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Abstract

The pandemic has led to adverse short-term outcomes for patients with ST-segment elevation myocardial infarction (STEMI). 

It is unknown if this translates to poorer long-term outcomes. In Singapore, the escalation of the outbreak response on Febru-

ary 7, 2020 demanded adaptation of STEMI care to stringent infection control measures. A total of 321 patients presenting 

with STEMI and undergoing primary percutaneous coronary intervention at a tertiary hospital were enrolled and followed 

up over 1-year. They were allocated into three groups based on admission date—(1) Before outbreak response (BOR): 

December 1, 2019–February 6, 2020, (2) During outbreak response (DOR): February 7–March 31, 2020, and (3) control 

group: November 1–December 31, 2018. The incidence of cardiac-related mortality, cardiac-related readmissions, and 

recurrent coronary events were examined. Although in-hospital outcomes were worse in BOR and DOR groups compared 

to the control group, there were no differences in the 1-year cardiac-related mortality (BOR 8.7%, DOR 7.1%, control 4.8%, 

p = 0.563), cardiac-related readmissions (BOR 15.1%, DOR 11.6%, control 12.0%, p = 0.693), and recurrent coronary events 

(BOR 3.2%, DOR 1.8%, control 1.2%, p = 0.596). There were higher rates of additional PCI during the index admission in 

DOR, compared to BOR and control groups (p = 0.027). While patients admitted for STEMI during the pandemic may have 

poorer in-hospital outcomes, their long-term outcomes remain comparable to the pre-pandemic era.
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Introduction

Studies have shown that the Coronavirus Disease-2019 

(COVID-19) pandemic has led to a significant decline 

in ST-segment elevation myocardial infarction (STEMI) 

admissions globally [1, 2]. Besides, the overall door-to-

balloon time (D2B) has been significantly prolonged dur-

ing the pandemic. Moreover, there were observations that 

patients with STEMI admitted during the pandemic had 

more adverse outcomes than the pre-pandemic period, 

such as higher serum troponin levels [3], decreased left 

ventricular ejection fraction (LVEF) [4], increased coro-

nary thrombotic burden [5], and higher in-hospital com-

plications [6]. Nevertheless, on a global scale, in-hospital 

mortality during the pandemic was not significantly differ-

ent from that of the period before the pandemic. However, 

the long-term outcome of STEMI patients admitted during 

the pandemic remains unknown at this stage and concerns 

raised on the long-term sequalae of such patients are not 

unfounded.

As of March 31 2021, Singapore has experienced one 

of the highest volumes of COVID-19 cases with 60,381 

cases (10,261/1,000,000 population) and 30 deaths [7, 

8]. In response to the initial surge, health authorities 

raised the Disease Outbreak Response System Condi-

tion (DORSCON) alert level to Orange, the second high-

est level, on 7 February 2020. This necessitated urgent 

infection control and public health measures such as 

deferring all elective procedures. The short-term out-

comes of patients admitted with STEMI during the pan-

demic in Singapore were similar to the trends observed 

throughout the globe, with an initial delay in D2B time, 

and more complications such as out-of-hospital cardiac 

arrest, intubation, acute mitral regurgitation. However, 

similar in-hospital mortality rates were observed when 

comparing those admitted during and before the pandemic 

[9]. With overall worsened STEMI care metrics during 

the pandemic, there are concerns that the long-term out-

comes of patients presented during the pandemic could 

be adversely affected. To the best of our knowledge, this 

study is the first to examine the 1-year clinical outcomes 

of such STEMI patients.

Methods

This is a retrospective single-centre cohort study of 

patients who presented to a major percutaneous coro-

nary intervention (PCI) capable hospital in Singapore, 

with STEMI and underwent primary PCI. This hospital 

is part of the Western STEMI network, which provides 

PCI services to the western region of Singapore [10]. The 

Western STEMI network is a hub-and-spoke system that 

consists of our hospital (hub) as well as two other spoke 

hospitals. Patients presented either via (1) direct presen-

tation to the Emergency Department at the hub hospital, 

or (2) inter-hospital transfer from the two spoke hospi-

tals. Prior to the implementation of DORSCON Orange, 

patients with STEMI that presented to the spoke hospitals 

after-hours were transferred to the hub hospital for pri-

mary PCI while the service was available in one of the 

spoke hospitals during office hours. However, primary PCI 

was fully centralised after implementation of DORSCON 

orange such that all STEMI patients presented to the spoke 

hospitals were transferred to the hub hospital for primary 

PCI regardless of the time of presentation so as to opti-

mise bed occupancy and consolidate resources across 

the region (Supplementary Material 1). This allowed the 

spoke hospital to care for a large influx of suspect or con-

firmed COVID-19 cases. During the pandemic, the hub 

hospital was also actively involved in the care for COVID-

19 patients while resources for all acute cardiac services 

were maintained.

The study defined three time periods for comparison: (1) 

Before outbreak response (BOR) from December 1, 2019 to 

February 6, 2020, (2) During outbreak response (DOR) from 

February 7, 2020 to March 31, 2020, and (3) Control group 

from November 1, 2018 to December 31, 2018. This study 

focused on the time period before and after February 7, 2020 

as this was the time when Singapore DORSCON alert level 

was raised to Orange, the second highest level, leading to 

implementation of stringent outbreak control measures and 

reorganization of workflow for emergency, inpatient and 

outpatient services. Although Singapore only reported the 

first confirmed COVID-19 case on January 23, 2020, the 

BOR period was chosen as the ‘early pandemic period’ since 

Singapore is a major international travel hub with the high 

possibility of earlier exposure or presence of undiagnosed 

and/or asymptomatic cases. A distinction between the BOR 

and DOR intra-pandemic periods were drawn to capture the 

impact of different STEMI care workflow including centrali-

sation of primary PCI services on its outcomes. Study period 

for the control group in November to December 2018 was 

specifically chosen so that it was the closest time period to 

the pandemic, but its 1-year follow-up period would not be 

affected by the COVID-19 pandemic. Consecutive patients 

were enrolled according to the study time period based on 

the date of their index admission, and those with recurrent 

STEMI presented during the subsequent study periods were 

excluded from being enrolled in these study periods to avoid 

repetition. All patients were followed up for 1 year from the 

date of their presentation for STEMI.

STEMI was diagnosed with concomitant elevated car-

diac troponins > 99th percentile of the upper reference limit, 
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and at least one of the following: angina, electrocardiogram 

changes (new ST elevation in 2 contiguous leads, measur-

ing > 0.2 mV in leads V1-3 or 0.1 mV in all other leads, or 

new onset left bundle branch block) or regional wall motion 

abnormality on cardiac imaging consistent with myocardial 

infarction [11].

Data on demographic and clinical characteristics were 

obtained from the ongoing hospital STEMI care database 

[10]. This included previous medical history, clinical status 

at index presentation and medications on discharge. Angio-

graphic and procedural data including access site, culprit 

lesion and location, D2B time, procedural success and addi-

tional PCI were also collected from the electronic medical 

records.

The study defined D2B time as the time taken from the 

patient’s arrival at the treating hospital to the time of first 

device deployment, defined as balloon inflation, manual 

thrombectomy or direct stenting, during PCI. Cardiogenic 

shock was defined as systolic blood pressure < 90 mmHg 

for > 30 min or the need for inotropic support to maintain 

systolic blood pressure > 90 mmHg. Acute mitral regurgita-

tion was defined as new-onset mitral regurgitation related 

to myocardial infarction, in comparison with the previous 

echocardiographic characteristics, and/or based on the phy-

sician’s assessment. Being on guideline-directed medical 

therapy for STEMI was defined as being on dual antiplatelet 

therapy (aspirin and P2Y12 inhibitor), statin, beta-blocker, 

with the option of angiotensin-converting enzyme inhibitor 

or angiotensin receptor blocker if the post-STEMI LVEF 

was ≤ 40% or the patient had diabetes mellitus.

The primary outcome was 1- year cardiac-related mor-

tality. The secondary outcomes were all-cause mortality, 

cardiac-related readmissions and recurrent coronary events. 

Cardiac-related mortality was defined as any death due to 

any cardiovascular causes. All-cause mortality was defined 

as death due to any or unexplained causes. The cause of 

death was determined by the attending physicians. Recur-

rent coronary events were defined as either non-fatal myo-

cardial infarction and/or unplanned revascularisation. Car-

diac-related readmissions included combined admissions 

for heart failure, arrhythmia, myocardial infarction, angina 

and/or cardiac arrest. Other important outcomes included 

in-hospital mortality rates (which was defined as mortality 

due to any cause during the index admission), cerebrovas-

cular events and pulmonary embolism. All 1-year outcomes 

included outcomes during hospitalization and follow-up 

period.

All statistical analyses were performed using IBM SPSS 

Statistics for Windows, Version 25.0. Armonk, NY. Cat-

egorical variables were described as percentages and con-

tinuous variables as mean with standard deviation (SD). 

Continuous variables were assessed with one-way analysis 

of variance (ANOVA). Categorical variables were evaluated 

with Pearson’s chi-square test (or Fisher’s Exact Test where 

appropriate). Kaplan–Meier curves with log-rank test were 

constructed to compare cardiac-related mortality, cardiac-

related readmissions and recurrent coronary events. A 

p-value of < 0.05 was considered statistically significant.

Results

A total of 321 patients with STEMI underwent PCI during 

the study periods. There were 126 (39.2%) STEMI patients 

in the BOR group, 112 (34.9%) in the DOR group, and 83 

(25.9%) in the control group. There was an increase in the 

number of STEMI presentations from 13.0 cases/week in 

the BOR group, and 14.5 cases/week in the DOR group, 

compared to 9.5 cases/week in the control group. This trend 

remained unchanged for the number of STEMI presenta-

tions via direct presentation, from 8.9 cases/week in the 

BOR group, and 9.4 cases/week in the DOR group, com-

pared to 6.8 cases/week in the control group. The proportion 

of patients who presented directly (either self-presenting or 

via emergency medical services) to the emergency depart-

ment was less in the DOR group (65.2%) compared to the 

BOR (69.0%) and control (69.9%) groups. Post-hoc analysis 

excluded 9 patients who underwent inter-hospital transfer 

during office hours as a result of the change in the inter-

hospital transfer strategy during the DOR period. Despite 

the exclusion, the number of cases in the DOR group (13.4 

cases/week in the DOR group) remained higher than the 

other groups. The number of STEMI patients who were 

treated locally in the BOR and control groups that would 

have been transferred if the DOR protocol was in placed 

would approximately be 3 patients per week. Table 1 shows 

the baseline demographic and clinical characteristics of 

the study population. Subgroup analysis of patients who 

presented after-hours or underwent inter-hospital trans-

fers, showed no differences in baseline and clinical char-

acteristics across the 3 groups. However similar trends in 

increased STEMI complications, such as cardiogenic shock 

and ischemic mitral regurgitation, were observed in the 

pandemic periods compared to the control period. This was 

summarised in Supplementary Materials 2 and 3.

During the index STEMI admission, the BOR and DOR 

groups had higher rates of acute mitral regurgitation and 

lower LVEF on discharge compared to the control group. 

The DOR group had significantly higher rates of sepsis 

and a trend towards bleeding complication rates compared 

to their counterparts. Compared to the control group, heart 

failure with Killip class 3 at presentation had an increased 

trend amongst patients in the BOR and DOR groups. 

However, the length of hospital stay was similar among 

the 3 groups during the index admission. Although the 
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Table 1  Baseline demographics and clinical characteristics

Categorical data presented as n (%). Continuous data presented as mean values (standard deviation)

ACEI angiotensin-converting enzyme inhibitor, AMI acute myocardial infarction, ARB angiotensin receptor blocker, CABG coronary artery 

bypass grafting, CAD coronary artery disease, LVEF left ventricular ejection fraction, PCI percutaneous coronary intervention

Overall (n = 321) Control (n = 83) BOR (n = 126) DOR (n = 112) p-value

Age, years 59 (13) 59 (13) 58 (11) 60 (14) 0.704

Gender, male 266 (82.9) 70 (84.3) 105 (83.3) 91 (81.3) 0.839

Ethnicity 0.616

 Chinese 166 (51.7) 41 (49.4) 65 (51.6) 60 (53.6)

 Malay 62 (19.3) 21 (25.3) 23 (18.3) 18 (16.1)

 Indian 70 (21.8) 18 (21.7) 28 (22.2) 24 (21.4)

 Others 23 (7.2) 3 (3.6) 10 (7.9) 10 (8.9)

Medical history

 Smoking status 0.963

  Active smoker 113 (41.4) 35 (42.2) 50 (39.7) 48 (42.9)

  Ex-smoker 34 (10.6) 10 (12.0) 13 (10.3) 11 (9.8)

 Hypertension 189 (58.9) 50 (60.2) 76 (60.3) 63 (56.3) 0.782

 Diabetes mellitus 135 (42.1) 34 (41.0) 58 (46.0) 43 (38.4) 0.478

 Hyperlipidemia 206 (64.2) 55 (66.3) 82 (65.1) 69 (61.6) 0.770

 Previous AMI 46 (14.3) 13 (15.7) 21 (16.7) 12 (10.7) 0.392

 Previous PCI 50 (15.6) 17 (20.5) 19 (15.1) 14 (12.5) 0.309

 Previous CABG 5 (1.6) 4 (4.8) 1 (0.8) 0 0.018

 Previous heart failure 11 (3.4) 2 (2.4) 7 (5.6) 2 (1.8) 0.235

 Family history of premature CAD 42 (13.1) 8 (9.6) 18 (14.3) 16 (14.3) 0.557

 Stroke 14 (4.4) 4 (4.8) 3 (2.4) 7 (6.3) 0.336

 Chronic kidney disease 27 (8.4) 6 (7.2) 10 (7.9) 11 (9.8) 0.788

Presentation 0.739

 Direct visit 218 (67.9) 58 (69.9) 87 (69.0) 73 (65.2)

 Interhospital transfers 103 (32.1) 25 (30.1) 39 (31.0) 39 (34.8)

Index admission

 Heart failure (Killip class 3) 46 (14.3) 6 (7.2) 24 (19.0) 16 (14.3) 0.058

 Out-of-hospital cardiac arrest 19 (5.9) 6 (7.2) 4 (3.2) 9 (8.0) 0.239

 Sepsis 26 (8.2) 5 (6.0) 6 (4.8) 15 (13.4) 0.040

 Atrial fibrillation 19 (5.9) 2 (2.4) 8 (6.3) 9 (8.0) 0.249

 Bleeding 29 (9.0) 6 (7.2) 7 (5.6) 16 (14.3) 0.051

 Requiring inotropes 47 (14.6) 9 (10.8) 22 (17.5) 16 (14.3) 0.413

 Cardiogenic shock 30 (9.3) 5 (6.0) 16 (12.7) 9 (8.0) 0.225

 Acute mitral regurgitation 81 (25.2) 1 (1.2) 39 (31.0) 41 (36.6)  < 0.001

 Ventricular arrhythmia 31 (9.7) 5 (6.0) 17 (13.5) 9 (8.0) 0.156

 Stroke 5 (1.6) 0 2 (1.6) 3 (2.7) 0.328

 Requiring intubation 47 (14.6) 8 (9.6) 17 (13.5) 22 (19.6) 0.133

 Acute kidney injury 68 (21.2) 23 (27.7) 25 (19.8) 30 (17.9) 0.224

 LVEF on discharge 44 (14) 50 (9) 46 (11) 45 (10) 0.004

 Hospital stay, days 6 (8) 5 (4) 7 (12) 6 (6) 0.411

 In-hospital mortality 29 (9.0) 4 (4.8) 11 (8.7) 14 (12.5) 0.179

Medications on discharge

 Aspirin 291 (90.7) 77 (92.8) 111 (88.1) 103 (92.0) 0.440

 P2Y12 inhibitor 314 (97.8) 78 (94.0) 124 (98.4) 112 (100) 0.015

 Beta-blocker 253 (81.1) 68 (81.9) 99 (79.2) 86 (82.7) 0.778

 ACE-I/ARB 214 (68.6) 55 (66.3) 86 (68.8) 73 (70.2) 0.846

 Statin 293 (91.6) 79 (95.2) 112 (88.9) 102 (91.9) 0.274
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in-hospital mortality rate in the DOR group was almost 

thrice that of the control group, it was not statistically 

significant [BOR (8.7%), DOR (12.5%), control (4.8%) 

groups, p = 0.179].

The angiographic and procedural characteristics are 

shown in Table 2. The majority of patients presented with 

culprit lesion in the left anterior descending artery (46.1%), 

followed by right coronary artery (29.0%) and left circum-

flex artery (8.1%). A lower proportion of patients had post-

procedural Thrombolysis in Myocardial Infarction (TIMI) 

flow grading system grade 3 in the BOR group (77.0%) fol-

lowed by the DOR group (85.7%) and control group (92.8%), 

p = 0.027. Other procedural characteristics including the pro-

portion of pre-procedural TIMI flow grade 0, stenting and 

use of glycoprotein IIb/IIIa inhibitors were similar across the 

3 groups. Mean D2B times were similar between the control 

(74 ± 69 min), BOR (67 ± 83 min) and DOR (66 ± 65 min) 

groups, p = 0.764. There was significantly higher rate of 

additional PCI during the index admission in the DOR group 

(16.1%), followed by BOR (7.1%) and control group (6.0%), 

p = 0.027. Conversely, there was a trend towards reduced 

rate of additional staged PCI in a separate admission during 

the DOR group (6.3%), compared to the BOR (11.9%) and 

control groups (13.3%), p = 0.209.

During follow-up, the mean number of physical out-

patient visits were similar across the 3 groups (BOR, 2.6 

per patient; DOR, 2.3 per patient; control, 2.5 per patient; 

p = 0.351). Importantly, there was significantly higher mean 

number of teleconsultations in the DOR group (1.4 tele-

consultations per patient), followed by BOR group (0.6 per 

patient), and control group (0.2 per patient, p < 0.001). On 

discharge, there were fewer patients on guideline-directed 

medical therapy in the DOR group (70.5%), followed by 

the BOR (80.2%) and the control groups (89.2%, p = 0.006). 

On follow-up, there was improvement in the proportion of 

patients being on guideline-directed medical therapy in the 

DOR group (85.7%), followed by the BOR group (84.9%), 

compared to the control group (78.3%), p = 0.332.

The 1-year cardiac-related mortality rates were similar 

among the BOR (8.7%), DOR (7.1%) and control groups 

(4.8%, p = 0.563). There was a trend towards increased heart 

failure readmissions in the BOR group (7.9%), followed by 

Table 2  Angiographic and procedural characteristics

Categorical data presented as n (%). Continuous data presented as mean values (standard deviation)

LAD left anterior descending artery, LM left main coronary artery, PCI percutaneous coronary intervention, RCA  right coronary artery, SVG 

saphenous vein graft, TIMI thrombolysis in myocardial infarction flow grading system

Overall (n = 321) Control (n = 83) BOR (n = 126) DOR (n = 112) p-value

Radial access 225 (70.1) 55 (66.3) 90 (71.4) 80 (71.4) 0.676

Culprit vessel 0.066

 LM 6 (1.9) 4 (4.8) 2 (1.6) 0

 LAD 148 (46.1) 37 (44.6) 56 (44.4) 55 (49.1)

 Circumflex 26 (8.1) 8 (9.6) 10 (7.9) 8 (7.1)

 RCA 93 (29.0) 24 (28.9) 38 (30.2) 31 (27.7)

 Anterolateral branch 10 (3.1) 6 (7.3) 2 (1.5) 2 (1.7)

 SVG 3 (0.9) 2 (2.4) 1 (0.8) 0

Lesion location 0.244

 Ostial 9 (2.8) 2 (2.4) 3 (2.4) 4 (3.6)

 Proximal 159 (49.5) 45 (54.2) 58 (46.0) 56 (50.0)

 Mid 71 (22.1) 20 (24.1) 31 (24.6) 20 (17.9)

 Distal 47 (14.6) 14 (16.9) 17 (13.5) 16 (14.3)

Multivessel disease 189 (58.9) 45 (54.2) 78 (61.9) 66 (58.9) 0.543

Pre-procedural TIMI flow grade 0 204 (65.0) 57 (68.7) 83 (65.9) 64 (61.0) 0.301

Stenting 240 (74.7) 61 (74.4) 86 (68.2) 83 (74.1) 0.837

Glycoprotein IIb/IIIa inhibitors 77 (24.0) 15 (18.1) 33 (26.2) 29 (25.9) 0.341

Post-procedural TIMI flow grade 3 270 (84.1) 77 (92.8) 97 (77.0) 96 (85.7) 0.027

Door-to-balloon time, minutes 69 (73) 74 (69) 67 (83) 66 (65) 0.764

Additional PCI 80 (24.9) 18 (21.7) 31 (24.6) 31 (27.7) 0.494

 During index procedure 15 (4.7) 2 (2.4) 7 (5.6) 6 (5.4) 0.524

 During index admission 32 (10.0) 5 (6.0) 9 (7.1) 18 (16.1) 0.027

 Staged admission 33 (10.3) 11 (13.3) 15 (11.9) 7 (6.2) 0.209

 Duration between PCI, days 3 (13) 5 (21) 3 (10) 2 (7) 0.289
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the DOR (6.3%) and the control group (1.2%), p = 0.110. 

Overall cardiac-related readmission and recurrent coronary 

events were similar across the three groups. There were no 

differences in pulmonary embolism and cerebrovascular 

event rates across the study groups (Table 3).

Kaplan–Meier curves demonstrated similar cardiac 

readmissions (log-rank = 0.443, p = 0.801), recurrent 

Table 3  One-year study outcomes

Categorical data presented as n (%)

MI myocardial infarction

Overall (n = 321) Control (n = 83) BOR (n = 126) DOR (n = 112) p-value

All-cause mortality 38 (11.8) 6 (7.2) 18 (14.3) 14 (12.5) 0.292

 Cardiac-related mortality 23 (7.2) 4 (4.8) 11 (8.7) 8 (7.1) 0.563

Recurrent coronary event 7 (2.2) 1 (1.2) 4 (3.2) 2 (1.8) 0.596

 Non-fatal MI 6 (1.9) 1 (1.2) 3 (2.4) 2 (1.8) 0.821

 Unplanned revascularization 4 (1.2) 1 (1.2) 2 (1.6) 1 (0.9) 0.890

Cardiac-related readmission 42 (13.1) 10 (12.0) 19 (15.1) 13 (11.6) 0.693

 MI 6 (1.9) 1 (1.2) 3 (2.4) 2 (1.8) 0.825

 Heart failure 18 (5.6) 1 (1.2) 10 (7.9) 7 (6.3) 0.110

 Arrhythmia 3 (0.9) 0 1 (0.8) 2 (1.8) 0.430

 Angina 7 (2.2) 2 (2.4) 3 (2.4) 2 (1.8) 0.939

 Cardiac arrest 2 (0.6) 0 1 (0.8) 1 (0.9) 0.701

Other complications

 Pulmonary embolism 2 (0.6) 1 (1.2) 1 (0.8) 0 0.545

 Cerebrovascular events 9 (2.8) 3 (3.6) 2 (1.6) 4 (3.6) 0.569

Fig. 1  Kaplan–Meier curves of 

cardiac-related readmissions in 

STEMI patients according to 

the three study periods
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coronary events (log-rank = 0.387, p = 0.824) and cardiac-

related mortality (log-rank = 1.331, p = 0.514) across the 

three groups over 1 year (Figs. 1, 2, 3).

Discussion

To our knowledge, this study is the first to examine the 

1-year outcomes of patients with STEMI undergoing pri-

mary PCI during the COVID-19 pandemic. The study dem-

onstrated an increase in overall STEMI presentations in 

the BOR and DOR period, with worse in-hospital STEMI 

outcomes such as higher rates of acute mitral regurgitation, 

lower proportion of patients achieving post-PCI TIMI 3 

flow and lower LVEF on discharge, as compared to the con-

trol group. However, there was no difference in the 1-year 

cardiac-related readmission rates among the three groups, 

although there was a trend towards an increased heart fail-

ure readmission in the BOR and DOR groups compared to 

the control group. Despite the higher in-hospital complica-

tion rates, in-hospital mortality remained similar across all 

groups and this trend of mortality and recurrent coronary 

event rates was sustained over 1 year. Compared to the BOR 

and control periods, additional PCI rate during the index 

admission over the DOR period was significantly higher 

with a consequent reciprocal trend towards lower incidence 

of staged PCI in a separate admission.

Studies from the Western countries have reported reduc-

tion in the incidence of STEMI admissions during the pan-

demic [12, 13]. On the contrary, our hospital experienced 

an increase in STEMI cases before and during the outbreak 

response to COVID-19 pandemic, compared to the non-

pandemic period. This could partly be the result of strat-

egy adopted by our regional STEMI network to centralise 

primary PCI service at our hospital. This strategy took 

advantage of the geographical proximity of healthcare hos-

pitals within the West of Singapore (approximately 3.1 km 

and 7.3 km distance between hub hospital and the other 

two spoke hospitals) which allowed timely inter-hospital 

transfers. Although there was an increase in percentage of 

STEMI patients presenting as inter-hospital transfers in 

the DOR group (34.8%), compared to the BOR (31.0%) 

and control groups (30.1%), the absolute number of inter-

hospital transfers were the same between the pandemic 

periods (n = 39). Hence, the impact of the change in inter-

hospital transfer strategy during the DOR period might 

not be significant. Our previous study demonstrated no 

significant D2B delay in inter-hospital transfers between 

the BOR and DOR periods, with majority of patients 

Fig. 2  Kaplan–Meier curves of 

total recurrent coronary events 

in STEMI patients according to 

the three study periods
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treated within the international standard of D2B time of 

less than 120 min [9]. This allowed the other hospitals to 

divert resources in providing care for suspected or con-

firmed COVID-19 cases. However, our observation could 

also reflect an actual increase in the incidence of STEMI 

within our region not related to the pandemic. Importantly, 

the number of STEMI cases were similar between the peri-

ods before and during implementation of disease outbreak 

response indicating that the overall incidence of STEMI 

during the pandemic within our region did not reduce as 

what was experienced by the Western countries.

A recent meta-analysis on the global impact of the pan-

demic on patients presenting with STEMI demonstrated 

no significant differences in in-hospital mortality among 

STEMI patients admitted during and before the pandemic 

[1]. However, multiple investigators have reported pro-

longed systemic delays during the pandemic with signifi-

cantly longer symptom-to-first medical contact time and 

prolonged D2B time [3, 14–18]. These led to concerns 

that such late STEMI presentation and prolonged total 

ischemic time would ultimately cause adverse clinical 

outcomes [19]. Our study found that patients tended to 

present in more severely ill states with a higher proportion 

of Killip class 3 heart failure, acute mitral regurgitation, 

sepsis, and bleeding in the BOR and DOR groups.

The BOR group was similar to the DOR group in both 

the in-hospital and long-term outcomes despite the strin-

gent infectious control measures and dynamic changes 

in STEMI care processes during the DOR period. The 

global trend suggests that prolonged symptom-to-first 

medical contact time and delayed door-to-balloon time 

[20] due to the reluctance in seeking medical care [21] 

or fear of COVID-19 transmission in the hospital [9, 22] 

might explain this similarity between the BOR and DOR 

groups. It seems that the overall public perception and 

initial frontline delays might have led to patients present-

ing in more severe conditions [4]. Compared to the con-

trol, those admitted during the pandemic also had poorer 

left ventricular function and a higher coronary thrombotic 

burden with lower proportion of patients had post-pro-

cedural TIMI flow grade 3. These findings are consist-

ent with those observed in other studies across the world 

and could occur even in regions with a relatively low 

prevalence of COVID-19 [3, 4, 22–24]. Notably, with the 

change in STEMI care processes during the DOR period 

to cope with the increased demand on the hospital sys-

tem, there was increased rate of additional PCI during the 

Fig. 3  Kaplan–Meier curves 

of cardiac-related mortality in 

STEMI patients according to 

the three study periods
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index admission in order to reduce readmission rate for 

staged PCI. Despite the prolonged total ischemic time and 

adverse short-term STEMI outcomes, long-term outcomes 

were similar across all groups.

Studies have demonstrated that patients with cardiogenic 

shock have higher 30-day mortality, but those who survived 

the initial phase of AMI tend to have favourable long-term 

clinical outcomes [25]. Despite a worse clinical state at 

presentation among the BOR and DOR patients, our study 

demonstrated relatively low all-cause mortality rates in all 

the patients who survived the index admission (control: 2.4% 

vs BOR: 5.5% vs DOR: 0%), suggesting that STEMI patients 

have good 1-year survival. However, the risk of heart fail-

ure might only manifest itself after a longer period of time. 

The poorer post-MI metrics during the pandemic among our 

patients have led to a trend towards higher readmission rates 

for heart failure in the pandemic groups. Therefore, longer-

term follow-up of these patients is warranted despite the 

relatively reassuring 1-year mortality and cardiac-related 

readmission rate.

Intensive guideline directed therapy and closer monitor-

ing are warranted for these patients with reduced LVEF fol-

lowing STEMI. Unique challenges arise in managing these 

patients during the pandemic with an increased focus on 

telemedicine as an alternative avenue to reduce hospital vis-

its, whilst concurrently managing these patients adequately 

by providing medical education and optimising guideline 

directed medical therapy. Telemedicine consultations were 

offered to the patients according to our hospital protocol. 

This involved telephone calls or video conferencing led by 

both physicians and nurse practitioners at set intervals after 

discharge. These consultations would focus on patient symp-

toms, concerns, medication compliance, as well as remote 

blood tests and blood pressure monitoring. Changes to the 

medications could also be made via teleconsultation should 

there be a need for medication dosage adjustment [26]. 

Medication delivery service fully subsidised by the health 

authority was also provided during the pandemic.

Although there was an increase in the use of telemedicine 

during the pandemic, the proportion of patients on guideline 

directed medical therapy in accordance with international 

standards [26] remained satisfactory. Our preliminary find-

ings are encouraging such that telemedicine did not seem 

to compromise the care of these patients; in fact, the 1-year 

cardiac-related readmission, recurrent coronary events and 

mortality rates did not differ across the study periods. This 

suggests that reasonable standard of care could be sustained 

in the medium term. A recent trial has demonstrated the 

feasibility and safety of nurse practitioner-led telemedicine 

in a low-risk post-myocardial infarction population with no 

differences in safety events or target medication doses when 

compared to standard outpatient care [27]. However, further 

Fig. 4  Strategies to improve STEMI outcomes during the pandemic. D2B door-to-balloon, PCI percutaneous coronary intervention, STEMI ST-

segment elevation myocardial infarction
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studies are needed to evaluate the role of telemedicine in 

STEMI patients during the pandemic.

Several strategies implemented by our hospital might 

have contributed to the overall favorable long-term out-

comes of STEMI patients admitted during the pandemic 

(Fig. 4). These include the centralization of acute STEMI 

care and increase in telemedicine consultations for subse-

quent follow-up with satisfactory adherence to guideline-

directed medical therapy during the pandemic period. We 

adopted a modified revascularization strategy in perform-

ing elective staged PCI to obstructive non-culprit lesions 

during the index admission, to alleviate the need for sub-

sequent planned readmissions for staged PCI, and there-

fore relieving additional burden on the already strained 

healthcare system. This is in line with current interna-

tional recommendations and could reduce the potential 

exposure of catherization laboratory staffs to COVID-19 

during a staged procedure [28]. In addition, despite the 

high number of COVID-19 cases during the BOR period, 

our hospital took the stance to maintain all acute cardiac 

services including primary PCI service with full comple-

ment of staffs and only few were re-assigned to duties 

related to COVID-19 patient care and outbreak manage-

ment strategies.

Limitations

Our study has several limitations that merit consideration. 

Firstly, it is a single-center retrospective observational 

study with a small sample size. Nevertheless, our analysis 

was based on consecutive patients enrolled in our STEMI 

database, and it reflects the actual treatment processes of 

a STEMI network during the pandemic. Secondly, our 

control period might not be representative of our current 

practice but it was the most recent period possible during 

which the 1-year follow-up would not be affected by the 

pandemic. Thirdly, even though there was no difference 

in the 1-year mortality across the study groups, we could 

not exclude that there might be unaccounted pre-hospital 

deaths. However, this is similar to most national and inter-

national STEMI registries in which only patients present 

to cardiac catherization laboratory are enrolled. Finally, 

we did not investigate the outcome of patients who pre-

sented with coronary events on the remaining spectrum 

of acute coronary syndrome, namely non-STEMI and 

unstable angina. Further research involving these patients 

could provide a complete understanding of overall impact 

of the pandemic on the care of patients with acute coro-

nary syndrome and their outcomes. Lessons learnt from 

such studies could potentially help the improvement and 

planning of acute coronary care services during current 

and future infectious disease outbreaks.

Conclusion

Despite an overall worse in-hospital outcomes, the 1-year 

cardiac-related readmissions, recurrent coronary events, and 

cardiac-related mortality among patients presenting with 

STEMI during COVID-19 pandemic did not worsen.
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