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Introduction: Although coronavirus disease-19 (COVID-19) primarily causes respiratory system infection, it may cause thrombosis in the
cardiovascular system. In this regard, we aimed to compare cardiovascular outcomes between COVID-19—positive and —negative patients with
ST-segment elevation myocardial infarction (STEMI). Methods: This was a retrospective study that consecutively included 96 COVID — and
36 COVID+ patients with STEMI. Clinical, laboratory, and angiographic characteristics were obtained from hospital records, and these
variables were compared between groups. Results: COVID-19 patients with STEMI had higher Killip score (3—4) (78 vs. 30, P < 0.001)
and mortality (42% vs. 21%, P =0.017). Among COVID-19 patients with STEMI, 83% had lung infiltration. According to the angiographic
findings, COVID-19 patients had a shorter door to balloon time (35 + 20 vs. 49 £ 17, P = 0.013), glycoprotein IIb/Illa antagonist use, and
shorter door to balloon time. Conclusion: COVID-19 patients with STEMI had a higher rate of cardiogenic shock and mortality.

Keywords: Acute coronary syndrome, coagulopathy, coronavirus disease-19, severe acute respiratory system syndrome coronavirus-2,
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INTRODUCTION

Coronavirus-2019 disease caused by severe acute respiratory
system syndrome coronavirus 2 (SARS-CoV-2) has been accepted
as a pandemic by the World Health Organization. Although
coronavirus disease-19 (COVID-19) primarily affects the
respiratory system, it may also lead to thrombotic complications
in the cardiovascular system.[" It is believed that COVID-19—
associated thrombosis may be due to increased inflammation,
over-activation of platelets, and endothelial damage.”!

It is no denying that thrombosis plays a major role in the
pathophysiology of ST-segment elevation myocardial
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infarction (STEMI). The state-of-the-art treatment for STEMI
is primary angioplasty, which improves the cardiovascular
outcomes in or out of the hospital treatment period.?!

COVID-19 patients may be disadvantageous concerning the
treatment of cardiovascular diseases. During the COVID-19
pandemic, it is possible that SARS-CoV-2—infected patients,
especially those with STEMI, may refrain from hospital
treatment facilities. Besides, given the tendency of thrombosis
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Figure 1: Mortality and High Killip score (3—4) of ST segment elevation
myocardial. Elevation patients with or not COVID-19

in COVID-19, those with STEMI may be overcomplicated.
Therefore, we aimed to compare in-hospital cardiovascular
outcomes between STEMI patients with or without COVID-19.

MeTtHoDS

This was a multicenter retrospective study that consecutively
included patients with STEMI who were hospitalized
between December 2020 and March 2021. Ethical
approval (2021-GOKAE-0076) and inform consent from
patients were obtained. The study was consistent with the
Declaration of Helsinki.

During the pandemic, all the patients who were admitted to
the emergency department underwent a polymerase chain
reaction (PCR) test for COVID-19. Those patients with a
diagnosis of COVID-19 were investigated for the severity
of pneumonia with computed chest tomography. COVID-19
treatment was arranged by an infectious disease specialist.

Patients over 18 years diagnosed with STEMI who underwent
primary angioplasty were included. Those with non-STEMI,
unstable angina pectoris, and stable angina and those who were
treated with thrombolytic therapy were excluded.

The patient’s symptoms, clinical status, vital signs, demographic
and clinical variables, imaging results, and angiographic
outcomes were obtained from hospital records. Laboratory
findings were as follows: troponin, hemogram, D-dimer,
ferritin, creatinine, and C-reactive protein. Besides, STEMI
was defined as ST elevation of 1 mm in consecutive leads
except for V2—V3 for which at least 2 and 2.5 mm ST elevation
in man <40 and >40 years old, respectively, or 1.5 mm
ST elevation in women. For definition isolated posterior
myocardial infarction (MI), 0.5 mm ST elevation had to be
present in the posterior chest wall leads. New occurrence of
left bundle branch block in the state of myocardial ischemia
was also accepted STEMIL.M Interventional strategy and
medical treatment were at the discretion of the operator.
Localization of MI, door to balloon time, culprit artery,
glycoprotein (GP) IIb/Illa treatment, thrombus aspiration
catheter usage, thrombolysis in MI (TIMI) score, thrombus
grade, and myocardial blush grade (MBG) were noted.>

Hypertension was present if the patient was on hypertension
treatment or newly diagnosed hypertension as the consecutive
blood measurement over 140/90 mmHg.”! If the patient was
on diabetes treatment or fasting blood glucose over 126 mg/
dl or HgAlc level over 6.5 g/dl, it was considered as diabetes
mellitus (DM).I'” Dyslipidemia was defined if the patient was
on lipid treatment or had a high level of cholesterol according to
cardiovascular risk score.!'] Chronic renal failure was defined
as the rate of glomerular filtration rate was lower than 60 ml/
min/1.73 m? lasting more than 3 months.['?

Ethical statement

Ethical approval (2021-GOKAE-0076) and inform consent
from patients were obtained. The study was consistent with
the Declaration of Helsinki.

Statistical analysis

Statistical analyses were conducted using SPSS software
version 23.0 (Armonk, NY: IBM Corp.). Variables were
analyzed using visual and analytical methods to determine
normal distribution. Continuous and categorical variables were
expressed as mean and standard deviation and percentages,
respectively. An independent ¢-test was used to compare
between groups. A two-sided P < 0.05 was considered
statistically significant.

ResuLts

The mean age of the patients was 61 + 12 years and 34 (25%)
were female. Table 1 demonstrates the baseline characteristics of
patients. Regarding cardiovascular risk factors, hypertension and
DM were more common in COVID-19 patients. Inaccordance with
the respiratory system infection, COVID-19 patients had a higher
rate of dyspnea, pneumonia, white blood cells count (WBC),
ferritin, D-dimer value, and fewer lymphocytes, whereas lack of
chest pain was more common in COVID-19 patients.

According to the clinical presentation, COVID-19 patients
had the lower door to balloon time, higher rate of shock, and
anterior MI. Although thrombus burden, basal TIMI grade
was not different between patients, GP I1b/I1la antagonists and
thrombus aspiration catheter were more commonly used in
COVID-19 patients [Table 2]. Although angiographic success
such as post-PCI TIMI and MBG grade was not different, the
rate of mortality and shock were higher in COVID-19 patients
[Figure 1].

Discussion

Since the concern of catheter laboratories being infected with
Sars Cov-2 at the start of the COVID-19 pandemic. Some
authorities advocated thrombolytic therapy over primary
PCIL."™ Moreover, there is a lack of data on the treatment and
outcomes of COVID-19—positive STEMI patients. Initial studies
demonstrated that a limited number of patients underwent PCL'

In this retrospective observational study, we investigated the
treatment and outcome difference in STEMI patients with
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Table 1: Baseline characteristics of patients

COVID-19 (—) (n=96), n (%) COVID-19 (+) (n=36), n (%) P
Gender (female) 24 (24) 10 (28) 0.676
Age (years) 60+13 64+10 0.142
Hypertension 42 (42) 25 (69) 0.005
Diabetes mellitus 27 (27) 18 (50) 0.013
Dyslipidemia 27 (27) 14 (39) 0.194
Chronic renal failure 909 6(17) 0.215
Smoking 66 (67) 20 (56) 0.235
Prior PCI 15 (15) 5(14) 0.855
Prior CABG 0 3(8) 0.004
Chest pain 96 (100) 32 (89) 0.001
Dyspnea 36 (36) 24 (67) 0.002
Pneumonia 9(9) 30 (83) <0.001
MI localization
Anterior or anterolateral MI 57 (58) 12 (33) 0.043
Lateral MI 3(3) 411 0.061
Inferior, posterior, or inferolateral MI 39 (39) 20 (56) 0.124
Cardiopulmonary resuscitation 15 (15) 2 (6) 0.137
Intubation 9(9) 7 (19) 0.100
LVEF 41+£11 42+9 0.512
Laboratory parameters
Troponin 2005+1745 2062+5570 0.954
WBC 10.023+8058 1368+3804 <0.001
Hemoglobin 13+2.1 1517 0.489
Lymphocyte 27614£2355 1500+1079 0.005
D-dimer 46£136 644+959 0.001
Ferritin 194+223 828+772 <0.001
Creatinine 1.2+0.9 6.1427.4 0.301
CRP 60+70 84+79 0.189
Door to balloon time 49+17 35420 0.003
Killip class
1-2 69 (69) 8(23) <0.001
3-4 30 (30) 28 (78) <0.001
Mortality 21 (21) 15 (42) 0.017

CABG: Coronary artery bypass grafting, CRP: C-reactive protein, MI: Myocardial infarction, LVEF: Left ventricular ejection fraction, PCI: Percutaneous
coronary intervention, WBC: White blood count, COVID-19: Coronavirus disease-19

or without COVID-19. According to this study the rate of
mortality and cardiogenic shock, were higher in COVID-19
patients compared to COVID-19—negative patients.

The mortality rate in this study was higher than landmark
STEMI trials in both COVID-19—positive and —negative
patients. Previous studies showed that COVID-19 infection
was associated with higher mortality and poorer outcomes in
STEMIL.['*151 At the beginning of the pandemic, COVID STEMI
patients had a fourfold risk of mortality. Besides; heart failure,
stent thrombosis, cardiogenic shock development after PCI was
higher in COVID-19 STEMI patients than non-COVID-19
STEMI patients.['s]

SARS-CoV-2 virus infection may increase thrombosis
in COVID-19 patients leading to platelet activation and
endothelial dysfunction. Besides, systemic inflammatory
response may cause hemostatic and thrombotic activation.!!”
Therefore, anti-aggregant and antithrombotic treatment take
part in COVID-19 infection. Acute MI development on the

top of COVID-19 may increase the burden of thrombosis
and cardiovascular complications. In this regard, some
factors might explain the higher mortality rate in this study
in COVID-19 patients. Coagulation markers such as high
D-dimer and inflammatory markers such as high WBC and low
lymphocytes were shown to be correlated with disease severity
in COVID-19. These findings were consistent with the results
of our study. In our study angiographic introcoronary thrombus
grade was not different However, Choudry et al. showed that
COVID-positive STEMI patients had higher thrombus grade,
multivessel thrombosis, and stent thrombosis.[']

Conventional cardiovascular risk factors such as hypertension
and DM were more often present in COVID-19 patients. These
risk factors were known to increase mortality in coronary
artery disease. Furthermore, hypertension and DM had a
link to mortality in COVID-19 infection.["®! Furthermore,
another predictor for mortality was pneumonia. In our study,
majority of the COVID patients with STEMI had pneumonia.
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Table 2: Angiographic features of patients

COVID-19 (—) (=96), n (%) COVID-19 (+) (7=36), n (%) P

Door to balloon time 49+17 35420 0.003
Culprit artery

LAD 57 (58) 14 (39) 0.054

CX 9(9) 9(25) 0.016

RCA 33(33) 13 (36) 0.763
Basal TIMI grade

0 60 (61) 28 (78) 0.102

1 15 (15) 5(14)

2 24 (24) 3(8)
Basal thrombus grade

1 909 3(8) 0.658

2 18 (18) 7(19)

3 18 (18) 6(17)

4 33 (33) 16 (44)

5 21 (21) 4 (11)
Glycoprotein IIb/I1la use 33(33) 21 (58) 0.009
Thrombus aspiration 12 (12) 10 (28) 0.029
TIMI grade post-PCI

0 1(1) 2 (6) 0.092

1 2(2) 3(8)

2 30 (30) 7(19)

3 66 (67) 24 (67)
MBG post-PCI

0 2(2) 3(8) 0.074

1 22(22) 4(11)

2 27 (27) 6(17)

3 48 (48) 23 (64)

CX: Circumflex, LAD: Left anterior descending, MBG: Myocardial blush grade, PCI: Percutaneous coronary intervention, RCA: Right coronary artery
TIMI: Thrombolysis in myocardial infarction, COVID-19: Coronavirus disease-19

A combination of COVID-19 disease severity and MI might
lead to cardiogenic shock. In this context, COVID patients
were more commonly in shock and having mortality in our
study. In accordance with our study, a previous study also
demonstrated higher mortality in COVID-19 STEMI patients.

In our study, door to balloon time was within the recommended
range according to the guidelines.! However, it was shorter
in COVID-19 patients than in those with COVID-19
negative. During the COVID-19 pandemic, majority of
COVID-19 patients with lung infiltration were hospitalized.
Those patients were believed to develop MI during the hospital
stay. Therefore, it was easier to rush COVID-19—positive patients
to the catheterization laboratory. Furthermore, COVID-negative
patients with chest pain might have reluctance and fear to admit
hospitals, and also, the overwhelming condition of hospitals, lack
of facilities, and medical services for COVID-negative patients
might be the determinant factors for high mortality and door to
balloon time difference. Given the retrospective nature of this
study, we could not obtain the time of symptom onset to the first
medical contact of the study population.

Limitations of the study
The study population was collected from different centers.
Therefore, we could not exclude the operator effect on hospital

outcomes. Besides, routine PCR tests were not performed
unless patients had COVID-19-related symptoms. There was
a possibility that some asymptomatic patients for COVID-19
might be included in the COVID-19—positive group.

CONCLUSION

The development of STEMI on COVID-19 infection is much
more increase in mortality and cardiogenic shock compared
to the non-COVID-19 STEMI. COVID-19-associated factors
such as high inflammatory activity and lung infiltration may
have a deleterious prognosis in STEMI.
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