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Abstract
Multi-system inflammatory syndrome in children (MIS-C) causes widespread inflammation including a pancarditis in the 
weeks following a COVID infection. As we prepare for further coronavirus surges, understanding the medium-term cardiac 
impacts of this condition is important for allocating healthcare resources. A retrospective single-center study of 67 consecu-
tive patients with MIS-C was performed evaluating echocardiographic and electrocardiographic (ECG) findings to determine 
the point of worst cardiac dysfunction during the admission, then at intervals of 6–8 weeks and 6–8 months. Worst cardiac 
function occurred 6.8 ± 2.4 days after the onset of fever with mean 3D left ventricle (LV) ejection fraction (EF) 50.5 ± 9.8%. 
A pancarditis was typically present: 46.3% had cardiac impairment; 31.3% had pericardial effusion; 26.8% demonstrated 
moderate (or worse) valvar regurgitation; and 26.8% had coronary dilatation. Cardiac function normalized in all patients by 
6–8 weeks (mean 3D LV EF 61.3 ± 4.4%, p < 0.001 compared to presentation). Coronary dilatation resolved in all but one 
patient who initially developed large aneurysms at presentation, which persisted 6 months later. ECG changes predominantly 
featured T-wave changes resolving at follow-up. Adverse events included need for ECMO (n = 2), death as an ECMO-related 
complication (n = 1), LV thrombus formation (n = 1), and subendocardial infarction (n = 1). MIS-C causes a pancarditis. 
In the majority, discharge from long-term follow-up can be considered as full cardiac recovery is expected by 8 weeks. The 
exception includes patients with medium sized aneurysms or greater as these may persist and require on-going surveillance.
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Introduction

In April 2020 following the first peak of the Covid 19 
pandemic a new condition emerged in young people caus-
ing multi-system inflammation [1]. The clinical features 
included fever, rash, conjunctival injection, and gastroin-
testinal symptoms, occasionally progressing to multi-organ 

failure requiring intensive care support [2, 3]  It has been 
named multisystem inflammatory syndrome in children 
(MIS-C) [4] or pediatric inflammatory multisystem syn-
drome temporally associated with SARS-CoV-2 (PIMS-TS) 
[5]. This condition is induced by a cytokine storm [1, 6, 7], 
and although it overlaps with other inflammatory conditions, 
such as Kawasaki disease, it is thought to represent a new 
disease entity [8]. The effects on the heart are more wide-
spread and severe than with acute covid myocarditis [9] with 
cardiac impairment (34%), [10] coronary artery involvement 
(13%) [11], and electrocardiogram (ECG) changes (67%) all 
described [12, 13].

The presence and severity of widespread cardiac involve-
ment in this new condition highlights the importance of a 
detailed understanding of the cardiac course to foresee what 
future complications may arise. Most countries across the 
world now face the impact of on-going further surges of 
COVID and combined with the added and unknown effects 
of viral mutations and large numbers of unvaccinated young 

James Wong and Paraskevi Theocharis are joint first authorship.

 * James Wong 
 james.wong@gstt.nhs.uk

1 Evelina London Children’s Hospital, Guy’s and St Thomas’ 
NHS Foundation Trust, London SE1 7EH, UK

2 School of Biomedical Engineering and Imaging Sciences, 
King’s College London, Guy’s and St Thomas’ NHS 
Foundation Trust, 3rd Floor Lambeth wing, London, UK

3 Department of Women and Children’s Health, Faculty of Life 
Sciences and Medicine, King’s College London, London, UK

http://orcid.org/0000-0002-7461-4422
http://crossmark.crossref.org/dialog/?doi=10.1007/s00246-022-02907-y&domain=pdf


1729Pediatric Cardiology (2022) 43:1728–1736 

1 3

people, multiple waves of post-COVID pediatric multi-sys-
tem inflammation patients are expected. This study presents 
the evolution of the cardiac manifestations through the acute 
phase to the 6 months follow-up of the first group of patients 
presenting to our institution. We analyze advanced echocar-
diographic functional indices and ECG changes to provide 
a comprehensive understanding of the longer lasting impact 
of this condition.

Methods

A retrospective single institution longitudinal study with 
sequential analysis of the cardiac manifestations in consecu-
tive patients presenting to the Evelina London Children’s 
Hospital (ELCH) with features of MIS-C [4]. Clinical data-
bases, patient records, and discharge summaries were used 
to identify patients diagnosed with MIS-C with at least 
6 months of follow-up since the initial diagnosis was made. 
Local clinical databases were interrogated to assess patient 
demographics, blood results, treatment received, inotropic 
support, echocardiographic and ECG findings. All deci-
sions regarding immune therapy were made by a dedicated 
multi-disciplinary team comprised of specialists in pedi-
atric rheumatology, pediatric infectious diseases, general 
pediatrics and pediatric cardiology. Data were collected in 
accordance with the 1964 Helsinki declaration. Institutional 
ethics approval was obtained permitting retrospective review 
and use of echocardiographic data for clinical research and 
publication (09/H0802/116) without the need for informed 
written consent for publication.

Clinical and Laboratory Evaluation

Demographic data and SARS-CoV-2 case investigations 
were collected from healthcare records. Vital signs and car-
diac biomarkers including Troponin-T and NT-proBNP were 
collected prospectively as part of routine clinical care.

Cardiac Imaging Evaluation Protocol

All patients had echocardiographic evaluation on ini-
tial admission. Echocardiograms and electrocardiograms 
(ECGs) were performed daily during the acute phase of the 
disease, at 6–8 weeks and; approximately 6 months after dis-
charge. We defined three time-points for analysis: (1) worst 
echocardiogram during admission based on Global Longi-
tudinal Strain (GLS) as a sensitive marker for dysfunction; 
(2) follow-up at 6–8 weeks; and (3) follow-up at 6–8 months. 
ECG data were also analyzed at the same timepoints.

Echocardiography

Philips IE33 and EPIQ 7C echocardiography systems 
(Philips Medical Systems, Andover, Massachusetts) were 
used to obtain imaging with offline processing using Philips 
IntelliSpace Cardiovascular (ISCV) and analysis using 
QLAB, Version 10.8.5 (Philips Medical Systems).

The echocardiograms included extensive functional 
assessment. Left ventricular (LV) function was quantified 
in accordance with published guidelines [14] and Z scores 
were calculated where appropriate [15]. 3D echocardio-
graphic ejection fraction values were referenced according 
to Bernard et al [16].

Peak pulse wave tissue doppler indices (PW-TDI) meas-
uring systolic and diastolic velocities of the basal septal 
and lateral segments of the LV were analyzed according to 
published standards [17]. The LV diastolic function and LV 
filling pressures were assessed using the mean of lateral and 
septal E/e′ values [18]. The four chamber, three chamber, 
two chamber views were used for 2D based speckle-tracking 
myocardial deformation echocardiographic analysis [19]. 3D 
echocardiography was used to calculate LV volumes and 
ejection fraction (EF) [20]. The pericardial effusion was 
graded according to the size including trivial (seen only in 
systole), mild (< 10 mm), moderate (10–20 mm), and severe 
(> 20 mm) in the parasternal long axis view [21].

The dimensions of the coronary arteries were expressed 
as z scores in accordance with the published reference 
standard [22]. Coronary artery dilation was defined by the 
presence of a Z score > 2 in the affected segment. All echo-
cardiographic measurements and reports were reviewed pro-
spectively at a daily multi-disciplinary meeting by attending 
consultants with expertise in echocardiography (PT, JW, KP, 
and OM).

Electrocardiography (ECGs)

All ECGs were recorded at standard 25 mm/s paper speed 
and gain setting of 10 mm/mV. The ECGs were scanned 
in high definition (400 dpi) and Adobe Photoshop (Adobe 
Systems) was used with a calibrated digital caliper tool, to 
measure ECG intervals (PR, QRSd, RR, QTc [3 consecutive 
QT intervals in leads II and V5, with preceding RR interval, 
corrected using the Bazett formula]) and amplitudes (R- and 
S-wave amplitudes in V1, V4, and V6 and T-wave ampli-
tudes in leads I and V6). Computer-generated measurements 
for heart rate, QRS duration, and QRS axis were used and 
visually checked for accuracy (WR, LB).
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Statistical Analysis

Statistical analysis was performed using SPSS v26. Variables 
were tested for normality using the Kolmogorov–Smirnov 
test. Repeated Measures Analysis of Variance (RM ANOVA) 
was performed to evaluate changes of all echocardiographic 
parameters assessed during hospitalization at 6 weeks and 
6 months post discharge. The results for variables with nor-
mal distribution were reported as mean ± standard deviation, 
while the not normally distributed parameters were reported 
as median ± range. Statistical significance was defined as a 
two-tailed p-value of < 0.05.

Results

Demographics

Sixty seven patients were included in the study (the demo-
graphics are summarized in Table 1). Patients presented 
in a 7  weeks period between the 14th April 2020 and 
4th June 2020. The mean age was 8.9 ± 4.6 years (range 
4 months–16 years). Forty five patients (67.2%) were male 
and 22 (23.8%) were female. Only 3 patients (4.5%) had 
positive SARS-CoV-2 PCR from oropharyngeal swab sam-
pling at presentation. Nineteen patients (28.4%) had negative 
antibody tests while 46 (68.6%) patients tested positive for 
either IgM or IgG antibodies for COVID-19. Two patients 
(3.0%) were not tested due to parental choice. Both children 
had a recent history of an infection consistent with SARS-
CoV2 and their symptoms were consistent with a diagnosis 
of MIS-C hence they were still included in the case series. 
All patients received immunomodulation which was deter-
mined by the multi-disciplinary team. Table 2 shows the 
treatment received. Need for mechanical ventilation was 
required in 27.9% for mean duration of 3.3 ± 2.8 days. Ino-
tropic support was required in 44% and 94% received some 
form of immuno-modulation.

Acute Phase Echocardiography Findings

The worst echocardiographic cardiac function defined by 
GLS was identified 6.6 ± 2.4 days after the onset of the 
febrile illness. Twenty-seven (40.3%) patients demonstrated 
impaired LV systolic performance, as assessed by M-mode-
derived LV fractional shortening (FS). The 3D echocardi-
ography assessment showed that 33 (49.2%) patients had 
reduced LV systolic function (3D LV EF < 55%). 2D strain 
analysis revealed 31 (46.3%) patients had abnormal LV 
global longitudinal strain (LV GLS greater than −16%) with 
a mean observed LV GLS of −15.5 ± 5.9% [23]. Eighteen 
patients (26.8%) had evidence of moderate valvar regurgi-
tation or worse. Nine (13.4%) of these patients presented 
with moderate-to-severe mitral regurgitation and 8 (11.9%) 
of these patients presented with moderate-to-severe tricuspid 
regurgitation. Twenty-one (31.3%) patients were found to 
have a pericardial effusion—60% of which was graded as 
mild and 40% as moderate. None of the patients required 
effusion drainage.

Serial Echocardiographic Assessments

All patients underwent serial echocardiographic assess-
ments during the initial admission, at 6–8 weeks (mean 
59 ± 14 days since onset of illness) and then at 6–8 months 
(mean 159 ± 23 days since onset of illness) after discharge. 
This is shown in Table 3. There was a significant improve-
ment of the LV systolic performance consistent across all the 
echocardiographic indices utilized to assess the LV systolic 
function observed at 6–8 weeks after discharge. There was 
no further improvement noted at the 6–8 months timepoint. 
The mean M-mode-derived FS was 30.9 ± 8.1% during the 
acute phase and improved to 37.5 ± 7.0%, p < 0.001 at the 

Table 1  Demographic and baseline clinical characteristics of all 
patients

Age (years) 8.9 ± 4.6
Gender (male: n, %) 45 (67.1)
Ethnicity (n, %)
 Black African/Caribbean British 35 (52.2)
 Asian/Asian British 6 (9.0)
 Mixed/Multiple Ethnic groups 8 (11.9)
 White (UK) 10 (15.0)
 White other 8 (11.9)

COVID swab (negative: n, %) 64 (95.5)
COVID serology (negative: n, %) 19 (28.4)

Table 2  Treatment received

IVIG intravenous immunoglobulin, MP methylprednisolone, MI myo-
cardial infarctation, ECMO extra-corporeal membrane oxygenation

Mechanical ventilation 19/68
Mean duration 3.3 ± 2.1 days
Inotropic support 30/68
Treatment
 None 4
 IVIG alone 4
 IVIG + MP 33
 IVIG + MP + Infliximab 8
 IVIG + MP + Anakinra 4
 IVIG + MP + Toculizimab 15

Adverse events
 Death 1
 MI 1
 ECMO 2
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first follow-up appointment with no further improvement 
(p = 0.15 vs. first timepoint) at 6–8 months post discharge. 
The mean 3D LVEF during admission was 50.5 ± 9.8%, 
and recovered to 61.3 ± 4.4%, p < 0.001 at the time of the 
first follow-up appointment and was found to be similar 
(p = 0.517 vs. first timepoint) at 6–8 months see Fig. 1. 
Similarly, the initial mean LV GLS was −15.4 ± 4.9% during 
acute phase with a significant improvement (−19.1 ± 2.0%, 
p < 0.001) at 6–8 weeks post discharge which was sustained 
(p = 0.223 vs. first timepoint) at the time of the final fol-
low-up assessment (Fig. 1a–c). The LV diastolic function 
assessed by mean E/e′ ratio improved at the first follow-up 
appointment compared to acute phase (median 6.74, range 
3.74–16.50 vs median 7.40, range 4.45–15.10, p = 0.007) 
and remained unchanged at the time of the final follow-up 
appointment (Table 3). Importantly at the 6–8 weeks time-
point all patients had recovered their cardiac function with 
normal 3D LV EF values greater than 50% [16].

Coronary Arteries

Eighteen (26.8%) patients had some degree of coronary dila-
tation during the admission echo based on a Z score > 2. On 
admission 7 patients (10.4%) were identified to have left 
main stem coronary artery (LMCA) dilatation (Z score > 2), 
11 patients (16.4%) had left anterior descending (LAD) dila-
tation, and 3 patients (4.4%) left circumflex (LCx) dilatation. 
The right coronary artery (RCA) was found to be dilated 
(Z score > 2) in 9 patients (13.4%) in the acute phase see 
Table 3. Seven patients did not have their left circumflex 
coronary artery adequately visualized on their initial scan, 
these patients had no other coronary artery dilatation pre-
sent. The circumflex was subsequently well seen on follow-
up imaging and normal in size.

Serial echocardiographic assessments showed a signifi-
cant reduction in Z scores for the LMCA (median + 0.15, 
range −2.98to+ 4.85 vs median −0.22, range −2.65 to 
+ 3.86, p = 0.004) and LAD (median + 0.45 range −2.1 to 
+ 10.00 vs median −0.15, range −2.51 to + 12.10, p = 0.02) 
at the 6–8 weeks assessment with further non-statistically 
significant reduction at the time of the final follow-up 
appointment. Similarly the Z score of the RCA in the acute 
phase (median −0.1, range −3.29 to + 4.20) significantly 
reduced by the time of the first follow-up appointment 
(median −0.60, range −2.7 to + 4.03, p < 0.001) without any 
further significant reduction at 6–8 months (Fig. 2).

Serial Electrocardiographic Assessments

A total of 53 children had suitable serial ECG data for 
all three review points. There were significant changes in 
T-waves (amplitude and polarity in chest leads) between the 
acute phase and first follow-up, without further changes into 
final follow-up. The percentage of children found to have 
lateral precordial T-wave inversion (in V4–V6) was 15% 
in acute phase, falling to 1.6% by the first follow-up, and 
0% by the final follow-up. Flattened T-waves in V6 during 
the acute phase measuring 0.24 mV (−0.034 to 0.81 mV) 
showed a significant increase in amplitude by the first 
follow-up 0.44 mV (0.14 to 0.72 mV), p < 0.001, but then 
decreased on final follow-up by a lesser degree to 0.41 (0 
to 0.93 mV), p = 0.003. As a result of a similar fluctuation 
in R-wave amplitude, a more consistent measure over time 
was T/R ratio in V6 showing a significant increase from the 
acute phase 0.18 (0 to 0.62) to first follow-up 0.28 (0.09 
to 0.51), p < 0.01, which plateaued by final follow-up 0.29 
(0.14–0.53), p = 0.34.

Other ECG parameters (heart rate, PR interval, QRS 
duration, and QTc), showed more variability over time, 

Table 3  Serial echocardiographic assessments of function and coronary measurements

Timepoint 1 = during acute admission; timepoint 2 = 6–8 weeks follow-up; Timepoint 3 = 6–8 months follow-up
The Bold highlights values with significance < 0.0.5
FS fractional shortening. 3D LVEF three dimensional left ventricular ejection fraction, GLS global longitudinal strain, LMCA left main coronary 
artery, LAD left anterior descending. LCx left circumflex, RCA  right coronary artery

Echo on admission (1) First follow-up (2) p (echo 1 vs echo 2) Final flow-up (3) p (echo 2 
vs echo 3)

FS Mmode % 30.9 ± 8.1 37.5 ± 7.0  < 0.001 38.7 ± 5.1 0.152
3D LVEF % 50.5 ± 9.8 61.3 ± 4.4  < 0.001 60.7 ± 4.7 0.517
GLS −15.4 ± 4.9 −19.1 ± 2.0  < 0.001 −19.5 ± 2.0 0.223
E/e′ 7.40 (4.45 to 15.10) 6.74 (3.74 to 16.50) 0.007 6.85 (4.50 to 10.40) 0.419
LMCA Z score 0.15 (−2.98 to 4.85) −0.22 (−2.65 to 3.86) 0.004 −0.37 (−2.76 to 3.66) 0.184
LAD Z score 0.45 (−2.1 to 10.00) −0.15 (−2.51 to 12.10) 0.020 −0.53 (−2.21 to 10.85) 0.161
LCx Z score −0.67 (−2.40 to 2.70) −1.05 (−2.49 to 5.53) 0.420 −0.87 (−2.49 to 5.53) 0.440
RCA Z score −0.10 (−3.29 to 4.20) −0.60 (−10.50 to 4.03)  < 0.001 −0.78 (−2.13 to 1.32) 0.380
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falling within normal ranges for age and any minor varia-
tions showed no further improvement over longer follow-up, 
as illustrated by the PR interval decreasing from 146 ms 
(81–258 ms) in the acute phase, to 133 ms (89–172 ms), 

p < 0.01 by first follow-up and then plateauing to 135 ms 
(95–173 ms), p = 0.29 by final follow-up, correcting appro-
priately with minor variations in heart rate across these 
time points. There were no ECGs demonstrating significant 
ST segment abnormalities or bundle branch block on final 
follow-up.

There were no documented arrhythmias detected during 
follow-up and no children presented with symptoms con-
sistent with arrhythmias, with only four ambulatory moni-
tors ordered between first and final follow-up clinics, all in 
asymptomatic children (requested for a finding of resting 
bradycardia in 2 children, previous non-sustained atrial 
tachycardia during admission in 1 child and symptoms of 
paroxysmal breath-holding events in an infant). Each of 
these monitors recorded 24 h of continuous ECG data and 
showed no arrhythmias.

Adverse Events

One patient presented with a large thrombus in the LV 
(see Fig. 3). In addition to immunomodulation the patient 
received intravenous unfractionated heparin. There was full 
resolution of the thrombus with no embolic complications. 
Two patients required extra-corporeal membrane oxygena-
tion (ECMO) for cardiovascular support; one died from a 
large cerebrovascular accident (CVA) as a complication of 
the ECMO, the other was successfully decannulated and sur-
vived to 6 month follow-up with complete resolution of the 
cardiac sequelae. One patient developed typical chest pain 
with ECG changes and a large troponin rise. CMR demon-
strated a small subendocardial infarct. This patient continues 
under long-term surveillance.

Discussion

The challenges of treating a new condition such as MIS-C 
have necessitated international collaboration and guidance 
by expert consensus [24]. Effective treatment algorithms 
initially borrowed heavily from similar inflammatory con-
ditions such as Kawasaki Disease and acute Covid myocar-
ditis. While some overlap in phenotype with other condi-
tions such as Kawasaki disease shock syndrome (KDSS), 
and acute Covid myocarditis occurs, emerging studies 
suggest that MIS-C may be a separate disease with a dis-
tinctly higher incidence and specific distribution of cardiac 
complications [10]. Undoubtedly intensive first line treat-
ment appears to successfully modulate the acute inflamma-
tory biomarkers associated with defervescence [25] but to 
date there are only a small number of studies looking at 
the longer course of the disease, focusing on resolution of 
inflammation and with global measures of function used as 
an end-point rather than providing a full description of the 

Fig. 1  a Three dimensional Ejection Fraction (3D LVEF) improved 
at 6–8  weeks follow-up and remained in normal limits 6  months 
after. b Left ventricular Global Longitudinal Strain (GLS) was the 
first parameter to be affected in the course of MIS-C. It normalized 
at 6–8  weeks and remained within normal limits at 6  m follow-up. 
c The Left Ventricular Fractional Shortening was the least affected 
parameter in the LV function assessment and was not proven sensi-
tive enough to assess cardiac function and the changes of it. However, 
there was improvement in the parameter values at 6–8 weeks follow-
up and no significant further improvement at 6 months
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course of the cardiac manifestations. In this follow-up study 
we specifically focused on the distribution of cardiac effects 
to show that children with MIS-C initially have evidence of 
significant cardiovascular involvement including coronary 

dilatation and myocardial impairment consistent with a pan-
carditis but with the majority complete resolution can be 
expected by 8 weeks.

We have previously shown that [11], cardiac dysfunction 
was worst at day 7 after the onset of the fever with resolving 
myocardial inflammation still evident two weeks later on 
MR imaging. Our current analysis of an extended cohort 
continues to support this observation. We detected cardiac 
dysfunction in 46.3% of patients using strain analysis with 
the worst 3D LV ejection fraction seen 6.4 days after the 
onset of the febrile illness. Studies utilizing multi-modality 
imaging suggest that the degree of cardiac involvement may 
be as high as 60% of patients [11]. In this larger follow-up 
study using echocardiographic data we found: endocardial 
involvement as evidenced by moderate (or worse) valvar 
regurgitation in 26.8%; myocardial dysfunction in 46.3% 
and ECG repolarisation changes in 15%; and pericardial 
effusions in 31.3% and a vasculitis with coronary dilatation 
in 26.8%. This degree of cardiac impairment is consistent 
with other reported case series [9, 26] indicating the high 
level of cardiac involvement contributing to the acuity of 
the illness. Some variation between the different functional 
indices (FS, EF, and strain) is observed and wholly expected 

Fig. 2  Changes in coronary artery Z score measurements over time. 
Top left panel shows the right coronary artery (RCA). Top right panel 
shows the left main coronary artery (LMCA). Bottom left shows the 
left anterior descending artery (LAD). Bottom right shows the left 

circumflex artery (LCx). Timepoint one coincides with largest meas-
urement during admission; timepoint two coincides with the first fol-
low-up appointment at 6–8 weeks; and timepoint three coincides with 
the follow-up appointment at 6–8 months

Fig. 3  Two chamber view of the left ventricle with at least two 
thromboses seen in the cavity
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as we see that MIS-C typically causes a regional wall motion 
abnormality preferentially affecting the basal LV septum and 
sparing the apical and mid segments of the LV. Therefore, 
regional wall motion analysis or 3D EF may be more sensi-
tive markers of dysfunction than those that use single planar 
measurements which may miss the affected regional seg-
ments [11, 27, 28].

Electrocardiographic changes in children with MIS-C 
were best seen by comparing serial ECGs for each patient 
over time and were characterized by changes in T-wave 
amplitude and polarity in the precordial leads. We found 
flattened or inverted lateral T-waves showing recovery to 
normal patterns between the acute phase and first follow-
up. Further medium-term follow-up confirmed normaliza-
tion of T-wave flattening (measured objectively as a ratio 
to the R wave by using the T/R ratio) and recovery of those 
showing abnormal, lateral T-wave inversion. Although T/R 
ratio is used infrequently in clinical practice, for example to 
help predict outcomes in inferolateral early repolarization. 
Its use in our study was to better quantify relative T-wave 
amplitude and ‘flattening’ and we do not suggest a clinical 
application of the measurement in this patient group [29]. 
Final follow-up ECGs showed no major abnormalities and 
the small amount of ambulatory monitoring in later follow-
up was unremarkable. Similar to echocardiographic find-
ings, this suggests the most intense period of monitoring for 
electrocardiographic changes and arrhythmias should be the 
acute period and up to the first follow-up.

There has been some recent optimism with treating MIS-
C. A recent large multi-center study comparing the outcomes 
of MIS-C with COVID estimated that 79% will have resolu-
tion of coronary aneurysms and 91% will have normalization 
of cardiac function within 30 days of onset [10]. A UK study 
has reported few organ-specific sequelae at 6 months [30]. 
Our study data builds on this evidence looking specifically 
at the changes in cardiac function, ECG changes and coro-
nary involvement over a 6-month period. At the outset of 
this new disease experience, the medium-term outlook was 
unknown; therefore, all affected young people in our institu-
tion received structured follow-up for at least 6 months [9]. 
Reassuringly, almost all showed significant improvement, 
with normalization of cardiac function in all and regres-
sion of coronary dilatation in 98.5% within 6–8 weeks of 
the acute illness. Importantly no further improvement was 
seen at the 6 months assessment indicating an early return 
to baseline with no evidence of any relapses. Our group and 
others have used cardiac magnetic resonance (CMR) imag-
ing and have found myocardial oedema as the underlying 
process [11]. As inflammation subsides, we would expect 
the acute myocardial oedema to subside and with this we are 
able to observe a concomitant improvement in both diastolic 
and systolic indices of cardiac function.

Furthermore we found that with immunomodulation and 
cessation of inflammation there was a reassuring improve-
ment in the size of the coronary arteries in all children with 
small aneurysms or less by 8 weeks. A knowledge of the 
evolution of coronary dilatation in this condition is impor-
tant as an early suspicion allows appropriate escalation of 
treatment to limit the dilatation. Interestingly the degree of 
coronary involvement may be higher than reported as we 
use an absolute Z score value of > 2 to delineate dilatation 
but some may not cross this threshold yet show a relative 
dilatation as evidenced by resolution in the size of the coro-
nary arteries on serial imaging as the inflammation settles. 
This has been described for patients with KD [31]. This data 
compares well to descriptions of coronary dilatation occur-
ring in febrile children. Previous data have shown coronary 
arteries may increase in size by + 0.5 standard deviations 
during the febrile portion of an illness before normalizing 
as the inflammatory cascade subsides [32].

One child had persistence of large aneurysms and minimal 
change in their small aneurysms over the 6 month course. 
The dilatation persisted in all affected vessels. This child 
was one of the first to present to our institution and their 
disease process may represent the more serious end of the 
spectrum of the natural course of this condition. The patient 
remains on warfarin anticoagulation to reduce the risk of 
thrombosis and continues to receive long-term follow-up. 
Two other major unavoidable adverse events were noted in 
this series of children. The first was a patient who was found 
to have a large LV thrombus detected on admission; the sec-
ond was a sub-endocardial infarct in the infero-lateral basal 
septum found after symptoms of typical chest pain and ECG 
changes. These likely represent the pro-thrombotic tendency 
of the previous acute covid infection. We have since modi-
fied our treatment pathway to provide acute anti-coagulation 
to all patients hospitalized with MIS-C.

Conclusion

Pancarditis is a common finding in those with MIS-C, our 
data shows that after defervescence of inflammation the 
outcomes appear to offer promising results with resolution 
of cardiac findings in almost all patients with small aneu-
rysms or less. In the current era of limited health resources, 
a restructuring of follow-up arrangements should be con-
sidered. In those with fully resolved uncomplicated MIS-
C, follow-up arrangements could be rationalized to a single 
review at 6–8 weeks after the illness resolution followed by 
discharge if all findings are as expected and should lead to 
optimism with regard to prognostic counseling of these often 
highly traumatized young patients.
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Limitations

This study was performed retrospectively. As a consequence 
of this being a new condition there was a wide variation in 
the immuno-modulation strategy and hence also the cardiac 
outcomes. However, recent evidence suggests there are a 
number of different effective immuno-modulation strategies 
and the focus should be attenuating the disease process in 
the first instance before severe inflammatory effects occur. 
We have focused on describing only the cardiac effects in 
detail. The next step would be to try and link these with 
other clinical and biochemical markers to attempt to risk 
stratify patients into appropriate treatments. We look for-
ward to the results of the RECOVERY trial which continues 
to help guide us further on the most effective treatments 
[33].

A variety of treatment strategies have been used within 
our institution to good effect to immuno-modulate the 
inflammatory process. We have included these details for 
reference. The most appropriate treatment strategy continues 
to be assessed and we look forward to seeing the outcome 
of these studies. MIS-C is a worldwide phenomenon and in 
resource limited environments particularly where vaccina-
tion rates are still low and COVID and MIS-C are more prev-
alent, it may actually be more important that the condition 
is recognized early with early use of immuno-modulation 
as the outlook should be avoidance of severe dysfunction or 
large aneurysms which may represent the natural course of 
the disease and carry a high degree of morbidity and mortal-
ity. The results of our analysis of diastolic dysfunction were 
varied. The median E/e′ value was 7.4 despite a considerable 
number of patients having elevated values > 8 which would 
constitute diastolic dysfunction [34]. Furthermore there was 
no significant change to these values on the follow-up imag-
ing. As the results were not meaningful it is not possible to 
draw conclusions form this dataset.
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