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Abstract
To investigate the impact of the coronavirus disease 2019 (COVID-19) pandemic on myocardial infarctions (MIs), consecu-
tive MI patients were retrospectively reviewed in a multi-center registry. The patient characteristics and 180-day mortality 
for both ST-segment elevation myocardial infarctions (STEMIs) and non-STEMIs (NSTEMIs) in the after-pandemic period 
(7 April 2020–6 April 2021) were compared to the pre-pandemic period (7 April 2019–6 April 2020). Inpatients with MIs, 
STEMIs, and NSTEMIs decreased by 9.5%, 12.5%, and 4.1% in the after-pandemic period. The type of the presenting symp-
toms (as classified as typical symptoms, atypical symptoms, and out-of-hospital cardiac arrests [OHCAs]) did not differ 
between the two time periods for both STEMIs and NSTEMIs, while the rate of OHCAs was numerically higher in the after-
pandemic period for the STEMIs (12.1% vs. 8.0%, p = 0.30). The symptom-to-admission time (STAT) did not differ between 
the two time periods for both STEMIs and NSTEMIs, but the door-to-balloon time (DTBT) for STEMIs was significantly 
longer in the after-pandemic period (83.0 [67.0–100.7] min vs. 70.0 [59.0–88.7] min, p = 0.004). The 180-day mortality did 
not significantly differ between the two time periods for both STEMIs (15.9% vs. 11.4%, p = 0.14) and NSTEMIs (9.9% vs. 
8.0%, p = 0.59). In conclusion, hospitalizations for MIs decreased after the COVID-19 pandemic. Although the DTBTs were 
significantly longer in the after-pandemic period, the mid-term outcomes for MIs were preserved.
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Introduction

The world health organization (WHO) declared corona-
virus disease 2019 (COVID-19) a pandemic on March 
11, 2020. In Japan, a state of emergency declaration 
for COVID-19 was proposed in Tokyo, Saitama, Chiba, 
Kanagawa, Osaka, Hyogo, and Fukuoka prefectures on 
April 7, 2020. After that, both the Cardiovascular Inter-
vention and Therapeutics (CVIT) [1] and Japanese Circu-
lation Society (JCS) academic societies, [2] dealing with 
acute myocardial infarction (AMI) medical care, proposed 
an AMI treatment strategy, which aimed to prevent infec-
tions in health care workers and maintain the treatment in 
critically ill and urgent patients even during the COVID-
19 spread.

Several studies from Japan have reported a significantly 
longer time of the door-to-balloon time (DTBT), while 
the short-term mortality has been preserved after the 
COVID-19 pandemic as compared to that before the pan-
demic in patients with ST-elevation myocardial infarctions 
(STEMIs) [3–5]. As for the patients with non-ST-elevation 
myocardial infarctions (NSTEMIs), there are few Japanese 
data focusing on investigating the impact of the COVID-19 
pandemic. In our single-center retrospective observational 
study, we reported that, for NSTEMIs, the time from the 
onset of the myocardial infarctions (MIs) to admission was 
significantly longer and the short-term outcome worsened 
after the COVID-19 pandemic [6]. However, most reports 
are from a single-center registry with the short-term out-
comes, and the impact of the COVID-19 pandemic on the 
mid-term outcomes for both STEMIs and NSTEMIs in 
Japan remains unknown. The purpose of this study was to 
investigate the clinical impact of the COVID-19 pandemic 
on both STEMIs and NSTEMIs focusing on the mid-term 
outcomes, by comparing the outcomes 1 year after the 
COVID-19 pandemic with those 1 year before the pan-
demic in a multi-center Japanese registry.

Methods

Study design and population

This registry of MIs was a retrospective observational 
multi-center study conducted at 6 Japanese medical insti-
tutions, including Nihon University School of Medicine, 
Tokyo, Japan, Nihon University Hospital, Tokyo, Japan, 
Tokyo Rinkai Hospital, Tokyo, Japan, Kawaguchi Munici-
pal Medical Center, Saitama, Japan, Kasukabe Municipal 
Hospital, Saitama, Japan, and TMG Asaka Medical center, 
Saitama, Japan. We included consecutive MI patients that 

had been admitted to a total of six hospitals and underwent 
coronary angiography (CAG) between April 7, 2019 and 
April 6, 2021 (n = 781). All patients included in the study 
were admitted within 30 days of the MI symptom onset. 
The patients included were identified through a review of 
the records of consecutive patients admitted for MIs, and 
all had consented by the opt-out method to the use of their 
data for study purposes.

Because a state of emergency declaration for COVID-
19 in Japan on April 7, 2020, was proposed in the Tokyo, 
Saitama, Chiba, Kanagawa, Osaka, Hyogo, and Fukuoka 
prefectures, we defined the patients who suffered from MIs 
from April 7, 2020 to April 6, 2021 as the after-pandemic 
period group. We defined the MI patients who suffered from 
MIs from April 7, 2019 to April 6, 2020 as the pre-pandemic 
period group.

The study protocol was approved by the Ethics Commit-
tee of Nihon University Itabashi Hospital (RK-210914-15) 
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 was entered 
anonymously into an Excel spreadsheet conducted by physi-
cians or the clinical research coordinator at the 6 Japanese 
multicenter medical institutions as mentioned above. The 
MIs were diagnosed on the basis of the European Society of 
Cardiology (ESC)/American College of Cardiology (ACC) 
Foundation/American Heart Association/World Heart Fed-
eration Task Force for the Universal Definition of Myocar-
dial Infarction [7]. The MIs were classified as STEMIs or 
NSTEMIs, depending on the presence or absence of ST-
segment elevation at the J point in at least 2 continuous 
leads or a new left bundle branch block pattern [8]. The 
MIs were also classified as AMIs or recent MIs (RMIs), 
depending on the time from the symptom onset to the diag-
nosis, whether < 24 h or 24 h to 30 days, respectively [9]. 
Echocardiography was performed at the time of admission. 
The following cardiovascular risk factors were assessed 
as previously reported [10]. Heart failure, if present at the 
time of the initial presentation, was classified by the severity 
according to the Killip classification [11]. The definition of 
the TIMI flow was graded as TIMI 0 = no perfusion, TIMI 
1 = penetration without perfusion, TIMI 2 = partial perfu-
sion, and TIMI 3 = complete perfusion, as described for 
the Phase I TIMI Trial [12]. If the 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 
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thrombolytic therapy was defined as a primary PCI [13]. 
The symptom-to-admission time (STAT) was defined as the 
time from the symptom onset of the MI to admission. The 
admission-to-CAG time was defined as the time from the 
admission to entering the catheterization room to perform 
the CAG. The door-to-balloon time (DTBT) was evaluated 
as the time between admission and the time of the first bal-
loon inflation or first manual thrombus aspiration in the 
patients who underwent a primary PCI. The type of present-
ing symptoms of the MIs upon admission was classified into 
typical symptoms, atypical symptoms, and out-of-hospital 
cardiac arrests (OHCAs). Typical symptoms were defined as 
any symptoms of chest pain or pressure with/without radiat-
ing to the arm, shoulder, neck, or jaw. Atypical symptoms 
were defined as any symptoms due to myocardial ischemia 
other than typical symptoms, including shortness of breath, 
nausea, abdominal pain, and loss of consciousness [14]. If 
the patients had a cardiopulmonary arrest at admission, it 
was defined as an OHCA.

Evaluations and study endpoints

The study flowchart is shown in Fig. 1. We first divided the 
total 781 MI patients into STEMIs (n = 495) and NSTEMIs 
(n = 286). Second, both the STEMI and NSTEMI patients 
were divided into 2 time periods: those who were admitted 
between April 7, 2020 and April 6, 2021 (after-pandemic 
period, STEMI; n = 231, NSTEMI; n = 140) and those 
between April 7, 2019 and April 6, 2020 (pre-pandemic 
group, STEMI; n = 264, NSTEMI; n = 146). Then, we 
investigated the number of MI, STEMI, and NSTEMI 
inpatients between the two time periods. Next, we inves-
tigated the STEMI and NSTEMI patients separately, 
and compared the patient characteristics and mid-term 

outcomes between the two time periods, for both STEMIs 
and NSTEMIs, respectively.

The main study endpoint was the 180-day mortality, 
defined as deaths from any cause within 180 days after 
admission, which was ascertained through our review of 
the patient data. Thus, we compared the 180-day mortal-
ity between the after-pandemic period and pre-pandemic 
period, for both STEMIs and NSTEMIs, separately.

Screening tests and medical treatment of patients 
suspected of having MIs, whose COVID‑19 could 
not be excluded, at 6 Japanese medical institutions

The 6 Japanese multicenter medical institutions partici-
pating in this study were affiliated hospitals and worked 
together daily to share the system of medical treatment. 
The flowchart of the MI treatment during the after-pan-
demic period has been updated day by day and our medical 
flowchart has been reported previously [6]. The tempo-
ral trend in the screening tests and medical treatment of 
patients suspected of having MIs at the 6 medical institu-
tions after the after-pandemic period is shown in Fig. 2. 
Since April 7, 2020, medical history interviews regard-
ing COVID-19, chest computed tomography (CT), and 
medical treatment with full personal protective equipment 
(PPE) have been performed in all 6 medical institutions. 
Antigen and/or polymerase chain reaction (PCR) tests 
for COVID-19 have been performed at Nihon University 
School of Medicine and Rinkai Hospital since May 2020, 
Kasukabe Municipal Hospital and TMG Asaka Medical 
Center since June 2020, and Nihon University Hospital 
and Kawaguchi Municipal Medical Center since December 
2020, respectively.

Fig. 1  Flowchart of the patient selection. CAG, coronary angiography; MI, myocardial infarction; NSTEMI, non ST-segment elevation myocar-
dial infarction; STEMI, ST-segment elevation myocardial infarction
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Statistical analysis

Continuous variables are shown as the mean ± SD val-
ues, and the differences between groups were analyzed 
by a Student’s t test or Mann–Whitney U test. Categori-
cal variables were shown as the number and percentage 
of patients, and the between-group differences in those 
variables were analyzed by a chi-square or Fisher’s exact 
test. The 180-day mortality among the patients com-
pared between the two time periods was estimated by 
the Kaplan–Meier method, and the between-group dif-
ferences 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 MI inpatients 
between the after‑pandemic period 
and pre‑pandemic period

In the after-pandemic period, there was a 9.5% reduction 
in MI inpatients, 12.5% reduction in STEMIs, and 4.1% 
reduction in NSTEMIs (Fig. 3).

The enforcement rates of antigen and/or PCR tests 
for COVID‑19 in the after‑pandemic period at 6 
Japanese medical institutions

The enforcement rates of antigen and/or PCR tests for 
COVID-19 at 6 Japanese medical institutions are shown in 
Fig. 4. They were 76.6% for Nihon University School of 
Medicine, 27.3% for Nihon University Hospital, 92.5% for 
Tokyo Rinkai Hospital, 25.4% for Kawaguchi City Medical 
Center, 71.7% for Kasukabe Municipal Hospital, and 78.3% 
for TMG Asaka Medical Center, respectively.

Patient characteristics between the after‑pandemic 
period and pre‑pandemic period in both the STEMI 
and NSTEMI patients

The clinical characteristics, symptom presentations, CAG 
findings, therapeutic interventions, medications at dis-
charge, and time course of the treatment are summarized 
in Table 1. For the STEMIs, the age was significantly older 
(69.3 ± 12.2 vs. 66.7 ± 13.3 years, p = 0.025), rate of OHCAs 
numerically higher (12.1% vs. 8.0%, p = 0.30), and lactate 
level significantly lower (1.7 [interquartile range [IQR]: 
1.3–2.2] vs. 2.0 [IQR: 1.5–3.0] mmol/L, p = 0.046), in the 
after-pandemic period than the pre-pandemic period, but not 
for NSTEMIs. For the NSTEMIs, culprit vessels involving 
the left main trunk (LMT) were significantly greater (6.1% 

Fig. 2  Time trend for the screening tests and medical treatment in 
the patients suspected of having MIs and in whom COVID-19 could 
not be excluded, at 6 Japanese medical institutions. COVID-19, coro-

navirus disease 2019; CT, computed tomography; MIs, myocardial 
infarctions; PCR, polymerase chain reaction; PPE, personal protective 
equipment
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vs. 0.8%, p = 0.036) and rate of a pre-TIMI grade 3 lesser 
(17.6% vs. 31.0%, p = 0.029) in the after-pandemic period 
than the pre-pandemic period, but not for STEMIs. For both 
the STEMIs and NSTEMIs, the use of mechanical ventila-
tion was significantly greater in the after-pandemic period 
than the pre-pandemic period (STEMIs: 20.3% vs. 13.6%, 
p = 0.046, and NSTEMIs: 17.9% vs. 9.6%, p = 0.042); how-
ever, the use of non-invasive positive pressure ventilation 

was numerically lesser in the after-pandemic period. The 
STAT was numerically (but not significantly) longer in the 
after-pandemic period than the pre-pandemic period for 
both STEMIs (145.0 [IQR: 70.0–286.7] minutes vs. 130.0 
[IQR: 75.0–254.3] minutes, p = 0.50) and NSTEMIs (330.0 
[IQR: 190.3–636.7] minutes vs. 257.0 [IQR: 143.0–471.0] 
minutes, p = 0.43). The admission-to-CAG time (53.0 [IQR: 
39.0–74.0] minutes vs. 41.0 [IQR: 30.0–58.3] minutes, 

Fig. 3  Number of MIs, 
STEMIs, and NSTEMIs inpa-
tients between the after-pan-
demic period and pre-pandemic 
period. In the after-pandemic 
pandemic, there was a 9.5% 
reduction in the MI, 12.5% 
reduction in the STEMI, and 
4.1% reduction in the NSTEMI 
inpatients, respectively. 
MI, myocardial infarction; 
NSTEMI, non ST-segment 
elevation myocardial infarction; 
STEMI, ST-segment elevation 
myocardial infarction

Fig. 4  Enforcement rates of antigen and/or PCR tests for COVID-19 in the after-pandemic period at 6 Japanese medical institutions. COVID-19, 
coronavirus disease 2019; PCR, polymerase chain reaction



 Heart and Vessels

1 3

Table 1  Baseline and clinical characteristics of the patients with myocardial infarctions between the after-pandemic period and pre-pandemic 
period

STEMI (n = 495) P value NSTEMI (n = 286) P value

After-pandemic period 
(n = 231)

Pre-pandemic period 
(n = 264)

After-pandemic period 
(n = 140)

Pre-pandemic period 
(n = 146)

Age (year) 69.3 ± 12.2 66.7 ± 13.3 0.025 68.9 ± 12.7 69.7 ± 13.3 0.59
male, sex 176 (76.2%) 217 (82.2%) 0.10 110 (78.6%) 106 (72.6%) 0.24
Body mass index (kg/m2) 23.6 ± 3.9 24.0 ± 3.9 0.28 23.9 ± 3.7 23.7 ± 4.1 0.74
Coronary risk factor
 Hypertension 168 (72.7%) 175 (66.3%) 0.12 98 (70.0%) 102 (69.9%) 0.98
 Diabetes mellitus 133 (57.6%) 152 (57.6%) 1.00 92 (65.7%) 82 (56.2%) 0.098
 Dyslipidemia 84 (36.4%) 101 (38.3%) 0.66 65 (46.4%) 57 (39.0%) 0.21
 Current smoking 78 (33.8%) 106 (40.2%) 0.14 39 (27.9%) 37 (25.3%) 0.63
 History of stroke 17 (7.4%) 19 (7.2%) 0.95 14 (10.0%) 14 (9.6%) 0.91
 History of PCI 22 (9.5%) 33 (12.5%) 0.29 34 (24.3%) 30 (20.5%) 0.45
 History of CABG 4 (1.7%) 4 (1.5%) 0.85 3 (2.1%) 4 (2.7%) 1.00

Clinical presentation
 Systolic blood pressure 

(mmHg)
140.4 ± 30.1 137.4 ± 31.1 0.30 144.7 ± 30.5 143.4 ± 31.5 0.73

 Heart rate (bpm) 85.7 ± 22.4 83.8 ± 23.0 0.37 86.0 ± 21.2 83.6 ± 21.9 0.35
 Body temperature 

(degree Celsius)
36.2 ± 0.8 36.1 ± 0.8 0.68 36.4 ± 0.6 36.4 ± 1.0 0.98

 Respiratory rate (breaths/
minute)

20.4 ± 10.4 19.7 ± 6.0 0.40 19.5 ± 7.1 19.1 ± 6.2 0.62

 AMI (vs. RMI) 210 (90.9%) 246 (93.2%) 0.35 119 (85.0%) 128 (87.7%) 0.51
Presenting symptoms 0.30 0.68
 Typical chest pain 170 (73.6%) 202 (76.5%) 104 (74.3%) 106 (72.6%)
 Atypical chest pain 33 (14.3%) 41 (15.5%) 28 (20.0%) 34 (23.3%)
 OHCA 28 (12.1%) 21 (8.0%) 8 (5.7%) 6 (4.1%)

Killip classification 0.39 0.84
 Killip I 154 (66.7%) 186 (70.5%) 91 (65.0%) 102 (69.9%)
 Killip II 12 (5.2%) 18 (6.8%) 15 (10.7%) 14 (9.6%)
 Killip III 15 (6.5%) 18 (6.8%) 18 (12.9%) 15 (10.3%)
 Killip IV 50 (21.6%) 42 (15.9%) 16 (11.4%) 15 (10.3%)
 LVEF (%) 48.6 ± 14.8 49.4 ± 14.3 0.58 52.0 ± 16.0 54.6 ± 14.5 0.15
 Lactate (mmol/L) 1.7 (IQR: 1.3–2.2) 2.0 (IQR: 1.5–3.0) 0.046 1.5 (IQR: 1.0–2.0) 1.5 (IQR: 1.1–2.2) 0.87
 Hemoglobin (g/dL) 13.6 ± 2.3 13.9 ± 2.3 0.15 13.4 ± 2.2 13.3 ± 2.2 0.86
 CK 168.5 (IQR: 115.3–303.7) 216.0 (IQR: 124.3–375.7) 0.28 141.0 (IQR: 99.0–236.7) 155.5 (IQR: 109.0–310.0) 0.49
 peak CK 1579.5 (IQR: 778.7–

2730.7)
1775.0 (IQR: 922.7–

2879.7)
0.29 376.0 (IQR: 168.0–652.0) 399.0 (IQR: 177.0–737.0) 0.54

CAG findings
 LMT disease 13 (5.6%) 14 (5.3%) 0.87 18 (12.9%) 15 (10.3%) 0.49
 Vessel disease 0.48 0.54

0 4 (1.7%) 5 (1.9%) 4 (2.9%) 7 (4.8%)
1 122 (52.8%) 155 (58.7%) 65 (46.4%) 68 (46.6%)
2 71 (30.7%) 65 (24.6%) 38 (27.1%) 45 (30.8%)
3 34 (14.7%) 39 (14.8%) 33 (23.6%) 26 (17.8%)
Culprit vessel of the MI
 LMT 7 (3.1%) 8 (3.1%) 0.99 8 (6.1%) 1 (0.8%) 0.036
 Left anterior descending 

coronary artery
120 (51.9%) 138 (52.3%) 0.94 62 (44.3%) 63 (43.2%) 0.85

 Left circumflex coronary 
artery

19 (8.5%) 28 (10.9%) 0.37 31 (23.5%) 41 (31.3%) 0.16

 Right coronary artery 87 (39.0%) 95 (37.0%) 0.65 29 (22.0%) 30 (22.9%) 0.86
 Graft 0 1 (0.5%) 0.35 1 (0.8%) 1 (0.8%) 1.00
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Table 1  (continued)

STEMI (n = 495) P value NSTEMI (n = 286) P value

After-pandemic period 
(n = 231)

Pre-pandemic period 
(n = 264)

After-pandemic period 
(n = 140)

Pre-pandemic period 
(n = 146)

Pre TIMI grade 0.96 0.029
 0 122 (52.8%) 140 (53.2%) 29 (21.3%) 33 (22.8%)
 1 44 (19.0%) 52 (19.8%) 27 (19.9%) 27 (18.6%)
 2 37 (16.0%) 38 (14.4%) 56 (41.2%) 40 (27.6%)
 3 28 (12.1%) 33 (12.5%) 24 (17.6%) 45 (31.0%)

Therapeutic intervention
 Undergoing an ad-hoc 

PCI
226 (97.8%) 260 (98.5%) 0.74 132 (94.3%) 133 (91.1%) 0.30

 Undergoing a primary 
PCI

226 (97.8%) 260 (98.5%) 0.74 - - -

 POBA only 13 (5.9%) 22 (8.6%) 0.26 19 (15.0%) 14 (10.8%) 0.32
 Any drug-eluting stent 188 (84.7%) 214 (83.3%) 0.67 86 (67.7%) 89 (68.5%) 0.90

Post TIMI grade 0.37 0.63
 0 2 (0.9%) 3 (1.2%) 1 (0.8%) 1 (0.8%)
 1 1 (0.5%) 3 (1.2%) 1 (0.8%) 1 (0.8%)
 2 8 (3.6%) 17 (6.6%) 10 (7.9%) 5 (4.0%)
 3 211 (95.0%) 233 (91.0%) 115 (90.6%) 119 (94.4%)

Mechanical circulatory support
 IABP 62 (26.8%) 82 (31.1%) 0.30 28 (20.0%) 23 (15.8%) 0.35
 VA-ECMO 18 (7.8%) 17 (6.4%) 0.56 5 (3.6%) 4 (2.7%) 0.75
 IMPELLA 3 (1.3%) 3 (1.1%) 1.00 0 0 -
 Non-invasive positive 

pressure ventilation
11 (4.8%) 17 (6.4%) 0.42 6 (4.3%) 10 (6.8%) 0.35

 Mechanical ventilation 47 (20.3%) 36 (13.6%) 0.046 25 (17.9%) 14 (9.6%) 0.042
Medication at discharge
 Aspirin 177 (89.4%) 214 (90.7%) 0.66 116 (89.2%) 123 (91.1%) 0.61
 Cropidogrel 53 (26.8%) 60 (25.4%) 0.75 39 (30.0%) 40 (29.6%) 0.95
 Prasgurer 134 (67.7%) 155 (65.7%) 0.66 74 (56.9%) 73 (54.1%) 0.64
 Statin 184 (92.9%) 221 (93.6%) 0.77 121 (93.1%) 120 (88.9%) 0.24
 Beta blockers 170 (85.9%) 199 (84.3%) 0.66 80 (69.2%) 88 (65.2%) 0.52
 RASI 151 (76.3%) 192 (81.4%) 0.19 92 (63.1%) 91 (67.4%) 0.46
 MRA 41 (20.7%) 44 (18.6%) 0.59 14 (10.8%) 12 (8.9%) 0.61
 SGLT2I 35 (17.7%) 34 (14.2%) 0.33 24 (18.3%) 15 (11.0%) 0.092

Time course
 Symptom-to-admission 

time (min)
145.0 (IQR: 70.0–286.7) 130.0 (IQR: 75.0–254.3) 0.50 330.0 (IQR: 190.3–636.7) 257.0 (IQR: 143.0–471.0) 0.43

 Admission-to-CAG time 
(min)

53.0 (IQR: 39.0–74.0) 41.0 (IQR: 30.0–58.3)  < 0.001 150.0 (IQR: 89.3–262.0) 135.0 (IQR: 78.0–210.0) 0.33

Door-to-balloon-time 
(min)

83.0 (IQR: 67.0–100.7) 70.0 (IQR: 59.0–88.7) 0.004

Mean ± SD values or number (%) of patients are shown. *by a Student’s t 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, IABP intra-aortic balloon 
pump, LMT left main trunk, LVEF left ventricular ejection fraction, MI myocardial infarction, MRA mineralocorticoid receptor antagonist, NSTEMI 
non-ST elevation myocardial infarction, OHCA out of hospital cardiac arrest, PCI percutaneous coronary intervention, POBA plain old balloon 
angioplasty, RASI renin angiotensin system inhibitors, RMI recent myocardial infarction, SGLT2I sodium glucose cotransporter 2 inhibitors, STEMI 
ST elevation myocardial infarction, TIMI thrombolysis in myocardial infarction, VA-ECMO veno-arterial extracorporeal membrane oxygenation
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p < 0.001) and DTBT (83.0 [IQR: 67.0–100.7] min vs. 70.0 
[IQR: 59.0–88.7] min, p = 0.004) for STEMIs were signif-
icantly longer in the after-pandemic period than the pre-
pandemic period.

Comparison of the mortality within 180 days 
between the after‑pandemic period 
and pre‑pandemic period

During the follow-up period (138.3 ± 69.3 days), a total of 
89 patients with MIs died. For the STEMIs, the incidence 
of mortality was numerically greater in the after-pandemic 
period than the pre-pandemic period (30 days: 14.9% vs. 
9.6%, and 180 days: 15.9% vs. 11.4%), but was not statisti-
cally significant (p = 0.14 by log-rank test) (Fig. 5). For the 
NSTEMIs, the incidence of mortality did not significantly 
differ between the two time periods (30 days: 6.6% vs. 6.4%, 
and 180 days: 9.9% vs. 8.0%, p = 0.59 by log-rank test).

Discussion

The major findings in the present study were as follows: 
(1) there was a 9.5% reduction in hospitalizations among 
the MI patients in the after-pandemic period in a Japanese 
multi-center registry, (2) in those with STEMIs, the DTBT 
was significantly longer in the after-pandemic period than 
the pre-pandemic period, (3) in terms of the symptom 

presentation, the rate of OHCAs was numerically higher in 
the after-pandemic period in the STEMI patients but did 
not differ in the NSTEMI patients, (4) the 180-day mor-
tality for both those with STEMIs and NSTEMIs did not 
significantly different between the after-pandemic period 
and pre-pandemic period. This study disclosed the impact 
of the COVID-19 pandemic on hospitalizations and the mid-
term outcomes in patients with MIs in a Japanese multi-
center registry, by performing an annual comparison at the 
multi-centers. To our knowledge, this is the first report to 
have focused on the mid-term outcomes between the after-
pandemic period and pre-pandemic period in both STEMI 
and NSTEMI patients.

This multi-center study indicated a reduction in MI inpa-
tients (MI: 9.5%, STEMI: 12.5%, NSTEMI: 4.1%) in the 
after-pandemic period as compared to the pre-pandemic 
period, which was consistent with the findings of previ-
ous Japanese reports (STEMI: 10.7%) [4]. The effect of the 
COVID-19 pandemic on MI hospitalizations might be mul-
tifactorial, such as the fear of contracting COVID-19 and a 
low physical stress due to stay-at-home orders [15, 16]. The 
rate of OHCAs in STEMI patients has increased after the 
COVID-19 pandemic, and there is concern that the num-
ber of hospitalizations will decrease due to sudden death in 
patients who conventionally visit the hospital [17]. Simi-
lar to this report, the present study showed that the STEMI 
patients with OHCAs were numerically greater in the after-
pandemic period than the pre-pandemic period.

Fig. 5  Kaplan–Meier curves for the 180-day mortality in patients 
with STEMIs and NSTEMIs between the after-pandemic period and 
pre-pandemic period, respectively. The incidence of mortality did not 
significantly differ between the two time periods for both STEMIs 
(30 days: 14.9% vs. 9.6%, and 180 days: 15.9% vs. 11.4%, p = 0.14 

by a log-rank test) and NSTEMIs (30 days: 6.6% vs. 6.4%, and 180 
days: 9.9% vs. 8.0%, p = 0.59 by a log-rank test). NSTEMI, non ST-
segment elevation myocardial infarction; STEMI, ST-segment eleva-
tion myocardial infarction
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In the present study, the DTBT was significantly longer 
and 180-day mortality numerically (but not significantly) 
greater in the after-pandemic period than the pre-pandemic 
period, which was consistent with the previous Japanese 
reports [3–5]. On the other hand, the results outside of Japan 
have shown an increase in the mortality from AMIs in the 
after-pandemic period [18–20]. The reason could be con-
sidered to be that the STATs of AMIs and the enforcement 
rate of a primary PCI differed between our study and the 
other countries [20, 21]. In an observational study in China, 
the pre-hospital and in-hospital treatment times for STEMIs 
after the COVID-19 pandemic were significantly longer than 
those before, which resulted in a mortality increase [20]. 
In an observational study in Egypt, the volume of primary 
PCIs decreased at 80% of the centers [21]. In the present 
study, the enforcement rate of a primary PCI (97.8% vs. 
98.5%, p = 0.74) and STATs were maintained in the after-
pandemic period, which might be related to the lack of sig-
nificant differences in the mid-term outcomes between the 
two time periods. Kobayashi S et.al suggested that chest CT 
for screening for COVID-19 before a primary PCI is sig-
nificantly associated with a longer DTBT, but is not associ-
ated with the short-term outcomes [3]. Furthermore, in the 
present study, the longer DTBT in the after-pandemic period 
might be also considered to be due in part to the effect that 
the patients who would have been conventionally treated 
with non-invasive ventilation (NPPV) in the pre-pandemic 
period underwent tracheal intubation for fear of increasing 
the aerosol dispersion by the NPPV. The prognostic benefit 
of shortening the DTBT is reported to be limited to when it 
is within 2 h of the symptom onset [22]. In the present study, 
the longer DTBT in the after-pandemic period might not 
have affected the mid-term outcomes, because the median 
STATs were more than 2 h. Those findings suggest that 
although the DTBT will be extended by both chest CT to 
screen for COVID-19 and an increase in ventilator use in the 
after-pandemic period, it is important to prevent an increase 
in the mortality by performing infection prevention measures 
with full PPE assuming a COVID-19 infection and maintain-
ing the enforcement of a primary PCI.

We reported in a previous report that the 30-day mortality 
of NSTEMIs was significantly greater during the COVID-
19 period than control period [6]. In that previous study, the 
STATs of NSTEMIs were significantly longer (COVID-19 
period vs. control period: 426.2 vs. 197.7 min, p = 0.011), 
and the admission-to-CAG time tended to be longer during 
the COVID-19 period (463.3 vs. 136.2 min, p = 0.11), which 
may also have resulted in an increase in the 30-day mortal-
ity. It was speculated that the fear of contracting COVID-
19 could have made patients with MIs afraid to seek acute 
cardiac treatment. Patients misinterpreting MI symptoms, 
such as atypical symptoms, which are sometimes similar to 
COVID-19-related symptoms, might have interfered with 

an early diagnosis of an MI by choosing home recupera-
tion [15]. In general, atypical symptoms in MI patients are 
reported to have a longer time-to-admission and reperfusion, 
and higher short-term mortality [14, 23]. However, in the 
present study, there was no significant difference in the rate 
of symptom presentation and STATs in the NSTEMI patients 
between the after-pandemic period and pre-pandemic period, 
which might result in no difference in the 180-day mortal-
ity between the two time periods. To reduce the mortality 
of NSTEMIs, we updated the clinical flowchart of the MIs 
reported in the previous report [6].

Our study had several limitations. First, although WHO 
declared the pandemic on 11 March 2020, we defined the 
pandemic period in the present study as starting April 7, 
2020, when a state of emergency declaration for COVID-19 
in Japan was proposed. Therefore, the indirect effects of the 
COVID-19 pandemic could have already been reflected in 
the latter pre-pandemic period, and it might be possible that 
the effects of the COVID-19 pandemic were underestimated. 
Second, the timing of the initiation and enforcement rate of 
antigen and/or PCR tests for COVID-19 varied among the 
6 Japanese medical institutions in the present study, which 
might have affected the time course and outcomes in the 
present study. Third, for both STEMIs and NSTEMIs, the 
patient background was not exactly the same between the 
two time periods, so other factors beyond the COVID-19 
pandemic could have affected the 180-day mortality. Finally, 
the observation period was 180 days, and thus the long-term 
outcomes were not evaluated. However, in this multi-center 
retrospective study, the two limitations of our previous study, 
that is (1) a single-center and (2) semi-annual comparison 
before and after the COVID-19 pandemic, were overcome 
by being performed at multi-centers and carrying out an 
annual comparison [6].

Conclusions

This study demonstrated the indirect effects of the COVID-
19 pandemic on MIs in a Japanese multi-center registry for 
both STEMIs and NSTEMIs, by comparing 1 year before 
with 1 year after the COVID-19 pandemic. In the STEMIs, 
although the age was older, the DTBT longer, and rate of 
OCHAs numerically greater in the after-pandemic period, 
the enforcement rate of a primary PCI and the mid-term 
outcomes were maintained at the same level as that in the 
pre-pandemic period. For NSTEMIs, the mid-term outcome 
was maintained at the same level without any delay from the 
onset to the treatment even in the after-pandemic period. 
These findings suggested that it is important to attempt to 
encourage MI patients to visit the hospital, and to ensure that 
the treatment is not delayed after admission even during the 
COVID-19 pandemic.



 Heart and Vessels

1 3

Acknowledgements We thank Mr. John Martin for his help in report-
ing our findings in English.

Funding None.

Declarations 

Conflict of interests The authors declare that they have no conflict of 
interests.

Ethics approval and consent to participate The study protocol was 
approved by the Ethics Committee of Nihon University Itabashi Hos-
pital (RK-210914–15).

References

 1. The Japanese association of cardiovascular intervention and thera-
peutics (CVIT) (2020) Recommendations for cardiac catheteri-
zation and treatment under the spread of coronavirus infection. 
URL: http:// www. cvit. jp/ files/ news/ 2020/ 0413. pdf Accessed Dec 
3.

 2. The Japanese circulation society (JCS) (2020) COVID-19 Recom-
mendations for maintaining the cardiovascular medical system 
during the epidemic. URL: https:// www.j- circ. or. jp/ cms/ wp- conte 
nt/ uploa ds/ 2020/ 04/ COVID- 19 Accessed Dec 3.

 3. Kobayashi S, Sakakura K, Jinnouchi H, Taniguchi Y, Tsukui T, 
Watanabe Y, Yamamoto K, Seguchi M, Wada H, Fujita H (2022) 
Comparison of door-to-balloon time and in-hospital outcomes in 
patients with ST-elevation myocardial infarction between before 
versus after COVID-19 pandemic. Cardiovasc Interv Ther. https:// 
doi. org/ 10. 1007/ s12928- 022- 00836-4

 4. Watanabe Y, Miyachi H, Mozawa K, Yamada K, Oka E, Shiomura 
R, Sugizaki Y, Matsuda J, Nakata J, Tara S, Tokita Y, Iwasaki 
YK, Yamamoto T, Takano H, Shimizu W (2021) Impact of the 
COVID-19 pandemic on ST-elevation myocardial infarction from 
a single-center experience in Tokyo. Intern Med 60:3693–3700

 5. Matsubara Y, Izumikawa T, Washimi S, Yamada T, Hashimoto S, 
Taniguchi N, Nakajima S, Hata T, Takahashi A (2021) Impact of 
the SARS-CoV-2 pandemic on primary percutaneous coronary 
intervention for patients with ST-elevation myocardial infarction. 
Int Heart J 62:1230–1234

 6. Arai R, Fukamachi D, Ebuchi Y, Migita S, Morikawa T, Monden 
M, Takei N, Tamaki T, Kojima K, Akutsu N, Murata N, Kitano D, 
Okumura Y (2021) Impact of the COVID-19 outbreak on hospi-
talizations and outcomes in patients with acute myocardial infarc-
tion in a Japanese single center. Heart Vessels 36(10):1474–1483

 7. Thygesen K, Alpert JS, Jaffe AS, Chaitman BR, Bax JJ, Morrow 
DA (2018) White HD (2018) fourth universal definition of myo-
cardial infarction. Circulation 138:e618–e651

 8. Kimura K, Kimura T, Ishihara M, Nakagawa Y, Nakao K, 
Miyauchi K, Sakamoto T, Tsujita K, Hagiwara N, Miyazaki S, 
Ako J, Arai H, Ishii H, Origuchi H, Shimizu W, Takemura H, 
Tahara Y, Morino Y, Iino K, Itoh T, Iwanaga Y, Uchida K, Endo 
H, Kongoji K, Sakamoto K, Shiomi H, Shimohama T, Suzuki 
A, Takahashi J, Takeuchi I, Tanaka A, Tamura T, Nakashima T, 
Noguchi T, Fukamachi D, Mizuno T, Yamaguchi J, Yodogawa 
K, Kosuge M, Kohsaka S, Yoshino H, Yasuda S, Shimokawa H, 
Hirayama A, Akasaka T, Haze K, Ogawa H, Tsutsui H, Yamazaki 
T (2019) JCS 2018 guideline on diagnosis and treatment of acute 
coronary syndrome. Circ J 83(5):1085–1196

 9. Arai R, Fukamachi D, Ebuchi Y, Migita S, Morikawa T, Monden 
M, Tamaki T, Kojima K, Akutsu N, Murata N, Kitano D, 

Okumura Y (2021) Mechanical complications of myocardial 
infarction. Int Heart J 62:499–509

 10. Arai R, Suzuki S, Semba H, Arita T, Yagi N, Otsuka T, Sagara 
K, Sasaki K, Kano H, Matsuno S, Kato Y, Uejima T, Oikawa Y, 
Kunihara T, Yajima J, Yamashita T (2018) The predictive role of 
E/e’ on ischemic stroke and atrial fibrillation in Japanese patients 
without atrial fibrillation. J Cardiol 72:33–41

 11. Killip T 3rd, Kimball JT (1967) Treatment of myocardial infarc-
tion in a coronary care unit. a two year experience with 250 
patients. Am J Cardiol 20:457–464

 12. Chesebro JH, Knatterud G, Roberts R, Borer J, Cohen LS, Dalen 
J, Dodge HT, Francis CK, Hillis D, Ludbrook P et al (1987) 
Thrombolysis in myocardial infarction (TIMI) trial, phase i: a 
comparison between intravenous tissue plasminogen activator and 
intravenous streptokinase. Clin Find Through Hosp Disch Circul 
76:142–154

 13. Keeley EC, Boura JA, Grines CL (2003) Primary angioplasty 
versus intravenous thrombolytic therapy for acute myocardial 
infarction: a quantitative review of 23 randomised trials. Lancet 
361:13–20

 14. Nakahashi T, Sakata K, Masuda J, Kumagai N, Higuma T, Ogi-
moto A, Tanigawa T, Hanada H, Nakamura M, Takamura M, Dohi 
K (2021) Comparison of door-to-balloon time and 30-day mor-
tality according to symptom presentation in patients with acute 
myocardial infarction. Circ Rep 3:194–200

 15. Mohammad MA, Koul S, Olivecrona GK, Gӧtberg M, Tydén 
P, Rydberg E, Scherstén F, Alfredsson J, Vasko P, Omerovic E, 
Angerås O, Fröbert O, Calais F, Völz S, Ulvenstam A, Venetsa-
nos D, Yndigegn T, Oldgren J, Sarno G, Grimfjärd P, Persson 
J, Witt N, Ostenfeld E, Lindahl B, James SK, Erlinge D (2020) 
Incidence and outcome of myocardial infarction treated with per-
cutaneous coronary intervention during COVID-19 pandemic. 
Heart 106(23):1812–1818

 16. Limbers CA, McCollum C, Greenwood E (2020) Physical activity 
moderates the association between parenting stress and quality of 
life in working mothers during the COVID-19 pandemic. Ment 
Health Phys Act 19:100358

 17. Rashid Hons M, Gale Hons CP, Curzen Hons N, Ludman Hons P, 
De Belder HM, Timmis Hons A, Mohamed Hons MO, Lüscher 
Hons TF, Hains Hons J, Wu J, Shoaib A, Kontopantelis E, Roe-
buck C, Denwood T, Deanfield J, Mamas MA (2020) Impact of 
coronavirus disease 2019 pandemic on the incidence and man-
agement of out-of-hospital cardiac arrest in patients presenting 
with acute myocardial infarction in England. J Am Heart Assoc 
9:e018379

 18. Song C, Liu S, Yin D, Wang Y, Zhao Y, Yang W, Qiao S, Dou 
K, Xu B (2020) Impact of public health emergency response to 
COVID-19 on management and outcome for stemi patients in 
beijing-a single-center historic control study. Curr Probl Cardiol 
46(3):100693

 19. De Rosa S, Spaccarotella C, Basso C, Calabrò MP, Curcio 
A, Filardi PP, Mancone M, Mercuro G, Muscoli S, Nodari S, 
Pedrinelli R, Sinagra G, Indolfi C (2020) Reduction of hospitaliza-
tions for myocardial infarction in Italy in the COVID-19 era. Eur 
Heart J 41:2083–2088

 20. Fu XY, Shen XF, Cheng YR, Zhou MY, Ye L, Feng ZH, Xu Z, 
Chen J, Wang MW, Zhang XW (2020) Effect of COVID-19 out-
break on the treatment time of patients with acute ST-segment 
elevation myocardial infarction. Am J Emerg Med 44:192–197

 21. Mahmoud SED, Etriby SE, Etriby AE, Ghalib A (2020) Man-
agement trends in the cath lab during the COVID-19 period, an 
egyptian survey. Curr Probl Cardiol 46(3):100715

 22. Shiomi H, Nakagawa Y, Morimoto T, Furukawa Y, Nakano A, 
Shirai S, Taniguchi R, Yamaji K, Nagao K, Suyama T, Mitsuoka 
H, Araki M, Takashima H, Mizoguchi T, Eisawa H, Sugiyama 
S, Kimura T (2012) Association of onset to balloon and door to 

http://www.cvit.jp/files/news/2020/0413.pdf
https://www.j-circ.or.jp/cms/wp-content/uploads/2020/04/COVID-19
https://www.j-circ.or.jp/cms/wp-content/uploads/2020/04/COVID-19
https://doi.org/10.1007/s12928-022-00836-4
https://doi.org/10.1007/s12928-022-00836-4


Heart and Vessels 

1 3

balloon time with long term clinical outcome in patients with ST 
elevation acute myocardial infarction having primary percutane-
ous coronary intervention: observational study. BMJ 344:e3257

 23. Ito R, Yamashita J, Chikamori T, Kondo S, Mitsuhashi Y, Iwata 
H, Saji M, Asano T, Wakabayashi K, Yahagi K, Shinke T, Mase T, 
Abe K, Miyachi H, Higuchi S, Kishi M, Tanaka H, Yamasaki M, 
Miyauchi K, Yamamoto T, Nagao K, Takayama M (2020) Clinical 
differences of recent myocardial infarction compared with acute 
myocardial infarction—insights from the tokyo CCU network 
multicenter registry. Circ J 84:1511–1518

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor holds exclusive rights to this article under 
a publishing agreement with the author(s) or other rightsholder(s); 
author self-archiving of the accepted manuscript version of this article 
is solely governed by the terms of such publishing agreement and 
applicable law.


	Impact of the COVID-19 pandemic on the hospitalizations, time course, presenting symptoms, and mid-term outcomes in patients with myocardial infarctions in a Japanese multi-center registry
	Abstract
	Introduction
	Methods
	Study design and population
	Data collection and definitions
	Evaluations and study endpoints
	Screening tests and medical treatment of patients suspected of having MIs, whose COVID-19 could not be excluded, at 6 Japanese medical institutions
	Statistical analysis

	Results
	Comparison of the MI inpatients between the after-pandemic period and pre-pandemic period
	The enforcement rates of antigen andor PCR tests for COVID-19 in the after-pandemic period at 6 Japanese medical institutions
	Patient characteristics between the after-pandemic period and pre-pandemic period in both the STEMI and NSTEMI patients
	Comparison of the mortality within 180 days between the after-pandemic period and pre-pandemic period

	Discussion
	Conclusions
	Acknowledgements 
	References




