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Possible association between myocardial
infarction with nonobstructed coronary
arteries and SARS-CoV-2 infection
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with a 1-month history of gradually progressive dyspnea

on exertion. He had no history of fever, cough, chest pain,
diarrhea or flu-like symptoms. He had no notable medical history
and did not smoke. On examination, his pulse was 117 beats/min,
blood pressure 135/100 mm Hg and oxygen saturation 98% on
ambient air. Basal crepitations were heard in both lung fields.

An electrocardiogram showed Q waves in |, aVL and V5-6, and loss
of R waves in precordial leads (Figure 1A). A chest radiograph showed
cardiomegaly (Figure 1B). We obtained the following blood test
results: white blood cell count 12.8 (normal range 3.6-11) x 103/uL
with 17% lymphocytes and 0% eosinophils, alanine aminotransferase
682 (normal range 0-41) U/L, mildly elevated coagulation param-
eters, random blood glucose 163 (normal range 80-140) mg/dL, gly-
cated hemoglobin (HbA,.) 6.7% (normal range < 5.7%), troponin T
level 1326 (normal range < 14) ng/L, NT-pro B-type natriuretic peptide
(NT-proBNP) 5166 (normal range < 125) pg/mL and D-dimer 2.63 (nor-
mal range < 0.5) pg/mL. The patient’s platelet count, C-reactive pro-
tein, ferritin and renal function levels were normal.

Echocardiography showed a severely dilated left ventricle (LV)
and left atrium with LV ejection fraction of 15%-20% and grade 2/4
mitral regurgitation. There was akinesis and thinning of basal
anteroseptal and inferoseptal; midcavity anterior, anteroseptal
and inferoseptal; and all the apical LV segments. The patient’s
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KEY POINTS

® Cardiovascular complications, including substantial myocardial
necrosis, may occur after asymptomatic or mild infection with
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2).

® Evaluation of myocardial injury related to SARS-CoV-2 infection
may show transmural (ischemic-like injury) and subendocardial
(eosinophilic-like myocarditis) infarct patterns, and involvement
of both ventricles.

right ventricle (RV) was dilated, with impaired systolic function and
moderate tricuspid regurgitation. There was a large, mobile LV
thrombus attached to the mid anteroseptal wall (Figure 2A), ses-
sile thrombus at the LV apex (Figure 2B) and a thrombus at the RV
apex (Figure 2C), along with a thin rim of pericardial effusion.

We admitted the patient to the hospital with a working diag-
nosis of acute heart failure. Differential diagnoses included acute
coronary syndrome, myocarditis, dilated cardiomyopathy and
pulmonary thromboembolism. Coronary angiography showed
normal coronary arteries and computed tomography pulmonary
angiography was negative for pulmonary embolism. The
patient’s brief history of symptoms and markedly elevated tropo-
nin values argued against a diagnosis of dilated cardiomyopathy.
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Figure 1: (A) Electrocardiogram of a 26-year-old man, showing Q waves in I, aVL, V5-6 (arrows), and loss of R waves in precordial leads (stars). (B) Chest

radiograph showing cardiomegaly.
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Figure 2: Echocardiogram at time of admission. (A) Septal thrombus (arrow), thin septum (arrowhead) and dilated left ventricle. (B) Septal (arrow) and
apical (arrowhead) left ventricular thrombi. (C) Thrombus at right ventricular apex (arrow).
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Figure 3: Cardiac magnetic resonance images (performed on a 1.5-T scanner [Siemens Aera]). Red arrowheads in all images show myocardial
enhancement. (A)-(E) Inversion recovery T1 images. (A) Vertical longitudinal axis, early gadolinium image showing 3 thrombi (numbered) in
left ventricle (LV). (B) Four-chamber view showing (1) LV apical thrombus and (2) a small thrombus at right ventricular apex (red arrow) with
transmural enhancement at LV apex and subendocardial enhancement of septum. A subtle linear mid-myocardial enhancement in anterior
septum is seen (white arrow). (C) Midventricular, short-axis view showing subendocardial enhancement in anterior and septal walls with a
large LV thrombus (star). (D) Apical, short-axis view showing transmural enhancement of myocardium in all segments with intraluminal
thrombus. (E) Two-chamber view showing 3 intraluminal thrombi (numbers 1, 2, 3) and transmural enhancement in septum and inferior
myocardium. (F) Short T inversion recovery T2 image showing apical endomyocardial edema (white arrow) and right-side pleural effusion
(red arrow).
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Cardiac magnetic resonance imaging (MRI) showed dilated
LV with LV ejection fraction of 20%. T1 mapping and gadolinium
images in the early phase showed 3 thrombi in the LV (Figure
3A). In the late phase, there was subtle mid-wall linear
enhancement in the anterobasal segment (Figure 3B). Notably,
there was endomyocardial enhancement of the basal septum
extending to the anterior and septal segments at the midven-
tricular level (Figure 3C), which was transmural and circumfer-
ential toward the apex (Figure 3D). There was fibrosis of
enhanced segments, severe thinning of the septum and corres-
ponding regional wall dysfunction.

We tested for infection with severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) as a potential causative
agent of his heart failure. We performed a test for SARS-CoV-2 on
nasopharyngeal samples by real-time reverse transcriptase-
polymerase chain reaction (Cepheid Inc. Sunnyvale, United
States) at admission and 72 hours later; both were negative. A
coronavirus disease 2019 (COVID-19) immunoglobulin G (IgG)
antibody test (Abbott Architect SARS-CoV-2 IgG, Abbott, US),
however, was positive. We advised hormonal tests because cer-
tain endocrine changes are associated with the convalescent
phase of COVID-19. The patient’s early morning cortisol was
30 (normal range 133-537) nmol/L, and adrenocorticotropic
hormone < 7.1 (normal range 10-46) pg/mL. Thyroid function
test results were normal.

We treated the patient with furosemide, ramipril, bisoprolol,
spironolactone, warfarin and therapeutic doses of enoxaparin for
his heart failure. We did not administer antiviral therapy for
COVID-19. His symptoms gradually improved over a period of
2 weeks, and troponin T values declined after a few days, consis-
tent with acute myocardial injury. His predischarge echocardio-
gram, 12 days after initial presentation, showed no residual LV or
RV thrombi (Appendix 1, available at www.cmaj.ca/lookup/
doi/10.1503/cmaj.202106/tab-related-content).

Discussion

Cardiovascular involvement during the acute phase of SARS-
CoV-2 infection is common. In 1 US study of 2736 patients
admitted to hospital with COVID-19, one-third showed troponin
elevation, signifying myocardial injury, which was associated
with a higher risk of death compared with those without raised
troponins.! Echocardiographic abnormalities have been
reported in about half of patients with COVID-19,? but little is
known about persistent cardiac injury or chronic sequelae of
COVID-19 after resolution of acute illness.

As evidenced by negative nasopharyngeal swabs and posi-
tive 1gG antibodies, it is likely that this patient had SARS-CoV-2
infection. His symptoms of progressive dyspnea on exertion and
heart failure may have been related to acute infection with
SARS-CoV-2. The antibody assay used is reported to have speci-
ficity of 99.6% (95% confidence interval [CI] 99.1-99.9) and sen-
sitivity of 93.9% (95% Cl 86.3-98.0) for samples taken over
14 days after onset of symptoms.>* We considered 4 disease
entities that may have been associated with our patient’s acute
heart failure: acute coronary syndrome, myocarditis, dilated

cardiomyopathy and myocardial infarction with nonobstructive
coronary arteries. Of these, we believe myocardial infarction
with nonobstructive coronary arteries is the most likely.

An absence of angina, ST-segment elevation and T-wave
changes of ischemia on serial electrocardiograms, coupled
with a normal coronary angiogram, made diagnoses of acute
coronary syndrome, coronary spasm, dissection and thrombo-
embolism less likely. The patient’s imaging scans were incon-
sistent with acute myocarditis and nonischemic dilated cardio-
myopathy, either separately or together. He had subtle
evidence of acute myocarditis only without associated myocar-
dial edema on cardiac MRI, an observation that does not align
with his severe LV dysfunction and acute heart failure. The pat-
tern of late gadolinium enhancement, myocardial fibrosis and
severe thinning of the interventricular septum on cardiac MRI
pointed to an extensive infarct involving the left anterior
descending and right coronary artery supply regions, which is
inconsistent with nonischemic dilated cardiomyopathy. This
led us to consider a diagnosis of myocardial infarction with
nonobstructive coronary arteries, based on his age and combi-
nation of nonobstructive coronary arteries with a transmural
pattern of infarction.

Our patient’s cardiac troponin T and NT-proBNP were sub-
stantially elevated without concurrent elevation of inflamma-
tory markers, a pattern that would be consistent with the timing
of his hospital presentation in the convalescent phase of his
SARS-CoV-2 infection.® As indirect support for this association,
our patient had new-onset diabetes mellitus and suppression of
the hypothalamic-pituitary-adrenal axis, both of which have
been reported after SARS-CoV-2 infection.” Yet, he did not
experience typical respiratory symptoms of COVID-19 before or
during his hospital stay.

Nonobstructive coronary artery disease presenting with
myocardial infarction has been described in patients admitted
to hospital with COVID-19.%° An ischemic pattern of myocardial
enhancement on cardiac MRI has been reported in 12% of
patients after recovery from COVID-19.%° Even so, it is difficult
to conclusively establish a causal link between SARS-CoV-2
infection and myocardial infarction with nonobstructive cor-
onary arteries.

The mechanisms of cardiac injury are not well established
in COVID-19. There is a possibility of extensive coronary
microvascular thrombi leading to a predominant infarction
pattern, although this may not be uniformly spread across all
areas of the heart, as reported in the cardiac pathology of a
patient with COVID-19." Microvascular thrombi may explain
our patient’s biventricular dysfunction as well as his trans-
mural infarct pattern with normal coronary arteries, which
may have occurred in conjunction with direct viral infection
to the heart.

SARS-CoV-2 infection has been associated with several car-
diovascular manifestations. This case suggests that it is possi-
ble for SARS-CoV-2 infection to present with extensive myo-
cardial injury. Careful follow-up of patients recovering from
SARS-CoV-2 infection may corroborate this association, and aid
in their early management.
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The section Cases presents brief case reports that convey clear,
practical lessons. Preference is given to common presentations of
important rare conditions, and important unusual presentations of
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