
Figure 1A: Myopericarditis associated with acute COVID-19 infection.

A 19-year-old male non-smoker with no past medical history presented with chest pain and dyspnoea. He

had tested PCR-positive in the community for COVID-19 one week earlier. He experienced central burning

chest pain which radiated to his jaw and left arm. The symptom lasted approximately 90 minutes. A 12-lead

electrocardiogram revealed saddle-shaped ST-elevation in the precordial leads (A) and the peak

concentration of high sensitivity troponin-I was 4,738 ng/L. No further episodes of chest pain occurred. A

transthoracic echocardiogram revealed preserved biventricular function. Research-indicated CT (B, C) and

MRI (E, F, G) were acquired in line with the protocol 28 days after discharge from hospital. There was no

evidence of pulmonary embolism or COVID-19 pneumonitis (B). In the inferior wall (white arrow), localized,

mid-wall elevations in myocardial native T2 (E, 47ms) and T1 (F, 1270 ms) indicative of acute myocardial

inflammation co-localised with sub-epicardial late gadolinium enhancement indicative of scar tissue (G).

There was no angiographic evidence of atherosclerosis and the FFR-CT values derived in the left anterior

descending (0.94) and left circumflex (0.95) coronary arteries were normal (FFR-CT >0.80) (D). The cardiac

diagnosis adjudicated by the clinical event committee was myocarditis secondary to COVID-19.
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Figure 1B: Myocardial injury in a patient treated in the Intensive Care Unit for COVID-19 pneumonitis and

respiratory failure.

A 58-year-old male care home worker was hospitalized with breathlessness, cough and pyrexia. There was

no history of chest pain. Admission electrocardiogram (A) showed sinus tachycardia with premature atrial

complexes and lateral ST-segment depression, and a peak troponin I concentration of 532 ng/L. The medical

history included asthma and hypertension. A PCR test was positive for SARS-CoV-2. Due to respiratory

distress and hypoxemia, the patient was intubated and admitted to the intensive care (ICU). A CT pulmonary

angiogram (B) revealed COVID pneumonitis and pulmonary thromboembolism was excluded. The ICU

admission lasted one month and the patient was discharged after a period of 52 days in hospital. The

research CT scan revealed resolution of changes in the lung parenchyma (C). CT angiography revealed

atherosclerosis in the left coronary artery (D) and FFR-CT (E) excluded obstructive coronary artery disease.

Protocol-directed cardiovascular MRI did not reveal features of myocardial inflammation. Specifically, the

myocardial T2 (F, 41ms) and T1 (G, 1218ms) relaxation times were normal and there was no intra-

myocardial late gadolinium enhancement other than at the right ventricular insertion point, which can be a

normal finding (H). The adjudicated cardiac diagnosis was acute myocardial injury secondary to hypoxemia,

not myocarditis.
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Figure 1C: COVID-19 infection associated with acute myocardial injury, type 2 MI and atrial fibrillation.

A 68-year-old female presented with breathlessness, a five-day febrile illness and two falls due to weakness

but without loss of consciousness. The admission electrocardiogram (A) revealed atrial fibrillation of

presumed recent onset and a rapid ventricular rate and there were clinical signs of heart failure. Following

admission, a swab PCR test was positive for SARS-CoV-2 infection. Protocol-directed coronary CT

angiography revealed a dominant left coronary artery. The Agatston calcium score was 156 (81st percentile

for age, gender, ethnicity) and there was atherosclerosis in the left coronary artery (C). The FFR-CT in the

mid-left anterior descending (FFRCT=0.71) and distal circumflex (FFRCT=0.76) coronary arteries were

reduced (abnormal ≤0.80) (D). Parametric mapping revealed increases in myocardial T2 (47ms) and T1

(1269 ms relaxation times) consistent with myocardial inflammation (E, F), whereas late gadolinium

contrast-enhanced imaging was normal. There was bi-atrial enlargement and the left and right ventricular

ejection fractions were preserved (G). The adjudicated cardiac diagnosis was acute myocardial injury, type 2

myocardial infarction in association with pre-existing coronary artery disease and acute COVID-19.
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Figure 1D. ST-elevation myocardial infarction associated with COVID-19 infection.

A 54-year-old man presented with cardiac sounding chest pain of 24 hours duration. A PCR test for SARS-

CoV-2 infection was positive. Following hospital admission, the peak troponin I concentration was 51 ng/L

with an initial normal electrocardiogram. A cardiac gated CT aortogram revealed a proximal left anterior

descending (LAD) lesion with preserved antegrade coronary blood flow and excluded aortic dissection, with

no COVID-19 pneumonitis (B). However, following hospital admission, the patient experienced acute, severe

chest pain. The 12-lead electrocardiogram revealed wide-spread ST-segment elevation with reciprocal

changes and idioventricular rhythm and an acute anterolateral STEMI was emergently diagnosed (A). The

peak troponin I concentration was 4865 ng/L. The invasive angiogram revealed an occluded LAD coronary

artery and primary percutaneous coronary intervention was performed successfully (C) restoring antegrade

blood flow (D). The protocol-directed coronary CT angiogram 28 days later revealed a patent stent in the

LAD (E) with no significant residual coronary disease or pneumonitis. Cardiovascular MRI revealed abnormal

an increase in extracellular volume in the anterior-septal wall (F, orange/red) co-localized with myocardial

late gadolinium enhancement in the corresponding regions (G, H orange) indicative of transmural

myocardial infarction complicated by microvascular obstruction (central dark zones within the bright infarct

zone). The adjudicated diagnosis was acute ST-elevation myocardial infarction following acute COVID-19.
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Figure 1E: Myocarditis associated with acute COVID-19 infection.

A 51-year-old female with no past medical history presented with chest pain and dyspnoea. She had tested

PCR-positive in the community for COVID-19 8 days previously. She experienced breathlessness, anosmia,

fever, and central chest pain which radiated to her jaw. A 12-lead electrocardiogram revealed T wave

flattening laterally (A) and the peak concentration of high sensitivity troponin-I was 56 ng/L. No further

episodes of chest pain occurred. Research-indicated CT (B, C) and MRI (E, F, G) were acquired in line with

the protocol 27 days after discharge from hospital. There was no evidence of pulmonary embolism or

COVID-19 pneumonitis (B). There was no angiographic evidence of atherosclerosis and the FFR-CT values

were normal (D). In the inferior wall of the left ventricle (white arrow), localized, mid-wall elevations in

myocardial native T2 (E, 54ms) and T1 (F, 1313 ms) relaxation times, indicative of acute myocardial

inflammation, co-localized with sub epicardial myocardial late gadolinium enhancement (G). These imaging

features are diagnostic of myocarditis. The cardiac diagnosis adjudicated by the clinical event committee

was myocarditis secondary to COVID-19.
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Figure 1F: Pericarditis associated with COVID-19 infection

A 65-year-old male non-smoker with no past medical history presented with chest pain and dyspnoea. His

COVID-19 PCR test was negative but his chest radiograph was reported as typical of COVID-19. He

experienced pleuric/ pericarditic chest pain which improved on leaning forward. A 12-lead

electrocardiogram revealed widespread saddle-shaped ST-elevation (A) whilst serial high sensitivity

troponin-I was undetectable by assay (<4 ng/L). A transthoracic echocardiogram revealed preserved

biventricular function with a circumferential pericardial effusion (~2cm at free wall) and echo bright

pericardium. Research-indicated CT (B, C) and MRI (E, F, G) were acquired in line with the protocol one

month after discharge from hospital. The patient had an interstitial pulmonary fibrosis pattern, with no

pulmonary emboli detected(B). Coronary angiography revealed densely calcified proximal left anterior

descending plaque possibly obstructive. This was confirmed on CT-FFR (D) as 0.51. MRI revealed diffuse

pericardial thickening with evidence of hyper enhancement (G) with a pericardial effusion but no evidence

of constriction or myocardial involvement. This resolved on outpatient trans thoracic echocardiography and

a 3-month course of colchicine and analgesics. The cardiac diagnosis adjudicated by the clinical event

committee was constrictive pericarditis and no evidence of myocardial injury secondary to COVID-19

infection.
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Figure 1G: Persisting cardio-renal abnormalities due to COVID-19 infection.

A 66-year-old man with history of hypertension was admitted with increasing breathlessness and transient

syncope. There was no history of chest pain. The PCR test confirmed SARS-CoV-2 infection and the D-Dimer

concentration was 35,656 ng/L. Admission electrocardiogram revealed atrial fibrillation with a rapid

ventricular rate requiring electrocardioversion due to haemodynamic compromise (A). The CT pulmonary

angiogram revealed COVID-19 pneumonitis (B) and bilateral pulmonary arterial thrombus involving both

central and peripheral branches (C). Treatment dose low molecular weight heparin was initially prescribed

followed by direct oral anticoagulation. Despite additional treatment with tocilizumab and dexamethasone

for covid pneumonitis, intubation and mechanical ventilation were necessary during a 4-day admission to

the intensive care unit (ICU). The patient recovered, supported by treatment with inhaled oxygen and a

reducing dose of dexamethasone. At visit 2, one month later, the research CT coronary angiogram and FFR-

CT excluded obstructive coronary artery disease (D). Protocol-directed MRI revealed tissue inflammation in

the kidney (increased renal T1 (E, cortex 1666ms, medulla 2060 ms), and myocardium (native T1 (F,

1303ms), and native T2 (G, 49ms) associated with late gadolinium enhancement localized to the inferior

left ventricular wall with a sub-epicardial distribution (H) in keeping with myocardial inflammation. The CT

chest scan revealed substantially improvement in the lung parenchyma, and the previously identified

pulmonary emboli were no longer evident.
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Figure 1H: COVID-19 without cardio-renal involvement: no abnormalities identified.

A 25-year-old female presented with breathlessness, lightheadedness and anosmia 9 days after a positive

swab PCR test for SARS-CoV-2 infection. The admission electrocardiogram (A) revealed normal sinus

rhythm. She was treated with dexamethasone. Research-indicated CT (B, C) and MRI (D, E, F, G) were

acquired in line with the protocol 23 days after discharge from hospital. High resolution lung CT revealed

faint peri-bronchovascular ground glass opacification in keeping with recovering pneumonitis. There was no

coronary artery disease on coronary angiography (C). Renal MRI imaging revealed normal T1 values (D:

cortex 1481ms, medulla 1922ms). There was no evidence of raised T2 (E: 38ms) or T1 (1218ms) values on

parametric mapping, and no myocardial late gadolinium enhancement. The cardiac diagnosis adjudicated by

the clinical event committee was no evidence of myocardial injury secondary to COVID-19 infection.
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MRI patterns of late gadolinium enhancement revealing pathology.
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