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Case Report

Recurrent Chest Pain After COVID-19: Diagnostic Utility of
Cardiac Magnetic Resonance Imaging
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ABSTRACT
We report a case of myocarditis in an adult patient with recent coro-
navirus disease 2019 (COVID-19) infection presenting as recurrent ST-
segment elevation, mimicking coronary vasospasm. This
case highlights the wide range of presentations of COVID-19erelated
myocarditis. The novel teaching point is that COVID-19 myocarditis can
present with acute manifestations such as chest pain and transient ST-
segment elevation even several weeks after complete recovery from
the initial infection. Cardiac magnetic resonance imaging should be
considered in patients with chest pain syndromes and angiographically
normal coronary arteries, as the presence of late gadolinium
enhancement and a high T2 signal can be diagnostic. Follow-up car-
diac magnetic resonance imaging may be used to assess resolution.
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R�ESUM�E
Nous pr�esentons un cas de myocardite chez un patient adulte infect�e
par le nouveau coronavirus (COVID-19) qui s’est traduit par une
�el�evation r�ecurrente du segment ST �evoquant un vasospasme coro-
narien. Ce cas illustre le large �eventail de tableaux cliniques de la
myocardite associ�ee à la COVID-19. Le nouveau point à retenir est que
la myocardite associ�ee à la COVID-19 peut se traduire par des mani-
festations aiguës telles que la douleur thoracique l’�el�evation transitoire
du segment ST, même plusieurs semaines après le r�etablissement
complet de l’infection initiale. L’imagerie cardiaque par r�esonance
magn�etique devrait être envisag�ee chez les patients qui ont des syn-
dromes de douleur thoracique et des artères coronariennes normales
à l’angiographie, puisque la pr�esence d’un rehaussement tardif après
injection de gadolinium et d’un signal �elev�e en T2 peut servir à poser le
diagnostic. Le suivi en imagerie cardiaque par r�esonance magn�etique
peut être utilis�e pour �evaluer la r�esolution.
Case
A 25-year-old man with a history of mild coronavirus

disease-2019 (COVID-19) infection, characterized by a low-
grade fever and malaise for several days, with complete re-
covery 6 weeks prior, presented to the emergency room with
intermittent episodes of substernal chest pain, with radiation
to both arms. He denied diaphoresis and shortness of breath.
On initial evaluation, the patient was awake and conversant,
with a heart rate of 82 beats per minute, blood pressure of
131/73 mm Hg, a temperature of 36.4�C, and an oxygen
saturation of 100% on room air. While in the emergency
room, he experienced another episode of similar chest pain.
An electrocardiogram (ECG) performed during the episode
demonstrated normal sinus rhythm with 1-mm ST-segment
elevations in leads II, III, and aVF, without reciprocal
changes (Fig. 1A). Initial laboratory workup was significant
for a positive COVID-19 polymerase chain reaction test,
elevated high-sensitivity troponin (hs-troponin) level of
10,739 ng/L (normal: < 34 ng/L), and an elevated high-
sensitivity C-reactive protein (CRP) level of 27.1 mg/L
(normal: < 3 mg/L). A repeat ECG a few minutes after the
initial ECG showed normal sinus rhythm with resolution of
the ST-segment changes (Fig. 1B).

Etiologies of chest pain with ST-segment elevation and
elevated troponin level include ST elevation myocardial
infarction (STEMI), myocarditis, perimyocarditis, coronary
vasospasm (such as that secondary to illicit drug use), and
stress cardiomyopathy. The patient was treated with aspirin at
325 mg, ticagrelor at 180 mg, and intravenous heparin, and
he underwent emergent left heart catheterization (LHC),
which demonstrated angiographically normal coronary arteries
(Video 1, A and B , view video online), with subsequent
transfer to the intensive care unit for observation.
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Novel Teaching Points

� COVID-19 myocarditis can present with acute mani-
festations, such as chest pain and transient ST-segment
elevation, even several weeks after complete recovery
from the initial infection.

� CMR imaging should be considered in patients with
chest pain syndromes and angiographically normal
coronary arteries, as the presence of LGE and a high T2
signal can be diagnostic.

� Follow-up CMR imaging may be used to assess
resolution.
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Dihydropyridine calcium-channel blocker was started for
suspicion of coronary vasospasm.

Further tests, including a urine drug screen, were negative.
His hs-troponin levels were serially followed and peaked at
14,122 ng/L without chest pain recurrence. An echocardio-
gram demonstrated a normal left ventricular ejection fraction
of 55%-60%, without wall-motion abnormalities. Within 30
hours, the patient developed another episode of chest pain,
with ECG demonstrating recurrent ST-segment elevations in
leads II, III, and avF (Fig. 1C). The hs-troponin level rose to
18,235 ng/L. A repeat LHC (Video 1C , view video
online) was performed along with optical
coherence tomography (OCT; Abbott, Abbott Park, IL) and
combined near-infrared spectroscopy and intravascular ultra-
sound (NIRS-IVUS; Abbott, Abbott Park, IL). Both NIRS-
IVUS (Fig. 1D; Video 2 , view video online) and
OCT (Fig. 1E; Video 3 , view video online) of right
coronary artery showed normal intravascular morphology with
minimal lipid burden. Cardiac magnetic resonance (CMR)
imaging demonstrated predominantly subepicardial enhance-
ment of the basal to mid inferolateral wall and the apical
lateral wall (Fig. 2, A and B), suggestive of myocarditis. The
enhancement also included pericardium adjacent to the
affected myocardium, suggestive of concomitant pericardial
involvement and myopericarditis. The T2 signal (Fig. 2, C
and D) was increased to 77 ms (for our clinical reference
range, the value of 45 � 6 ms is used for abnormal values,
consistent with the Society of Cardiovascular Magnetic
Resonance recommendation1) in the lateral wall, indicating
presence of edema and acute inflammation. There was mild
left ventricular systolic dysfunction (left ventricular ejection
fraction: 52%) with mild hypokinesis of the lateral wall of the
left ventricle (Video 4 , view video online), corresponding
to the late gadolinium enhancement (LGE) and increased T2
signal. Serial hs-troponin levels continued to downtrend, and
the patient remained free of chest pain. The patient was dis-
charged with a recommendation to refrain from high-level
physical activity and to follow-up in an outpatient clinic for
a repeat CMR. At a 6-week follow-up clinic visit, the patient
denied any recurrence of symptoms, with laboratory work
showing an hs-troponin level of 10 ng/L. A repeat CMR
performed at that time showed interval resolution of the T2
signal (Fig. 2, E and F) and a minimal qualitative decrease in
the extent of LGE (Fig. 2, G and H) in the involved segments,
suggesting resolution of the acute/subacute phase of myocar-
ditis, with residual fibrosis.
Discussion
Cardiac catheterization of COVID-19 patients presenting

with ST-segment elevation has shown a variety of findings,
ranging from obstructive coronary artery disease to angio-
graphically normal coronary arteries.2

This is, to our knowledge, the first reported case in the
literature of COVID-19 myocarditis presenting late after initial
COVID-19 infection with transient and recurrent ST-segment
elevation. Our patient was young, without cardiovascular risk
factors, and had a history of complete recovery from mild
COVID-19 infection 6 weeks prior to presentation. LHC
demonstrated normal coronary arteries; OCT and NIRS-IVUS
excluded occult plaque/coronary artery dissection and
confirmed normal coronary arteries, including the right coro-
nary artery. In this setting, he was referred for CMR imaging for
further evaluation of the myocardial injury. Of note, the diag-
nostic algorithm used in this patient has been used in a pub-
lished trial that demonstrated the utility of sequential OCT and
CMR in patients with myocardial infarction with normal cor-
onary arteries (MINOCA).3 Parametric imaging (myocardial
mapping) is of particular interest in the diagnosis ofmyocarditis,
and elevated T2 values, in addition to T1 parameters, are part of
the CMR consensus criteria for nonischemic myocardial
inflammation.4 In our patient, the abnormal T2 signal indi-
catingmyocardial edema of the inferolateral wall, and LGEwith
subendocardial sparing, pointed to acute myocarditis as the
underlying mechanism. In absence of other known causes of
myocarditis, including vaccination, COVID-19 infection
remained the most likely etiology.

Most reported cases of COVID-19 myocarditis describe
myocarditis at the time of active infection5; however, in our
case, the patient presented 6 weeks after recovering from mild
COVID-19 infection. The treatment for COVID-19
myocarditis remains uncertain, with options including corti-
costeroids, interleukin-6 inhibitors, and antivirals. Given his
clinical improvement and the lack of data on the use of
immunosuppressive therapy, our patient was treated suppor-
tively with plans for follow-up CMR imaging as an outpatient.
Hewas additionally advised to restrict physical activity for 3 to 6
months, a recommendation consistent with the American
Heart Association/American College of Cardiology scientific
statement on myocarditis.6

Our findings of residual LGE on follow-up CMR imaging,
several months after the acute myocarditis have been previously
described in non-COVID-19 myocarditis.7 Although baseline
LGE represents a known predictor of cardiac mortality, the
long-term impact of persistent LGE on cardiac events during
follow-up remains uncertain.8 Further study is needed to
determine whether COVID-19 myocarditis has similar out-
comes, compared with myocarditis from other causes.
Conclusion
COVID-19 myocarditis is highly variable in presentation.

We report a case of COVID-19myocarditis developing 6 weeks
after initial COVID-19 infection and presenting with transient
and recurrent inferior ST-segment elevation, mimicking coro-
nary vasospasm. This case demonstrates the clinical utility of
CMR imaging in the diagnosis of myocarditis in the setting of
an atypical presentation. The clinical course in this case was
mild, and the patient improved with supportive management.



Figure 1. (A) Electrocardiogram (ECG) results demonstrate ST-segment elevation in the II, III, and aVF leads on presentation. (B) Repeat ECG
demonstrates resolution of ST-segment elevation. (C) ECG at time of recurrence of chest pain shows ST-segment elevation in the II, III, and aVF
leads. (D) Combined near-infrared spectroscopy and intravascular ultrasound demonstrates minimal lipid burden. (E) Optical coherence tomography
shows normal right coronary artery.
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Figure 2. Cardiac magnetic resonance (CMR) imaging on 1.5T. (A, B) Late gadolinium enhancement imaging in (A) 3-chamber view and (B) short-
axis view shows areas of patchy, mid to epicardial enhancement in the basal, mid, and apical lateral and inferolateral wall. (C, D) T2 maps in the
short-axis projection show prolonged T2 relaxation times in the anterolateral and lateral wall, consistent with edema. For our clinical reference
range, the value of 45 � 6 ms is used for abnormal values consistent with the Society for Cardiovascular Magnetic Resonance recommendation.1

Follow-up cardiac magnetic resonance on 1.5T. (E, F) Late gadolinium enhancement imaging in 3-chamber- and short-axis view shows small interval
decrease in late gadolinium enhancement. (G, H) T2 maps in the short-axis projection show resolution of the previously increased T2 signal. For our
clinical reference range, the value of 45 � 6 ms is used for abnormal values, consistent with the Society for Cardiovascular Magnetic Resonance
recommendation.1
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