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Abstract
Objective We aimed to investigate both the impact of COVID-19 pandemic on ST-segment elevation myocardial infarction
(STEMI) admission, and demographic, angiographic, procedural characteristics, and in-hospital clinical outcomes of patients
with COVID-19 positive STEMI in Turkey.
Methods This was a multi-center and cross-sectional observational study. The study population included 1788 STEMI
patients from 15 centers in Turkey. The patients were divided into two groups: COVID-19 era (March 11st–May 15st, 2020;
n = 733) or pre- COVID-19 era group (March 11st–May 15st, 2019; n = 1055). Also, the patients in COVID-19 era were
grouped as COVID-19 positive (n = 65) or negative (n = 668).
Results There was a 30.5% drop in STEMI admission during COVID-19 era in comparison to pre-COVID-19 era. The
patients admitted to the medical centers during COVID-19 era had a longer symptom-to-first medical contact time [120
(75–240) vs. 100 (60–180) minutes, p < 0.001]. COVID-19 positive STEMI patients had higher thrombus grade and lower
left ventricular ejection fraction compared to COVID-19 negative patients. COVID-19 positive patients had higher mortality (28% vs. 6%, p < 0.001) and cardiogenic shock (20% vs. 7%, p < 0.001) rates compared with those without COVID-19.
Matching based on propensity scores showed higher mortality and high thrombus grade in STEMI patients who were infected
by SARS-COV-2 (each p < 0.05).
Conclusions We detected significantly lower STEMI hospitalization rates and significant delay in duration of symptom
onset to first medical contact in the context of Turkey during the COVID-19 outbreak. Moreover, high thrombus grade and
mortality were more common in COVID-19 positive STEMI patients.
Keywords COVID-19 · SARS-CoV2 · ST elevation myocardial infarction · Primary percutaneous coronary · Intervention ·
Mortality

Highlights
• There was a significantly reduced STEMI admission in

COVID-19 era compared with pre-COVID-19 era.
• COVID+ patients with ST-Elevation represent a unique
and high-risk patient population.

• COVID+ patients with ST-Elevation had higher in-hos-

pital mortality and thrombus grade.

• No differences in culprit vessel and similar symptom-

onset to first medical contact times between COVID-19
(+) and COVID-19 (−).
• COVID+ patients with ST-Elevation were more likely
to not receive angiography (5%) and to receive medical therapy but still 95% received PPCI and lytics were
uncommon, thus primary PCI is preferable (and feasible)
in COVID+ patients.
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Introduction
The COVID-19 outbreak that has developed due to the new
type of corona virus has caused thousands of deaths in the
world [1]. COVID-19, the highly infectious disease caused
by a novel coronavirus, killed more than a million people
globally. Our country has been affected from this epidemic
to a certain extent. There may be changes in the hospital
admission pattern for other conditions such as acute coronary syndrome, heart failure during this period [2]. It has
been shown that reducing delay in reperfusion treatment
in ST-segment elevation myocardial infarction (STEMI)
patients is associated with improved outcomes in many studies [3, 4]. Little has been known about the impact of outbreak of infectious disease on pre- and in-hospitallogistics
of STEMI care, especially in patient-related delays.
Coagulation abnormalities and tendency to thrombotic
disease have been shown to be more common in patients
with coronavirus disease 2019 (COVID-19) due to increased
inflammation, platelet activation, endothelial dysfunction
[5]. The data on the impact of COVID-19 on thrombus burden, in-hospital outcomes including mortality, cardiojenic
shock in STEMI patients is inadequate [6].
We aimed to evaluate both impact of the COVID-19 pandemic on patients with STEMI admission and demographic,
angiographic, and procedural characteristics as well as inhospital clinical outcomes of patients with COVID-19 positive STEMI in Turkey.

Methods
Study design and patient population
This is a multicenter, retrospective, observational study that
included 1788 patients, between 18 and 90 years of age,
diagnosed with STEMI in 15 centers (Fig. 1). The patients
were divided into two groups: COVID-19 era (March
11st–May 15st, 2020; n = 733) and pre- COVID-19 era
group (March 11st–May 15st, 2019; n = 1055). Moreover,
the patients in COVID-19 era were grouped as COVID-19
positive n = 65) or negative (n = 668). STEMI was defined
according to the fourth universal definition of myocardial
infarction [7]. Evidence-based optimal medical therapy and
coronary revascularization according to current guidelines
and recommendations were performed [8]. All interventional
procedures and strategies such as balloon angioplasty, type
of stent, aspiration thrombectomy, and the usage of intraaortic balloon pump were left to the discretion of interventional cardiologists. The thrombus burden can be grouped
based on the thrombolysis in myocardial infarction (TIMI)
thrombus grade [9]. Patients with Grade 5 thrombus burden
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were reclassified to a thrombus category after flow achievement either with a guidewire or a small (1.5 mm) balloon
[10]. The left ventricle ejection fraction (LVEF) was calculated after measuring the end-diastolic and end-systolic
left ventricle (LV) volumes in the apical four-chamber and
two-chamber views using the modified Simpson’s method.
Valve disease was defined as moderate or severe regurgitation in mitral or aortic valves, or severe stenosis for mitral
or aortic valves.
Bleeding classification was performed according to the
TIMI bleeding score. Major hemorrhage was defined as
5 gr/dl hemogram, a 15% or greater decline in hematocrit,
or intracranial hemorrhage. Minor bleeding was defined
as 3–5 gr/dl Hb, a 10–15% gr/dl hematocrit decline, or
gastrointestinal bleeding. Cardiogenic shock was defined
as systolic blood pressure < 90 mmHg for at least 30 min
with evidence of poor tissue perfusion after correction of
non-myocardial factors.
After the STEMI diagnosis, the patients with no signs of
COVID-19 infection were transferred to the routine cardiac
catheterization laboratory, however the patients with symptoms indicating possible COVID-19 were transferred to an
allocated cardiac catheterization laboratory.
The diagnosis of COVID-19 was confirmed by detecting
SARS-CoV-2 on nasal/pharyngeal swab [11] or by evaluating the semptoms plus radiological imaging [12]. All of
these patients were treated as COVID-19 patients in these
centers. The study was approved by the ethics committee of
the Dokuz Eylul University Faculty of Medicine (2020/1035) and Ministry of Health (2020-05-02T23_17_42).

Data collection
The patient’s data including hypertension (HT), diabetes mellitus (DM), chronic obstructive pulmonary disease
(COPD) or asthma, previous coronary artery disease (CAD),
COVID-19 status, shock, in-hospital mortality, stent thrombosis, blood samples, thrombus aspiration device use, glycoprotein IIb/IIIa inhibitors use, echocardiographic, and
angiographic imagings from each center were collected
by principial investigator of that center. Cineangiographic
images of patients were retrospectively analysed by two
interventional cardiologist blinded to the patient’s COVID19 status. Data were finally checked for missing or contradictory entries.

Study outcomes
The main outcome was the reduction in admission rates in
STMI patients. Moreover, in-hospital outcomes included
cardiogenic shock and mortality were compared between two
groups. Also, thrombus grade, mortality, and cardiogenic
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shock rates were evaluated in COVID-19 positive STEMI
patients.

Statistical analysis
Categorical variables are provided as absolute numbers,
percentages, and compared by the x2 test. Continuous variables are presented as mean and Standard deviation (SD) and
compared by the Student’s t-test, or Mann–Whitney test as
appropriate. We used a propensity score matching method to
balance the confounding effect due to differences in characteristics between the COVID1-9 positive group and the nonCOVID-19 group because of the retrospective nature of the
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study. We estimated a propensity score to create a matched
dataset (COVID-19 vs. non-COVID-19) and the covariates
including age, symptoms at admission, gender, COPD or
asthma, LVEF, valve disease, LV wall motion anormality,
coronary intervention or patients treated with medical treatment, use of Glycoprotein IIb/IIIa inhibitors, thrombus aspiration device, complete revascularization during the index
hospitalization, WBC, troponin, and C-reactive protein levels were considered for balance between COVID-19 positive
and non-COVID-19. Two-sided p-values < 0.05 were considered statistically significant. All statistical analysis was
performed with SPSS version 25 (SPSS Inc., Chicago, IL,
USA) and R software.

Fig. 1  Flow diagram of patient
recruitment
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Variables

Pre-COVID-19 COVID-19 era (n = 733)
era (n = 1055)

p-value

STEMI admission (per/day)
Age, years
Symptoms at admission n (%)
Chest pain
Dyspnea
Arrest
Other
Female gender (%)
Hypertension, n (%)
Diabetes mellitus, n (%)
Previous AF, n (%)
Smoking, n (%)
Astım or COPD, n (%)
Previous CAD, n (%)
COVID-19 positive n (%)
Echocardiographic findings
LVEF (%)
LVWM abnormalities n (%)
Valve disease n (%)
Coronary intervention n (%)
Infarct related artery n (%)
LMCA
LAD
CX
RCA
Other
Noncritical CAD
Multi-vessel disease n (%)
Glycoprotein IIb/IIIa inhibitors n (%)
Thrombus aspiration device n (%)
IABP n (%)
Baseline TIMI flow n (%)
TIMI flow 0–1
Baseline thrombus grade > 3
Modified thrombus grade > 3
Post-PCI TIMI 3 flow n (%)
Multi-vessel PCI during the index prodecure n (%)
Complete revascularization during the index hospitalization n (%)
Previous medication
ACE-I/ARB, n (%)
Statin n (%)
Aspirin n (%)
P2Y12Y inhibitors
Clopidogrel n (%)
Tigacrelor n (%)
Prasuqrel n (%)
In hospital or discharge ASA + P2Y12Y inhibitors
ASA plus Clopidogrel n (%)
ASA plus Tigacrelor n (%)

16.5
61.9 ± 12.4

11.5
60.6 ± 12.4

791 (75)
198 (19)
10 (1)
56 (5)
261 (25)
400 (38)
311 (30)
46 (4)
325 (31)
110 (10)
131 (12)
–

495 (68)
168 (23)
9 (1)
61 (8)
167 (23)
309 (42)
211 (29)
39 (5)
244 (33)
71 (10)
93 (13)
65 (9)

47.9 ± 9.1
653 (62)
106 (10)
1054 (100)

46.7 ± 8.8
492 (67)
66 (9)
729 (99)

15 (1)
403 (38)
199 (19)
343 (33)
85 (8)
9 (1)
421 (40)
239 (23)
61 (6)
29 (3)

17 (2)
307 (42)
134 (18)
222 (31)
43 (6)
6 (1)
294 (40)
161 (22)
56 (8)
12 (2)

0.870
0.715
0.121
0.122

959 (91)
711 (68)
434 (42)
878 (83)
98 (9)
190 (18)

652 (90)
499 (69)
296 (41)
594 (82)
71(10)
127 (17)

0.276
0.659
0.684
0.319
0.778
0.710

265 (25)
181 (17)
246 (24)

205 (28)
114 (16)
208 (28)

187 (76)
53 (22)
6 (2)

133 (64)
67 (32)
8 (4)

0.138
0.369
0.008
0.019

779 (74)
180 (17)

502 (69)
148 (20)

< 0.001
0.029
0.004

0.340
0.071
0.456
0.348
0.268
0.610
0.865
–
0.005
0.024
0.618
0.076
0.215

0.096
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Table 1  (continued)

Variables

Pre-COVID-19 COVID-19 era (n = 733)
era (n = 1055)

ASA plus Prasuqrel n (%)
Pharmaco-invazive treatment n (%)
Patients treated with medical treatment n (%)
Symptom-to-FMC, minutes (median [IQR])
Symptom-to- (FMC) time
Less than 2 h, n (%)
2 to 6 h, n (%)
6 to 12 h, n (%)
12 to 24 h, n (%)
More than 24 h, n (%)
In-hospital outcomes
Minor bleeding n (%)
Major bleeding n (%)
Stent thrombosis n (%)
Cardiogenic shock, n (%)
Mortality, n (%)

95 (9)
9 (1)
4 (0)
100 (60–180)

75 (10)
4 (1)
7 (1)
120 (75–240)

565 (54)
394 (37)
53 (5)
19 (2)
24 (2)

316 (43)
285 (39)
67 (9)
26 (4)
39 (6)

29 (3)
0 (0)
15 (1)
92 (9)
71 (7)

16 (2)
3 (0.4)
12 (2)
62 (9)
61 (8)

p-value

0.452
0.126
< 0.001
< 0.001

0.455
0.037
0.713
0.846
0.205

ACE-I/ARB angiotensin converting enzyme inhibitors/ angiotensin receptor blocker, AF atrial fibrillation,
CAD: coronary artery disease, COPD chronic obstructive pulmonary disease, FMC first medical contact,
IABP intra aortic baloon pump, IQR inter quartile range, LVEF left ventricular ejection fraction, LVWM left
ventricular wall motion abnormalities, PCI percutaneous coronary intervention, STEMI ST-segment elevation myocardial infarction

Sample size calculation

Results

We did not perform sample size calculations or statistical
power analyses due to the observational nature of this study.
However, with the participation of at least 15 centers, with
approximately 45 patients per center according to the average PPCI per month, we expected the inclusion of at least
700 patients with STEMI for each period.

Patient characteristics
A total of 1788 STEMI admissions were noticed. The baseline characteristics of the study patients are provided in
Table 1. As shown in Fig. 2, a 30.5% decline in STEMI
volume during COVID-19 era compared with the equivalent
duration in pre-COVID-19 era. Daily STEMI admissions
were reduced from 16.5 in 2019 to 11.5 in 2020. Average
age of patients in pre-COVID-19 era group was higher than

Fig. 2  Comparison of ST elevation hospitalizations in COVID19 era and pre-COVID-19 era
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Fig. 3  Symptoms- to first medical contact time (FMC) for acute STsegment elevation. myocardial infarction (STEMI)

those in COVID-19 era group (61.9 ± 12.4 vs 60.6 ± 12.4,
p = 0.029).
There were no significant differences between groups
regarding the history of diabetes mellitus, hypertension,
coronary artery disease, and atrial fibrillation (Table 1).
Also, the rates of pre-usage statin, and ACE-I angiotensinconverting enzyme inhibitors or angiotensin receptor blocker
(ARB) were similar in both groups, whereas previous uses
of aspirin or P2Y12Y inhibitors were less (Table 2). LVEF
was lower in COVID-19 era patients compared to the preCOVID-19 era (46.7 ± 8.8 vs. 47.9 ± 9.1, p = 0.005). The
number of patients who received pharmaco-invasive treatment was similar in both groups (1% vs. 1%, p = 0.452). The
rate of coronary intervention did not differ between groups
(100% vs. 99%, p = 0.076).
Symptom-to- FMC time was longer in COVID-19
group than in pre-COVID-19 group [120 (75–240) vs. 100
(60–180) minutes, p < 0.001]. The duration was less than 2 h
in 43%, 2 to 6 h in 39%, 6 to 12 h in 9%, 12 to 24 h in 4%,
and more than 24 h in 6% of patients in COVID-19 era. The
corresponding percentages in pre-COVID group were 54%,
37%, 5%, 2%, and 2%, respectively (Fig. 3). The laboratory
Table 2  Laboratory findings of
patients

Variable
3

WBC (× 10 /μL)
Hemoglobin (mg/dl)
Creatinine* (mg/dl)
Platelet(× 109/L)
C-reactive protein* (mg/L)
Troponin* (ng/L)

variables of the groups are shown in Table 2. There was no
significant difference between groups with regard to hemoglobin, platelet counts, white blood cell counts (WBC), and
serum creatinine levels (each p > 0.05). However, troponin
levels were higher in COVID-19 era compared with preCOVID era [10100 (888–25000) vs. 5608.9 (346–19533),
p = 0.027].
In COVID-19 era, 65 STEMI patients were COVID-19
positive. The features of these patients were provided in
Table 4. Compared with non-COVID-19, COVID-19 group
was older (66.8 ± 12.0 vs. 60.0 ± 12.3, p < 0.001). There
was no significant difference between groups regarding to
the symptom onset to FMC time, histories of DM, HT, and
CAD (Table 4). COPD or asthma was more common in
COVID-19 positive patients when compared to those without COVID-19 (17% vs. 9%, p = 0.039). Valve disease, left
ventricular wall motion abnormalities, and low LVEF were
more frequent in COVID-19 positive STEMI patients than
those without (Table 3).
Patients with COVID-19 had higher levels of CRP,
WBC, and troponin [55.4 (21.3–147.8) vs. 21.1 (2.8–51.4),
p < 0.001; 13.6 ± 4.8 vs. 12.0 ± 4.5, p = 0.007; 19,578
(6762–27021) vs. 8388 (795–23600), p = 0.002, respectively, Table 4] than those without COVID-19.

Procedural characteristics
There were no differences in infarct related artery, multivessel disease, glycoprotein IIb/IIIa inhibitors use, IABP, and
thrombus aspiration device use between COVID-19 era and
pre-COVID-19 era (Table 1). Also, baseline TIMI 0/1 flow,
modified thrombus grade > 3, and post-PCI TIMI -3 flow
were similar in both groups Table 2, Fig 4.
The rate of coronary intervention was lower in patients
with COVID-19 than those without (95% vs. 100%,
p < 0.001). Baseline modified thrombus grade > 3 was
higher COVID-19 group than in non-COVID-19 group
(58% vs. 39%, p = 0.003, Fig. 5). In parallel with this,
thrombus aspiration device, and glycoprotein IIb/IIIa inhibitors uses were greater in patients with COVID-19 (14%
vs. 7%, p = 0.048; 34% vs. 21%, p = 0.015, respectively)
Pre-COVID-19 era (n = 1055)

COVID-19 era (n = 733)

p-value

11.8 ± 3.9
13.8 ± 2.1
0.90 (0.76–1.10)
256.3 ± 75.2
20 (2.2–48.1)
5608.9 (346–19,533)

12.1 ± 4.6
13.9 ± 2.1
0.90 (0.74–1.04)
252.2 ± 73.6
24.4 (3.2–54.3)
10,100 (888–25,000)

0.143
0.162
0.425
0.253
0.280
0.027

WBC white blood cell
*Comparison was made using Mann–Whitney U test at P < 0.05, and these values were described by
median with inter-quartile range (25th and 75th percentile)
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Table 3  Baseline characteristics of the study population
Variables

Non-COVID-19 (n = 668)

COVID-19 (n = 65)

p-value

Age, years
Symptoms at admission n (%)
Chest pain
Dyspnea
Arrest
Other
Female gender (%)
Hypertension, n (%)
Diabetes mellitus, n (%)
Previous AF, n (%)
Smoking, n (%)
COPD or asthma, n (%)
Previous CAD, n (%)
Echocardiographic findings
LVEF (%)
LVWM abnormalities n (%)
Valve disease n (%)
Coronary intervention n (%)
Infarct related artery n (%)
LMCA
LAD
CX
RCA
Other
Noncritical CAD
Multi-vessel disease n (%)
Glycoprotein IIb/IIIa inhibitors n (%)
Thrombus aspiration device n (%)
IABP n (%)
Baseline TIMI flow n (%)
TIMI flow 0–1
Baseline thrombus grade > 3
Modified thrombus grade > 3
Post-PCI TIMI 3 flow n (%)
Multi-vessel PCIduring the index prodecure n (%)
Complete revascularization during the index hospitalization
n (%)
Previous medication
ACE-I/ARB, n (%)
Statin n (%)
Aspirin n (%)
P2Y12Y inhibitors
Clopidogrel n (%)
Tigacrelor n (%)
Prasuqrel n (%)
In hospital or discharge ASA + P2Y12Y inhibitors
ASA plus Clopidogrel n (%)
ASA plus Tigacrelor n (%)
ASA plus Prasuqrel n (%)
Pharmaco-invazive treatment n (%)

60.0 ± 12.3

66.8 ± 12.0

459 (69)
153 (23)
8 (1)
48 (7)
142 (22)
278 (42)
193 (29)
36 (5)
222 (33)
60 (9)
81 (12)

36 (55)
15 (23)
1 (2)
13 (20)
21 (32)
31 (48)
18 (26)
3 (5)
22 (34)
11 (17)
12(19)

47.0 ± 8.8
441 (68)
53 (8)
667 (100)

43.7 ± 8.8
51 (82)
13 (20)
62 (95)

16 (2)
282 (42)
119 (18)
208 (31)
37 (6)
5 (1)
267 (40)
139 (21)
47 (7)
10 (2)

1 (2)
25 (40)
15(24)
4 (23)
6 (10)
1 (2)
27 (44)
22 (34)
9 (14)
2 (3)

594 (89)
440 (66)
260 (39)
544 (82)
66 (10)
109 (16)

58 (94)
59 (95)
36 (58)
50 (81)
5 (8)
18 (29)

0.271
< 0.001
0.003
0.859
0.569
0.021

186 (28)
100 (15)
185 (28)

19 (29)
14 (22)
23 (35)

122 (66)
56 (30)
7 (4)

11 (48)
11 (48)
1 (4)

0.812
0.163
0.189
0.220

465 (70)
134 (20)
68 (10)
3 (1)

37 (64)
14 (24)
7 (12)
1 (2)

< 0.001
0.004

0.055
0.344
0.851
0.791
0.920
0.039
0.143
0.004
0.041
0.010
< 0.001
0.418

0.589
0.015
0.048
0.338

0.664

0.255
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Table 3  (continued)
Variables

Non-COVID-19 (n = 668)

COVID-19 (n = 65)

Patients treated with medical treatment n (%)
Symptom-to-FMC, minutes (median [IQR])
Symptom-to- (FMC) time
Less than 2 h, n (%)
2 to 6 h, n (%)
6 to 12 h, n (%)
12 to 24 h, n (%)
More than 24 h, n (%)
In-hospital outcomes
Minor bleeding n (%)
Major bleeding n (%)
Stent thrombosis n (%)
Cardiogenic shock, n (%)
Mortality, n (%)

3 (0)
120 (75–240)

4 (6)
120 (78–240)

289 (43)
255 (38)
64 (10)
24 (4)
36 (5)

27 (42)
30 (46)
3 (5)
2 (3)
3 (5)

14 (2)
3 (0)
8 (1)
49 (7)
43 (6)

2 (3)
0 (0)
4 (6)
13 (20)
18 (28)

p-value
< 0.001
0.842
0.606

0.591
0.591
0.002
< 0.001
< 0.001

ACE-I/ARB angiotensin converting enzyme inhibitors/angiotensin receptor blocker, AF atrial fibrillation, CAD coronary artery disease, COPD
chronic obstructive pulmonary disease, FMC first medical contact, IABP intra aortic balon pump, IQR inter quartile range, LVEF left ventricular
ejection fraction, LVWM left ventricular wall motion abnormalities, PCI percutaneous coronary intervention, STEMI ST-segment elevation myocardial infarction
Table 4  Laboratory findings of
patients

Variable

Non-COVID-19 (n = 668)

COVID-19 ( n = 65)

WBC (× 103/μL)
Hemoglobin (mg/dl)
Creatinine* (mg/dl)
Platelet(× 109/L)
C-reactive protein*(mg/L)
Troponin* (ng/L)

12.0 ± 4.5
13.9 ± 2.2
0.90 (0.73–1.03)
251.8 ± 72.2
21.1 (2.8–51.4)
8388 (795–23,600)

13.6 ± 4.8
13.6 ± 2.3
0.90 (0.80–1.21)
256.3 ± 87.1
55.4 (21.3–147.8)
19,578 (6762–27,021)

p-value
0.007
0.229
0.936
0.645
< 0.001
0.002

WBC White blood cel
*Comparison was made using Mann–Whitney U test at P < 0.05,and these values were described by
median with inter-quartile range (25th and 75th percentile)

Fig. 4  In-hospital outcomes include mortality, cardiogenic shock and
baseline thrombus grade for pre-COVID-19 era and COVID-19 era
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baseline thrombus grade for non-COVID and COVID groups before
matching
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Fig. 6  In-hospital outcomes
include mortality, cardiogenic
shock and baseline thrombus
grade for non-COVID and
COVID groups after matching

Fig. 7  Positive correlation
between thrombus grade and
d-dimer levels in COVID-19
positive STEMI patients

(Fig. 6). Also, in this group, modified thrombus grade
was positively correlated with D-dimer levels (r = 0.360,
p = 0.004, Fig. 7). Post-PCI TIMI 3 flow was similar in
both groups. LVEF was significantly lower in the COVID19 positive patients than COVID-19 negative patients
(Tables 3, and 4). Complete revascularization during the
index hospitalization was performed in 29% of COVID-19
patients (p = 0.021). Stent thrombosis was more common in
COVID-19 patients than COVID-19 negative patients (6%
vs. 1%, p = 0.002).

In‑hospital outcomes
In hospital mortality and shock rates were similar between
COVID-19 era and pre-COVID-19 era (7% vs. 8%,
p = 0.205; 9% vs. 9%, p = 0.846, respectively, Fig. 4).

Patients with STEMI who were infected with COVID19 had higher mortality and cardiogenic shock rates than
those without COVID-19 (28% vs. 6%, p < 0.001; 20% vs.
7%, p < 0.001, respectively, Fig. 5). The presence of valve
disease in COVID-19 positive STEMI patients was linked
to much higher mortality compared with those did not (23%
vs 7%, p = 0.035).
Matching based on propensity scores (supplementary
Fig. 1, Tables 5 and 6) produced 59 patients in each group
and showed that mortality rate (22% vs. 9%, p = 0.041), stent
thrombosis rate (7% vs. 0%, p = 0.042), and modified thrombus grade (55% vs. 35%, p = 0.032) were high in COVID-19
group (Fig. 6). Although cardiogenic shock was more common in COVID-19 positive STEMI patients, this was not
statistically significant (20% vs. 14%, p = 0.326) (Table 5).
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Table 5  Baseline characteristics of the study population after matching
Variables

Non-COVID-19 (n = 59)

COVID-19 (n = 59)

Age, years
Symptoms at admission n (%)
Chest pain
Dyspnea
Arrest
Other
Female gender (%)
Hypertension, n (%)
Diabetes mellitus, n (%)
Previous AF, n (%)
Smoking, n (%)
COPD or asthma, n (%)
Previous CAD, n (%)
Echocardiographic findings
LVEF (%)
LVWM abnormalities n (%)
Valve disease n (%)
Coronary intervention n (%)
Infarct related artery n (%)
LMCA
LAD
CX
RCA
Other
Noncritical CAD
Multi-vessel disease n (%)
Glycoprotein IIb/IIIa inhibitors n (%)
Thrombus aspiration device n (%)
IABP n (%)
Baseline TIMI flow n (%)
TIMI flow 0–1
Baseline thrombus grade > 3
Modified thrombus grade > 3
Post-PCI TIMI 3 flow n (%)
Multi-vessel PCI during the index prodecure n (%)
Complete revascularization during the index hospitalization
n (%)
Previous medication
ACE-I/ARB, n (%)
Statin n (%)
Aspirin n (%)
P2Y12Y inhibitors
Clopidogrel n (%)
Tigacrelor n (%)
Prasuqrel n (%)
In hospital or discharge ASA + P2Y12Y inhibitors
ASA plus Clopidogrel n (%)
ASA plus Tigacrelor n (%)
ASA plus Prasuqrel n (%)
Pharmaco-invazive treatment n (%)

68.1 ± 11.8

66.1 ± 12.0

34 (58)
18 (31)
0 (0)
7 (12)
21 (36)
30 (51)
21 (36)
7 (12)
15 (25)
12 (20)
8 (14)

34 (58)
13 (22)
0 (0)
12 (20)
20 (31)
29 (49)
16 (27)
3 (5)
20 (34)
9 (15)
11 (19)

44.6 ± 10.3
42 (71)
15 (25)
58 (98)

43.8 ± 8.8
46 (78)
12 (20)
57 (97)

1 (2)
27 (47)
12 (21)
12 (21)
5 (9)
1 (2)
26 (45)
22 (37)
8 (14)
0 (0)

1 (2)
22 (39)
14 (25)
13 (23)
6 (11)
1 (2)
26 (46)
19 (32)
9 (14)
2 (4)

0.932
0.562
1.000
0.150

52 (90)
37 (64)
20 (35)
43 (74)
6 (11)
13 (22)

53 (93)
54 (95)
31 (55)
48 (84)
4 (7)
16 (27)

0.527
< 0.001
0.032
0.184
0.509
0.521

19 (32)
12 (20)
27 (46)

17 (29)
14 (24)
22 (37)

25 (42)
0 (0)
0 (0)

22 (37)
0 (0)
0 (0)

0.689
0.657
0.350
0.573

42 (73)
11(19)
5 (9)
0 (0)

34 (63)
13 (24)
7 (13)
1 (2)

13

p-value
0.368
0.346

0.847
0.854
0.321
0.186
0.314
0.470
0.452
0.644
0.398
0.499
0.559
0.978

0.549

0.315
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Table 5  (continued)
Variables

Non-COVID-19 (n = 59)

COVID-19 (n = 59)

Patients treated with medical treatment n (%)
Symptom-to-FMC, minutes (median [IQR])
Symptom-to- (FMC) time
Less than 2 h, n (%)
2 to 6 h, n (%)
6 to 12 h, n (%)
12 to 24 h, n (%)
More than 24 h, n (%)
In-hospital outcomes
Minor bleeding n (%)
Major bleeding n (%)
Stent thrombosis n (%)
Cardiogenic shock, n (%)
Mortality, n (%)

2 (3)
170 (90–600)

2 (5)
120 (85–240)

20 (34)
10 (17)
23 (39)
2(3)
4 (7)

21 (38)
12 (22)
17 (31)
2 (2)
3 (6)

4 (7)
2 (3)
0 (0)
8 (14)
5 (9)

1 (2)
0 (0)
4 (7)
12 (20)
13 (22)

p-value
0.648
0.683
0.893

0.170
0.154
0.042
0.326
0.041

ACE-I/ARB angiotensin converting enzyme inhibitors/ angiotensin receptor blocker, AF atrial fibrillation, CAD coronary artery disease, COPD
chronic obstructive pulmonary disease, FMC first medical contact, IABP intra aortic balon pump, IQR inter quartile range, LVEF left ventricular
ejection fraction, LVWM left ventricular wall motion abnormalities, PCI percutaneous coronary intervention, STEMI ST-segment elevation myocardial infarction
Table 6  Laboratory findings of
patients after matching

Variable

Non-COVID-19 (n = 59)

COVID-19 (n = 59)

p-value

WBC (× 103/μL)
Hemoglobin (mg/dl)
Creatinine* (mg/dl)
Platelet(× 109/L)
C-reactive protein*(mg/L)
Troponin

13.2 ± 6.9
13.3 ± 2.1
0.94 (0.78–1.20)
252.4 ± 68.3
18.1 (2.9–62.0)
14,370 (2500–35,056)

13.5 ± 4.7
13.7 ± 2.3
0.90 (0.78–1.21)
253.4 ± 88.4
54.0 (20.0–120)
18,892 (6261–26,842)

0.787
0.267
0.920
0.948
0.027
1.000

WBC White blood cell
*Comparison was made using Mann–Whitney U test at P < 0.05, and these values were described by
median with inter-quartile range (25th and 75th percentile)

Discussion
The presented study showed that there was a significant
decrease in hospitalization rates for STEMI during COVID19 pandemic in Turkey. Compared with pre COVID era, we
found a 30.5% drop in STEMI admission with significant
delay in symptoms to-FMC time. Also, LVEF was found
to be lower in this period than in pre-COVID era in these
patients. Furthermore, we found that COVID-19 positive
STEMI patients had an increased thrombus burden as demonstrated by high thrombus grade with increased thrombus aspiration device, and glycoprotein IIb/IIIa inhibitors.
Although there was no significant difference with regard to
symptom onset to- FMC time between groups, these patients
had a great myocardial damage with lower LVEF and higher

levels of troponin. Also, the rate of mortality was more common in COVID-19 positive STEMI patients.
US cardiac catheterization laboratories reported 38%
reduction in STEMI admission [13]. Similarly, a 40% reduction was noticed in Spain [14]. STEM admission reduction
was reported as 33% in United Kingdom, and as 26.5% in
Italy [2, 15]. In presented study, we showed a significant
decrease (a 30.5% drop) in STEMI hospitalization during
COVID-19 compared to pre-COVID-19 era as found in
TURKMI-2 registry [16]. The mechanisms leading to the
reduction in admissions for myocardial infarction remain
unknown. Fear of contagion in the hospital or transmitting infection to their close contacts may be the reasons
for decreased application to the emergency room. During
the COVID-19 pandemic, many countries including Spain,
UK, China witnessed significantly reduced rates of house
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containment, factory exhaust, land and air traffic. This led
to a marked reduction in air pollution/nitrogen oxide, which
is considered as an important risk factor for cardiovascular
disease [17, 18]. The reduction in air pollution may have
resulted in a decrease in plaque rupture and MI during
this period. Fast food meal consumption was shown to be
associated with endothelial dysfunction that acute impairs
vasodilatory dysfunction assessed by reduced brachial
artery flow-mediated dilatation [19]. The decreased occurrence of STEMI may be associated with reduced access to
fast food and processed foods as the resturants were closed
in this period. It has been shown that long working hours
might increase the risk of cardiovascular disease [20]. Also,
healthy lifestyle was found to be associated with reduced
premature mortality and prolong life expectancy [21, 22].
Shortening working hours, relaxed lifestyle, improvement
in mental and physical health, less work-related stress in
COVID-19 pandemic may reduce triggering of plaque rupture via positive effects of these on hemodynamic fluctuations, heart rhythm, and vasomotion abnormality. These
ideas are mostly hypothetical. Thus, the aforementioned
associations do not reveal exact mechanism of the decline in
admission of STEMI patients to the hospital in our country.
Total ischemic time is the most important determinant
of cardiovascular outcomes in STEMI patients. It has been
shown that mortality rates are increased as this time these
patients [23]. Recent studies on the management of STEMI
during the COVID-19 pandemic have shown that time from
the onset of symptoms to the first medical contact was an
average of 318 min [1]. In another study, this duration was
found to be as 227 (65–790) minutes [15]. In presented
study, we found that the time in symptom-to-FMC during
the COVID-19 era was longer than pre-COVID-19 era in
STEMI. As time from FMC to coronary angiography was
not evaluated in our study, we did not have a information
regarding system related delays in presented study. However, patient-related delay was significantly increased in
this study. In presented study, in-hospital mortality rate was
similar between COVID-19 and pre-COVID-19 era as found
in study of Abdelaziz HK et al. [15]. Also, another study
published by Tam et al. showed that there was no difference between patients in COVID-19 era and those in preCOVID-19 era regarding to mortality rates [24]. A recent
meta-analysis showed that the covid-19 pandemic was not
associated with increased in-hospital mortality [25].
There is limited data on COVID-19 positive STEMI
patients [6]. COVID-19 has been shown to be associated
with prothrombotic state in previous studies [25–29]. The
mechanisms associated with high thrombus burden in
STEMI patients who were COVID-19 positive are unknown.
A systemic inflammatory response causing endothelial and
haemostatic activation, including activation of platelets and
the coagulation cascade were observed more commonly
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in SARS-CoV-2 infection [30]. It has been found that the
increased atherosclerotic plaque rupture risk is linked to
myocardial infarction because of the profound inflammatory response and haemodynamic changes in acute respiratory infections with influenza virüs [31]. In presented study,
COVID-19 positive patients had higher levels of WBC and
CRP as markers of higher inflammatuar response. These
findings were similar to results of the previos study published by Choudry et al. In their study, CRP level was higher,
and lymphocyte count was lower in STEMI patients who
were infected by SARS-COV-2.
High thrombus grade was more common in COVID-19
positive patients as found in the study carried out by Choudry [6]. As there was no significant difference in terms
of symptom onset–to FMC time and culprit vessel between
groups, high thrombus grade may be the result of increased
activation of platelets, coagulation system and inflammation leading to endotelial dysfunction in COVID-19 positive
STEMI patients. Also, the presence of a positive association
between thrombus grade and d-dimer levels may be a reflection enhanced COVID-19 related thrombogenicity [6].
In presented study, although in-hospital mortality and
shock rates did not differ between pandemic era and prepandemic era as in the recently published meta-analysis
[25], these patients may have a new diagnosis of heart failure which is associated with higher mortality in long-term
follow-up. However, COVID-19 positive STEMI patiens had
higher rates of in-hospital mortality when compared to those
without COVID-19. Although symptom onset to-FMC, culprit vessel, risk factors such as DM, HT except age, valve
disease, COPD or asthma were similar between groups, coronary intervention rate was lower in those with COVID-19
with STEMI. All these factors, high thrombotic burden, the
presence of cardiogenic shock, higher myocardial damage
with high troponin level and lower LVEF, and COVID-19
itself leading to endotelial dysfunction and increased immun
response may be causes of poor outcomes in these patients.

Limitations
The presented study has several limitations. This study has
a retrospective nature. As the patients in this study were
only followed up in hospital during COVID-19 pandemic,
we have limited data on the impact of this outbreak on
long-term mortality in STEMI patients. Since the onset of
symptoms is a subjective parameter, this might not be precisely recorded. The number of patients who were received
pharmaco-invasive treatment was very low in presented
study. Therefore, we did not compared impact of the pharmaco-invasive treatment with primary PCI in-hospital outcomes in these patients. Also, the sensitivity of diagnostic
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test for SARS-CoV-2 is modest at approximately 60–70%
with nasal/pharyngeal swab as is universally accepted [7].
53 patients included in this study were enrolled in the other
study published by Erol et al. [16].

Conclusions
In COVID-19 era, there was a significant reduction in
STEMI patients admission in our country. Also, COVID-19
outbreak may lead to delays in treatment of these patients.
Furthermore, COVID-19 positive STEMI patients represent high risk patients population as thrombus grade and
mortality rate were higher in these patients. Thus, during
the current COVID-19 outbreak, doctors and health care
providers should inform the public and increase awareness
with regard to myocardial infarction symptoms, encourage them to apply to the hospital and receive treatment on
time. Also, it is important to know COVID-19 status in all
STEMI patients. Primary PCI may be preferable and feasible
in these patients with semptom onset to FMC time similar
to COVID-19 negative. Moreover, these patients population
may need more agressive anti-thrombotic treatment. Further
studies are needed to reveal exact mechanism of coronary
thrombus load, determine treatment, and impact of COVID19 on poor outcomes in these patients.
Supplementary Information The online version contains supplementary material available at https://d oi.o rg/1 0.1 007/s 11239-0 21-0 2487-3.
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