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Introduction: There is limited information regarding the clinical and angiographic characteristics and outcomes of patients 
with Coronavirus disease 2019 (COVID-19) presenting with ST segment elevation myocardial infarction (STEMI). The aim of 
this study was to describe the clinical and angiographic characteristics, as well as clinical outcomes, in COVID-19 positive 
patients with STEMI compared with COVID-19 negative STEMI patients.
Methods: This was a single-center observational study conducted between May 2020 and May 2021. The study population 
consisted of 35 patients who were followed with active COVID-19 and diagnosed with STEMI, and 35 STEMI patients without 
COVID-19 infection.
Results: Groups were similar in terms of gender, hypertension, obstructive airway disease, SYNTAX score, and localization 
of myocardial infarction (MI). Glucose levels, BUN, creatinine, and CRP levels were significantly higher in the COVID-19 
group. LDL and hemoglobin levels were lower in the COVID-19 group (p<0.05). There was a positive correlation between 
in-hospital death and modified thrombus grade post-first device and a negative correlation between in-hospital death and 
post-procedural TIMI flow (p=0.001, r=0.480).
Discussion and Conclusion: Our results demonstrate that patients presenting with STEMI and concurrent COVID-19 
infection have a higher post-procedural thrombus burden and worse Thrombolysis in Myocardial Infarction (TIMI) flow. 
STEMI patients with COVID-19 face procedural challenges and are associated with poorer clinical outcomes.
Keywords: Clinical outcomes; Coronavirus disease; Myocardial infarction; Thrombus burden.

Coronavirus disease 2019 (COVID-19) has been 
increasingly recognized to cause an overwhelming 

inflammatory response and cytokine storm, subsequently 
resulting in multi-systemic end organ damage[1]. Cardiac 
complications secondary to this infection are common 
and appear to be a source of significant morbidity and 
mortality in patients with COVID-19. COVID-19 is accepted 

as a multi-organ disease[2]. Myocardial infarction, which 
is a leading cause of death in the general population, has 
been seen more frequently in patients with COVID-19[3]. 
According to the fourth universal definition of acute MI, 
type 2 AMI incidences are expected to increase in COVID-19 
infection because of oxygen demand-supply imbalance 
due to hypoxemia, high heart rate, and septic condition[4]. 
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Nevertheless, type 1 AMI also increased in COVID-19[5]. 
COVID-19 infections can cause AMI with multiple 
pathophysiological mechanisms, including inflammatory 
and increased shear stress causing plaque rupture leading 
to acute coronary events, aggravation of pre-existing 
coronary artery disease causing more severe cardiac injury, 
tendency of vessel thrombus, and other direct and indirect 
causes of myocardial injuries.

STEMI often occurs due to coronary occlusion from plaque 
rupture and thrombus formation. Treatment strategy in 
STEMI aims to recanalize the occluded coronary artery and 
provide good distal flow[6]. The keystones of treatment for 
STEMI are primary percutaneous coronary intervention 
(PCI) and anti-thrombotic drugs[6]. However, in COVID-19, 
previous studies showed that STEMI incidences increase. 
Clinical and angiographic features of STEMI in COVID-19 
have not been adequately investigated.

In this study, we compared the clinical and angiographic 
characteristics, as well as clinical outcomes, including 
hospital mortality, between COVID-19 positive patients 
with STEMI and COVID-19 negative patients.

Materials and Methods 
This study was performed in Kayseri City Education and 
Research Hospital. Patients presenting with STEMI from 
May 2020 to May 2021 were included in the study. The 
data were collected retrospectively. Thirty-five patients 
(age: 69.4±10.7, 25 male) who were followed with active 
COVID-19 were diagnosed with STEMI during this period. 
Additionally, 35 STEMI patients (age: 57.4±12.6, 27 male) 
without COVID-19 infection were enrolled in the study. 
Patients’ demographic, clinical, and angiographic features 
were recorded. Treatment procedures and in-hospital 
outcomes were documented.

STEMI diagnosis was based on the Fourth Universal 
Definition of Myocardial Infarction[4]. Patients who had 
chest pain and ST segment elevation in two or more 
consecutive leads on an electrocardiogram were accepted 
as having STEMI. Patients who developed cardiac arrest 
at admission were not enrolled in the study. Additionally, 
patients who were treated 12 hours after initial chest pain 
were excluded from the study. The treatment protocol 
was performed according to ESC STEMI guidelines[6]. 

Table 1. Baseline Clinical, Demographic, and Laboratory Characteristics of All Patients.

	 Covid (+), n=35	 Covid (-), n=35	 p

Age	 69.4±10.7	 57.4±12.6	 0.001
Sex, male, n (%)	 21 (59.9)	 19 (54.2)	 0.785
Diabetes Mellitus, n (%)	 17 (48.5)	 10 (28.5)	 0.004
Hypertension, n (%)	 17 (48.5)	 16 (45.7)	 0.0725
Coronary Artery Disease, n (%)	 15 (42.8)	 11 (31.4)	 0.469
Obstructive Airways Disease, n (%)	 3 (8.5)	 5 (14.2)	 0.710
SYNTAX score	 15.9±8.9	 17.4±8.4	 0.471
Localization of MI			   0.338
Anterior territory, n	 17	 19	 NS
Inferior territory, n	 18	 16	 NS
Glucose, mg/dL	 196.2±98.1	 123±99.0	 0.021
BUN, mg/dl	 26.4±15.3	 15.3±6.1	 0.001
Creatinine, mg/dL	 1.05±0.61	 0.85±0.50	 0.020
Total cholesterol, mg/dL	 154.8±47.2	 186.3±40.1	 0.004
LDL cholesterol, mg/dL	 95.2±36.8	 130.7±36.2	 0.001
Triglyceride, mg/dL	 146.8±68.0	 140.9±70.7	 0.725
HDL cholesterol, mg/dL	 37.1±18.2	 42.9±13.3	 0.134
Na, mEq/L	 135.1±4.4	 137.6±2.7	 0.007
K, mEq/L	 4.60±0.52	 4.34±0.46	 0.063
CRP, mg/L	 80.8±63.3	 21.9±33.4	 0.001
Troponin-T, ng/dL	 882.6±1646	 1720±2108	 0.073
WBC, mm3×103	 12.1±4,8	 12.2±3,4	 0.938
Hemoglobin, g/L	 13.1±2.11	 14.6±2.10	 0.006
Platelet count, mm3	 269.8±98.9	 269.7±70.0	 0.994

BUN: Blood urea nitrogen; CRP: C-reactive protein; HDL: high-density lipoprotein; LDL: low-density lipoprotein; MI: Myocardial infarction; WBC: White blood cell.
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Primary PCI was performed in all cases. TIMI flow scores 
and angiographic modified thrombus grades were 
determined before and after primary PCI[7,8]. The following 
classification was used for angiographic thrombus burden: 
Grade 0: no thrombus, Grade 1: possible thrombus, Grade 2: 
the thrombus’ greatest dimension is <1/2 vessel diameter, 
Grade 3: greatest dimension >1/2 to <2 vessel diameters, 
Grade 4: greatest dimension >2 vessel diameters, Grade 5: 
total vessel occlusion due to thrombus[8].

COVID-19 diagnosis was confirmed with nasopharyngeal 
swab PCR test and thorax CT in all patients. COVID-19 
patients were treated according to the Türkiye Republic 
Health Ministry COVID-19 treatment guidelines[9].

Post-PCI TIMI flow score, modified thrombus score, and 
cardiovascular death were used to determine outcomes. 
COVID-19 related deaths, such as acute respiratory distress 
syndrome, septic shock, and respiratory insufficiency, were 
denoted separately.

All study procedures were performed in line with the 
principles of the Declaration of Helsinki. Informed consent 
was not required since the study was retrospective. Ethics 
approval was confirmed by the local ethics committee 
(decision no: 188, date: 14.07.2021).

Statistical Analysis

Statistical analyses were performed using SPSS for Windows 
software (version 22.0; IBM Corp., Armonk, NY, USA). 
Continuous variables are expressed as means±standard 
deviations, and categorical variables as percentages. The 
distribution of continuous variables was assessed using 
the Kolmogorov–Smirnov test. Continuous variables 
were compared using Student's t-test and the Mann–
Whitney U test. Categorical variables were compared 
using the chi-square test. Univariable and multivariable 
logistic regression analysis was used to determine the 
association between independent factors (such as 
diabetes, hypertension, and culprit vessel) and in-hospital 
mortality. P-values <0.05 were considered to be statistically 
significant. 

Results
Baseline clinical, demographic, and laboratory 
characteristics are summarized in Table 1. Age was 
statistically higher in the COVID-19 (+) group (69.4±10.7 vs. 
57.4±12.6, p=0.001). Risk factors, except for diabetes, were 
not statistically different between the groups. The presence 
of diabetes was higher in the COVID-19 (+) group (22 vs. 9, 
p=0.004).

Glucose, creatinine, BUN, and CRP levels were higher in the 
COVID-19 group (196.2±98.1 vs. 123.0±99.0, 1.05±0.61 vs. 
0.85±0.50, 26.4±15.3 vs. 15.3±6.1, 80.8±63.3 vs. 21.9±33.4, 
respectively). LDL, Na, and Hb levels were lower in the 
COVID-19 (+) group (95.2±36.8 vs. 130.7±36.2, 135.1±4.4 
vs. 137.6±2.7, 13.1±2.11 vs. 12.2±3.4). Angiographic 
findings are shown in Table 2. Culprit vessels were not 
statistically different between the two groups (p=0.610). 
Baseline TIMI flow was not different between the 
two groups (p=0.154). The COVID-19 (+) group had a 
statistically significantly higher modified thrombus grade 
after PCI (p=0.012).

There was a positive correlation between in-hospital 
death and modified thrombus grade post-first device, CRP 
(p=0.002, r=-0.366; p=0.001, r=-0.525). Additionally, there 
was a negative correlation between in-hospital death and 
post-procedural TIMI flow (p=0.001, r=0.480).

Table 2. Procedural Characteristics All Patients Underwent Primary 
PCI Procedure.

		  Covid (+),	 Covid (-),	 p 
		  n=35	 n=35

Culprit vessel			   0.610
	 LAD, n	 17	 19	
	 LCX, n	 11	 11	
	 RCA, n	 7	 5	
Baseline TIMI flow grade			   0.154
	 Grade 0	 23	 30	
	 Grade 1	 8	 4	
	 Grade 2	 3	 0	
	 Grade 3	 1	 1	
Post-procedural TIMI flow grade			   0.018
	 Grade 0	 4	 1	
	 Grade 1	 4	 1	
	 Grade 2	 8	 2	
	 Grade 3	 19	 31	
Baseline thrombus grade (4–5)			   0.792
	 Grade 4	 11	 9	
	 Grade 5	 24	 26	
Modified thrombus grade post 
first device			   0.012
	 Grade 0	 1		
	 Grade 1	 14	 25	
	 Grade 2	 2	 2	
	 Grade 3	 7	 5	
	 Grade 4	 8	 2	
	 Grade 5	 3	 1	
	 In-hospital death	 10	 1	 0.001

LAD: Left anterior descending artery; CX: Circumflex artery; RCA: Right 
coronary artery; TIMI: Thrombolysis in myocardial infarction.
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Discussion
COVID-19 mainly affects the respiratory system and causes 
acute respiratory distress syndrome (ARDS). However, 
while mortality in COVID-19 is primarily related to ARDS, 
cardiovascular system (CVS) involvement also contributes 
to the increased mortality rate. STEMI, which is one of the 
manifestations of CVS involvement, is a significant cause of 
morbidity and mortality. Understanding the mechanisms 
and features of STEMI in COVID-19 is important for 
treatment strategy. In our study, we investigated the 
clinical and angiographic features of STEMI patients with 
COVID-19.

In this study, three main findings were observed: 1) 
Post-procedural thrombus burden was higher and 
post-procedural coronary flow was worse in the COVID-19 
(+) group; 2) In-hospital death was higher in the COVID-19 
(+) group; 3) A positive correlation between thrombus 
burden and in-hospital mortality was observed.

STEMI often occurs due to the acute occlusion of a coronary 
artery[6]. Restoration of coronary flow with primary PCI or 
thrombolysis is a life-saving treatment in STEMI. COVID-19 
may cause other clinical conditions such as an imbalance 
of the myocardial oxygen demand-supply equation, 
myocarditis, pericarditis, pulmonary thromboembolism, or 
stress cardiomyopathy. Also, COVID-19 patients generally 
require significant oxygen therapy, so STEMI diagnosis 
and treatment may be delayed. Delayed primary PCI is 
associated with worse outcomes. In our study, impaired 
post-procedural flow, higher thrombus burden, and 
in-hospital death may be associated with delays in primary 
PCI.

Acute coronary events often occur due to atherosclerotic 
plaque rupture or erosion. Inflammatory cells (mostly T cells 
and macrophages) play critical roles in plaque progression, 
rupture, erosion, and thrombosis[10]. It has been shown 
that COVID-19 induces endothelitis. Leukocyte adhesion 
molecules, pro-inflammatory cytokines (IL-1, IL-6, TNF-α), 
and chemokines that prompt leukocyte aggregation 
increase in the endothelium in COVID-19 endotheliitis[11]. 
These changes are associated with inflammation and 
coagulopathy. In light of these data, STEMI incidences 
and thrombus burden can be expected to increase. In this 
study, we observed that the post-procedural thrombus 
burden was higher in COVID-19 patients. This result may be 
associated with increased inflammation and coagulopathy 
in COVID-19.

Another finding of the study is lower TIMI flow grade after 
primary PCI in the COVID-19 (+) group. Failure of normal 

perfusion after mechanical opening of the occluded artery 
in MI is defined as 'no-reflow'[12]. Because no-reflow causes 
delayed healing of the infarct area and adverse remodeling, 
it is associated with a high incidence of left ventricular 
malfunction and mortality[13]. In this study, failure to supply 
normal coronary flow after primary PCI was observed more 
frequently in the COVID-19 group. One of the reasons for 
this condition could be thrombotic microangiopathy, 
endotheliitis, and microvascular dysfunction caused by 
COVID-19[14]. An autopsy study showed fibrin-rich thrombi 
within capillaries and small blood vessels in COVID-19 
patients[15]. This finding can explain the tendency to 
no-reflow in STEMI patients with COVID-19.

Higher in-hospital death was observed in the COVID-19 
(+) group in our study. In Rodriguez-Leor et al.’s[16] study, 
stent thrombosis, cardiogenic shock, heart failure, and 
in-hospital mortality were higher in STEMI patients with 
COVID-19. Also, other studies that evaluated STEMI 
patients with COVID-19 found high mortality in COVID-19 
patients[17,18]. However, in these studies, not all patients 
were treated with primary PCI[18]. In our study, all STEMI 
patients received primary PCI, yet mortality was higher in 
the COVID-19 (+) group.

Limitations

This study has several limitations. First, the single-center 
observational design and the relatively small sample size 
limit the generalizability of the findings. Second, our study 
lacked long-term follow-up. If we had followed patients 
long-term, we could have obtained additional information 
about the prognosis of STEMI patients with COVID-19. 
Because COVID-19 causes many clinical situations such 
as ARDS, sepsis, and pulmonary thromboembolism, 
determining the specific reason for death is not always 
possible. Third, cardiac imaging was not performed in any 
of the study patients during their illness.

Conclusion
The current study demonstrated that STEMI patients 
with COVID-19 who underwent primary PCI have a high 
post-procedural thrombus burden and worse TIMI flow. 
In-hospital death was significantly higher in STEMI patients 
with COVID-19.

Ethics Committee Approval: All study procedures were 
performed in line with the principles of the Declaration of 
Helsinki. Informed consent was not required since the study was 
retrospective. Ethics approval was confirmed by the local ethics 
committee (decision no: 188, date: 14.07.2021).



208 Ergün et al., High Mortality of STEMI in COVID-19 / doi: 10.14744/hnhj.2023.26918

Peer-review: Externally peer-reviewed.

Authorship Contributions: Concept: G.E., E.Ç., S.D., B.Ç., E.D., Z.Ş.; 
Design: G.E., E.Ç., S.D., B.Ç., E.D., Z.Ş.; Supervision: G.E., E.Ç., S.D., 
B.Ç., E.D., Z.Ş.; Fundings: None; Materials: None; Data Collection or 
Processing: G.E., E.Ç., S.D., B.Ç., E.D., Z.Ş.; Analysis or Interpretation: 
G.E., E.Ç., S.D., B.Ç., E.D., Z.Ş.; Literature Search: G.E., E.Ç., S.D., B.Ç., 
E.D., Z.Ş.; Writing: G.E., E.Ç., S.D., B.Ç., E.D., Z.Ş.; Critical Review: G.E., 
E.Ç., S.D., B.Ç., E.D., Z.Ş.

Use of AI for Writing Assistance: Not declared.

Conflict of Interest: None declared.
Financial Disclosure: The authors declared that this study 
received no financial support.

References
1.	 Guan WJ, Ni ZY, Hu Y, Liang WH, Ou CQ, He JX, et al. Clinical 

characteristics of coronavirus disease 2019 in China. N Engl J 
Med 2020;382:1708–20. [CrossRef ]

2.	 Wang T, Du Z, Zhu F, Cao Z, An Y, Gao Y, et al. Comorbidities 
and multi-organ injuries in the treatment of COVID-19. Lancet 
2020;395:e52. [CrossRef ]

3.	 Azevedo RB, Botelho BG, Hollanda JVG, Ferreira LVL, 
Junqueira de Andrade LZ, Oei SSML, et al. Covid-19 and 
the cardiovascular system: A comprehensive review. J Hum 
Hypertens 2021;35:4–11. [CrossRef ]

4.	 Thygesen K, Alpert JS, Jaffe AS, Chaitman BR, Bax JJ, Morrow 
DA, et al. Fourth universal definition of myocardial infarction 
(2018). Glob Heart 2018;13:305–38. [CrossRef ]

5.	 Hamadeh A, Aldujeli A, Briedis K, Tecson KM, Sanz-Sánchez 
J, Al Dujeili M, et al. Characteristics and outcomes in patients 
presenting with COVID-19 and ST-segment elevation 
myocardial infarction. Am J Cardiol 2020;131:1–6. [CrossRef ]

6.	 Ibanez B, James S, Agewall S, Antunes MJ, Bucciarelli-Ducci 
C, Bueno H, et al. 2017 ESC guidelines for the management 
of acute myocardial infarction in patients presenting with 
ST-segment elevation: The Task Force for the management 
of acute myocardial infarction in patients presenting with 
ST-segment elevation of the European Society of Cardiology 
(ESC). Eur Heart J 2018;39:119–77. [CrossRef ]

7.	 Chesebro JH, Knatterud G, Roberts R, Borer J, Cohen LS, Dalen J, 
et al. Thrombolysis in Myocardial Infarction (TIMI) Trial, Phase I: A 
comparison between intravenous tissue plasminogen activator 

and intravenous streptokinase. Clinical findings through 
hospital discharge. Circulation 1987;76:142–54. [CrossRef]

8.	 Sianos G, Papafaklis MI, Serruys PW. Angiographic thrombus 
burden classification in patients with ST-segment elevation 
myocardial infarction treated with percutaneous coronary 
intervention. J Invasive Cardiol 2010;22(Suppl 10):6B–14B.

9.	 Turkish Ministry of Health. Adult patient treatment. 
Available at: https://covid19.saglik.gov.tr/Eklenti/43095/0/
covid-19rehberieriskinhastayonetimivetedavi-12042022pdf.
pdf [Article in Turkish] Accessed Mar 10, 2024.

10.	Libby P. Mechanisms of acute coronary syndromes and their 
implications for therapy. N Engl J Med 2013;368:2004–13.

11.	Zhang J, Tecson KM, McCullough PA. Endothelial dysfunction 
contributes to COVID-19-associated vascular inflammation and 
coagulopathy. Rev Cardiovasc Med 2020;21:315–9. [CrossRef]

12.	Rezkalla SH, Stankowski RV, Hanna J, Kloner RA. Management 
of no-reflow phenomenon in the catheterization laboratory. 
JACC Cardiovasc Interv 2017;10:215–23. [CrossRef ]

13.	Bolognese L, Carrabba N, Parodi G, Santoro GM, Buonamici P, 
Cerisano G, et al. Impact of microvascular dysfunction on left 
ventricular remodeling and long-term clinical outcome after 
primary coronary angioplasty for acute myocardial infarction. 
Circulation 2004;109:1121–6. [CrossRef ]

14.	Varga Z, Flammer AJ, Steiger P, Haberecker M, Andermatt 
R, Zinkernagel AS, et al. Endothelial cell infection and 
endotheliitis in COVID-19. Lancet 2020;395:1417–8. [CrossRef ]

15.	Buja LM, Wolf DA, Zhao B, Akkanti B, McDonald M, Lelenwa L, 
et al. The emerging spectrum of cardiopulmonary pathology 
of the coronavirus disease 2019 (COVID-19): Report of 3 
autopsies from Houston, Texas, and review of autopsy 
findings from other United States cities. Cardiovasc Pathol 
2020;48:107233. [CrossRef ]

16.	Rodriguez-Leor O, Cid Alvarez AB, Pérez de Prado A, Rossello 
X, Ojeda S, Serrador A, et al. In-hospital outcomes of COVID-19 
ST-elevation myocardial infarction patients. EuroIntervention 
2021;16:1426–33. [CrossRef ]

17.	Jain V, Gupta K, Bhatia K, Bansal A, Arora S, Khandelwal AK, 
et al. Management of STEMI during the COVID-19 pandemic: 
Lessons learned in 2020 to prepare for 2021. Trends Cardiovasc 
Med 2021;31:135–40. [CrossRef ]

18.	Daoulah A, Hersi AS, Al-Faifi SM, Alasmari A, Aljohar A, Balghith 
M, et al. STEMI and COVID-19 pandemic in Saudi Arabia. Curr 
Probl Cardiol 2021;46:100656. [CrossRef ]

https://doi.org/10.1056/NEJMoa2002032
https://doi.org/10.1016/S0140-6736(20)30558-4
https://doi.org/10.1038/s41371-020-0387-4
https://doi.org/10.1016/j.gheart.2018.08.004
https://doi.org/10.1016/j.amjcard.2020.06.063
https://doi.org/10.1093/eurheartj/ehx393
https://doi.org/10.1161/01.CIR.76.1.142
https://doi.org/10.1056/NEJMra1216063
https://doi.org/10.31083/j.rcm.2020.03.126
https://doi.org/10.1016/j.jcin.2016.11.059
https://doi.org/10.1161/01.CIR.0000118496.44135.A7
https://doi.org/10.1016/S0140-6736(20)30937-5
https://doi.org/10.1016/j.carpath.2020.107233
https://doi.org/10.4244/EIJ-D-20-00935
https://doi.org/10.1016/j.tcm.2020.12.003
https://doi.org/10.1016/j.cpcardiol.2020.100656



