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Symptom burden, coagulopathy 
and heart disease after acute 
SARS‑CoV‑2 infection in primary 
practice
Roisin Colleran 1,2, Sean Fitzgerald 1, Himanshu Rai 1,2, Laurna McGovern 1, Roger J. Byrne 3, 
Ahmed Mansur 3, Andrea Cradock 4, Ros Lavery 3, James Bisset 3, Shane McKeogh 5, 
Gordon Cantwell 6, Darach O’Ciardha 7, Hannah Wilson 1, Nicoletta Begossi 1, Nial Blake 1, 
Maria Fitzgibbon 8, Jonathan McNulty 4, Gábor Széplaki 1, Emma Heffernan 8, 
Margaret Hannan 8, James S. O’Donnell 9 & Robert A. Byrne  1,2*

SETANTA (Study of HEarT DiseAse and ImmuNiTy After COVID-19 in Ireland) study aimed to 
investigate symptom burden and incidence of cardiac abnormalities after severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2)/COVID-19 and to correlate these results with biomarkers of 
immunological response and coagulation. SETANTA was a prospective, single-arm observational 
cross-sectional study condcuted in a primary practice setting, and prospectively registered with 
ClinicalTrials.gov (identifier: NCT04823182). Patients with recent COVID-19 infection (≥ 6 weeks and 
≤ 12 months) were prospectively enrolled. Primary outcomes of interest were markers of cardiac 
injury detected by cardiac magnetic resonance imaging (CMR), which included left ventricular 
ejection fraction, late gadolinium enhancement and pericardial abnormalities, as well as relevant 
biomarkers testing immunological response and coagulopathy. 100 patients (n = 129 approached) 
were included, amongst which 64% were female. Mean age of the total cohort was 45.2 years. The 
median (interquartile range) time interval between COVID-19 infection and enrolment was 189 [125, 
246] days. 83% of participants had at least one persistent symptom, while 96% had positive serology 
for prior SARS-CoV-2 infection. Late gadolinium enhancement, pericardial effusion, was present in 
2.2% and 8.3% respectively, while left ventricular ejection fraction was below the normal reference 
limit in 17.4% of patients. Von Willebrand factor antigen was elevated in 32.7% of patients and 
Fibrinogen and D-Dimer levels were found to be elevated in 10.2% and 11.1% of patients, respectively. 
In a cohort of primary practice patients recently recovered from SARS-CoV-2 infection, prevalence of 
persistent symptoms and markers of abnormal coagulation were high, despite a lower frequency of 
abnormalities on CMR compared with prior reports of patients assessed in a hospital setting.

Trial Registration: Clinicaltrials.gov, NCT04823182 (prospectively registered on 30th March 2021).
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Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)/COVID-19 first emerged in Wuhan, China in 
December 2019. With its rapid spread across every continent and its significant mortality and morbidity, there has 
been considerable interest in the cardiovascular complications of infection, with myocardial injury having been 
noted to be widely prevalent1,2. Mechanisms of myocardial injury include acute coronary syndrome, exacerbation 
of pre-existing cardiovascular disease, arrhythmia, and myocarditis3–5. Microvascular angiopathy, endothelial 
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dysfunction as well as coagulopathy have been suggested as mediators of the more severe cardiovascular sequelae 
of the disease6. While short term complications are best described in recent times, more information has also 
emerged about the long-term cardiovascular complications of COVID-197,8.

Several studies assessing the effect of COVID-19 on myocardial tissue through the medium of cardiac mag-
netic resonance (CMR) imaging have been published. In 2020, Puntmann et al. reported results from a prospec-
tive observational cohort study that included 100 patients recently recovered from COVID-199. CMR revealed 
cardiac involvement in 78% of patients with ongoing myocardial inflammation in 60%, as well as a substantial 
number with scarring evident on native longitudinal relaxation time (T1) and late gadolinium enhancement 
(LGE) assessment. Similar data has been reproduced in several studies with varying designs, which have been 
generally small10,11 or have focused on specific populations such as recovering athletes12.

There has also been significant interest in terms of immunity and coagulopathy post COVID-19 infection. The 
immunological response to the disease, although investigated in detail at this point, is still not fully understood. 
Severe cases of COVID-19 tend to have a more vigorous IgG response against SARS-CoV-2 compared with 
mild cases13. A prior study found that anti-SARS-CoV-2 antibodies to the spike protein decreased over 60 days 
in health care personnel, with 58% of seropositive individuals becoming seronegative14. Moreover, it has been 
shown that patients with SARS-CoV-2 are at higher risk of arterial and venous thrombotic events with reports 
of venous thromboembolism prevalence of up to 69% in critically ill patients15. Elevations in Von-Willebrand 
factor (VWF) or D-dimer many months post recovery, even in a non-ICU cohort, potentially point towards con-
tinued coagulopathy and likely indicate ongoing endothelial dysfunction weeks or months post initial illness16.

Thus, the aims of this study were to investigate the (i) incidence of cardiac abnormalities as assessed by CMR 
imaging in unselected patients after acute COVID-19 infection in Ireland, and (ii) to examine the correlation 
with immunological response and biomarkers of coagulation.

Materials and methods
Study design and participants
SETANTA was a prospective, community-based, observational cross-sectional study. All consecutive patients 
with recent COVID-19 infection were identified at three primary care centres in Ireland and invited to participate 
in the study. Key study inclusion criteria were (i) ≥ 18 years, (ii) SARS-CoV-2 infection ≥ 6 weeks and ≤ 12 months 
before enrolment, as evidenced by positive reverse-transcriptase polymerase chain reaction (RT-PCR) SARS-
CoV-2 nasopharyngeal swab, and (iii) written informed consent. Key exclusion criteria were (i) prior history of 
myocarditis or ischemic heart disease, (ii) contraindication to gadolinium (eGFR < 30 ml/min) or regadenoson 
(including cardiac conduction disease, asthma, seizures, pregnancy or breast-feeding), (iii) inability to provide 
written informed consent, fill out the safety questionnaires or cooperate with the scan and breath holds, (iv) 
insufficient CMR image quality. This study was approved by local hospital Institutional Review Board (Ref. No. 
1/378/2199) and conducted in accordance with the Declaration of Helsinki. A written informed consent was 
obtained from all participants prospectively during their screening visit. The study was also prospectively regis-
tered on http://​www.​clini​clatr​ials.​gov platform (ClinicalTrials.gov identifier: NCT04823182).

Pre‑specified outcomes of interest
The primary outcomes of interest were markers of cardiac injury detected by CMR, including, left ventricular 
ejection fraction (LVEF), left ventricular end diastolic volume (LVEDV), right ventricular ejection fraction 
(RVEF), native T1, native transverse relaxation time (T2), late gadolinium enhancement, and pericardial abnor-
malities. Secondary outcomes included anti-SARS-CoV-2 antibody testing and markers of coagulation and 
immunity.

Data collection
Eligible patients, who provided written informed consent, were invited to attend a baseline visit over two con-
secutive days at a hospital clinic. The first visit comprised of consent and collation of baseline demographics, 
medical history, current medications, and self-reported SARS-CoV-2 symptoms. Symptoms were self-defined 
by patients as mild, moderate, severe or none. A modified version of the SAQ7 (Seattle Angina Questionnaire 
7) was used to assess anginal-type symptoms. Assessments included vital signs, electrocardiogram (ECG), 24-h 
ambulatory ECG recording and blood sampling by a dedicated study nurse. The patient returned to the hospital 
clinic after 24 h and underwent CMR imaging. Incidence of major adverse cardiac events (MACE) were followed 
up via telephone at 1, 6 and 12 months following the baseline visit, with changes in QOL indices reviewed at 
months 6 and 12.

Cardiac magnetic resonance imaging
Cardiac magnetic resonance (CMR) imaging was performed on a 1.5 T whole body scanner (Magnetom Sola, 
Siemens Healthcare Sector, Erlangen, Germany). Full details with regard to baseline sequences are provided in the 
Supplementary appendix. Perfusion imaging was carried out after the administration of 0.4 mg of regadenoson 
as a rapid bolus over 10 s. This was followed by 0.1 mmol/kg of the gadolinium-based contrast agent gadobutrol 
(Gadovist; Bayer Phama, Berlin, Germany) infused 45 to 60 s after. Late gadolinium enhancement (LGE) imag-
ing was carried out in HLA, VLA, LVOT and short axis views with cross-cut imaging over any apparent LGE, 
10 min after administration of gadolinium.

Electrocardiogram assessment
Standard published definitions were used for ambulatory ECG parameters17. For further details, please see the 
Supplementary appendix.

http://www.cliniclatrials.gov
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The datasets used and/or analysed during the current study available from the corresponding author on 
reasonable request.

Results
A cohort of 100 patients was included between February and September 2021, of which 96 underwent CMR 
imaging (Supplementary Fig. 1). The median (IQR) time interval between SARS-CoV-2 infection and enrolment 
was 189 (125, 246) days. Mean age was 45.2 ± 12.8 years. The majority of subjects were females (64%), with a mean 
BMI of 27.1 ± 5.2 kg/m2. Patients had a high prevalence of hypercholesterolemia and smoking history (20% and 
41%, respectively). Baseline characteristics are shown in Table 1.

Clinical status at index infection and at baseline
Nearly half of patients reported mild symptoms (43%), with 18% reporting severe symptoms during the index 
infection. A total of 14 patients (14%) required hospitalization, with 3 patients in this group receiving ventilatory 
support. Median hospital stay was 3 days (1, 6.75) (Table 1). The most common non-cardiac symptoms since 
infection included fatigue/malaise in 86% (persistent in 43%), myalgia in 74% (persistent in 11%), cough in 53% 
(persistent in 4%), fever in 53% (persistent in 3%), loss of sense of taste in 46% (persistent in 15%), loss of sense 
of smell in 45% (persistent in 17%) and sore throat in 31% (persistent in 2%) (Table 1).

In terms of cardio-respiratory symptoms following the SARS-CoV-2 diagnosis, a significant number of 
patients reported chest pain (41%), palpitations (54%), dizziness/lightheadedness (53%), and dyspnoea (62%). 
The majority of patient symptoms were classified as NYHA Class I (41%), with 23% reporting NYHA Class 
IV dyspnoea (Table 1, Fig. 1B). With regard to chest pain, 23% of patients were deemed to have severe anginal 
equivalent symptoms. Overall, 83% of patients had any ongoing symptom. The mean self-reported health score 
on EQ-5D-5L questionnaire at inclusion was 78.1 ± 16.2.

Results of biochemical and serological testing
At inclusion, 60% of patients had received at least one dose of a vaccine (Table 1). 86% of patients had a posi-
tive antibody test against the SARS-CoV-2 nucleocapsid (NCP), while 96% had a positive antibody test against 
the SARS-CoV-2 spike protein at inclusion. Von Willebrand factor antigen was elevated in 32.7% of patients, 
while Fibrinogen and D-Dimer levels were raised in 10.2% and 11.1% of patients, respectively. Inflammatory 
markers were elevated in a considerable proportion of patents (ferritin in 32.7%, LDH in 33.7%) (Table 2 and 
Supplementary Figs. 2 and 3).

Cardiac imaging findings
CMR parameters are summarized in Table 3. Stress perfusion imaging was normal for all included patients. 
Late gadolinium enhancement was present in 2 patients (Supplementary Fig. 4A). A total of 8 patients recently 
recovered from COVID-19 had a pericardial effusion (Supplementary Fig. 4B). Mean LVEF (short axis) was 
60.8 ± 5.7%, with a LVEF below 55% in 17.4% of patients (Supplementary Fig. 4C). Although a majority of our 
cohort were female (64%), 62.5% (10/16 patients) with abnormal left ventricular ejection fraction (short Axis, 
%) were male. In the 16 cases with abnormal left ventricular ejection fraction (short Axis, %), there were 6 cases 
(37.5%) in NYHA I class, 4 (25%) in NYHA II class and 3 (18.8%) each in NYHA III and IV class respectively. 
Amongst our analysed cohort, mean native T1 (ms) was 994.4 ± 29.2 ms, post-contrast T1 was 521.4 ± 37.5 ms, 
mean T2 basal was 49.3 ± 2.5 ms, mean T2 mid was 50.3 ± 3.1 ms, mean T2 apical was 52.5 ± 3.8 ms, while extra-
cellular volume was 27.5 ± 4.4%.

Clinical follow‑up at 1 year
In total 99, 100 and 97 patients completed their 1, 6 and 12-month telephone follow-ups respectively. There were 
no significant events or overnight hospitalizations reported at 6-months follow-up time point, and one case 
of hospitalization for 7 nights for fever of unknown origin reported at 12 months follow-up. All 100 patients 
completed their SAQ7 and EQ-5D-5L questionnaires at baseline, while 75 and 72 patients, respectively, com-
pleted both their questionnaires at 6- and 12-month follow-up timepoints; responses are displayed as Fig. 2. 
Improvement is evident over time in terms of symptoms as well as quality of life of included subjects though 
the follow-up period.

Study highlights are visually presented as Fig. 3.

Discussion
Summary
This study demonstrates that in an unselected patient cohort, recovering from COVID-19, cardiac abnormali-
ties on CMR were not infrequent, although generally mild, with late gadolinium enhancement present in only 
2.2% and abnormal LVEF in 17.4% of patients, despite 83% of patients reporting persistent symptoms. In terms 
of the aetiology of these findings, while causality cannot be inferred, they might conceivably be a consequence 
of COVID-associated myocarditis18. However, given the propensity for pro-coagulatory states in the setting of 
COVID-19, they may also be a consequence of COVID-19 related myocardial infarction, microvascular throm-
bosis, or endothelial inflammation related to COVID-1919,20. There is also the possibility of an association with 
COVID-19 induced Takotsubo cardiomyopathy, although this seems less likely21. The presence of a pericardial 
effusion likely signifies an association with generalized inflammation, not necessarily specific to myocarditis, but 
may often be seen in this setting. Markers of coagulation and inflammation remained elevated in a significant 
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Participants 100

Age, y 45.2 ± 12.8

Female, sex 64 (64)

Ethnicity, Caucasian 96 (96)

Blood pressure (systolic), mmHg 133.9 ± 16.4

Blood pressure (diastolic), mmHg 82.2 ± 10.6

Heart rate, bpm 73.0 ± 12.0

Height, m 1.7 ± 0.1

Weight, kg 78.4 ± 17.8

BMI, kg/m2 27.1 ± 5.2

Oxygen saturation, % 97.7 ± 1.2

Temperature, °C 36.5 ± 0.4

Duration since index SARS-CoV-2 diagnosis (days) 189 (125, 246)

History of hypertension 12 (12)

History of diabetes mellitus 1 (1)

History of Hypercholesterolemia 20 (20)

History of Heart failure 0 (0)

History of chronic obstructive pulmonary disease/asthma 7 (7)

History of stroke 1 (1)

History of deep vein thrombosis/pedal oedema 5 (5)

 New onset deep vein thrombosis/pedal oedema 3/5 (60)

History of renal disease 1 (1)

History of liver disease 1 (1)

History of smoking 41 (41)

 Current 9/41 (22)

 Ex-smoker 32/41 (78)

Average alcohol intake (units/week) 8.3 ± 7.9

Family history of premature coronary artery disease 17 (17)

Long-term medications

 Aspirin 3 (3)

 Anticoagulants 3 (3)

 Angiotensin II receptor blockers 5 (5)

 Angiotensin-converting enzyme inhibitor 1 (1)

 Calcium channel blocker 3 (3)

 Lipid-lowering therapy 7 (7)

 Colchicine 2 (2)

 Antiarrhythmics 2 (2)

SARS-CoV-2 infection

 Hospitalized for index SARS-CoV-2 infection 14 (14)

  Ventilatory support 3/14 (21)

  Invasive 1/3 (33)

 Hospitalization length (days) 3 (1, 6.75)

 Non-cardiac symptoms since infection

  Fever, % (persistent, resolved, never) 3, 50, 47

  Sore throat, % (persistent, resolved, never) 2, 29, 69

  Cough, % (persistent, resolved, never) 4, 49, 47

  Myalgia, % (persistent, resolved, never) 11, 63, 26

  Loss of sense of smell, % (persistent, resolved, never) 17, 32, 51

  Loss of sense of taste, % (persistent, resolved, never) 15, 31, 54

  Fatigue/Malaise, % (persistent, resolved, never) 43, 43, 14

  Headache, % (persistent, resolved, never) 22, 44, 34

  Rash, % (persistent, resolved, never) 1, 9, 90

  GI disturbance, % (persistent, resolved, never) 6, 33, 61

 Symptom severity during infection

  Severe 18 (18)

  Moderate 35 (35)

  Mild 43 (43)

Continued
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number of patients at a median of 189 days since their index diagnosis. Overall, these findings are in keeping 
with the fact that COVID-19 may be viewed as an endothelial disease22–24.

Strengths and limitations
This is the first prospective study in an Irish setting on patients with a COVID-19 infection who underwent 
evaluation for cardiac abnormalities. It has the advantage of integrating a quantification of symptom burden, 
biochemical and immunological markers with CMR data, allowing for the assessment the effects of COVID-19 
in several domains. Furthermore, to our knowledge, it is the only study of its kind involving patients identified 
through primary practice, rather than in an in-patient setting. This is significant as there may be marked differ-
ences between those patients who required immediate hospitalisation for COVID-19 compared to those who 
did not, or ended up being admitted at a later date.

Nonetheless, our study has several limitations. Firstly, although primary care centre records were used to 
identify consecutive patients who have had SARS-CoV-2 infection, it was the patient’s decision to undergo enrol-
ment (or not). While selection bias for inclusion is less than in studies enrolling patients referred to hospital for 
assessment, patients with persistent or troubling symptoms were more likely to be interested in taking part, and 
the frequency of patients with persistent symptoms thus may be overestimated. The magnitude of this overesti-
mation is likely to be at least moderate25. Secondly, lack of baseline pre-COVID-19 imaging or laboratory tests 
for context constitutes a major limitation. We cannot provide information on the change of a parameter over 
time, or whether it was elevated prior to, or at the time of the index COVID-19 infection. Thus, in the context of 
this observational cohort study, causality cannot be inferred. Of note, this is, however, similar to the approach 
of Puntmann et al.9, whose findings we sought to replicate and given the fact that by design, our recruits were 
healthy volunteers from primary practice, it would not be expected that these patients would have undergone 
extensive cardiac testing in the past. Furthermore, our study had no direct control arm, and comparison of our 

Table 1.   Baseline characteristics. Data expressed as number (%), mean ± SD or median (interquartile range).

  None 4 (4)

Vaccination status

 Vaccinated for SARS-CoV-2 at index visit (at least one dose) 60 (60)

  Only one dose 18/60 (30)

  Fully vaccinated 44/60 (73.3)

 Type of vaccine

  Pfizer 34/60 (56.7)

  AstraZeneca 21/60 (35)

  Moderna 3/60 (5)

  Janssen 2/60 (3.3)

Fig. 1.   Cardio-respiratory symptoms following SARS-CoV-2 diagnosis. This figure highlights the percentages 
of patients with cardiorespiratory symptoms.
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patients directly against healthy controls would have been ideal. However, age, sex and MRI scanner specific data 
from the general population was used to generate the reference range for native T1 and T2 values, in order to 
mitigate the effects of this issue to some degree. Furthermore, due to the evolution of the COVID-19 virus and 
the interval development of several new variants, the current relevance of this data relating to infections from 
the time period of February–September 2021 is less clear. Thirdly, the study cohort was relatively homogenous 
in terms of ethnicity and age, where a majority of participants were Caucasian and relatively young.

Comparison with existing literature
Our work is similar to previously published articles in that it confirms a significant burden of “long Covid”, i.e. 
post-COVID-19 syndrome. These findings are similar to an Italian study that followed 143 patients recently dis-
charged from the hospital after recovery from COVID-19. At a mean of 60.3 days after onset of the first COVID-
19 symptom, 87.4% of patients reported persistence of at least 1 symptom, particularly fatigue and dyspnoea26. A 
longitudinal analysis of previously well patients with initial mild illness carried out by Puntmann et al. showed 
a somewhat lower, but still significant, incidence of persistent symptoms at 57%9. There is evidence to suggest 
that residual symptoms in post-COVID-19 syndrome may be related to persistent endothelial dysfunction27.

In terms of the evolution of CMR findings in COVID-19, initial imaging studies on selected patients (those 
with COVID-19 and elevated troponin levels during hospitalization)28 and unselected patients (those with a 
range of COVID-19 symptoms)9 demonstrated a high frequency (up to 78%) of cardiac abnormalities. Subse-
quent CMR studies have identified patients with myocarditis-like imaging patterns at levels higher than in the 
general population. However, these findings appear less common than originally thought, and in particular, it 
is important to point out that the incidence of abnormal CMR findings, especially with regard to native and 
post contrast T1, and T2 values, are dependent on the particular imaging protocols, sequence parameters and 
postprocessing approaches used by a given centre or by a given study protocol. Joy et al. published results from 
a nested case–control study that included 74 seropositive participants along with 75 age-, sex-, and ethnicity-
matched control subjects selected from volunteering seronegative subjects29. Disease was mild in 99%, with 
25% asymptomatic and only 2 hospitalized. Cardiovascular abnormalities on CMR were found to be no more 
common in seropositive versus seronegative individuals 6 months post mild COVID-19 infection, including 
4% with LGE myocardial scarring29. Of note, only 2 patients in this cohort were found to have reduced ejection 

Table 2.   Biochemical and serological parameters. Data expressed as number (%) or mean ± SD. NCP, 
nucleocapsid; WNL, within normal limits. D-dimer was available for 99, fibrinogen, ferritin and von 
Willebrand factor-antigen for 98, lactate dehydrogenase for 95, and ST-2 and galectin-3 for 77 cases. The 
remaining parameters were available for all 100 cases.

Reference Results Above WNL

Roche Elecsys Spike Protein Total Antibody Assay

 Positive – 86 (86) –

 Equivocal – 1 (1) –

 Negative – 13 (13) –

Roche Elecsys NCP total antibody assay –

 Positive – 96 (96) –

 Negative – 4 (4) –

White blood cells, × 109/L 4.00–11.00 6.2 ± 1.8 2 (2)

Haemoglobin, g/dL 11.5–16.5 13.9 ± 1.5 3 (3)

Platelets, × 109/L 150–400 231.8 ± 50.1 0 (0)

Neutrophils, × 109/L 2–7.5 3.5 ± 1.2 1 (1)

Lymphocytes, × 109/L 1.50–4.00 1.9 ± 0.5 0 (0)

D-dimer, µg/mL < 0.50 0.4 ± 0.9 11 (11.1)

Fibrinogen, g/L 2.0–4.0 3.2 ± 0.6 10 (10.2)

Prothrombin time, s 11.4–15.0 13.4 ± 2.5 4 (4)

International normalized ratio ≤ 1.0 1.0 ± 0.2 11 (11)

Activated partial thromboplastin clotting time, s 25.1–32.9 28.7 ± 2.8 5 (5)

Creatinine, μmol/L 45–84 71.9 ± 14.2 26 (26)

C-reactive protein, mg/L < 5.0 2.9 ± 3.5 10 (10)

Troponin T- HS, ng/L Males < 22.0, females < 14.0 7.9 ± 2.1 0 (0)

NT-proB-type, ng/L < 125 81.1 ± 136.7 12 (12)

Ferritin, µg/L 13–150 116.8 ± 87.3 32 (32.7)

Lactate dehydrogenase, U/L 135–214 201.7 ± 32.1 32 (33.7)

von Willebrand factor-antigen, IU/mL 0.5–1.5 1.3 ± 0.8 32 (32.7)

Soluble ST2, pg/mL 6.74–20.4 30.0 ± 9.8 31 (40.3)

Galectin-3, ng/mL < 17.8 15.4 ± 4.3 15 (19.5)
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fraction with a minimum LVEF of 50%. A subsequent study found left ventricular dysfunction present in 11% 
(17/148) of patients recently recovered from COVID-1930. Furthermore, findings comparing a cohort of patients 
specifically with the delta variant of COVID-19 (n = 44) and healthy controls revealed no patients with abnormal 
LVEF and 9% of patients with myocardial late gadolinium enhancement31. Finally, Orbach et al. studied 70 con-
secutive patients with prior COVID-19 and positive high sensitivity troponin-T requiring hospitalization and 
found only 9% had late gadolinium enhancement suggestive of myocardial scarring, with LVEF only reduced in 
4% of patients32. The findings of our study are in keeping with this latter data, despite the fact that none of our 
patients had a positive high sensitivity troponin-T value. However, as our serum biomarkers were not taken at 
the time of the index case, it may simply reflect the fact that troponin levels have normalized by the time our 
patients had blood samples drawn. Taken together, our data tends to concur with the contemporary literature, 
in that incidence of myocardial injury in COVID-19 is not as high as originally reported.

There is evidence that infection with COVID-19 leads to changes with regard to protein composition in 
the serum of infected individuals, which in turn alters the coagulation and inflammation response of that 
individual33. Fogarty et al. demonstrated that severe COVID-19 infection in hospitalized patients was associ-
ated with a significant coagulopathy that correlates with disease severity34. D-Dimer levels may remain elevated 
in up to 25% of patients up to 4 months post-SARS-CoV-2 infection35,36. Interestingly, the lower levels seen in 
our study corroborate this, in that we confirm D-dimer levels are elevated in fewer patients in a cohort who 
did not require hospitalisation. On the other hand, WVF-Ag was, however, found to be elevated in significant 
proportion of patients, in keeping with data of Philippe et al.25. The relative significance of these contrasting 
findings merits further study.

Pro-inflammatory markers are frequently significantly raised in patients with severe COVID-1937. Several 
pro-inflammatory markers were elevated in our study, even in the absence of severe COVID requiring hospitali-
zation. This raises questions with regard to the specificity of these markers for severe infection, which requires 
further dedicated study.

Implications for research and/or practice
Despite a clear evidence of significant persistent symptom burden, no correlation with objective markers of 
myocardial injury on CMR was found for most patients in this study. Further investigation is necessary to allow 
us to glean a better insight as to why symptoms persist.

In contrast, absence of a high prevalence of direct myocardial involvement is reassuring. Future research 
efforts should therefore be concentrated on a pragmatic approach to dealing with symptoms associated with 

Table 3.   Cardiac magnetic resonance imaging results. Data expressed as number (%) or mean ± SD. Data 
for T2 basal and mid, left and right atrium size and pericardial effusion was available for 96, left ventricular 
ejection fraction (axial, %) and native T1 for 95, and Inferior vena cava size for 94, post-contrast T1 and late 
gadolinium enhancement for 93, left ventricular ejection fraction (short axis, %) and left/right ventricular 
end diastolic volume for 92, stress perfusion imaging for 89, extracellular volume for 87, and right ventricular 
ejection fraction (short axis, %) for 84 cases. *Petersen et al.38. **Reference values derived from 18 age, sex and 
scanner matched controls. ***Reference values derived from 28 age, sex and scanner matched controls. Results 
of our electrocardiography analysis are displayed as Supplementary Table 1 and Supplementary Fig. 5, and 
discussed in detail in our Supplementary appendix.

Reference range Abnormal

Left ventricular ejection fraction (short axis, %) 60.8 ± 5.7 57–77* 16 (17.4)

Left ventricular ejection fraction (axial, %) 60.8 ± 5.1 – –

Left ventricular end diastolic volume (ml) 155.9 ± 35.2 – –

Right ventricular ejection fraction (short axis, %) 59.6 ± 5.5 Female, 51–71; male, 52–72* 8 (9.5)

Right ventricular end diastolic volume (ml) 161.1 ± 36.7 – –

Native T1 (ms) 994.4 ± 29.2 990.8 ± 34.3** –

Post-contrast T1 (ms) 521.4 ± 37.5 –

Extracellular volume % 27.5 ± 4.4 – –

T2 basal (ms) 49.3 ± 2.5 47.3 ± 1.8*** –

T2 mid (ms) 50.3 ± 3.1 47.7 ± 2.2*** –

T2 apical (ms) 52.5 ± 3.8 49.8 ± 3.1*** –

Left atrium size (cm2) 20.7 ± 3.8 Female, 13–27; male, 15–29* 5 (5.2)

Right atrium size (cm2) 20.3 ± 3.9 14–30* 1 (1.0)

Inferior vena cava size (cm) 1.7 ± 0.3 – –

Stress perfusion imaging (abnormal) 0 (0) – –

Late gadolinium enhancement (abnormal) 2 (2.2) – –

Pericardial effusion – –

 Minimal 3 (3.1) – –

 Small 4 (4.2) – –

 Moderate 1 (1.0) – –
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post-COVID-19 syndrome in general practice. Anti-inflammatory therapies in such patients may prove to be 
a possible therapeutic option.

Conclusions
In conclusion, this study demonstrates that in patients recovering from COVID-19, cardiac abnormalities on 
CMR were not infrequent, though generally mild, with late gadolinium enhancement present in 2.2% and abnor-
mal LVEF 17.4% of patients. A prolonged inflammatory state and hypercoagulability was observed in a significant 
minority of patients and further evaluation of the long-term natural history and clinical importance of these 
findings in survivors of acute COVID-19 is warranted, especially those with post-acute COVID-19 syndrome.

Fig. 2.   (A) Responses for modified version of SAQ7 (Seattle Angina Questionnaire, short form) at baseline, 
6 months and 12 months follow-up. Individual panels highlight responses to each question at baseline, 6-month 
follow up and 12 month follow up. Note that as these were otherwise healthy patients, without a diagnosis 
of ischemic heart disease, and not prescribed regular or as required nitroglycerin, the question with regard 
to nitroglycerin was omitted. (B) Responses for EQ-5D-5L (EuroQol 5-dimension 5 level) quality-of-life 
questionnaire at baseline, 6 months and 12 months follow-up. Individual panels highlight responses to each 
question at baseline, 6-month follow up and 12 month follow up. The final panel displays the mean overall 
“Health Score” at baseline, 6 months and 12 months.
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Data availability
The datasets used and/or analysed during the current study available from the corresponding author on reason-
able request.
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