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Background/Aims: Little is known about the clinical characteristics and treatment outcomes of ST-segment elevation
myocardial infarction (STEMI) in Korea during the coronavirus disease 2019 (COVID-19) era. We aimed to evaluate the clinical
characteristics and treatment outcomes of patients with STEMI in the COVID-19 era.

Methods: A total of 588 consecutive patients with STEMI who underwent primary percutaneous coronary intervention
were included in this study. The patients were categorized into the COVID-19 (from January 20, 2020 to December 31, 2020)
and control groups (from January 20, 2019 to December 31, 2019).

Results: The COVID-19 group showed pre-hospital and in-hospital delays than the control group. The control group un-
derwent more thrombus aspiration and had a higher proportion of left main coronary artery diseases, while the COVID-19
group had a higher proportion of multivessel diseases with a marked increase in the number and total length of stents than
the control group. As for the prescribed medications, the COVID-19 group was administered more beta-blockers, angioten-
sin-converting enzyme inhibitors/angiotensin receptor blockers, and statins than the control group. The clinical outcomes
were comparable between the groups, except for higher incidences of atrioventricular block and temporary pacemaker im-
plantation in the COVID-19 group.

Conclusions: Reperfusion after STEMI treatment during the COVID-19 period was delayed; therefore, efforts should be
made to improve on reperfusion.

Keywords: COVID-19; Percutaneous coronary intervention; Republic of Korea; ST elevation myocardial infarction; Treatment
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INTRODUCTION

Coronavirus disease 2019 (COVID-19), caused by the severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2),
was first reported in Wuhan, China in December 2019 and
later spread worldwide, and was declared a pandemic on
March 11, 2020 by the World Health Organization [1-3].
Its outbreak is currently one of the most discussed public
health issues. By August 5, 2020, 18,519,579 COVID-19
cases and 700,539 COVID-19 related deaths were report-
ed worldwide [4]. The first COVID-19 case in South Korea
was identified on January 20, 2020. By February 5, 2022,
971,018 COVID-19 cases were confirmed, with 6,858
deaths in South Korea [5].

In response to the outbreak of COVID-19, the Korean
government implemented various measures, including stay-
at-home orders and social distancing, which have caused a
significant disruption of daily life. This affected the clinical
practice environment and pattern and number of medical
visits [2]. The number of emergency department (ED) vis-
its per week declined significantly during the COVID-19
outbreak [6]. Moreover, there were significant changes in
the treatment of emergency diseases, including acute myo-
cardial infarction (AMI) and cardiac arrest [7-9]. Many clin-
ical studies worldwide have reported a significant decline
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in the rates of hospitalization due to acute cardiovascular
conditions and the use of catheterization laboratories [10-
14]. Nevertheless, little is known about the clinical charac-
teristics and treatment outcomes of ST-segment elevation
myocardial infarction (STEMI), which requires timely and
rapid percutaneous coronary intervention (PCl), in South
Korea between pre-COVID-19 and COVID-19 periods. In
particular, the treatment delay for STEMI was expected in
the COVID-19 era, and this has been supported by clinical
evidence in several studies [15-17]. Therefore, we aimed
to analyze the differences in the clinical characteristics and
treatment outcomes before and after the COVID-19 era in
patients with STEMI in South Korea.

METHODS

Data collection and study design

We included patients with STEMI who received primary PCI
at the Chonnam National University Hospital (CNUH). All
the participants were categorized into two groups, based
on the treatment period. The participants who were ad-
mitted during the COVID-19 period were allocated to the
COVID-19 group, whereas the participants who were ad-
mitted during the pre-COVID-19 period were allocated to
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602 Patients with suspected STEMI admitted to ED
Before COVID-19 period (Jan 20, 2019-Dec 31, 2019)
After COVID-19 period (Jan 20, 2020-Dec 31, 2020)

Patients who did not receive primary PCI
Patients who were finally diagnosed as NSTEMI

588 Patients with STEMI treated by primary PCI

285 Before COVID-19 period 303 After COVID-19 period

Figure 1. Flow chart of the study participants. STEMI, ST-seg-
ment elevation myocardial infarction; ED, emergency department;
COVID-19, coronavirus disease 2019; PCl, percutaneous coronary
intervention; NSTEMI, non-ST-segment elevation myocardial in-
farction.

the control group. The enrollment period of the COVID-19
group was from January 20, 2020 to December 31, 2020,
whereas that of the control group was from January 20,
2019 to December 31, 2019. During this period, 602 pa-
tients were initially screened. We excluded patients who did
not receive primary PCl or were finally diagnosed with non-
STEMI. A total of 588 participants were eventually included.
The scheme of the present study is illustrated in Fig. 1.

The diagnosis and treatment of STEMI with
primary PCI

AMI was defined as myocardial necrosis characterized by a
change (rise or fall) in cardiac markers and myocardial isch-
emia-related manifestations, including at least one of the
following [18,19]: (1) symptoms indicative of myocardial
ischemia; (2) newly found changes in the electrocardiogram
indicative of myocardial ischemia; (3) the detection of patho-
logic Q-waves; (4) clinical evidence from cardiac imaging
tools indicating loss of myocardial viability or abnormalities
in the regional wall motion; and (5) the existence of angi-
ographically confirmed intracoronary thrombus. Regarding
AMI, STEMI was defined as new-onset ST-segment eleva-
tion in at least two continuous leads (> 0.2 mV in the leads
V1-3 or > 0.1 mV in all the other leads on a 12-lead sur-
face electrocardiogram), with the other components of AMI
definition [18]. All the participants who were confirmed to
have STEMI underwent primary PCl, which was performed
by experienced medical staff, including interventional car-
diologists.
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During primary PCl, the imaging guidance refers to the
application of intravascular ultrasound or optical coherence
tomography. An infarct-related artery (or culprit artery) re-
fers to an AMI-responsible epicardial coronary artery that
was occluded or narrowed due to atherosclerotic/thrombot-
ic process. Left main coronary artery (LMCA) disease refers
to a > 50% diameter stenosis of the LMCA. Multivessel
disease refers to a > 70% stenosis in two or more native
epicardial coronary arteries or > 70% stenosis in one native
epicardial coronary artery with concomitant LMCA disease.
PCl was classified into four types: (1) drug-eluting stent im-
plantation; (2) drug-coated balloon angioplasty; (3) simple
balloon angioplasty; and (4) no use of stent or balloon ma-
terial.

Time of hospital presentation

Based on the timing of hospital visits, all the participants
were subdivided into two groups (on-hour and off-hour
groups). On-hours included Monday-Friday 8:00 AM to
6:00 PM, whereas off-hours included Monday—Friday 6:01
PM to 7:59 AM, all weekends (Saturday and Sunday), and
all non-working public holidays in South Korea [20].

Pre-hospital and in-hospital delay

In the present study, we used the following variables as the
indicators of pre-hospital and in-hospital delay for primary
PCl for STEMI: (1) total ischemic time (TIT); (2) symptom-to-
door time (S2DT); and (3) door-to-balloon time (D2BT). The
onset of symptoms was determined after interviewing the
patient, and S2DT was defined as the interval from the on-
set of symptoms to the arrival at the ED. D2BT was defined
as the interval from the time of ED arrival to when the initial
ballooning was performed during the primary PCl. The TIT
was the summation of the S2DT and D2BT.

Prescribed medications
In addition to timely and adequate reperfusion, all the par-
ticipants received optimal medical therapies, including aspi-
rin and P2Y12 inhibitors. Additionally, other medicaments,
inclusive of beta-blockers, angiotensin-converting enzyme
(ACE) inhibitors or angiotensin receptor blockers (ARBs),
statins, oral anticoagulants, and proton pump inhibitors,
were administered to all the participants in the absence of
contraindications.

For the patients discharged successfully, information on
the prescribed medications (aspirin, P2Y12 inhibitors, be-
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ta-blockers, ACE inhibitors/ARBs, statins, oral anticoagu-
lants, and proton pump inhibitors) was analyzed.

Clinical data and treatment estimates

We scrutinized the clinical, angiographic, and procedural
characteristics of all the survivors. Information on the pre-
scribed medications and post-discharge treatment was col-
lected. The baseline clinical characteristics including the sex,
age, utilization of emergency medical service (EMS), timing
of hospital visit (on-hours and off-hours presentation), Kil-
lip functional classification (Killip functional class -l and
V), pre-hospital and in-hospital delay (TIT, S2DT, and
D2BT), serum creatinine level, previous history (hyperten-
sion, diabetes mellitus, dyslipidemia, chronic kidney disease,
use of dialysis, atrial fibrillation, prior myocardial infarction
[MI], prior PCI, prior coronary artery bypass grafting, prior
cerebrovascular accident [CVA], peripheral arterial disease),
smoking status, and left ventricular ejection fraction (LVEF)
were obtained. The angiographic and procedural character-
istics including the anatomical site of vascular access, use of
thrombus aspiration, use of image-guided PCl, anatomical
site of infarct-related artery, presence of LMCA disease or
multivessel disease, type of PCl, and stent profiles (average
stent diameter, total length, and number of stents) were
also obtained.

Al clinical outcome data were obtained from the outpa-
tient clinic at 30 days, 3 months, and 6 months after dis-
charge from the hospital. The primary endpoint was the
occurrence of major adverse cardiac and cerebrovascular
events (MACCEs). MACCE was determined as the compo-
sition of all-cause death (cardiac or noncardiac death), non-
fatal M, readmission, and CVA. The secondary endpoints
were all-cause death, nonfatal M, readmission, and CVA.
Readmission was defined as any hospitalization due to angi-
na pectoris or heart failure.

In addition to the follow-up treatment outcomes, we in-
vestigated the in-hospital outcomes of all the participants,
including the in-hospital death, length of stay (LOS), and
in-hospital complications. The in-hospital complications in-
cluded several interventional procedures (cardiopulmonary
resuscitation, extracorporeal membrane oxygenation, re-
nal replacement therapy, temporary pacemaker, and me-
chanical ventilation), arrhythmic findings (atrial fibrillation,
atrioventricular block, and ventricular tachyarrhythmia),
pericardial effusion, stent thrombosis, CVA, and bleeding
complications with a bleeding academic research consor-
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tium score of > 2.

Hospital admission policy and COVID-19 out-
break

The CNUH is a major tertiary cardiovascular institution locat-
ed in the metropolitan city of Gwangju. After the COVID-19
outbreak, CNUH established comprehensive infection con-
trol measures to prevent nosocomial COVID-19 infections
[21]. All the patients were obliged to fill in a questionnaire
with questions on travel and contact history and then re-
ceived a thermal scanning test before entering the hospital.
All the patients with elective procedures could be hospital-
ized within 48 hours before admission after a negative test
result for SARS-CoV-2 performed using reverse transcrip-
tion-polymerase chain reaction (RT-PCR) [22]. In the ED, pa-
tients with documented fever (> 37.5°C) or any symptoms
of respiratory tract infection were conveyed to the triage
room for SARS-CoV-2 rapid antigen test (RAT), instead of
the SARS-CoV-2 RT-PCR test. In the triage room, physicians
compulsorily wore personal protective equipment (PPE), in-
cluding N95 masks, face shield, gowns, gloves, boot cov-
ers, and goggles, for protection against the nosocomial
COVID-19 infection.

The CNUH maintained a consistent admission policy ex-
cept for only one period (from November 13, 2021 to No-
vember 30, 2021), during which healthcare workers were
infected with COVID-19 [21]. During this period, lockdown
measures were implemented, including the cancellation of
elective procedures, outpatient clinics, and hospital admis-
sion.

Statistical analysis

Statistical analysis was conducted to scrutinize the differ-
ences in the treatment estimates between the COVID-19
group and the control group. Discrete variables are pre-
sented as numbers with percentages, while continuous
variables are presented as means with standard deviations.
In the comparative analysis, discrete variables were ana-
lyzed using Pearson'’s chi-square test or Fisher’s two-by-two
exact test, while continuous variables were analyzed using
Student’s t test or Mann-Whitney test. All results were ren-
dered statistically significant at p < 0.05.

We applied the propensity score matching (PSM) to de-
termine whether treatment delay-related variables, such as
S2DT, D2BT, and TIT, affected the clinical outcomes. With a
nearest-neighbor matching algorithm and a 1:1 ratio while
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a caliper width of 0.01 standard deviations of the logit of
the propensity score for matching, propensity scores were
formed using 29 covariates in the overall study population
and 36 covariates in all the survivors, except for S2DT, D2BT,
and TIT. The former included the following 29 covariates:
hospital visit timing (off-hours vs. on-hours presentation),
sex (male vs. female), age, out-of-hospital cardiac arrest, Kil-
lip classification (Killip -1V vs. I-1l), serum creatinine level,
LVEF (LVEF < 40% vs. LVEF > 40%), previous history (hy-
pertension, diabetes mellitus, dyslipidemia, chronic kidney
disease, dialysis, CVA, atrial fibrillation, prior PCl, prior coro-
nary artery bypass graft, old MI, peripheral arterial disease),
infarct-related artery (LMCA or left anterior descending cor-
onary artery vs. left circumflex coronary artery or right cor-
onary artery), LMCA disease, multivessel disease, vascular
approach, type of PCl, stent profiles (mean diameter, total
length, and total number of stents), and smoking status.
The latter included prescribed medications (aspirin, P2Y12
inhibitors, beta-blockers, ACE inhibitors/ARBs, statins, oral
anticoagulants, and proton pump inhibitors).

In the analysis, we computed Kaplan-Meier cumulative
incidence curves stratified according to before and after the
COVID-19 era. Survival curves were plotted from the time
of initiation of treatment and were compared using the log-
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rank test. At the time of the event or the final follow-up, the
participants were censored. The data were analyzed using
SPSS version 25.0 (IBM Corp., Armonk, NY, USA).

Ethics statement

The present study was conducted in accordance with the
ethical standards of the Declaration of Helsinki and was
approved by the Institutional Review Board of CNUH (IRB
No. CNUH-2022-042). The need for informed consent was
waived owing to the retrospective nature of the study.

RESULTS

Baseline clinical and procedural characteris-
tics

In the present study, 588 consecutive patients with STEMI
treated with primary PCl were included in the analysis.
Among them, 285 patients were included in the control
group and 303 were included in the COVID-19 group.
The monthly trend in the number of patients with STEMI
is shown in Fig. 2. The baseline clinical characteristics are
described in Table 1, demonstrating similar trends between
the groups, with the exception of pre-hospital and in-hos-
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Figure 2. The monthly trend in the number of patients with ST-segment elevation myocardial infarction (STEMI) before and after the
coronavirus disease 2019 (COVID-19) era. PCl, percutaneous coronary intervention. “There was found an exceptionally significant decline
in November 2020, which may be related to the in-hospital outbreak on November 13, 2020.
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Table 1. Baseline clinical characteristics of the patients
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Before PSM After PSM

Charceiie The control group  11e COVID-19 The control group T1e COVID-19

(n = 285) group p value (n=181) group p value
(n=303) (n=181)
Male patients 224 (78.6) 228 (75.2) 0.336 146 (80.7) 144 (79.6) 0.792
Age, yr 67.64 £ 12.47 67.01 + 13.51 0.559 66.80 + 11.96 66.02 + 13.72 0.561
Age > 75 yr 94 (33.0) 106 (35.0) 0.609 54 (29.8) 57 (31.5) 0.732
EMS utilization 58 (20.4) 54 (17.8) 0.435 37 (20.4) 27 (14.9) 0.168
Off-hour admission 167 (58.8) 173 (57.3) 0.710 99 (54.7) 99 (54.7) 1.000
Out-of-hospital cardiac arrest 11 (3.9) 8(2.6) 0.403 5(2.8) 1(0.6) 0.215
Killip functional class lll-IV 92 (32.3) 88 (29.0) 0.395 47 (26.0) 43 (23.8) 0.627
Total ischemic time > 12 hr 88 (30.9) 123 (40.6) 0.014 56 (30.9) 76 (42.0) 0.029
Total ischemic time, hr 22.67 £45.09 36.49 + 88.19 0.016 21.38 £40.47 37.67 +80.97 0.016
Onset-to-door time > 4 hr 124 (43.5) 169 (55.8) 0.003 80 (44.2) 105 (58.0) 0.009
Onset-to-door time, hr 2112 £ 4513 34.15 + 87.38 0.022 19.64 + 40.65 35.57 +79.83 0.017
Door-to-balloon time > 90 min 42 (14.7) 65 (21.5) 0.035 27 (14.9) 35(19.3) 0.264
Door-to-balloon time, min 99.77 + 22318  147.68 £ 308.94  0.031 11271 £268.25 13548 +314.19 0.459
Creatinine > 1.5 mg/dL 26 (9.1) 31(10.2) 0.650 14.(7.7) 16 (8.8) 0.703
Previous history

Hypertension 154 (54.0) 159 (52.5) 0.705 95 (52.5) 90 (49.7) 0.599
Diabetes mellitus 93 (32.6) 101 (33.3) 0.856 63 (34.8) 61(33.7) 0.825
Dyslipidemia 38 (13.3) 55(18.2) 0.110 28 (15.5) 27 (14.9) 0.884
Chronic kidney disease 11 (3.9) 20 (6.6) 0.137 8 4.4) 8(4.4) 1.000
Prior dialysis 2(0.7) 6 (2.0) 0.288 1(0.6) 1(0.6) 1.000
Atrial fibrillation 19 (6.7) 12 (4.0) 0.142 6(3.3) 9(5.0) 0.429
Prior Ml 23(8.1) 15 (5.0) 0.124 10 (5.5) 10 (5.5) 1.000
Prior PCI 32(11.2) 23(7.6) 0.130 13(7.2) 12 (6.6) 0.836
Prior CABG 3(1.1) 0 0.113 2(1.1) 0 0.499
Prior CVA 24 (8.4) 23 (7.6) 0.711 12 (6.6) 14(7.7) 0.684
Peripheral arterial disease 5(1.8) 7(2.3) 0.634 3(1.7) 5(2.8) 0.723
Smoking 148 (51.9) 138 (45.5) 0.122 93 (51.4) 92 (50.8) 0.916
LVEF, % 4852 + 12.74 49.13 + 11.31 0.756 49.63 + 12.47 48.48 + 11.30 0.360
LVEF < 40% 53(19.4) 48(16.3) 0.337 32(17.7) 34 (18.8) 0.785

Values are presented as number (%) or mean = standard deviation.

PSM, propensity score matching; COVID-19, coronavirus disease 2019; EMS, emergency medical service; Ml, myocardial infarction;
PCl, percutaneous coronary intervention; CABG, coronary artery bypass grafting; CVA, cerebrovascular accident; LVEF, left ventric-

ular ejection fraction.

pital delay variables. Compared to the control group, the
COVID-19 group was characterized by a marked prolonga-
tion of S2DT, D2BT, and TIT.

In terms of procedural characteristics (Table 2), there were
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more thrombus aspirations in the control group than in the
COVID-19 group. The control group had a higher propor-
tion of LMCA diseases and a lower proportion of multivessel
diseases than the COVID-19 group. Regarding stent profiles,
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Table 2. Angiographic and procedural characteristics of the patients

Before PSM After PSM
T —— The control ~ The COVID-19 The control The COVID-19
group group p value group group p value
(n =285) (n=303) (n=181) (n=181)
Femoral approach 57 (20.0) 55 (18.2) 0.568 28 (15.5) 25(13.8) 0.656
Thrombus aspiration 69 (24.2) 37 (12.2) < 0.001 28 (15.5) 26 (14.4) 0.768
Image-guided PCI 14 (4.9) 15 (5.0) 0.983 9(5.0) 1(6.1) 0.645
Infarct-related artery 0.550 0.752
LMCA or LAD 150 (52.7) 152 (50.2) 95 (52.5) 98 (54.1)
LMCA 1(3.9) 5(1.7) 5(2.8) 3(1.7)
LAD 139 (48.8) 147 (48.5) 90 (49.7) 95 (52.5)
LCX or RCA 135 (47.4) 151 (49.9) 86 (47.5) 83 (45.9)
LCX 35(12.3) 35(11.6) 25(13.8) 20 (11.0)
RCA 100 (35.1) 116 (38.3) 61 (33.7) 63 (34.8)
LMCA disease 8(6.3) 8(2.6) 0.030 8(4.4) 6(3.3) 0.586
Multivessel disease 143 (50.2) 206 (68.0) < 0.001 104 (57.5) 102 (56.3) 0.832
Types of PCI 0.306 1.000
Drug-eluting stent 269 (94.4) 290 (95.7) 181 (100.0) 181 (100.0)
Drug-coated balloon 1(0.4) 4(1.3) - -
Balloon angioplasty 12 (4.2) 8(2.6) - -
No balloon angioplasty nor stent 3(1.1) 1(0.3) - -
implantation
Mean stent diameter, mm 3.07 £ 0.45 3.04 £ 0.41 0.399 3.09+0.48 3.04 £ 0.39 0.275
Total stent length, mm 34.41 £ 18.30 42.35+29.54 <0.001 36.08 + 19.16 34.61 + 1793 0.452
Total stent number 1.32£0.58 1.52+0.87 0.001 1.38 £ 0.62 1.32£0.57 0.378

Values are presented as number (%) or mean + standard deviation.
PSM, propensity score matching; COVID-19, coronavirus disease 20
coronary artery; LAD, left anterior descending coronary artery; LCX,

the COVID-10 group showed a marked increase in the num-
ber and total length of stents compared with the control
group. After the PSM adjustment, the remaining differences
were statistically balanced, except for the treatment delay
(S2DT, D2BT, and TIT) variables.

Prescribed medications

At the time of discharge from the hospital, all the patients
received pharmacological treatment, as summarized in Table
3. Although antithrombotic agents including aspirin, P2Y 12
inhibitors, and oral anticoagulants were similarly prescribed
in both groups, patients in the COVID-19 group were ad-
ministered more beta-blockers, ACE inhibitors/ARBs, and
statins than those in the control group. To analyze whether

792 www.kjim.org

19; PCl, percutaneous coronary intervention; LMCA, left main
left circumflex coronary artery; RCA, right coronary artery.

treatment delay affected the follow-up clinical outcomes,
the variables were well balanced using PSM.

In-hospital and follow-up clinical outcomes

The in-hospital outcomes of all the participants are summa-
rized in Table 4. The COVID-19 group received a more tem-
porary pacemaker with a higher incidence of atrioventricular
block than the control group. The average LOS was shorter
in the COVID-19 group than in the control group with a
higher incidence of LOS < 96 hours in the COVID-19 group.
The incidence of in-hospital death was comparable in the
groups. Even after PSM adjustment, these findings tended
to be relatively consistent. The follow-up clinical outcomes of
all the survivors are summarized in Table 5 and Figs. 3 and 4,
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Table 3. Prescribed medications in patients who were successfully discharged from the hospital
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Before PSM After PSM

L —— The control The COVID-19 The COVID-19

group group p value group p value

(n = 258) (n =287) (n=167)

Aspirin 251 (97.3) 284 (99.3) 0.092 166 (99.4) 1.000
P2Y12 inhibitors 253 (98.1) 281 (97.9) 0.899 164 (98.2) 1.000
Beta-blockers 212 (82.2) 258 (89.9) 0.009 150 (89.8) 1.000
ACE inhibitors/ARBs 233(90.3) 273 (95.1) 0.030 156 (93.4) 1.000
Statins 246 (95.3) 283(98.6) 0.039 164 (98.2) 0.723
Oral anticoagulants 32 (12.4) 24 (8.4) 0.121 8(10.8) 0.457
Proton pump inhibitors 255 (98.8) 286 (99.7) 0.349 166 (99.4) 1.000

Values are presented as number (%).

PSM, propensity score matching; COVID-19, coronavirus disease 2019; ACE, angiotensin-converting enzyme; ARB, angiotensin re-

ceptor blocker.

Table 4. In-hospital outcomes of the patients

Before PSM After PSM
Characteristic The control The COVID-19 The COVID-19
group p value group p value
(n = 285) (n=303) (n=181)
In-hospital death 27 (9.5) 16 (5.3) 0.051 6(3.3) 0.778
Length of stay, day 6.66 + 5.11 576 + 4.18 0.020 5.65 + 3.99 0.017
Length of stay < 72 hr 16 (5.6) 27 (8.9) 0.125 21(11.6) 0.100
Length of stay < 96 hr 41 83 (27.4) < 0.001 56 (30.9) < 0.001
In-hospital complications
CPR 18 12 0.195 3(1.7) 6(3.3) 0.502
ECMO 21 16 0.297 8 (4.4) 7(3.9) 0.792
Renal replacement therapy 13 (4.6) 12 0.718 5(2.8) 8 (4.4) 0.397
Temporary pacemaker 3 134 0.021 1(0.5) 11 (6.1) 0.006
Mechanical ventilation 34 30 0.430 15 (8.3) 13(7.2) 0.694
Atrial fibrillation 29 (10. 22 (7. 0.209 16 (8.8) 17 (9.4) 0.855
Atrioventricular block 3 13 (4.3) 0.021 2(1.7) 9 (5.0) 0.061
Ventricular tachyarrhythmia 32 45 (14.9) 0.193 17 9.4) 25(13.8) 0.189
Pericardial effusion 3 8 0.224 1(0.5) 5(2.8) 0.121
Stent thrombosis 1 1 1.000 1(0.5) 0 1.000
CVA 2(0.7 8 0.108 2(1.1) 5(2.8) 0.449
Bleeding complications with 11 (3.9 1 0.884 7 (3.9) 6 (3 0.778
BARC >2

Values are presented as number (%) or mean + standard deviation.

PSM, propensity score matching; COVID-19, coronavirus disease 2019; CPR, cardiopulmonary resuscitation; ECMO, extracorporeal
membrane oxygenation; CVA, cerebrovascular accident; BARC, Bleeding Academic Research Consortium.
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Table 5. Post-discharge treatment outcomes of patients who were successfully discharged with percutaneous coronary

intervention

Before PSM After PSM
Aec Before Before
Characteristic COVID-19 Aftt(er: EC;\;I7D)1 9 DI COVID-19 Aftt(er: io1\éI7D)—1 9 DU
(n =258) (n=167)
30-day outcomes
MACCE 22 (8.5) 18 (6.3) 0.313 13(7.8) 13(7.8) 1.000
All-cause death 0 1(0.4) 1.000 0 1(0.6) 1.000
Non-fatal Ml 2(0.8) 6(2.1) 0.291 2(1.2) 5(3.0) 0.448
Re-admission 22 (8.5) 17 (5.9) 0.239 13 (7.8) 12 (7.2) 0.835
CVA 0 0 - 0 0 -
3-month outcomes
MACCE 35 (13.6) 34 (11.8) 0.547 21 (12.6) 22 (13.2) 0.870
All-cause death 2(0.8) 2(0.7) 1.000 2(1.2) 2(1.2) 1.000
Non-fatal Ml 4(1.5) 9(3.1) 0.270 3(1.8) 7(4.2) 0.336
Re-admission 32(12.4) 32 (11.1) 0.650 19 (11.4) 20(12.0) 0.865
CVA 3(1.2) 0 0.105 2(1.2) 0 0.248
6-month outcomes
MACCE 43 (16.7) 42 (14.6) 0.514 26 (15.6) 27 (16.2) 0.881
All-cause death 3(1.2) 4(1.4) 1.000 3(1.8) 3(1.8) 1.000
Non-fatal Ml 4(1.5) 10 (3.5) 0.183 3(1.8) 8(4.8) 0.219
Re-admission 39(15.1) 40 (13.9) 0.696 23(13.8) 25(15.0) 0.755
CVA 3(1.2) 0 0.105 2(1.2) 0 0.248

Values are presented as number (%).

PSM, propensity score matching; COVID-19, coronavirus disease 2019; MACCE, major adverse cardiac and cerebrovascular event;

MI, myocardial infarction; CVA, cerebrovascular accident.

showing comparable results in any treatment estimates
between the COVID-19 and control groups.

DISCUSSION

In the present study, we analyzed the characteristics and
treatment outcomes of patients with STEMI before and after
the COVID-19 outbreak. Intriguingly, patients with STEMI
who presented at the hospital during the COVID-19 period
showed marked prolongation of in-hospital and pre-hos-
pital delays than those admitted during the pre-COVID-19
period, despite similar EMS utilization rates in both groups.
In terms of angiographic and procedural characteristics, pa-
tients in the control group had more LMCA diseases and
underwent more thrombus aspirations, while those in the
COVID-19 group had more multivessel diseases and re-
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ceived a higher intensity of stent implantation. Notably,
the COVID-19 group received a higher intensity of medical
treatment than the control group, with more prescriptions
of secondary prevention medicines, including beta-blockers,
ACE inhibitors, ARBs, and statins. Despite these differenc-
es, the primary and secondary endpoints were comparable
between the two groups. In terms of in-hospital outcomes,
a few differences were noted, including the incidence of
mean LOS, LOS < 96 hours, temporary pacemaker, and
atrioventricular block. Most these differences were pre-
served even after PSM adjustment.

It remains unclear why AMI workflow was significantly
disrupted with prolonged S2DT and D2BT in the COVID-19
group. Through literature review, we identified many stud-
ies with findings in line with our study results (prolongation
of pre-hospital and in-hospital delay) [15,17,23]. Although
not specified in the data of the present study, the EMS pro-
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Figure 3. Kaplan-Meier cumulative incidence curves about the 6-month clinical outcomes following ST-segment elevation myocardial
infarction treated by primary percutaneous coronary intervention, stratified according to before and after the coronavirus disease 2019
(COVID-19) era (before propensity score matching adjustment). (A) Major adverse cardiac and cerebrovascular event (MACCE), (B) all-
cause death, (C) re-admission, (D) non-fatal myocardial infarction (M), (E) cerebrovascular accident (CVA).
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Figure 4. Kaplan-Meier cumulative incidence curves about the 6-month clinical outcomes following ST-segment elevation myocardial
infarction treated by primary percutaneous coronary intervention, stratified according to before and after the coronavirus disease 2019
(COVID-19) era (after propensity score matching adjustment). (A) Major adverse cardiac and cerebrovascular event (MACCE), (B) all-cause
death, (C) re-admission, (D) non-fatal myocardial infarction (M), (E) cerebrovascular accident (CVA).
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cess time may be prolonged during the COVID-19 pandemic
era because of safety precautions and changes in basic pre-
paratory procedure [9,24,25]. Two studies from Japan and
the United States reported that pre-hospital processing time
significantly increased after the COVID-19 period than the
pre-COVID-19 period. A comparative study in South Korea
reported changes in EMS responses [9]. In addition to the
delay in the EMS response, patient-based factors of pre-hos-
pital delay need to be considered. Some patients may be
reluctant to present to the ED or delay to seek medical care
for AMI because of the fear of being exposure to or infect-
ed with COVID-19 in hospitalized care facilities [6,16,26]. In
other words, the belief that healthcare facilities were over-
crowded with patients with COVID-19 and the fear of con-
tracting the COVID-19 at hospitals made patients to neglect
their clinical symptoms and appropriate medical care.

There are several possible explanations for the D2BT pro-
longation observed in the COVID-19 era. First, most patients
with AMI who presented to the ED underwent SARS-CoV-2
RAT because their clinical symptoms and/or signs resem-
bled those of COVID-19 infection. They were screened for
COVID-19 infection, including a questionnaire and thermal
screening, as mentioned earlier. Although most interven-
tional cardiologists tend not to await the RAT results before
referral to a catheterization laboratory for primary PCl, it is
possible that these control measures may have contributed
to the prolongation of the time from the ED to the cathe-
terization laboratory. Second, all the medical staff who par-
ticipated in primary PCl needed enough time to wear the
PPE when dealing with suspected COVID-19 patients, as
mentioned in a clinical study conducted in Singapore [27].

Considering the time-sensitive nature of STEMI, signifi-
cant delays in hospital presentation and coronary revascu-
larization can be dangerous. Delayed reperfusion may affect
in-hospital mortality and additional complications including
heart failure, conduction abnormalities, cardiogenic shock,
and mechanical complications [28,29]. Although the pres-
ent study showed a similar incidence of in-hospital death
between the two groups, it is noteworthy that both atrio-
ventricular block and implantation of a temporary pacemak-
er occurred more frequently in the COVID-19 group than
in the control group, given their association with delayed
reperfusion and conduction disturbance.

Meanwhile, we should note that the mean LOS was
shorter in the COVID-19 group compared to the control
group, and the proportion of patients with an LOS < 96
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hours was higher in the COVID-19 group than in the control
group. Possible explanations for this finding include hospital
efforts to reduce the consumption of healthcare resources
during the period of post-PCl hospitalization and maintain
bed availability [30], patient preference for early discharge,
and concern for the risk of contracting the COVID-19 within
the hospital [28].

Although most studies showed a substantial decline in the
rates of AMI hospitalization in the early COVID-19 period,
the overall number of patients with STEMI did not appear
to decline during the COVID-era compared with that during
the pre-COVID-19 period (Fig. 2). However, an exceptionally
significant decline was observed in November 2020 (28 in
the control group vs. 7 in the COVID-19 group), as shown in
Fig. 2 (footnote). This finding may be related to the in-hos-
pital outbreak on November 13, 2020 [21]. Following the
confirmation of COVID-19 infection, the infection control
team announced a strict lockdown measure, including the
closure of the ED to control the spread of the infection to all
the hospital occupants and hospitalized patients. Because
of the ED closure till November 28, 2020, the number of
patients with STEMI in November 2020 was dramatically
lower than that in November 2019. According to a French
cohort-based study conducted by Mesnier et al. [31], hospi-
tal lockdown led to a profound decrease in the hospital ad-
missions for AMI, regardless of the patients’ characteristics
and the regional prevalence of COVID-19.

In South Korea, there were three major waves of the
COVID-19 pandemic: (1) the first wave (January 2020 to
April 2020); (2) the second wave (July 2020 to October
2020); and (3) the third wave (November 2020 to Febru-
ary 2021) [32]. Except for November 2020, the decline in
the number of patients with STEMI in these three outbreak
periods was not remarkable. Rather, the number increased
significantly in April, August, and September, 2020. These
findings suggest that despite the patient-based factors con-
tributing to the aforementioned pre-hospital delay, many
patients had sufficient awareness of AMI, and both the local
STEMI and EMS systems were operating well.

Despite the differences in the clinical, angiographic, and
procedural characteristics, the treatment estimates were
similar between the two groups in this study. The COVID-19
group experienced a relative delay in reperfusion treatment
with delayed TIT and had a higher proportion of multivessel
diseases than the control group, which indicates a relative-
ly poor prognosis. However, the COVID-19 group received
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larger proportions of beta-blockers, ACE inhibitors/ARBs,
and statins, which are known secondary preventive treat-
ments for AMI, than the control group, as shown in Table
3. Notwithstanding, these adverse effects could have been
attenuated by the relatively optimal medical therapy, which
may have contributed to the similar follow-up outcomes.

Although the present study provides new insights into
the characteristics and treatment patterns of STEMI after
the COVID-19 outbreak, it has several key limitations. First,
this was a single-center, retrospective study, which causes
a selection bias. Although the CNUH is a high-volume ter-
tiary cardiovascular hospital (> 1,000 hospital beds with a
24-hour accident and emergency service) [21], the sample
size of the present study was small, which means that the
study is likely to have a low statistical power. Moreover, the
results of our study cannot be applied to other cardiovas-
cular institutions in different settings. For these reasons, it
seems difficult to generalize the clinical characteristics to all
the cardiovascular centers that treated patients with STEMI.
Second, there were no variables of clinical importance in
the present study. For example, because there is no detailed
information on delayed EMS response, a logical explanation
of the EMS-based factors contributing to the pre-hospital
delay could only depend on the reviews of previously pub-
lished studies. Third, the present study did not provide any
information on the association with the three big waves in
South Korea [32-34], although it is a kind of epidemiolog-
ical investigation and trend analysis of patients of STEMI in
these periods. In addition to the advent of the alpha, beta,
and delta SARS-CoV-2 variants, Omicron, a new SARS-
CoV-2 variant, was reported in South Africa on November
25, 2021 [35,36]. Compared with earlier waves, the fourth
wave, caused by the Omicron SARS-CoV-2 variant, showed
a different pattern of clinical characteristics and treatment
outcomes among COVID-19 patients [36,37], changing the
trajectory of the pandemic. In particular, this variant was
more transmissible than the delta variant and could escape
the immune system with antibodies from vaccines or previ-
ous SARS-CoV-2 infection [37], which opens a new chapter
for the COVID-19 pandemic. Hence, further research is re-
quired.

Despite the belief that the COVID-19 pandemic may have
undesirable effects on the treatment and management of
patients with STEMI and the objective evidence for delayed
reperfusion treatment of STEMI in the COVID-19 period,
our clinical study demonstrated that there is no significant
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difference between the two groups in terms of treatment.
Nevertheless, efforts should be made to reduce pre-hospital
and in-hospital delays in the management of STEMI. In ad-
dition, a nationwide multicenter clinical study is needed to
elucidate the clinical characteristics and treatment outcomes
of STEMI in South Korea during the COVID-19 pandemic in
the future.

KEY MESSAGE

1. Compared with the pre-coronavirus disease 2019
(pre-COVID-19) period, pre-hospital and in-hos-
pital delays for ST-segment elevation myocardial
infarction (STEMI) were observed in the COVID-19
period, as shown in many other studies worldwide.

2. Efforts should be made to shorten pre-hospital and
in-hospital delays in the management of STEMI to
reduce in-hospital complications.

3. A nationwide multicenter clinical study is needed
to elucidate the clinical characteristics and treat-
ment outcomes of STEMI in South Korea during
the COVID-19 pandemic in the future.
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