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Abstract
Although a reduction in hospital admissions of acute coronary syndromes (ACS) patients has been observed globally during 
the coronavirus disease 2019 (COVID-19) pandemic, clinical features of those patients have not been fully investigated. The 
aim of the present analysis is to investigate the incidence, clinical presentation, and outcomes of patients with ACS during 
the COVID-19 pandemic. We performed a retrospective analysis of consecutive patients who were admitted for ACS at our 
institution between March 1 and April 20, 2020 and compared with the equivalent period in 2019. Admissions for acute 
myocardial infarction (AMI) reduced by 39.5% in 2020 compared with the equivalent period in 2019. Owing to the emergency 
medical services (EMS) of our region, all time components of ST-elevated myocardial infarction care were similar during the 
COVID-19 outbreak as compared with the previous year’s dataset. Among the 106 ACS patients in 2020, 7 patients tested 
positive for COVID-19. Higher incidence of type 2 myocardial infarction (29% vs. 4%, p = 0.0497) and elevated D-dimer 
levels (5650 μg/l [interquartile range (IQR) 1905–13,625 μg/l] vs. 400 μg/l [IQR 270–1050 μg/l], p = 0.02) were observed 
in COVID-19 patients. In sum, a significant reduction in admission for AMI was observed during the COVID-19 pandemic. 
COVID-19 patients were characterized by elevated D-dimer levels on admission, reflecting enhanced COVID-19 related 
thrombogenicity. The prehospital evaluation by EMS may have played an important role for the timely revascularization for 
STEMI patients.
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Highlights

• The COVID-19 outbreak was associated with a 40% 
decrease in AMI.

• The delay of STEMI care was minimal in our center, 
suggesting that the healthcare system effectiveness was 
maintained despite the pandemic.

• ACS patients tested positive for COVID-19 was clearly 
characterized by elevated D-dimer levels on admission, 
reflecting enhanced COVID-19 related thrombogenicity.

Introduction

In December 2019, coronavirus disease 2019 (COVID-19) 
infected pneumonia caused by severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) occurred in Wuhan, 
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China with further worldwide transmission to a pandemic 
outbreak [1–5]. A large cluster of COVID-19 occurred in 
northeast France as early as mid-February, and a substantial 
number of critically ill patients started to be transferred to 
our institution (Nouvel Hôpital Civil, Strasbourg, France) 
from the beginning of March. As a way to contain the dis-
ease, the government established stringent lockdown meas-
ures as of March 17, 2020. Although a drastic reduction 
in patient admissions for acute coronary syndrome (ACS) 
during the confinement was noticed by heath workers [6, 
7], clinical features of those patients have not been fully 
investigated [8]. In the present study, we aimed to evaluate 
incidence, clinical presentation, serial laboratory tests, and 
clinical outcomes of patients with ACS during the COVID-
19 pandemic.

Methods

We conducted a single-center, observational survey to col-
lect data of all consecutive patients who underwent emer-
gency angiography for suspected ACS between March 1 and 
April 20, 2020 and compared with the equivalent period in 
2019. ACS was defined as ST-segment elevation myocardial 
infarction (STEMI), non-ST-segment elevation myocardial 
infarction (NSTEMI), or unstable angina pectoris. Symp-
tom-onset-to-first medical contact (FMC) time was defined 
as the time from patient-reported chest discomfort onset time 
to the time of FMC. FMC-to-device time was defined as the 
time from FMC to successful wire crossing time during per-
cutaneous coronary intervention. Door-to-device time was 
defined as the time from hospital arrival to successful wire 
crossing time. Catheterization laboratory (cath lab) arrival-
to-device time was defined as the time from patient arrival 
in the cath lab to successful wire crossing time. Based on 
the World Health Organization guidance, a “confirmed case” 
of COVID-19 was defined by a positive test of a reverse-
transcriptase–polymerase-chain-reaction assay of a speci-
men collected on a nasopharyngeal swab. The COVID-19 
testing was performed based on the treating team’s discre-
tion. The investigation conforms with the principles outlined 
in the Declaration of Helsinki.

Statistical analysis

Categorical variables are expressed as numbers (percent-
age), and continuous variables are expressed as mean ± SD 
or median and inter-quartile values. Differences between 2 
groups were assessed with χ2 tests or Fisher’s exact tests 
for categorical variables. Unpaired Student’s t-test was used 
to analyze continuous variables with normal distributions, 
and the Wilcoxon test was used to analyze continuous vari-
ables with skewed distributions. Propensity score matching 

was used to limit the risk of error and the number of biases 
between the COVID and non-COVID patients. The 3:1 pro-
pensity score model was developed using logistic regres-
sion. This model included the following covariates: age, sex, 
STEMI, and NSTEMI. A nearest neighbor algorithm was 
used to match patients with and without COVID-19 in a 
3:1 ratio, with a caliper width equal to 0.2 of the standard 
deviation of the logit of the propensity score. The propen-
sity score matched cohort included a total of 20 patients (5 
COVID-19 patients and 15 non-COVID-19 patients). p val-
ues of < 0.05 were considered to indicate statistical signifi-
cance. All analyses were performed using JMP 13 software® 
(SAS Institute, Cary, NC) or R version 3.6.3 [9].

Results

A total of 106 patients were enrolled from the 2020 period 
and compared with the 174 patients from the equivalent 
period in 2019 (Table 1). The number of patients with acute 
myocardial infarction (AMI) was dramatically reduced from 
159 in 2019 to 92 in 2020 (39.5% reduction), whereas the 
number of patients with STEMI was similar (Fig. 1). Like-
wise, the number of patient admissions in the cardiology 
department was reduced by 42% after the French lockdown 
(Supplementary Fig. 1).

All time components of STEMI care were similar dur-
ing the COVID-19 outbreak as compared with the previous 
year’s dataset (Fig. 2). Within the STEMI subgroup, no dif-
ference between the 2019 and 2020 cohort could be regis-
tered for in-hospital mortality rate (4% vs. 7%, p = 1.00), 
median length of hospital stay (4 days [interquartile range 
(IQR) 3–5 days] vs. 4 days [IQR 3–7 days], p = 0.81), tro-
ponin I levels at baseline (0.75 μg/l [IQR 0.20–5.64 μg/l] 
vs. 1.61 μg/l [IQR 0.16–6.59 μg/l], p = 0.62) and at peak 
(88.81 μg/l [IQR 30.07–223.93 μg/l] vs. 81.08 μg/l [IQR 
40.68–155.80 μg/l], p = 0.77), baseline brain natriuretic pep-
tide (BNP) levels (36 ng/l [IQR 21–79 ng/l] vs. 65 ng/l [IQR 
31–246 ng/l], p = 0.17), and left ventricular ejection fraction 
(LVEF) at baseline (52 ± 11% vs. 50 ± 12%, p = 0.62).

Among the 106 ACS patients in 2020, 7 ACS patients 
tested positive for COVID-19. The clinical features of 
COVID-19 patients receiving cardiac catheterization for 
ACS are described in Table 2 and Fig. 3. ACS patients with 
COVID-19 tended to present with dyspnea (57% vs. 23%, 
p = 0.07) rather than chest pain (57% vs. 86%, p = 0.08). 
The incidence of STEMI and NSTEMI was similar between 
patients with and without COVID-19, whereas type 2 myo-
cardial infarction (MI) was more frequent in COVID-19 
patients (29% vs. 4%, p = 0.0497). Interestingly, not only 
C-reactive protein levels (70 mg/l [IQR 19–267 mg/l vs. 
4 mg/l [IQR 4–18 mg/l], p = 0.006) but also d-dimer levels 
at baseline (5650 µg/l [IQR 1905–13,625 µg/l] vs. 400 µg/l 
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Table 1  Comparison of patients 
between 2019 and 2020. 
(n = 280)

Characteristic 2019
(n = 174)

2020
(n = 106)

p value

COVID-19 positive 0 (0) 7 (7) 0.001
Age (years) 70 ± 15 67 ± 13 0.06
Male sex 114 (66) 70 (66) 0.93
BMI (kg/m2) 26.8 ± 5.1 28.0 ± 5.7 0.08
Cardiovascular risk factors
 Hypertension 119 (68) 65 (61) 0.23
 Diabetes mellitus 55 (32) 40 (38) 0.29
 Dyslipidemia 94 (54) 53 (50) 0.51
 Current smoker 39 (22) 24 (23) 0.96
 Chronic kidney disease 51 (29) 18 (17) 0.02
 Hemodialysis 0 (0) 6 (6) 0.002

Coexisting disorder
 Previous MI 51 (29) 23 (22) 0.16
 Previous PCI 54 (31) 36 (34) 0.61
 Heart failure 17 (10) 8 (8) 0.53
 AF 29 (17) 16 (15) 0.73
 Stroke 19 (11) 8 (8) 0.35
 Peripheral artery disease 33 (19) 20 (19) 0.98
 COPD 22 (13) 12 (11) 0.74
 History of cancer 38 (22) 5 (5)  < 0.001

Symptoms
 Chest pain 130/172 (76) 88/105 (84) 0.10
 Dyspnea 57/172 (33) 27/105 (26) 0.19
 Fever 14/172 (8) 2/105 (2) 0.03
 Cough 20/172 (12) 7/105 (7) 0.18

Vital signs
 Body temperature (℃) 36.9 ± 0.8 36.7 ± 0.6 0.05
 Systolic pressure (mmHg) 137 ± 27 139 ± 30 0.68
 Diastolic pressure (mmHg) 75 ± 15 75 ± 17 0.97
 Pulse rate (bpm) 84 ± 22 80 ± 19 0.14
 SpO2 (%) 97 ± 3 96 ± 3 0.24
 Oxygen therapy 27/173 (16) 34/104 (33)  < 0.001

Diagnosis
 STEMI 40 (23) 39 (37) 0.01
 NSTEMI 119 (68) 53 (50) 0.002
 Type-1 MI 117 (67) 82 (77) 0.07
 Type-2 MI 46 (26) 6 (6)  < 0.001
 Takotsubo cardiomyopathy 14 (8) 4 (4) 0.16
 Myocarditis 5 (3) 1 (1) 0.41

Echocardiography on admission
 LVEF 50 ± 14 49 ± 14 0.71

Lesion characteristics
 Single-vessel disease 42 (24) 45 (42) 0.001
 Multi-vessel disease 84 (48) 47 (44) 0.43

Types of intervention
 PCI 105 (60) 79 (75) 0.02
 POBA 0 (0) 1 (1) 0.38
 Thrombolysis 0 (0) 0 (0) -
 CABG 4 (2) 0 (0) 0.30

Blood examination on admission
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[IQR 270–1050 µg/l], p = 0.02) were significantly higher in 
COVID-19 patients than non-COVID-19 patients. COVID-
19 patients had longer hospital stay (16 days [IQR 3–18 days 
vs. 4 days [IQR 2–6 days], p = 0.03) and higher incidence of 
acute respiratory distress syndrome (29% vs. 0%, p = 0.003) 
and venous thromboembolism (29% vs. 0%, p = 0.003). Fur-
ther analysis utilizing 3:1 propensity score matching dem-
onstrated similar trends in d-dimer levels, hospital length of 
stay and acute respiratory distress syndrome (ARDS), which 
did not reach statistical significance, probably due to the 
small number of patients included (Supplementary Table 1).

Discussion

In the present study, the COVID-19 outbreak was associ-
ated with a 40% decrease in AMI. Similar findings have 
been noted in northern Italy and in the United States [10, 

11]. The identification of the mechanisms leading to the 
reduction in admissions for AMI is beyond the scope of 
the present work. Nevertheless, recent reports suggested 
that the decreased number of ACS patients was due to the 
fear of exposure to COVID-19 affected subjects at hospital 
admission or a true reduction in the incidence of ACS as 
the potential result of low physical stress during the social 
containment [6, 12, 13].

The delay on STEMI reperfusion during the COVID-19 
pandemic has been explained by the fact that the emer-
gency medical system was focused on COVID-19 and a 
large number of healthcare workers was relocated to man-
age the pandemic, resulting in increased mortality and 
complications in STEMI patients [6, 14, 15]. In contrast, 
the delay of STEMI care was minimal in our center, sug-
gesting that the healthcare system effectiveness was main-
tained despite the pandemic. Owing to the emergency 
medical services (EMS) of our region, more than half of 

Values are n (%), n/N (%), mean ± SD, or median (interquartile range)
AF atrial fibrillation, ARDS acute respiratory distress syndrome, BMI body mass index, BNP brain natriu-
retic peptide, CABG coronary artery bypass grafting, COPD chronic obstructive pulmonary disease, 
COVID-19 coronavirus disease 2019, Cr creatinine, CRP C-reactive protein, eGFR estimated glomerular 
filtration rate, Hb hemoglobin, HDL-C high-density lipoprotein cholesterol, ICU intensive care unit, LDL-
C low-density lipoprotein cholesterol, LVEF left ventricular ejection fraction, MI myocardial infarction, 
NSTEMI non-ST-segment elevation myocardial infarction, PCI percutaneous coronary intervention, POBA 
plain old balloon angioplasty, STEMI ST-segment elevation myocardial infarction, VF ventricular fibrilla-
tion, VT ventricular tachycardia, WBC white blood cell

Table 1  (continued) Characteristic 2019
(n = 174)

2020
(n = 106)

p value

 WBC  (109/l) 10.9 ± 4.8 10.2 ± 3.9 0.20
 Hb (g/dl) 12.8 ± 2.4 13.3 ± 2.3 0.12
 Platelets  (109/l) 251 ± 89 242 ± 83 0.38
 Troponin I (μg/l) 0.64 (0.14–3.44) 0.38 (0.08–2.93) 0.17
 Cr (µmol/l) 75 (62–96) 79 (62–95) 0.57
 eGFR (ml/min/1.73 m2) 76 ± 26 76 ± 28 0.87
 LDL-C (g/l) 0.95 ± 0.38 1.04 ± 0.45 0.11
 HDL-C (g/l) 0.43 ± 0.15 0.45 ± 0.17 0.48
 HbA1c (%) 6.2 ± 1.3 6.5 ± 1.4 0.19
 BNP (ng/l) 183 (45–685) 222 (51–480) 0.68
 CRP (mg/l) 7 (4–28) 4 (4–89) 0.17
 d-dimer (µg/l) 840 (355–2255) 410 (270–1130) 0.003

In-hospital events
 Hospital length of stay (days) 6 (3–12) 4 (3–7)  < 0.001
 ICU stay (days) 3 (2–5) 2 (0–3)  < 0.001
 In-hospital death 12/174 (7) 7/103 (7) 0.97
 New-onset AF 24/174 (14) 8/103 (8) 0.13
 Stroke 9/174 (5) 3/103 (3) 0.54
 Venous thromboembolism 9/171 (5) 2/103 (2) 0.22
 VT/VF 29/174 (17) 2/103 (2)  < 0.001
 ARDS 0/174 (0) 2/103 (2) 0.14
 Acute kidney injury 37/174 (21) 15/104 (14) 0.16
 Multiple organ failure 13/174 (7) 1/103 (1) 0.02



99Clinical features of patients with acute coronary syndrome during the COVID-19 pandemic  

1 3

the STEMI patients continued to be directly referred to 
the cath lab according to prehospital electrocardiograms 
(60% vs. 73%, p = 0.29).

In the present study, patients tested positive for 
COVID-19 tended to have less chest pain and more type 
2 MI. Prior investigations suggested that those patients 
may have hypoxemia or hypotension along with intense 
systemic inflammation, which may cause an oxygen sup-
ply and demand imbalance in the heart, especially when 
underlying CAD exists [16–18]. Moreover, COVID-19 
patients were clearly characterized by elevated d-dimer 
levels on admission in the present study, ref lecting 
enhanced COVID-19 related thrombogenicity [19–22]. 
Although the increased thrombotic susceptibility in 
COVID-19 patients are far beyond the scope of this study, 
prior studies underlined that higher thrombotic burden in 
the acute phase of COVID-19 relies on pro-inflammatory 
cytokine/chemokine release [23], increased endothe-
lial dysfunction/damage, and potential sepsis induced 
coagulopathy development in severe cases, all promot-
ing coagulation activation. A recent observational study 

including 115 STEMI patients clarified that COVID-19 
patients had an elevated d-dimer levels as well as higher 
thrombotic burden compared to non-COVID patients [24]. 
Our study described lower PCI rate and higher incidence 
of venous thromboembolism and ARDS in the COVID-19 
patients (Table 2), suggesting that those complications 
may have led COVID-19 patients to present ACS like 
symptoms. These insights may pave the way toward a 
novel diagnostic perspective for ACS patients compli-
cated to COVID-19.

Study limitation

We acknowledge the following limitations: First, the 
analyses were performed on the basis of a single center 
data set with uncertain generalizability. Second, owing to 
the retrospective nature of this study, there were inher-
ent limitations related to cofounding known or unknown 
factors. Third, the study period was limited to 7 weeks 
based on the pandemic period in our region. The use of 
such a limited period for data collection may represent a 
source for potential bias. Forth, the effect of the low event 
rate might have been more pronounced when analyzing 
small subgroups. Fifth, the incidence of diagnostic testing 
was only 27% in the non-COVID-19 group, suggesting 
that certain asymptomatic COVID-19 patients may have 
been mis-classified. Sixth, a large proportion of COVID-
19 patients complicated by AMI was not due to coronary 
obstruction but due to increased thrombogenicity and/or 
inflammation. The true effects of COVID-19 on coronary 
arteries should be identified by a larger cohort.

Conclusions

In conclusion, a significant reduction in admission for 
AMI was observed during the COVID-19 pandemic. 
The prehospital evaluation by EMS may have played an 
important role for the timely revascularization for STEMI 
patients. Further studies are needed for the establishment 
of a dedicate diagnostic pathway for ACS patients with 
COVID-19, aimed at minimizing healthcare providers risk 
of infection.

Fig. 1  Numbers of myocardial infarction before and after COVID-19 
pandemic. COVID-19 coronavirus disease 2019, NSTEMI non-ST-
segment elevation myocardial infarction, STEMI ST-segment eleva-
tion myocardial infarction
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Fig. 2  Time components of 
STEMI care before and after 
COVID-19 pandemic. COVID-
19 coronavirus disease 2019, 
FMC first medical contact, 
STEMI ST-segment elevation 
myocardial infarction
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Table 2  Clinical characteristics 
of patients with and without 
COVID-19 in 2020. (n = 106)

Characteristic COVID-19 +
(n = 7)

COVID-19−
(n = 99)

p value

Age (years) 69 ± 18 66 ± 13 0.60
Male sex 5 (71) 65 (66) 1.00
BMI (kg/m2) 28.7 ± 9.8 28.0 ± 5.6 0.81
Cardiovascular risk factors
 Hypertension 3 (43) 62 (62) 0.43
 Diabetes mellitus 3 (43) 37 (37) 1.00
 Dyslipidemia 1 (14) 52 (53) 0.11
 Current smoker 2 (29) 22 (22) 0.66
 Chronic kidney disease 0 (0) 10 (18) 0.60
 Hemodialysis (0) 6 (6) 1.00

Coexisting disorder
 Previous MI 0 (0) 23 (23) 0.34
 Previous PCI 2 (29) 34 (34) 1.00
 Heart failure 1 (14) 7 (7) 0.43
 AF 1 (14) 15 (15) 1.00
 Stroke 1 (14) 7 (7) 0.43
 Peripheral artery disease 1 (14) 19 (19) 1.00
 COPD 1 (14) 11 (11) 0.58
 History of cancer 2 (29) 3 (3) 0.03

Symptoms
 Chest pain 4 (57) 84 (86) 0.08
 Dyspnea 4 (57) 23 (23) 0.07
 Fever 1 (14) 1 (1) 0.13
 Cough 2 (29) 5 (5) 0.07

Vital signs
 Body temperature (℃) 36.9 ± 1.24 36.7 ± 0.6 0.41
 Systolic pressure (mmHg) 121 ± 26 139 ± 30 0.19
 Diastolic pressure (mmHg) 64 ± 13 76 ± 17 0.12
 Pulse rate (bpm) 82 ± 24 80 ± 19 0.86
 SpO2 (%) 96 ± 1 96 ± 3 0.90
 Oxygen therapy 5/7 (71) 29/97 (30) 0.04

Diagnosis
 STEMI 2 (29) 37 (37) 0.71
 NSTEMI 3 (43) 50 (51) 1.00
 Type-1 MI 3 (43) 79 (80) 0.04
 Type-2 MI 2 (29) 4 (4) 0.0497
 Takotsubo cardiomyopathy 0 (0) 4 (4) 1.00
 Myocarditis 1 (14) 0 (0) 0.07

Echocardiography on admission
 LVEF (%) 48 ± 10 49 ± 14 0.77
 Blood examination on admission
 WBC  (109/l) 8.6 ± 3.1 10.3 ± 4.0 0.30
 Hb (g/dl) 12.6 ± 1.4 13.3 ± 2.3 0.44
 Platelets  109/l) 177 ± 119 246 ± 79 0.047
 Troponin I (μg/l) 0.62 (0.01–1.52) 0.38 (0.08–3.15) 0.32
 Cr (µmol/l) 82 (62–99) 79 (62–95) 0.97
 eGFR (ml/min/1.73 m2) 81 ± 23 76 ± 28 0.71
 LDL-C (g/l) 0.93 ± 0.47 1.04 ± 0.46 0.68
 HDL-C (g/l) 0.54 ± 0.27 0.44 ± 0.17 0.31
 HbA1c (%) 5.8 ± 0.4 6.5 ± 1.5 0.41
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Values are n (%), n/N (%), mean ± SD, or median (interquartile range)
AF atrial fibrillation, ARDS acute respiratory distress syndrome, BMI body mass index, BNP brain natriu-
retic peptide, CABG coronary artery bypass grafting, COPD chronic obstructive pulmonary disease, 
COVID-19 coronavirus disease 2019, Cr creatinine, CRP C-reactive protein, eGFR estimated glomerular 
filtration rate, Hb hemoglobin, HDL-C high-density lipoprotein cholesterol, ICU intensive care unit, LDL-
C low-density lipoprotein cholesterol, LVEF left ventricular ejection fraction, MI myocardial infarction, 
NSTEMI non-ST-segment elevation myocardial infarction, PCI percutaneous coronary intervention, POBA, 
plain old balloon angioplasty, STEMI ST-segment elevation myocardial infarction, VF ventricular fibrilla-
tion, VT ventricular tachycardia, WBC white blood cell

Table 2  (continued) Characteristic COVID-19 +
(n = 7)

COVID-19−
(n = 99)

p value

 BNP (ng/l) 324 (138–1068) 197 (45–480) 0.33
 CRP (mg/l) 70 (19–267) 4 (4–18) 0.006
 d-dimer (µg/l) 5650 (1905–13,625) 400 (270–1050) 0.02
 COVID-19 diagnostic testing performed 7 (100) 27 (27)  < 0.001

Lesion characteristics
 Single-vessel disease 4 (57) 41 (41) 0.45
 Multi-vessel disease 1 (14) 46 (46) 0.13

Types of intervention
 PCI 3 (43) 76 (77) 0.07
 POBA 0 (0) 1 (1) 1.00
 Thrombolysis 0 (0) 0 (0) –
 CABG 0 (0) 0 (0) –

In-hospital events
 Hospital length of stay, days 16 (3–18) 4 (2–6) 0.03
 ICU stay (days) 9 (0–11) 2 (0–3) 0.24
 In-hospital death 1/6 (17) 6/97 (6) 0.35
 New-onset AF 0/6 (0) 8/97 (8) 1.00
 Stroke 1/6 (17) 2/97 (2) 0.17
 Venous thromboembolism 2/6 (33) 0/97 (0) 0.003
 VT/VF 0/6 (0) 2/97 (2) 1.00
 ARDS 2/6 (33) 0/97 (0) 0.003
 Acute kidney injury 2/6 (29) 13/97 (13) 0.27
 Multiple organ failure 0/6 (0) 0/97 (0) –
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