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ABSTRACT

Background: Our aim of this study was to evaluate the
cardiac symptoms, coronary angiographic results, and clini-
cal outcomes of patients with confirmed COVID-19 and ST-
segment elevation with myocardial infarction (STEMI) or
myocardial ischemia.

Material and methods: Thirty-seven patients, who
already were confirmed with COVID-19 using reverse
transcriptase-polymerase chain reaction (RT-PCR), were
admitted to our hospital due to chest pain with STEMI.
The median patient age was 66 years (range: 27-84 years).
Female/male ratio was 22/15. We performed a second
RT-PCR test in all patients. We investigated myocardial
enzymes (creatine kinase myocardial band (CK-MB), car-
diac troponin-I (c-Tnl), and C-reactive protein (CRP), and
liver enzymes (alanine amino transferase (ALT) and aspar-
tate amino transferase (AST) also were measured. Blood
d-dimer, thromboplastin time (PT), partial thromboplastin
time (PTT), and fibrinogen were investigated. Transcuta-
neous oxygen saturation was monitored for each patient in
the emergency department (ED). To evaluate myocardial
wall abnormalities, transthoracic echocardiography was
performed.

Results: Coronary artery disorders requiring revascu-
larization were detected in 25 patients (67.5%). There was
no evidence of coronary artery disease in the remaining 12
patients. Out of 25, nine coronary artery disease patients
had a history of coronary intervention (24.3%). All patients
had high levels of myocardial enzyme release. Percutaneous
coronary interventions (PCI) were performed in patients
with culprit lesion(s). Success rate of PCI was 87.5% (N =
21). The median number of stent use was 2.9£0.7 (range: 1-4).
Because PCI failed in four patients, we suggested elective
coronary artery bypass grafting (CABQG) surgery after medi-
cal treatment. Six patients required re-intervention owing to
early stent thrombosis (30%). Seven patients died after PCI
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(33.3%). For patients with negative or positive RT-PCR
test results, we performed thoracic computed tomography
(CT), which is a sensitive diagnostic method for COVID-19.
Interlobular septal and pleural thickening with patchy bron-
chiectasis in the bilateral or unilaterally lower and/or middle
lobe(s) were the main pathologies in 24 patients. D-dimer,
fibrinogen, and CRP levels were high in 11 PCI patients with
bilaterally pulmonary involvement by COVID-19 (52.3%),
while fibrin degradation products did not significantly change.
For three patients with normal coronary arteries with a tran-
sient hypokinesia or hypokinesia as result of myocarditis, we
decided to perform atypical Takotsubo cardiomyopathy. We
medically treated using inodilator (levosimendan), diuretic,
angiotensin-converting enzyme inhibitors and beta-blockers.
To prevent the risk of thromboembolism, we also adminis-
tered a heparin drip. The myocardial contractility of the apex
did improve, and patients were discharged from the hospital,
with the exception of one young female patient. She is follow-
ing in the ICU with stabil hemodynamics.

Conclusion: Chest pain with STEMI can develop in patients
with confirmed COVID-19. Nearly one-third of patients had
COVID-19 with chest pain and concomitant STEMI and
normal coronary angiography (32.4%). Urgent PCI may be per-
formed in hemodynamically unstable patients with high mortal-
ity. Complications, including sudden cardiac arrest, severe ven-
tricular arrhythmia, and Takotsubo cardiomyopathy, related to
COVID-19 patients with normal coronary arteries.

INTRODUCTION

The first case with SARS-CoV-2 2019 (COVID-19)
was reported in December, in Wuhan City [Chen 2020].
It was declared a global pandemic by the World Health
Organization (WHO), affecting more than 200 countries
[World Health Organization 2019]. Dyspnea, dry cough, loss
of smell, and sore throat are the main symptoms of COVID-
19. Chest pain with STEMI as strong typical myocardial
infarction have been reported in rare patients confirmed with
COVID-19 [Welt 2020; Ing 2020; Curzen 2020]. Studies also
have shown that myocardial injury related to cytokine storm
may be seen during the course of COVID-19 in patients with
risk factors, such as hypertension or diabetes mellitus [Chieffo
2020; Bangalore 2020; Giulio 2020; Shi 2020; Huang 2020].
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Table 1. Patient characteristics

Total (N =37)  Myocardial infarction (N =25) Myocardial injury without CAD (N=12) P
Median age (y) 66.1+14.3 65(46-89) 59(51-79)
Male sex (n, %) 22 (59.4) 15 (60) 7 (58.3)
WBC count (%103 /mm?3) - 9.1 (6.9-14.3) 1 (7.4-13.4)
Neutrophils (%) - 68.8-79 66.9-92.3
Lymphocytes (%) - 6.2-14.1 9.2 (6.3-17.0)
Risk factors:
Hypertension 19 (51.3) 14 (70) 1 (40.7)
Diabetes mellitus 18 (48.6) 11 (55) 7 (41)
History of CAD 9(24.3) 6 (30) 3 (17.6)
Smoking 1 (29.7) 8 (9.1) 3 (17.6)
COPD 7 (18.9) 5(25) 2(NM.7)
Symptoms around the time of ST-segment elevation (n, %)
Chest pain (n, %) 37 (100) 25 (100) 12 (100)
Dyspnea (n, %) 4(29.7) 3(12) 1(29.7)
Dry cauch (n, %) 6 (16.2) 4 (16) 2 (16.6)
Fever (n, %) 4 (10.8) 2(8) 2 (16.6)
Tachycardia (n, %) 14 (37.8) 9 (36) 6 (50)
RBBB (n, %) 4(10.8) 3 (12) 1(5.8)
Electrocardiographic findings (n, %)
ST elevations (n) 27 18 9
Focal (n, %) 12 (32.4) 9(33.3) 3 (15)
Anterior (n, %) 9(24.3) 6(22.2) 3 (15)
Inferior (n, %) 4(10.8) 2 (7.4) 2 (10)
Lateral (n, %) 2 (5.4) 1(3.7) 1(5)
Compications:
ARDS (n, %) 5(8.1) 3 (15) 2
Shock (n, %) 5(5.4) 3 (10) 2
Cardiac arrest (n, %) 2(5.4) 1(10) 1
Treatment (n, %)
Fibrinolytic agent 6 6 -
Statins 16 12 4
ACE Receptor blocker 28 17 "
Beta-blocker 18 15 3
Antihypertensive 27 18 9
Aspirin 26 18 8
Clopidogrel 37 20 12
Steroids 23 12 13
Heparin 26 21 5
Diuretics 16 9 7
Antibiotics 29 18 i
Favipiravir 37 25 12

Clinical results:
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Table 1. Patient characteristics [CONT.]

Total (N =37) Myocardial infarction (N =25) Myocardial injury without CAD (N=12) P
Mortality 9(24.3) 6 (24) 3(25) .87
TTE (n)
Normal EF 23 (59.4) 17 (33.3) 6 (70) .020
Low EF (< 40) 18 (40.5) 10 (40.7) 8 (20) .034
No. of stents 2.9+£0.7 2.9+0.7 -
Reintervention (n, %) 6 (16.2) 6 (14.8) -

WABC, white blood cell; CAD, coronary artery disease; ACE, angiotensin converting enzyme; TTE, transthoracic echocardiography; EF, ejection fraction; COPD,

chronic obstructive pulmonary disease

In recent studies, the authors described Takotsubo syn-
drome (TS) in an older female patient confirmed with
COVID-19 [Kariyanna 2020; Singh 2020; Bangalore 2020;
Dabbagh 2020; Meyer 2020]. The first case of an apical
variant of Takotsubo cardiomyopathy (T-CMP) because of
COVID-19 recently was reported by Kariyanna et al as a
new entity [Kariyanna 2020]. The first review of T-CMP
in 12 COVID-19 patients recently was reported by Shing
et al [Singh 2020]. In this review, Singh et al argued that
the cytokine storm that occurs during COVID-19 infection
can cause T'S by triggering events, such as when chemicals
release during emotional stress, which may precipitate TS
[Bangalore 2020; Dabbagh 2020]. In these rare patients,
ventriculography or TTE showed the apical ballooning in
most patients [Meyer 2020], apical hypokinesia or akinesia
with or without basal hyperkinesia, and basal or mild hypo-
kinesia characteristic of TS variants. Most patients with
TS recovered and were discharged after classical medi-
cal treatment. However, the authors have reported severe
complications, such as cardiac tamponade, cardiogenic
shock, myocarditis, hypertensive crisis, or respiratory fail-
ure in more than nine patients confirmed with COVID-19.
Unfortunately, we are facing unusual and amazing situa-
tions related to COVID-19.

Urgent revascularization in COVID-19 patients with
CAD were admitted to the hospital because of acute myo-
cardial infarction that brought some challenges to cardiolo-
gists and professional healthcare workers (PHWs), during
the pandemic [Bangalore 2020; Giulio 2020; Shi 2020;
Huang 2020; Kariyanna 2020; Singh 2020; Bangalore 2020].
Thus, the American College of Cardiology and Society of
Cardiovascular Angiography and Intervention discussed how
to manage STEMI for the safety of patients and PHWs,
during the COVID-19 pandemic [Welt 2020].

"To prevent in-hospital nasocomial infection during myo-
cardial revascularization, Ing et al proposed thrombolysis
as the first treatment strategy in hemodynamically stable
COVID-19 patients with STEMI with confirmed CAD [Ing
2020]. In contrast, some clinicians suggested proceeding with
the primary PCI during the pandemic period as an elective
situation [Sala 2020; Zhou 2020; Guo 2020; AlGhatrif 2020;
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Choudry 2020; Xuan 2020; World Health Organization
2005]. Shi et al showed that patients with cardiac injury had
higher mortality than those without cardiac injury [51.2%
versus 4.5%] [Giulio 2020]. We should keep in mind that in-
hospital COVID-19 spread may increase from admission to
discharge from the hospital. Thus, there is no common con-
sensus yet for the management of COVID-19 patients who
have STEMI with severe CAD. On the other hand, there are
only a few scientific reports about the coronary angiography
results in COVID-19 patients with STEMI and chest pain
[Bangalore 2020; Giulio 2020; Shi 2020; Zhou 2020; Guo
2020; AlGhatrif 2020].

The authors stated that only half of the COVID-19
patients with STEMI and chest pain had severe CAD,
which was confirmed with coronary angiography [Curzen
2020; Chieffo 2020; Bangalore 2020; Giulio 2020;
Shi 2020; Huang 2020; Kariyanna 2020; Singh 2020;
Bangalore 2020; Dabbagh 2020; Meyer 2020]. Another
important issue is that the cytokine storm related to
COVID-19 may be the cause of myocardial injury related
to intracoronary microthrombus. Recent studies dem-
onstrated that nearly half of the patients confirmed with
COVID-19 presenting with chest pain and STEMI had
obstructive CAD [Bangalore 2020; Giulio 2020; Shi 2020;
Huang 2020; Kariyanna 2020; Singh 2020; Bangalore
2020; Dabbagh 2020; Meyer 2020; Sala 2020; Zhou 2020;
Guo 2020; AlGhatrif 2020; Choudry 2020; Xuan 2020].
Delaying coronary revascularization in CAD patients may
increase the risk of severe myocardial infarction because
of the restriction of patients’ daily activities. A number
of CAD patients had systemic hypertension and/or dia-
betes mellitus. The risk of sudden cardiac arrest, due to
severe ventricular arrhytmia resulting from myocardial
infarction and/or ischemic cardiomyopathy, are impor-
tant complications of COVID-19 [Shi 2020; Huang 2020;
Kariyanna 2020; Singh 2020; Bangalore 2020].

Here, we discuss the coronary angiography results of
STEMI patients confirmed with COVID-19 who had
STEMI because of chest pain, and the results of urgent PCI
and CABG. We also present the risk/benefit ratio of PCI and
CABG in a limited case series confirmed with COVID-19.
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Figure 1. Our algorithm of percutaneous coronary intervention.
According to our protocols, we classified the patients requiring coro-
nary artery bypass grafting.

PATIENTS AND METHODS

We performed coronary angiography in 37 patients
with confirmed COVID-19 between March 30, 2020 and
December 1, 2020, because they were admitted to the hospi-
tal with chest pain in combination with STEMI. All patients
received a loading dose of clopidogrel (600 mg) before the
coronary angiography. Median age of the patients was 66.1 =
14.3 years (range: 27-84 years). Female/male ratio was 22/15.
The characteristics of patients, symptoms, medication, blood
analyses, enzyme levels, and complications have been sum-
marized (Table 1). The median time from the diagnosis of
COVID-19 to hospitalization was 7.4 = 3.2 days (range: 2-10
days). Fourteen patients had some respiratory symptoms,
such as fever, dyspnea, and dry cough (16.2%). The diagnosis
of COVID-19 was made incidentally in eight patients without
any symptoms and whose medical treatment started at home
while they were under quarantine. STEMI was described
according to typical symptoms associated with ST-segment
elevation. Coronary artery stenosis was defined as the culprit
lesion in patients with the evidence of luminal occlusion or
intracoronary thrombus. We described obstructive coronary
artery based on the angiographic evidence of a stenosis >50%.
Myocardial injury was defined according to echocardio-
graphic results and blood levels of cardiac biomarkers above
the upper reference limits of c-Tnl and CK-MB.

Patients with STEMI were triaged in the ED, and a
full history (questionnaire) relating to COVID-19 signs
and symptoms was taken. RT-PCR tests immediately were
performed for each patient after admission to the hospi-
tal’s ED. Patients with COVID-19 symptoms had positive
test results (N = 14 patients). Myocardial enzyme release,
cardiac troponin-I, and CK-MB regularly were measured.
Blood levels of cardiac troponin-I and CK-MB were sig-
nificantly high in all patients. However, release of enzymes,
including c-Tn-I and CK-MB, were higher in patients with
CAD than those with normal coronary arteries. The levels
of c-Tn-I in patients, who underwent PCI because of myo-
cardial infarction and in patients with myocardial ischemia
(normal coronary arteries), were 112 (80-440 ng/mL) and
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Figure 2. A) Chest x-ray demonstrating bilateral pulmonary consolida-
tion. B) Thoracic computed tomography showing reticular and patchy
opacities bilaterally with lung consolidation and pleural thickening,
including in the brochyectatic areas, in a male with coronary artery
disorders who had COVID-19.

13.5 (4.8-41ng/mL), respectively (P = .001). CK-MB levels
in patients requiring PCI and in those with myocarditis
were 84.2(54.2-192.8U/L) and 64(23-54.7 U/L), respec-
tively (P = .024).

Fibrinogen levels were significantly high in patients who
had myocardial infarction (the median level:1280 + 1190 mg/
dL) (range: 950-2580 ng/dl). When we compared median
level of fibrinogen in PCI patients and the patients with
normal coronary arteries, there was a significant difference
(P = .0002). The median level of blood d-dimer in the PCI
group was statistically significant (P = .0001).

Blood thrombocyte levels, thromboplastin time (TT),
activated partial thromboplastin time (aPTT), and interna-
tional normalized ratio (INR) also were regularly measured
in both groups and noted. All measurements were similar in
both groups.

All necessary precautions were taken to prevent the spread
of COVID-19 to PHWs through nasocomial contamina-
tion, considering previous recommendations. To prevent
nasocomial spread, we used essential rules and planned
the works of professional health care workers step by step
for each intervention. According to the American Heart
Society, we prepared Cath. Lab. equipment prior to proce-
dures. We used double surgical gloves, face masks (N-95), and
face shields. The same precautions were taken for the oper-
ating room in CABG operations. We continued the medical
treatment of COVID-19 in the hospital, according to infec-
tious disease specialists. We followed the patients using inva-
sive cardiac monitorization. Electrocardiographic records,
cardiac enzyme levels, and oxygen saturation were recorded.
TTE was done for investigation of myocardial performance.

According to in-hospital patient management and triage
rules, we performed coronary angiography and stenting
(Figure 1). Radiologic findings, including chest x-ray and
thoracic CT, cardiac enzyme levels, and the coronary artery
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Table 2. Radiologic findings, cardiac enzyme levels and coronary artery lesions of the patients

Total (N = 37) Myocardial infarction (N =25)  Myocardial injury (N = 12)
Chest x-ray (n, %)
Opacities in lung 15 (40.5) 9 (36) 6 (50)
Focal opacity 3 (8.1) 2 (8) 1(8.3)
Normal 19 (51.3) 9 (36) 5 (41.6)
Thoracic CT
Ground-glass opacities 3 1 2
Septal thickening 5 4 1
Pleural thickening 6 4 2
Patchy bronchiectasis 7 5 2
Median laboratory values in both groups (IQR) - - P
c-Tro-l (ng/ml) 24 (20.3-488) 112 (80-440) 13.5 (4.8-41) 0.001
CK-MB (U/L) 57.8 (40.1-92.1) 84.2 (54.2-192.8) 64 (23-54.7) 0.024
Fibrinogen (mg, dL) 1080 + 890 1280 + 1190 450 + 790 0.0002
D-dimer (ng/ml) 386(240-880) 780(340-1110) 247(144-435) 0.0001
Culprit vessel:
LMS (n, %) 1(4) -
LAD (n, %) 1 (44) -
Cx (n, %) 4 (16) -
RCA (n, %) 9 (36) -
Stent thrombosis 6 (16.8) -
Total heparin dose (U) 12.600 + 2,560
Average ACT level(s) 301 + 80
Multivessel PCI 13 (52)
Procedural success:
Post-PCI TIMI flow grade 3 21 (84%)
CABG 4 (16)

*Because we have a limited number of patients, percentage is not total 100. The value for the troponin | level was 0.01 nanogram /milliliter or less. RBBB, right

bundle branch block; CT, computed tomography

lesions were summarized (Table 2). Angiographic results
showed that there were coronary artery occlusive diseases
in 25 patients (62.5%). We detected one or multiple culprit
lesions. The number of preexisting coronary artery disease
patients with COVID-19 who underwent reintervention was
nine (21%). We determined chronic total occlusion (CTO) of
the right coronary artery in five patients. CTO of left anterior
descending (LAD) artery was observed in two patients and in
the circumflex artery (Cx) in one patient. We performed PCI
using DES in 21 patients. The median number of stent use
was 2.9£0.7 (range:1-4). After succesful PCI, new electrocar-
diographic abnormalities, such as tachycardia-bradicardia or
a new right bundle branch block (RBBB), were seen in five
patients. Because PCI failed in four patients who had long
segment stenosis or chronic total occlusion of LAD artery,
we recommended CABG surgery as an elective situation after
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medical treatment in hemodynamically stable patients. We
isolated all patients in separate rooms until surgery. Blood
analyses, fibronogen levels, and coagulation factors (INR,
PT, APTT) regularly were measured. Thoracic CT was per-
formed prior to CABG for each patient. Oxygen saturation
in CABG patients was more than 90-95% on room air. All
CABG surgeries were performed using cardiopulmonary
bypass one week following medical treatment.

On echocardiography, 24 patients had localized wall motion
abnormalities, apical or global hypokinesia or akinesia. Out
of 24, nine patients had normal coronary arteries. We intra-
venously started high dose methylprednisolone administration
in combination with inotropics in patients with normal coro-
nary angiography. Because three patients with normal coro-
nary arteries had transient hypokinesia or akinesia as a result of

myocarditis, we decided to perform an atypical T-CMP. These
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Figure 3. Axial section of thoracic computed tomography demonstrates
the pulmonary infiltration and bilateral subpleural ground-glass opaci-
ties as typical findings of COVID-19 pneumonia in patients with clini-
cal presentation for COVID-19 infection. This male patient presented

with fever and cough. Here, bilateral lung consolidation combined with
edema and pleural thickening are observed.

patients had apical akinesia/hypokinesia with ST-segment
elevation. All evidence showed “broken heart syndrome” or
Takotsubo syndrome. We started medical treatment with an
inodilator agent (levosimendan), high dose intravenous ste-
roid administration, diuretic, angiotensin-converting enzyme
inhibitor and beta-blockers. To prevent the risk of thromboem-
bolism, we also administered a heparin drip. The myocardial
contractility of the apex improved after 10 days of treatment,
and these patients were discharged from hospital, except one
young female patient. Unfortunately, a major cerebral embolic
event developed during ICU follow up, and she died due to
multiorgan failure on the 17th postoperative day.

Preexisting CAD, diabetes mellitus and hypertension were
the most prevalant risk factors in patients who required PCI
(72% of patients). In patients without coronary artery disor-
ders (N = 12), we detected diabetes mellitus in nine (75%).
There were no significant differences in the groups, when
comparing risk factors (P = .86). Global myocardial hypokine-
sia or wall abnormalities were the most common findings of
TTE in patients with CAD who underwent PCI (72% versus
58.3%) (P = .0022).

Hemodynamic instability was observed in six patients
(28.5%) with multiple coronary artery disease with low left
ventricular ejection fraction. At the end of first day after suc-
cessful PCI, sudden cardiac arrest developed in two patients.
Cardiopulmonary resuscitation was performed, and fibrino-
lytic agent administration immediately was started. An urgent
angiography was performed for stent control. In these two
patients, there was instant restenosis in the LAD and RCA
artery. We performed reinterventions together with fibri-
nolytic agent and continuous heparin administration. We
started Glicoprotein ITA-IIIB as an anticoagulant. The blood
levels of d-dimer, fibrinogen, cardiac troponin-I, and CK-MB
levels increased in these two patients. During the follow-up
period, one patient died due to multiorgan failure.

We routinely performed chest x-ray in all patients after
PCI. In seven patients, the median level of blood oxygen
saturation was 78+14% in room air (range: 76-96%). Chest
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Figure 4. Thoracic computed tomography demonstrates the pulmonary
infiltration and bilateral subpleural ground-glass opacities (white arrow)
in a hypertension and diabetic female patient. There are subpleural
ground-glass opacities and bronchyectasia (right side, arrowhead).

x-ray films and thoracic CT showed there were irregular dif-
fuse reticular changes (N = 4) or ground-glass opacities with
consolidation (N = 3) in seven patients who had respiratory
symptom(s) (18.9%) (Figure 2A and Figure 2B).

We performed RI-PCR tests after hospitalization in all
patients. In 14 patients, RT-PCR tests were negative. Because
chest CT has a high sensitivity with confirming lung involvement
of COVID-19, we performed this prior to intervention in hemo-
dynamically stable patients. In patients with unstable vital signs,
including hypotension, dyspnea, and severe chest pain, chest CT
was performed after patients’ stabilization or revascularization.
Thoracic CT demonstrated that there was interlobular septal and
pleural thickening with patchy bronchiectasis of the lower lobes
bilaterally (N = 9) and pulmonary congestion with ground-glass
opacities (N = 3) in patients with negative RT-PCR tests (Figure 3).

Patients with confirmed severe CAD had higher levels
of c-Trop-I, when compared with the STEMI patients with
normal coronary arteries (112 ng/ml versus 13.5 ng/ml)
(P =.001). Blood d-dimer and CRP levels in CAD patients
and in those with normal coronary arteries were (550 versus
117) (P = .001) and (56 mg/L versus 29 mg/IL) (P = .0034),
respectively. Patients without CAD had significantly lower
lymphocyte counts than patients with CAD (P = .01). ALT,
AST, and fibrinogen levels were similar in patients with or
without CAD. During PCI, all patients received unfrac-
tionated heparin in a loading dose of 100 U/kg, according
to the activated clotting time (ACT) maintained >250-300
s. According to the guidelines of rescue PCI procedures in
STEMI patients with unstable hemodynamic conditions, we
administered Glyco-protein (GP) IIb/I1Ia inhibitors.

The time between chest pain to reperfusion was 15.2 + 5.4
hours (in general, within 12 hours). We performed CABG
in four patients because of failing PCI. We continued medi-
cal treatment, including aspirin (at a daily dose of 100 mg),
high dose intravenous prednisolone (at a daily dose of 250
mg), favipiravir, and antibiotics in 12 patients who had normal
coronary arteries with STEMI. For confirmation of the left
ventricular functions, we performed TTE. Six patients after
PCI (20.8%) and one patient after CABG died. The reasons
for mortality after PCI were sudden cardiac arrest (N = 2),
ARDS (N = 3), and a major adverse cardiocerebrovascular
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Figure 5. Example of thoracic computed tomography finding of
COVID-19 infection (atypical) in a 51-year-old male with dry cough af-
ter PCl. Axial image shows a small focal and central ground-glass opac-
ity in the right upper lobe (white arrowhead).

event (MACCE) (N = 1). The reason for mortality in the
CABG patient was ARDS on the third postoperative day. We
urgently intubated two patients after PCI because of pulmo-
nary edema 1-3 days after coronary intervention.

All chest C'Ts were evaluated by blinded radiologists. New
ground-glass opacities, in combination with pulmonary con-
solidations, were seen in three patients (12.5%) (Figure 4).
Thoracic CT findings also showed interlobular septal and
pleural thickening with patchy bronchiectasis in the bilateral
lower lobes. There were other pathologies in these patients.
PT and aPTT were slightly increased in eight patients
(21.6%), but fibrin degradation products did not significantly
change. The intubation time was longer than 48 hours in two
patients (74 hours and 98 hours) because of severe hypoxia,
owing to pulmonary edema and bilateral pulmonary involve-
ment by virus after PCI. Intraaortic balloon counter pulsation
was inserted, and an inotropic agent was started. Transient
hemodialyses were performed in three patients because of
transient renal failure. Thoracic computed tomography find-
ings in a 51-year-old male with dry cough after PCI showed
an atypical COVID-19 infection. An axial image shows a
small focal and central ground-glass opacity in the patient’s
right-upper lobe (Figure 5).

We electively performed CABG in four patients using
ECC. Respiratory symptoms, such as dyspnea and breathing
difficulty, developed three days after surgery in a 47-year-
old male patient. Chest x-ray exhibited pneumonia (Figure
6A). The first and second RT-PCR tests of this patient were
negative. Axial sections of thoracic CT showed bilateral
pulmonary involvement of COVID-19 in the middle and
lower lobes (Figure 6B). He was hemodynamically stable.
Blood levels of white blood cells increased, and lympho-
cytes decreased. Blood d-dimer, INR, and fibrinogen levels
increased more than four times. TTE showed severely
depressed left ventricular function (LVEF <30). Despite the
use of high pressure oxygen that produced continous posi-
tive airway pressure, blood oxygen saturation decreased from
97% to 75-80%. We started an inodilator and inserted an
intraaortic balloon counter pulsation to support the left ven-
tricle. We administered antibiotics, favicovir, and a high dose
of intravenous steroids. We provided hemodynamic stability.
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Figure 6. Postoperative chest x-ray demonstrating bilateral pulmonary
consolidation after coronary artery bypass grafting. Thoracic computed
tomography shows reticular and patchy opacities with pulmonary con-
solidation and pleural thickening.

Pneumonic infiltration regressed, and blood oxygen levels in
air room increased to 90%. Control TTE demonstrated that
LVEF increased significantly (LVEF >45). He discharged
home on the 29th postoperative day.

Since the beginning of the SARS-CoV-2 pandemic, there
has been no common consensus regarding the treatment
algorithms in confirmed COVID-19 patients with STEMI
[Bangalore 2020; Giulio 2020; Shi 2020; Huang 2020;
Kariyanna 2020; Singh 2020]. There are limited reports of
patients with confirmed COVID-19 presenting with type-I
myocardial infarction leading to STEMI who underwent
PCI. Recent studies demonstrated only 10 of 18 patients with
STEMI having CAD by Bangalore et al [Bangalore 2020].

Our CAD patients had peak troponin levels, CK-MB, and
the severity of ventricular dysfunction seemed to be poor prog-
nostic factors. However, we need a randomized clinical trial
to clear mortality risk factors in a large number of patients.
The management of COVID-19 patients with STEMI
alone or those with severe electrocardiographic abnormali-
ties who had COVID-19 presented many problems to car-
diologists. According to our clinical results, we would like to
emphasize that normal coronary arteries are high in patients,
though patients with classical chest pain with COVID-19
were admitted to the hospital with STEMI. Our study also
showed it is important to confirm COVID-19, and RT-PCR
test should be done in patients with STEMI and high cardiac
enzymes release. If presented with a negative test result, we
should perform thoracic CT to confirm pulmonary involve-
ment in patients with or without CAD. Myocardial enzyme
elevation may be present in 28% of patients with confirmed
COVID-19 because of myocardial injury without myocar-
dial infarction [Zhou 2020; 18; AlGhatrif 2020; Choudry
2020]. If there is evidence of myocardial hypo- or akinesia
Takotsubo syndrome (broken heart syndrome), treatment
should be investigated using algorithm protocols.

The authors described Takotsubo syndrome in rare
COVID-19 patients [Kariyanna 2020; Singh 2020; Bangalore
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2020; Dabbagh 2020; Meyer 2020]. The first case of an apical
variant of Takotsubo cardiomyopathy because of COVID-
19 recently was reported by Kariyanna et al, as a new entity
[Kariyanna 2020]. The first review of 12 confirmed COVID-
19 patients with Takotsubo cardiomyopathy was reported
by Singh et al [Singh 2020]. Singh and other authors have
hypothesized Takotsubo, due to the emotional stress by cyto-
kine storm during COVID-19 infection [Bangalore 2020;
Dabbagh 2020]. Ventriculography or T'TE showed the apical
ballooning in most patients with Takotsubo syndrome [Meyer
2020]. An apical hypokinesia with or without basal, mid and/
or basal segment hypokinesia are characteristic findings of
Takotsubo variants [Dabbagh 2020; Meyer 2020]. Most of
these patients recovered and were discharged. However, the
authors have reported severe complications, such as cardiac
tamponade, heart failure, cardiogenic shock, myocarditis,
hypertensive crisis, or respiratory failure, in more than half of
patients. We should not forget that we may encounter unusual
situations with COVID-19, according to previous publica-
tions. Because three patients with normal coronary arteries
had transient hypokinesia or akinesia as a result of myocardi-
tis, we decided on atypical Takotsubo cardiomyopathy. These
patients had an apical akinesia/hypokinesia with ST-segment
elevation and high myocardial enzyme release. All evidence
showed broken heart syndrome or Takotsubo cardiomyopa-
thy. We treated using an inodilator, high dose steroid admin-
istration, diuretic, angiotensin-converting enzyme inhibitors,
and beta-blockers. To prevent the risk of thromboembolism,
we also administered a heparin drip. The myocardial contrac-
tility of the apex improved after medical treatment, and the
patients were discharged from the hospital, except one young
female patient. This patient developed MACCE during ICU
follow up, and she died.

In the presence of normal coronary angiography, myocar-
dial injury resulting from COVID-19 should be decided in
patients with ST-segment elevation and chest pain in combi-
nation with high levels of cardiac enzyme release [AlGhatrif
2020; Choudry 2020]. Echocardiography, measurement of
blood cytokine levels, levels of brain natriuretic peptide, inter-
leukin family members, and tumor necrosis alpha may sup-
port myocarditis in these patients with confirmed COVID-
19. In addition, for COVID-19 patients with chest pain and
STEMI who present with normal coronary angiography at
hospital admission, unexplained sinusal bradycardia and/
or tachycardia and long-QT may be evidence of myocardial
injury. In our series with normal coronary arteries, multifocal
ST-segment changes and non-specific P or T-waves were evi-
dence of myocardial involvement. We saw that sudden cardiac
arrest, resulting from atrioventricular block and ventricular
fibrillation, could suggest cardiac involvement by COVID-
19. In these situations, chest x-ray or thoracic C'T might help
detect pulmonary consolidation and/or edema as a result of
pneumonia. To confirm pulmonary involvement, we propose
the use of thoracic CT in patients with suspected myocarditis
with ischemia.

Previous studies showed that viral myocarditis frequently
affected the inferolateral wall and could increase ventricular
wall thickness and intracoronary microthrombi formation
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[AlGhatrif 2020; Choudry 2020; Xuan 2020; World Health
Organization 2005; Liu 2020; Turner 2004]. According to
American College of Cardiology guidelines and previous
studies in a limited number of patients, we prepared our
algorithm. We divided the patients into two groups, accord-
ing to hemodynamic stability or instability. We investigated
regional wall motion abnormalities of the ventricle, which
is evidence of a significant myocardial injury using TTE
in confirmed COVID-19 patients. We monitored cardiac
symptoms in combination with ST-segment changes, levels
of c-Tnl, and CK-MB. We immediately started medication
for myocarditis using diuretics, ACE inhibitors, aspirin, beta
blockers, and anticoagulant agents in the ICU. We per-
formed coronary angiography within 1-6 hours. Coronary
angiography is essential in combination with serial cardiac
enzyme release to determine whether the myocardial injury
reflected by the elevated enzymes levels is acute [Xuan 2020;
World Health Organization 2005; Liu 2020; Turner 2004;
Mallapaty 2020; Chen 2020; Poon 2020; Vaduganathan
2020; Sommerstein 2020; Madjid 2020]. Since COVID-19
has some properties that can cause myocardial injury itself
and may mimic myocardial infarction, the diagnosis and
treatment of CAD in patients with confirmed COVID-
19 admitted to hospital with STEMI carries many com-
plex situations [Clerkin 2020; Driggin 2020; Zheng 2020].
COVID-19 might be the reason of severe arrhythmia,
acute coronary syndrome, microthrombotic events, and
thromboembolism [Chan 2020; Wang 2020; Huang 2020].
Cardiovascular symptoms could be the first clinical manifes-
tation of COVID-19 in rare patients referred without typical
COVID-19 symptoms, such as dysnea, fever, or dry cough
[Wang 2020; Huang 2020].

The key finding of our study is classical chest pain with
STEMI in patients with confirmed COVID-19 who were
admitted to hospital might not be evidence of CAD, even with
increased myocardial enzyme release. It has been reported in
previous publications that COVID-19 might directly cause
the myocardial injury by creating endothelial damage and
activating macrophages. Thus, the virus may directly affect
endothelial layers of coronary microvasculature, including
intracoronary thrombotic burden.

Zhang et al [Zhang 2020] and Vrachatis and colleagues
[Vrachatis 2020] suggested a thrombolytic administration for
initial treatment of COVID-19 patients with STEMI. They
proposed thrombolytic administration without coronary
angiography in hemodynamically stable patients to prevent
COVID-19 spread in PHWs [Zhang 2020; Vrachatis 2020].
However, delaying PCI in STEMI patients with COVID-19
and administration of thrombolytics may be an appropriate
treatment strategy to prevent the safety of PHWs. Unfor-
tunately, thrombolysis alone would cause excessive risk in
these patients. In addition, thrombolytic administration may
provide a low success rate and has some difficulties with the
prevention of in-hospital contamination. According to our
experience, we do not recommend thrombolysis in the initial
treatment in these patients, considering the risk-benefit ratio.
We believe that coronary angiography should be performed
as a gold standard for diagnostic strategy in patients with
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confirmed COVID-19 who are admitted to the hospital with
STEMI combined with high cardiac enzyme release.

Our experiences demonstrated that there was a classical
chest pain in our 37 COVID-19 patients with STEMI. In
these patients, cardiac enzyme release was significantly high,
and some of the patients had myocardial wall abnormali-
ties. No coronary artery occlusion was detected in 12 of 37
patients, who were admitted to the hospital due to chest pain.

As a result of our investigation, COVID-19 may precipi-
tate STEMI with or without coronary artery disorders.

Unfortunately, the incidence of acute coronary syndrome
(ACS) because of COVID-19 is unknown. Thus, we need
a number of scientific reports from different countries and
institutions, during the pandemic period. Since patients with
symptoms of coronary artery disease are afraid of going to
the hospital due to the pandemic, it is not possible to give the
rate of ACS due to COVID-19. In a previous series involving
18 patients with COVID-19 with ST segment elevation, five
patients (27.7%) required PCI [Bangalore 2020]. In another
study, Stefanini et al reported 28 patients with COVID-19
with STEMI, and they demonstrated culprit lesion in 17
patients (67 %) who required PCI [Stefanini 2020]. Our study
confirmed CAD requiring PCI in 25 patients (67.5%) with a
success rate of 84%.

According to some authors, COVID-19 may trigger coro-
nary plaque rupture, coronary artery spasm or intracoronary
microthrombus formation, due to systemic inflammation or
cytokine storm [Bavishi 2020]. A number of factors, such as
cytokine storm, hypoxemia of cardiac myocytes, intravascu-
lar hypercoagulation and development of coronary micro-
vascular thrombosis, diffuse endothelial injury including the
heart, and inflammation causing coronary plaque rupture
might be responsible for the myocardial ischemia/infarction
[Bavishi 2020]. Cardiac biomarkers can be used to aid in diag-
nosis as well as risk stratification. In patients with elevated
hs-troponin, clinical context is important and myocarditis
as well as stress induced cardiomyopathy should be consid-
ered in the differential, along with type I and type II myo-
cardial infarction. Macrophages activation is a cause of col-
lagenase secretation that constitutes fibrous formation on
intimal plaque, which may lead to rupture [Peterson 2002].
Macrophages also are a secreted tissue factor as a procoagu-
lant that precipitate intracoronary acute thrombosis [Peterson
2002]. COVID-19 is a cause of direct endothelial injury that
might increase the risk of thrombotic occlusion. A number of
publications showed the patients with ACS during the COVID-
19 pandemic in different countries was significantly lower than
during pre-COVID-19 periods, with a reported 38-40% reduc-
tion in PCI for STEMI [Guery 2013; Aguilar 2020].

We do not know the incidence of sudden cardiac arrest
during the COVID-19 pandemic in our country, which was
strongly associated with the cumulative incidence of COVID-
19 (unpublished data). We observed sudden cardiac arrest in
five adult patients (two patients were young, healthy post-
pregnant females) who received COVID-19 treatment 15-21
days after being discharged from the hospital. Because we
cannot perform autopsies of these patients, we cannot provide
any details regarding mortality.
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Our series and previous reports clearly showed that the
presence of myocardial injury, owing to COVID-19 itself or
infarction resulting from coronary occlusion, seems to be sig-
nificantly worse in COVID-19 patients. In the initial report
of Anupama et al, they proposed that 12% of 41 COVID-19
patients had myocardial injury with elevated levels of car-
diac biomarkers [Anupama 2019]. In a previous cohort study
that involved 191 patients with COVID-19, 33 patients had
acute cardiac injury, and 32 (96%) died [Thakkar 2020]. In
accordance with previous reports [Bangalore 2020; Giulio
2020], our case series of patients with STEMI and confirmed
COVID-19 showed there were some variability of symp-
toms, such as ACS with or without respiratory symptoms.
In another study of 416 patients with COVID-19, 20% had
evidence of myocardial injury, which was associated with an
11-fold increase in mortality [Singh 2020]. Thus, cardiac
injury is accepted as an independent risk factor of mortal-
ity. In our patients with pre-existing coronary artery disor-
ders with elevated myocardial enzyme levels, the mortality
rate was nearly double. Our study exhibited that myocardial
enzymes might be evidence of myocardial injury and predic-
tive of the risk of in-hospital mortality. We think that patients
with myocardial wall abnormalities concomitant with STEMI
who have normal coronary arteries may provide evidence of
typical myocarditis. We have seen that the mortality rate was
similar, when we compared the patients who underwent PCI
in our series. Therefore, we should clarify these results using
randomized controlled clinical trials in a large case series.

We observed that PCI patients have poor clinical progno-
sis in our case series, especially those patients with peak myo-
cardial enzyme release. Early stent restenosis which requires
urgent re-intervention, patients with severe ventricular wall
abnormality and who had some risk factors such as preexist-
ing CAD, and bilateral pulmonary involvement seem to be the
main factors of poor outcomes. In addition, they had higher
myocardial enzyme levels (more than four times the normal
level or more). We think COVID-19 may continue destruc-
tion of the myocardium itself because of cytokine storm and
elevated inflammatory mediators, which precipitates micro-
vascular thrombus. Previous reports support our hypothesis
[Zhou 2020; Guo 2020; AlGhatrif 2020].

Although a 14-day quarantine is recommended to pre-
vent the spread of COVID-19 to healthy people, including
PHWs during the pandemic period, there may be an increase
in deaths due to myocardial infarction in those with severe
CAD with hypertension and/or diabetes mellitus [Turner
2004; Mallapaty 2020; Chen 2020]. According to our expe-
rience, we have to discuss the evidence-based, risk-benefits
ratio when deciding whether to postpone or proceed with
PCI in suspected or confirmed CAD in COVID-19 patients.
With the increase of scientific studies, many controver-
sial issues will be revealed in the future. Understanding the
clear interaction between COVID-19 and cardiovascular
disease may help cardiologists with decision-making. The
American College of Cardiology and American Society of
Anesthesiologists suggest postponing elective PCI because
they may increase the mortality risk via nasocomial infection
in health care workers.
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Our case series showed that SARS-CoV-2 may trigger
myocardial infarction or ischemia and may be cause of car-
diomyopathy, including Takotsubo syndrome. According to
our case series, urgent PCI seems to be gold standard for life
saving in CAD patients with confirmed COVID-19. If there
is a culprit lesion in another coronary artery — a non-infarct-
related artery — surgery may be postponed to minimize naso-
comial spread of COVID-19. This would also shorten hospi-
talization. The cardiac team may decide a staged procedure
after rescue PCL. ARDS, pneumonia, sepsis, or myocarditis
and myocardial infarction, resulting from cardiac involve-
ment by COVID-19, may be reasons for complications while
waiting for PCI in patients with left ventricular dysfunction.
Previous experience showed that myocardial injury can be
peresent in 20% of COVID-19 patients, and it was associated
with an 11-fold increase in mortality [Thakkar 2020].

Fang etal [Fang 2020] and Ai et al [Ai 2020] suggested that
chest CT might be considered a primary tool for COVID-19
detection in epidemic areas. Therefore, we performed chest
CT in all patients to investigate pulmonary involvement.
According to previous reports, findings of chest CT showed
ground-glass opacity with or without pulmonary consolida-
tions in our patients.

Doctors should keep in mind that STEMI with chest pain,
as a first sign and symptom, may be seen in COVID-19 posi-
tive patients. COVID-19 patients may be admitted to hos-
pital with classical chest pain and STEMI with or without
CAD. Since it is not clear when the pandemic will end, doc-
tors should perform PCI in patients who are in unstable clini-
cal condition and who require revascularization, while also
being COVID positive. Because a number of CAD patients
also have comorbid features, such as diabetes and/or hyper-
tension, the risk of COVID-19 may increase mortality during
the pandemic period. Fang et al suggested that the sensitiv-
ity of thoracic CT was greater than that of RT-PCR (98%
versus 71%, P < .001) [Fang 2020]. Because of the second
RT-PCR tests of four symptomatic patients were negative,
we performed thoracic CT to detect whether there was pul-
monary involvement. All had different degrees of bilateral
pulmonary involvement. Therefore, we propose the use of
thoracic CT for pulmonary involvement screening in these
patients, particularly when they’re exhibiting symptoms and
RT-PCR testing comes back negative at hospital admission.
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