were started at each hospital in Japan.

Several studies from outside of Japan have reported
a significantly decreased incidence of acute myocardial
infarctions (AMlIs), increased AMIs detected in out-of-
hospital cardiac arrests (OHCAs) and increased mortality
from AMIs after the COVID-19 outbreak as compared to
the same period in the past [2—6]. In Japan, after the world
health organization (WHO) pandemic declaration on March
11, 2020, both the Cardiovascular Intervention and Thera-
peutics (CVIT) [7] and Japanese Circulation Society (JCS)
academic societies [8], dealing with the AMI medical care,
have proposed an AMI treatment strategy, which has been
aimed to prevent infections in health care workers and
maintain the treatment in critical and urgent patients even
during the COVID-19 spread. Nonetheless, because of the
little available data in Japan, it remains unclear whether the
reported data throughout the world would be applicable to
those Japanese patients. We, therefore, investigated the inci-
dence and outcome of AMIs after the ongoing COVID-19
outbreak in Japan, in comparison to the same days between
2017 and 2019.

Methods
Study patients

Because WHO declared a state of Public Health Emergency
of International Concern emergency (PHEIC) on January 30,
2020, and Nihon University Itabashi Hospital, Tokyo, Japan,
officially started responding to the COVID-19 from that
same day, we defined AMI patients from January 30, 2020
to September 30, 2020 as the patients during the COVID-19
period. To evaluate the temporal differences in the patient
characteristics and outcomes, we defined AMI patients
on the same days between 2017 and 2019 as controls. We
included AMI patients that had been admitted to Nihon Uni-
versity Itabashi Hospital, Tokyo, Japan, between January
30 and September 30, 2020 (COVID-19 period, n=66) and
AMIs on the same days during the years 2017-2019 as the
reference (control period, n=210), and the characteristics
and outcomes of the AMIs between the two period-groups
were compared for both ST-elevation myocardial infarc-
tions (STEMIs) and non-STEMIs (NSTEMIs), separately.
All patients included in the study had been admitted within
30 days of the AMI symptom onset. The patients included
were identified through a review of the records of consec-
utive patients admitted for AMIs, and all had consented,
by the opt-out method, to the use of their data for study
purposes.

The study protocol was approved by the Ethics Commit-
tee of Nihon University Itabashi Hospital (RK-201121-01)
and was in accordance with the ethical standards of the insti-
tutional research committee and with the 1964 Declaration
of Helsinki and its later amendments or comparable ethical
standards.

Data collection and definitions

Information from the patients’ clinical records had been
entered anonymously into an Excel spreadsheet by phy-
sicians or the clinical research coordinator at Nihon Uni-
versity Itabashi Hospital. For the purpose of the study, we
obtained the following data: number of hospitalizations for
AMIs, clinical characteristics, and treatment outcomes in
the patients.

AMIs had been diagnosed on the basis of the patients’
symptoms and a serum troponin-I concentration
of >0.014 ng/mL with or without ST-segment elevation
of >2 mm in the precordial leads or> 1 mm in the limb leads
on electrocardiography (ECG). The infarction was classi-
fied as a STEMI or NSTEMI, depending on the presence or
absence of ST-segment elevation [9]. Echocardiography was
performed at the time of admission.

The following cardiovascular risk factors were assessed:
hypertension (defined as the use of an antihypertensive
agent, systolic blood pressure > 140 mmHg, or diastolic
blood pressure > 90 mmHg), diabetes mellitus (defined as
the use of an oral hypoglycemic agent or insulin or a glyco-
sylated hemoglobin level of > 6.5%), dyslipidemia (defined
as the use of a statin or triglyceride-lowering drug, a low-
density lipoprotein concentration of > 140 mg/dL, a high-
density lipoprotein concentration of <40 mg/dL, or a triglyc-
eride concentration of > 150 mg/dL) [10]. Heart failure, if
present at the time of the initial presentation, was classified
by the severity according to the Killip system [11].

Coronary angiography (CAG) was performed in consent-
ing patients during their hospitalization for an AMI. The
definition of the TIMI flow was graded as TIMI O=no perfu-
sion, TIMI 1 =penetration without perfusion, TIMI 2 =par-
tial perfusion, or TIMI 3 =complete perfusion, as described
for the Phase I TIMI Trial [12]. If percutaneous coronary
intervention (PCI) was performed during the same session
as the index CAG, it was defined as an ad hoc PCI, and
especially for STEMIs, an ad-hoc PCI as the primary reper-
fusion strategy for AMIs without previous or concomitant
thrombolytic therapy was defined as a primary PCI [13].

Evaluations and study endpoint
We first divided the total 276 AMI patients into 2 groups:

those who had been admitted between January 30 and
September 30, 2020 (COVID-19 period, n=66) and those
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during those same days between 2017 and 2019 (con-
trol period, n=210), and investigated the number of total
AMI, STEMI, and NSTEMI inpatients between those same
days (January 30 and September 30) during the COVID-
19 and control periods. Next, we investigated the STEMI
and NSTEMI patients separately, and compared the patient
characteristics between the two groups, respectively, for both
STEMIs (COVID-19 period; n=>53, control period; n=156)
and NSTEMIs (COVID-19 period; n=13, control period;
n=>54), respectively.

The main study endpoint was the 30-day mortality,
defined as in-hospital deaths from any cause within 30 days
after admission, which was ascertained through our review
of the patient data. Thus, we compared the 30-day mortal-
ity between the patients in the COVID-19 period and those
in the control period, for both STEMIs and NSTEMIs,
separately.

Statistical analysis

Continuous variables are shown as the mean + SD values,
and differences between groups were analysed by a Student’s
t-test or Mann—Whitney U test. Categorical variables are
shown as the number and percentage of patients, and the
between-group differences in these variables were analysed
by chi-square or Fisher’s exact test. The 30-day mortal-
ity among the patients during the COVID-19 and control
periods was estimated by the Kaplan—Meier method, and
the between-group differences were assessed by a log-rank
test. All analyses were performed with SPSS Statistics 19.0
software (SPSS Inc., Chicago, IL, USA), and a P <0.05 was
considered significant.

Results

Comparison of the AMI inpatients
between the COVID-19 and control periods

During the COVID-19 period, there was a 5.7% reduction in
AMI inpatients, 1.9% increase in STEMIs, and 27.8% reduc-
tion in NSTEMIs as compared to that during the control
period, respectively (Fig. 1). During this period, none of the
AMI patients had COVID-19.

Characteristics of the patients during the COVID-19
and control periods for both the STEMI and NSTEMI
patients

For both the STEMIs and NSTEMISs, clinical characteristics,
CAG findings, time trend of admissions, AMI diagnosis,
and catheter examinations, and therapeutic interventions
between the COVID-19 and control periods are summarized
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Fig.1 Number of AMI, STEMI, and NSTEMI inpatients between the
COVID-19 and control groups. During the COVID-19 period, there
was a 5.7% reduction in AMI inpatients, 1.9% increase in STEMISs,
and 27.8% reduction in NSTEMIs compared to that during the control
period, respectively

in Table 1. There were no significant differences in the
age and sex between the two groups for both STEMIs and
NSTEMIs. For STEMI patients, those during the COVID-19
period had a significantly higher BMI (25.5 +4.3 kg/m? vs.
23.3+4.0 kg/mz, P=0.001) and higher incidence of diabe-
tes mellitus (46.2% vs. 29.7%, P=0.030) than those during
the control period, whereas, NSTEMI patients during the
COVID-19 period had a numerically (but not significantly)
higher incidence of diabetes mellitus (61.5% vs. 38.9%,
P=0.14) than those during the control period. In STEMISs,
OHCAs were observed in 12.2% during the COVID-19
period and in only 5.9% during the control period (P=0.21).
In NSTEMISs, the patients during the COVID-19 period had
a higher heart rate on admission than those during the con-
trol period (102.1 £22.9% vs. 85.3+27.9, P=0.049). In
STEMISs, the serum CK level and peak CK level were numer-
ically lower during the COVID-19 period (454.5 +586.2 mg/
dL vs. 637.6+1672.2 mg/dL in the control period, P=0.44,
and 2510.2 +2600.9 mg/dL vs. 3032.3+5276.7 mg/
dL, P=0.49, respectively), but those values were con-
versely higher in NSTEMIs (665.8 +1139.7 mg/dL vs.
367.9+463.9 mg/dL, P=0.14, and 4509.4 +11,177.3 mg/
dL vs. 1281.2+1606.5 mg/dL, P=0.32, respectively). In
NSTEMISs, the time from the symptom onset to admission
was significantly longer during the COVID-19 period than
the control period (426.2 +374.2 min vs. 197.7 +254.2 min,
P=0.011), and the time from the diagnosis of an AMI
to the CAG tended to be longer (463.3 +670.1 min vs.
136.2+213.4 min, P=0.11), whereas there was no signifi-
cant tendency regarding the time trend of admissions, diag-
noses, and treatment in the STEMISs.
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Table 1 Baseline and clinical characteristics of AMI patients between the COVID-19 and control periods

STEMI (n=209) NSTEMI (n=67)

COVID-19 period Control period P value COVID-19 period Control period P value

(n=53) (n=156) (n=13) (n=54)
Age (year) 67.4+124 68.2+13.5 0.72 702+12.3 68.5+13.1 0.67
Male, sex 41 (77.4%) 128 (82.1%) 0.45 12 (92.3%) 48 (88.9%) 1.00
Body mass index (kg/m?) 255+4.3 233+4.0 0.001 232+3.5 24.7+4.5 0.27
Coronary risk factor
Hypertension 40 (76.9%) 101 (65.2%) 0.12 11 (84.6%) 42 (77.8%) 0.72
Diabetes mellitus 24 (46.2%) 46 (29.7%) 0.030 8(61.5%) 21 (38.9%) 0.14
Dyslipidemia 36 (69.2%) 85 (54.8%) 0.068 11 (84.6%) 31 (57.4%) 0.11
Current smoking 35 (68.6%) 104 (67.1%) 1.00 11 (84.6%) 38 (71.7%) 0.49
History of stroke 7 (13.7%) 14 (9.0%) 0.34 3(23.1%) 5(9.3%) 0.18
History of PCI 8 (15.7%) 28 (18.1%) 0.70 2 (15.4%) 13 24.1%) 0.72
History of CABG 0 4 (2.6%) 0.57 1(7.7%) 1(1.9%) 0.35
Clinical presentation
OHCA 6 (12.2%) 9 (5.9%) 0.21 0 (0.0%) 2 (3.8%) 1.00
Systolic blood pressure (mmHg) 138.3+28.1 138.9+32.2 0.91 160.0+26.9 147.6 +24.7 0.12
Diastolic blood pressure (mmHg) 86.0+21.0 86.6+20.4 0.87 96.4+13.6 91.0+20.3 0.39
Heart rate (bpm) 79.8+24.1 83.9+23.9 0.30 102.1+22.9 85.3+27.9 0.049
Body temperature (°C) 36.1+0.8 36.0+0.8 0.59 36.3+0.4 36.2+0.7 0.60
Respiratory rate (breaths/min) 21.2+11.3 20.1+6.5 0.44 21.8+5.5 20.7+7.1 0.62
Killip classification
Killip I 38 (71.7%) 107 (68.6%) 0.77 8 (61.5%) 33 (61.1%) 0.52
Killip IT 509.4%) 22 (14.1%) 1(7.7%) 12 (22.2%)
Killip III 2 (3.8%) 8(5.1%) 2 (15.4%) 4 (7.4%)
Killip IV 8 (15.1%) 19 (12.2%) 2 (15.4%) 59.3%)
Left ventricular ejection fraction (%) 48.1+14.2 47.7+14.8 0.89 40.6 +23.1 48.5+13.0 0.26
Lactate (mmol/L) 29+3.6 3.1+35 0.73 22+1.7 2115 0.94
Hemoglobin (g/dL) 136+2.3 13.5+25 0.71 144+19 13.4+23 0.15
CK 454.5+586.2 637.6+1672.2 0.44 665.8+1139.7 367.9+4639  0.14
peak CK 2510.2+2600.9 3032.3+5276.7 0.49 4509.4+11,177.3 1281.2+1606.5 0.32
Undergoing CAG 53 (100.0%) 152 (97.4%) 0.57 12 (92.3%) 54 (100.0%) 0.19
Culprit vessel of M1
Left main trunk 2 (3.8%) 11 (7.2%) 0.52 19.1%) 1 (1.9%) 0.21
Left anterior descending coronary artery 23 (43.4%) 67 (44.1%) 0.93 5 (45.5%) 27 (50.0%) 0.783
Left circumflex coronary artery 4(7.5%) 18 (11.8%) 0.38 4 (36.4%) 16 (29.6%) 0.73
Right coronary artery 24 (45.3%) 55 (36.2%) 0.24 0 10 (18.5%) 0.19
Graft 0 1(0.7%) 1.00 19.1%) 0 0.17
Pre TIMI flow 0.52
0 37 (69.8%) 91 (59.9%) 3(27.3%) 24 (44.4%)
1 11 (20.8%) 28 (18.4%) 5 (45.5%) 14 (25.9%)
2 0 1(0.7%) 0 2 (3.7%)
3 5(9.4%) 32 (21.1%) 3(27.3%) 14 (25.9%)
Number of diseased vessels
1 vessel disease 24 (46.2%) 82 (54.3%) 0.15 5 (45.5%) 22 (40.7%) 0.82
2 vessel disease 12 (23.1%) 42 (27.8%) 3(27.3%) 20 (37.0%)
3 vessel disease 16 (30.8%) 27 (17.9%) 3(27.3%) 12 (22.2%)
Multi vessel disease 28 (53.8%) 69 (45.7%) 0.31 6 (54.5%) 32(59.3%) 1.00
Time from the symptom onset to admission 265.8+357.7 205.0+272.7 0.20 426.2+374.2 197.7+254.2  0.011

(min)
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Table 1 (continued)

STEMI (n=209)

NSTEMI (n=67)

COVID-19 period Control period P value COVID-19 period Control period P value
(n=53) (n=156) (n=13) (n=54)
Time from admission to the diagnosis of the 37.0+83.6 46.8+63.4 0.38 92.2+109.4 83.9+90.7 0.78
AMI (min)
Time from the diagnosis of the AMI to the 74.5+59.4 82.4+198.2 0.78 463.3+670.1 136.2+213.4 0.11
CAG (min)
Door to balloon time (min) 103.1+£62.5 127.6 £145.2 0.11
Therapeutic intervention
Undergoing ad-hoc PCI 51 (96.2%) 145 (92.9%) 0.52 11 (91.7%) 48 (88.9%) 1.00
Undergoing primary PCI 51 (96.2%) 145 (92.9%) 0.52 - - -
POBA only 3(6.0%) 17 (11.7%) 0.25 0 8 (17.4%) 0.33
Any mare-metal stent 0 3(2.1%) 0.57 0 0 -
Any drug-eluting stent 47 (94.0%) 125 (86.2%) 0.14 11 (100.0%) 38 (82.6%) 0.33
Mechanical circulatory support
IABP 25 (47.2%) 67 (42.9%) 0.59 6 (46.2%) 20 (37.0%) 0.55
VA-ECMO 5(9.4%) 10 (6.4%) 0.54 1(7.7%) 4 (7.4%) 1.00
IMPELLA 0 7 (4.5%) 0.120 0 2(3.7%) 1.00
Mechanical ventilation 12 (22.6%) 26 (16.7%) 0.33 3(23.1%) 8 (14.8%) 0.44
Non invasive positive pressure ventilation 4(7.5%) 22 (14.1%) 0.21 2 (15.4%) 13 (24.1%) 0.72

Mean + SD values or number (%) of patients are shown. *by Student’s  test, Mann—Whitney U test, chi-square test, or Fisher’s exact test

AMI acute myocardial infarction, CABG coronary artery bypass graft, CAG coronary angiography, CK creatine kinase, COVID-19 coronavirus
disease 2019, IABP intra-aortic balloon pump, MI myocardial infarction, NSTEMI non-ST elevation myocardial infarction, OHCA out of hospital
cardiac arrest, PCI percutaneous coronary intervention, POBA plain old balloon angioplasty, STEMI ST elevation myocardial infarction, TIMI
thrombolysis in myocardial infarction, VA-ECMO veno-arterial extracorporeal membrane oxygenation

Association between time-year and 30-day
mortality

The follow-up time was 28.0+ 6.9 days in the patients with
STEMIs and 29.1 £4.1 in those with NSTEMIs, respec-
tively. Overall, the 30-day mortality was 8.6% (18/209) for
STEMIs and 6.0 (4/67) % for NSTEMIs. For STEMIs, the
30-day mortality rate during the COVID-19 period was 9.4%
and it was not significantly different from that during the
control period (vs. 8.3%, P=0.772 by log-rank test) (Fig. 2),
whereas, for NSTEMISs, the 30-day mortality rate during the
COVID-19 period was significantly higher than that during
the control period (23.1% vs. 1.9%, P=0.004 by log-rank
test) (Fig. 3).

Discussion

Major findings

The major findings in the present study were as follows:
(1) there was a 5.7% reduction in hospitalizations of AMI
patients during the COVID-19 period than during the

control period in Japan, (2) the 30-day mortality in the
STEMI patients was not significantly different between the
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COVID-19 and control periods, and (3) in the NSTEMI
patients, the time from the symptom onset to admission
was significantly longer during the COVID-19 period than
control period, and the 30-day mortality was significantly
higher during the COVID-19 period. This study disclosed
the impact of the COVID-19 outbreak on the hospitaliza-
tions and outcomes of patients with AMIs in Japan, where
medical institutions have recommended active treatment for
AMIs, such as a PCI, under infection prevention measures
during the COVID19 pandemic.

Impact of COVID-19 on hospitalizations for AMIs

This study showed 75.7% of STEMI, and 24.3% of NSTEMI,
which were well in line with the previous Japanese data
(68.9% STEMI and 31.1%NSTEMI), [14] while our STEMI
rate was larger than that (22% STEMI) in Western countries
[15]. This single-center study indicated a 5.7% reduction in
AMI inpatients during the COVID-19 period as compared to
that during the pre-COVID-19 period, which seemed lower
than that in the previous reports from other countries show-
ing that AMI inpatients had decreased significantly by 48.4%
in Italy [2] and 35.6% in Southern India [16]. Important to
note, this study showed the number of hospitalizations in
the NSTEMI decreased but it did not in the STEMI. Data
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Fig.2 Kaplan—Meyer curves of
the 30-day mortality among the
patients during the COVID-

19 period and that during

the control period in patients
with an ST-segment elevation
myocardial infarction (STEMI).
The incidence of the 30-day
mortality was not statistically
significant between the COVID-
19 and control periods (9.4%
vs. 8.3%, P=0.772 by log-rank
test)

Fig.3 Kaplan—Meyer curves of
the 30-day mortality among the
patients during the COVID-19
period and control period in
patients with a non-ST segment
elevation myocardial infarction
(NSTEMI). The 30-day mortal-
ity was significantly higher in
the patients during the COVID-
19 period than control period
(23.1% vs. 1.9%, P=0.004 by
log-rank test)
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including Japan in acute aortic disease reported that the
number of hospitalized patients did not change regardless
of the COVID-19 period, because the patients had typical
and catastrophic symptoms to seek acute aortic care [17].
This data together with ours might suggest that when com-
plaining of typical and catastrophic symptoms, such patients
as aortic disease and STEMI seek an emergency request
and the number of hospitalizations is maintained regard-
less of the COVID-19 period. In the present study, the age

and prevalence of diabetes mellitus in the NSTEMI patients
during the COVID-19 period were highest (but not statisti-
cally significance) (age: 70.2 +12.3, and diabetes mellitus:
61.5%). It is well-known that atypical symptoms are often
seen, especially in the elderly and patients with diabetes
mellitus [18]. The NSTEMI patients might tend to have
atypical symptoms, and thus they may have afraid to seek
an emergency request or hospital visit, which could lead to
decrease in the number of hospitalizations.
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The effect of COVID-19 on AMIs was explained not only
by the direct effect of developing an AMI by a thrombosis
associated with COVID-19 [19], but also an indirect effect,
which could lead to a change in the incidence, hospitaliza-
tions, and outcomes of AMI patients without COVID-19.
The indirect effect of COVID-19 might be multifactorial.
Fear of contracting COVID-19 could have made patients
with AMI afraid to seek acute cardiac treatment. Patients
misinterpreting AMI symptoms such as atypical chest pain
and shortness of breath as symptoms of COVID-19 might
have interfered with an early diagnosis of an AMI by choos-
ing home recuperation [20]. Furthermore, even after visit-
ing a hospital, the time required to exclude COVID-19 may
have prolonged the time required for a conventional detailed
examination and treatment, which could have delayed the
detection and treatment. An early diagnosis and early treat-
ment are important for improving the prognosis of AMIs [21,
22], and it is considered that the prognosis deteriorates due
to those indirect effects during the COVID-19 period. On the
other hand, stay-at-home orders and movement restrictions
within the public space affected the everyday life of patients
and may have heightened the level of the stress during the
COVID-19 pandemic [23], which may increase the inci-
dence of stress-induced AMIs [24]. These indirect factors
might have influenced each other and affected the number of
AMI hospitalizations during the COVID-19 period.

Characteristics and outcomes of STEMIs
during the COVID-19 period in Japan as compared
to Outside Japan

In the present study, the 30-day mortality of STEMIs did
not differ and was rather numerically higher during the
COVID-19 period than the control period. On the other
hand, the results outside of Japan showed an increase in
mortality from AMIs during the COVID-19 pandemic [2, 5,
25]. The reason could be considered to be that the time from
the symptom onset to the diagnosis of the AMI and the time
from the diagnosis to the primary PCI, and the primary PCI
enforcement rates differed between our study and the other
countries [25, 26]. Xin-yan Fu et al. suggested that the pre-
hospital and in-hospital treatment times for STEMIs after
the COVID-19 outbreak were significantly longer than those
before, which resulted in a mortality increase in Hangzhou,
China [25]. Mahmoud SED et al. suggested that the volume
of primary PCI was decreased in 80% of centers in Egypt
[26]. Furthermore, in the STEMI patients in Milan, there
were an increase in the time interval between symptom onset
to hospitalization [27]. On the other hands, regarding acute
aortic disease in the data including Japan, the time between
symptom onset and referral showed no difference between
COVID-19 period (2020) and controlled period (2019)
[17]. It has been considered that typical aortic syndrome
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is a catastrophic clinical event that patients will be more
likely to complain accurately as symptoms and seek medical
advice and that the provision of acute aortic care and emer-
gency operations is independent of any COVID-19 outbreak.
This data suggests that if the patients suffering AMI could
complain of typical and catastrophic chest pain, it can be
performed according to the conventional guidelines from the
symptom onset to hospitalization regardless of the COVID-
19 outbreak in Japan. In Japan, in April 2020, two major
organizations associated with AMI treatment, including the
CVIT and JCS, recommended the strategy for AMIs during
the COVID-19 era, and a primary PCI for a STEMI should
be actively performed under infection prevention measures
to save the lives of patients even when COVID-19 cannot be
ruled out. In our hospital, the same medical treatment system
for AMIs had already been started from January 30, 2020.
The flowchart of the AMI treatment during the COVID-19
era has been updated day by day and the latest one in our
hospital is shown in Fig. 4. As a result of our effort based on
the AMI treatment flowchart and paramedics, in the STEMI
patients in our cohort, the time from the symptom onset to
admission, to the diagnosis of the AMI, and to the CAG
during the COVID-19 period was the same as that during
the control period. Furthermore, the primary PCI during the
COVID-19 period was performed to the same extent as that
during the control group. These might have lessened the
increase in the mortality during the COVID-19 period. This
might also be supported by our finding that the peak CK and
CKMB levels were not higher and were rather lower during
the COVID-19 period than the control period.

Characteristics and outcomes of NSTEMIs
during the COVID-19 period in Japan

We found that the 30-day mortality of NSTEMIs was sig-
nificantly higher during the COVID-19 period than control
period. In NSTEMISs, it has been reported that early revas-
cularization improves the prognosis [[21, 22]. In the present
study, the time from the onset of the NSTEMI to admis-
sion was significantly longer during the COVID-19 period,
and it was considered that myocardial damage may have
already progressed by the initial examination. Furthermore,
the time from the diagnosis to the CAG tended to be longer
during the COVID-19 period, which may also have resulted
in an increase in the 30-day mortality. In our hospital, until
August 2020, catheter examination was not performed until
COVID-19 was denied even with non-ST elevation acute
coronary syndrome (NSTE-ACS) high risk, but after that,
if the patients have NSTE-ACS high risk, emergent catheter
examination has been performed under maximum personal
protective equipment (PPE). The latest flowchart, updated
on August 15, 2020, shown in Fig. 4 is designed to enable
an early diagnosis and early treatment, and we will strive to
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Chest pain suggestive of an AMI ‘

1. Medical treatment with maximum personal protective equipment (PPE)
2. Evaluate the pre-test probability of COVID-19 by the body temperature, and rich contact history of COVID-19
3. COVID-19 antigen test in all patients eligible for hospitalization

12-lead ECG

ST elevation

’ Non-ST elevation ‘

‘ Risk stratification ‘
Primary PCI under PPE after chest CT |

High risk

Emergent CAG under PPE
after chest CT

}

Not High risk

Medication until COVID-19
can be excluded

| After CAGPCI |

l

l

Antigen test (-) Antigen test (-) Antigen test (+) ; : 5
- il regardless of CT Antigen test (-) Antigen test (-) Antigen test (+)
CT (- CT (+) and and regardless of CT
l l CT (-) CT (+)
Exclude Isolate as Isolate as
COVID-19 suspected COVID-19 and Exclude Isolate as Isolate as
pneumonia COVID-19 and treat with COVID-19 suspected COVID-19 and
and standard perform PCR COVID-19 pneumonia COVID-19 and treat with
precaution and perform PCR, and COVID-19
perform CAG if then perform
needed CAG if needed

1

Fig.4 The flowchart of the medical treatment of the patients sus-
pected of an acute myocardial infarction (AMI), whose COVID-19
could not be excluded at Nihon University Itabashi hospital. The lat-
est version was updated on August 15, 2020. AMI acute myocardial

improve the mortality from AMIs even during the COVID-
19 period. Also, we have provided patient education includ-
ing the importance of early detection among patients who
are visiting our hospital, especially those who are at risk of
ACS, to decrease the time between the symptom onset to
admission.

Clinical implications
The present study suggested that the patients with

STEMISs could achieve the same outcome as those before
the COVID-19 outbreak by always performing infection

infarction, CAG coronary angiography, COVID-19 coronavirus dis-
ease 2019, CT computed tomography, ECG electrocardiogram, PCI
percutaneous coronary intervention, PCR polymerase chain reaction

prevention measures with maximum personal protective
equipment (PPE) assuming a COVID-19 spread when per-
forming an acute cardiac treatment. The latest flowchart of
the AMI treatment at Nihon University Itabashi hospital is
shown in Fig. 4, and it will be updated day by day with the
advancements in the COVID-19 knowledge. It is consid-
ered to be effective to continue to work on an early diag-
nosis and early treatment with the above protocol, which
could demonstrate that the 30-day mortality of STEMIs
did not increase even during the COVID-19 period. Also,
it is necessary to educate patients to shorten the time from
the symptom onset to the hospitalization.
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Study limitations

Our study data should be interpreted in light of our study
limitations. First, it was carried out as a single-center retro-
spective observational study, and the number of AMIs was
small. Second, because it was the result of 8 months from
January 30 to September 30 after the COVID-19 outbreak
and within one year, the hospitalizations and outcomes of
AMISs throughout the year, including the seasonal charac-
teristics, could not be compared. Third, for both STEMIs
and NSTEMISs, the patient background was not exactly
same between the two COVID-19 period and control period
groups, so other factors beyond the COVID-19 outbreak
could have affected the 30-day mortality. For example, as
described above, the age and prevalence of diabetes mellitus
were highest (but not statistically significant) in the NSTEMI
patients during the COVID 19 period among the four groups.
Those patient factors might have prolonged the time between
the symptom onset and hospital visits in this study. Finally,
the observation period was as short as 1 month, and thus the
long-term outcomes were not evaluated.

Conclusion

This study demonstrated the effects of the COVID-19 out-
break on AMI treatment in Japan for both STEMIs and
NSTEMIs, as compared to the same period in the past. In
the STEMIs, we could obtain the same outcomes as usual
by performing an acute treatment mainly with a primary PCI
under infection countermeasures assuming COVID-19. On
the other hand, the 30-day mortality from NSTEMIs during
the COVID-19 period was higher than that in the control
period, which might have been caused by the delay in the
time from the AMI onset to admission and the time from
the diagnosis to catheterization, due to the indirect effect
of COVID-19. These findings suggested that, while keep-
ing in mind the direct and indirect effects of COVID-19, in
the initial visit where COVID-19 cannot be excluded, it is
important to work on an early detection and early treatment
as usual under infection preventive measures for COVID-19
with maximum PPE, in order not to increase the mortality
rate of AMIs.
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