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Introduction
Since the first reported case of severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) in humans there has been an evolving evidence base around the multiorgan 
involvement in COVID-19 (Gupta et al, 2020) and persisting symptoms in the longer 
term. The pathogenesis of multiorgan inflammation in COVID-19 may involve direct 
virus toxicity (Puelles et al, 2020; Sungnak et al, 2020), endothelial dysfunction (Guzik 
et al, 2020), thrombotic microvascular angiopathy (Varga et al, 2020), immune system 
dysregulation (Cummings et al, 2020; Ruan et al, 2020) or dysregulation of the renin–
angiotensin–aldosterone system (Guzik et al, 2020).

The authors’ team (Pellicori et al, 2021) carried out a review of observational studies and 
registries published between December 2019 and July 2020 investigating the nature and 
rate of cardiovascular complications in people with COVID-19. In hospitalised patients, the 
most common cardiovascular complications were arrhythmias (weighted mean incidence 
9%), heart failure (weighted mean incidence 7%) and thromboembolic complications 
(weighted mean incidence 7%). A limitation is that most of the studies included in this 
review were retrospective, making them highly susceptible to reporting bias.

A multi-system, multi-modality investigation  
of post-COVID-19 illness
The authors designed a prospective, cohort study within the Greater Glasgow and Clyde 
region (population served >1.1 million) (Mangion et al, 2020) to investigate the incidence, 
nature and clinical significance of cardiovascular involvement in patients with COVID-19. 
The setting involved two large academic centres and a district general hospital. Hospitalised 
patients >18 years of age with a polymerase chain reaction diagnosis of COVID-19 
were screened, with minimal exclusion criteria (inability to provide informed consent or 
undertake study procedures, for example contraindication to magnetic resonance imaging). 
The study procedures are explained in detail elsewhere (Mangion et al, 2020). In brief, the 
published study involved a first visit (in one of the three hospitals or shortly after discharge) 
where clinical information, electrocardiogram, blood and urine biomarkers and patient-
reported outcome measures were acquired. The second visit was carried out 28–60 days 
post discharge at a dedicated research imaging centre. Besides gathering similar data to 
those collected during the first visit, chest computed tomography including pulmonary 
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and coronary angiography and cardio-renal magnetic resonance imaging were acquired. 
A contemporary control group of at least 20 individuals (controls) who were negative for 
COVID-19 by polymerase chain reaction and IgG were matched to the characteristics of 
the participants with COVID-19 and enrolled. These were matched for age, sex, ethnicity 
and cardiovascular risk factors.

Results
A total of 159 participants were recruited who had been admitted for hospital treatment 
for COVID-19 between 22 May 2020 and 16 March 2021 and 29 matched control patients 
(Morrow et al, 2022). Of the participants, 139 (87%) were white, and 69 (43%) were women. 
Fourteen (19%) patients required invasive ventilation, 31 (20%) received non-invasive 
ventilation and 109 (69%) required oxygen. Thirty-six (23%) were healthcare workers. 
To reduce bias, a panel (n=5 per participant) of consultant cardiologists independent of 
the research team was asked to independently adjudicate the likelihood of myocarditis 
(very likely/probable/unlikely/not present) and the aetiology of myocarditis based on the 
European Society of Cardiology Working Group on Myocardial and Pericardial Disease 
position statement on myocarditis (Caforio et al, 2013) and modified Lake Louise diagnostic 
criteria for myocarditis using magnetic resonance imaging (Ferreira et al, 2018).

Electrocardiogram findings
Participants adjudicated to very likely or probably have myocarditis secondary to COVID-
19 infection had electrocardiogram changes suggestive of myopericarditis (the changes 
may be specific for myocarditis, eg concave ST-elevation, or non-specific, eg ventricular 
arrhythmias, heart block, ectopy or intraventricular conduction delay (Caforio et al, 2013; 
Morrow et al, 2022)). Thus, the authors would suggest that hospital doctors review the 
clinical history (chest pain or palpitations) together with the electrocardiogram in patients 
hospitalised with COVID-19 illness to consider myocarditis in the differential diagnosis.

Computed tomography findings
Pulmonary ground glass opacity and/or consolidation (n=70, 45%), and reticulation or 
architectural distortion (n=47, 30%) were common at 28–60 days post discharge. Twenty-
one (14%) patients had obstructive coronary artery disease and five (3%) had evidence 
of pulmonary thromboembolism (Morrow et al, 2022). These findings were associated 
with persisting reported breathlessness on exertion in patients attending hospital or clinic 
4–8 weeks after COVID-19 pneumonitis.

Magnetic resonance imaging findings
While biventricular function was on average within the normal range, participants with 
COVID-19 had lower ejection fractions and increased left ventricular volumes when 
compared with patient controls. Findings consistent with myocardial inflammation in 
suspected myocarditis include evidence of high T2 (oedema) on T2-weighted imaging on 
magnetic resonance imaging (T2 mapping, T2 prepared sequences) and high T1 (oedema, 
inflammation) or scar on T1-weighted imaging (T1 mapping, extracellular volume fraction, 
early and late gadolinium enhancement) (Figure 1). These are conventionally known as the 
modified Lake Louise criteria (Ferreira et al, 2018). When requesting a cardiac magnetic 
resonance imaging exam, the authors would recommend providing adequate clinical 
information on the request form, to ensure that the cardiologist or radiologist protocolising 
the exam ensures the right sequences are acquired. Of note, myocardial T2 values can be 
raised as a result of myocardial infarction (Mangion et al, 2016), T1 values can be raised 
as a result of diffuse fibrosis such as in hypertensive heart disease or amyloidosis (Taylor 
et al, 2016), and scar may be present on late gadolinium imaging in cases of myocardial 
infarction and in certain cardiomyopathies.

Biomarkers
Raised circulating concentrations of several serum biomarkers were observed both during 
the acute phase of COVID-19 illness and in the longer term. Circulating concentrations of 
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C-reactive protein, ferritin, D-dimers, fibrinogen, factor VIII and von Willebrand factor 
were higher in the post-COVID-19 group at enrolment compared to the control group, 
consistent with activation of the haemostatic pathway. At 28–60 days post-discharge, the 

Figure 1. A 19-year-old male non-smoker with no past medical history presented with chest 
pain and dyspnoea on the background of a recent polymerase chain reaction-positive test 
for SARS-CoV-2. He described central chest pain radiating to his left arm and jaw lasting 
approximately 90 minutes. a. A 12-lead electrocardiogram revealed saddle-shaped ST-elevation 
in the precordial leads (V1–V4) and the peak high sensitivity troponin-I was 4738 ng/litre. A 
transthoracic echocardiogram revealed preserved biventricular function. He was enrolled in 
the study. Research-indicated cardiac magnetic resonance imaging was acquired 28 days 
after discharge from hospital. In the inferior wall (green arrow), localised, mid-wall elevations in 
(b) myocardial native T1, (c) T2, (d) extracellular volume fraction indicative of acute myocardial 
inflammation co-localised with (e) sub-epicardial late gadolinium enhancement indicative of 
scar. These magnetic resonance imaging changes met the Lake Louise criteria for myocarditis.
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concentration of factor VIII remained high. Circulating concentrations of N-terminal pro 
B-type natriuretic peptide (NT-proBNP) were higher in the COVID-19 group at enrolment 
and 28–60 days post-discharge.

The authors suggest that cardiac biomarkers, notable high sensitivity troponin I and 
NT-proBNP, be measured in patients with acute or post-COVID-19 syndromes associated 
with cardiac symptoms and/or an abnormal electrocardiogram, especially if myocarditis is 
suspected. The authors observed an association between acute kidney injury and adjudicated 
likelihood of myocarditis (Morrow et al, 2022). Again, physicians should think about the 
whole clinical picture when considering multi-organ involvement.

Patient-reported outcome measures
The adjudicated likelihood of myocarditis was associated with patient-reported outcome 
measures at 28–60 days post-discharge, including lower health-related quality of life, 
enhanced illness perception, enhanced depression score and lower physical activity. This 
suggests that multisystem injury pathways (cardiac or renal injury, or haemostatic pathway 
activation) are the mediators of post-COVID-19 syndrome.

Conclusions
The clinical suspicion of cardiac involvement post-COVID-19 should be based on clinical 
history and electrocardiogram changes. When indicated, further imaging of heart pump 
function (echocardiogram or cardiac magnetic resonance imaging) and possible myocarditis 
should be considered (cardiac magnetic resonance imaging) based on clinical findings 
and serum biomarkers. Most of the authors’ population was unvaccinated (n=148, 93%), 
highlighting the potential, protective benefits of vaccination against COVID-19.
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