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Abstract
Background A hyperinflammatory immune-mediated shock syndrome has been recognised in children exposed to the severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2), the virus that causes coronavirus disease 2019 (COVID-19).
Objective To describe typical imaging findings in children with multisystem inflammatory syndrome associated with COVID-19.
Materials and methods During the first wave of the COVID-19 pandemic, imaging studies and clinical data from children treated for
multisystem inflammatory syndrome were collected from multiple centres. Standardised case templates including demographic, bio-
chemical and imaging information were completed by participating centres and reviewed by paediatric radiologists and paediatricians.
Results We included 37 children (21 boys; median age 8.0 years). Polymerase chain reaction (PCR) testing was positive for
SARS-CoV-2 in 15/37 (41%) children and immunoglobulins in 13/19 children (68%). Common clinical presentations were fever
(100%), abdominal pain (68%), rash (54%), conjunctivitis (38%) and cough (32%). Thirty-three children (89%) showed labo-
ratory or imaging findings of cardiac involvement. Thirty of the 37 children (81%) required admission to the intensive care unit,
with good recovery in all cases. Chest radiographs demonstrated cardiomegaly in 54% and signs of pulmonary venous
hypertension/congestion in 73%. The most common chest CT abnormalities were ground-glass and interstitial opacities
(83%), airspace consolidation (58%), pleural effusion (58%) and bronchial wall thickening (42%). Echocardiography revealed
impaired cardiac function in half of cases (51%) and coronary artery abnormalities in 14%. Cardiac MRI showed myocardial
oedema in 58%, pericardial effusion in 42% and decreased left ventricular function in 25%. Twenty children required imaging for
abdominal symptoms, the commonest abnormalities being free fluid (71%) and terminal ileum wall thickening (57%). Twelve
children underwent brain imaging, showing abnormalities in two cases.
Conclusion Children with multisystem inflammatory syndrome showed pulmonary, cardiac, abdominal and brain imaging
findings, reflecting the multisystem inflammatory disease. Awareness of the imaging features of this disease is important for
early diagnosis and treatment.
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Introduction

In early April, paediatricians from Europe and the United
States detected an unexplained increase of cases with similar-
ities to septic shock, myocarditis and Kawasaki-like syndrome
in children [1–3]. They hypothesised a possible association

with current or recent infection by severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2), the novel coronavi-
rus that causes coronavirus disease 2019 (COVID-19). Since
then, similar cases have been reported worldwide [4–7].

Two names are commonly used to describe this entity. The
Royal College of Paediatric and Child Health (RCPCH) uses
the term “paediatric inflammatory multisystem syndrome
temporally associated with SARS-CoV-2” (PIMS-TS) [8],
whereas the World Health Organization [9] and United
States Centers for Disease Control and Prevention [10] refer
to it as multisystem inflammatory syndrome in children (MIS-
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C). For this manuscript, we use the more widely used term,
multisystem inflammatory syndrome in children. Diagnosis is
complex and requires biochemical evidence of elevated in-
flammatory markers, absence of other microbial causes and
evidence of organ dysfunction (e.g., hypotension, shock,
myocardial dysfunction). The association with SARS-CoV-2
infection has been defined variably: while the RCPCH states
that the child may or may not test positive for SARS-CoV-2,
the WHO states that evidence of COVID-19 might include
positive polymerase chain reaction (PCR), antigen test, serol-
ogy or a history of contact with people with COVID-19 [8, 9].
The temporal association with SARS-CoV-2 has been
recognised internationally as the most important factor despite
the variation in case definitions among organisations.

More than 1,000 cases had been reported worldwide at the
time of this report [10], presenting with a broad spectrum of
clinical findings including persistent fever, gastrointestinal
symptoms and rash. Variable disease severity has been
recognised, including shock and myocardial injury, requiring
different levels of care [11, 12]. Nevertheless, information on
the imaging spectrum of this hyperinflammatory syndrome is
still quite sparse and is mainly based on case reports and case
series [13–15]. In this study, our objective was to describe
typical imaging findings in children with multisystem inflam-
matory syndrome.

Materials and methods

Hospital Universitario Virgen del Rocío, Seville, Spain,
granted ethical approval to study the imaging appearance of
COVID-19 in children. We obtained parental/guardian ap-
proval for each case to share the anonymised data.

The European Society of Paediatric Radiology (ESPR)
Cardiothoracic Taskforce conceived the study and members
of multiple international radiologic societies were invited to
submit anonymised demographic, clinical and imaging data
from children with multisystem inflammatory syndrome at
their institutions. We used a standardised questionnaire
(Supplementary Material 1) to collect data, which were sub-
mitted to the office of the ESPR over a 4-week period, be-
tween 26 May 2020 and 21 June 2020. The most representa-
tive chest radiograph and the five most representative US, CT
andMR images of each child were submitted by the physician
collaborators on this study, specifying the day they were per-
formed. The inclusion criteria were any patient younger than
18 years who fulfilled the case definition described by
RCPCH for multisystem inflammatory syndrome in children
(Table 1) [16].

Different groups of radiologists and subspecialised paedia-
tricians reviewed the submitted medical data and imaging
studies relating to their area of expertise. Clinical and labora-
tory data were reviewed by two paediatric rheumatologists

and a paediatric cardiologist with 21, 25 and 12 years of ex-
perience, respectively (M.C., O.N. and I.V.). Chest radio-
graphs, CT, echocardiography and cardiac MRI were
analysed by a group of five senior paediatric radiologists and
a paediatric cardiologist with 2, 8, 8, 11, 20 and 12 years of
experience in paediatric chest imaging, respectively (M.N.,
J.V.S., A.S., M.G.M, C.J.K. and I.V.). Abdominal US, CT
and MRI were evaluated by two paediatric radiologists, each
with 10 years of experience in paediatric abdominal imaging
(S.C.S. and S.T.). Cranial CT and MRI were analysed by a
paediatric neuroradiologist and paediatric radiologist with 6
and 7 years of experience, respectively (F.D. and P.C.-D.).
Not all imaging was available for review; in cases submitted
without images, we used radiologic and echocardiography
findings reported in the questionnaire.

The different groups of radiologists reviewed the images
independently before comparing their results and reaching a
consensus decision on the abnormalities, without disagree-
ments. Descriptive analyses of the patient demographics, clin-
ical and laboratory data, and imaging findings were performed
and tabulated.

Results

Clinical and laboratory findings

In this case series, we included 37 children who met the
criteria for multisystem inflammatory syndrome associated
with COVID-19 (21 boys, 16 girls; median age 8.0 years,
interquartile range [IQR] 3.3–10.3 years). Patient characteris-
tics and clinical findings are summarized in Table 2. We re-
ceived cases from Spain (n=12), France (n=9), Iran (n=8),
Switzerland (n=4), Peru (n=3) and Mexico (n=1). SARS-

Table 1 The Royal College of Paediatrics and Child Health (RCPCH)
case definition of paediatric multisystem inflammatory syndrome
temporally associated with COVID-19 [15]

RCPCH definition of MIS-C

1. A child presenting with persistent fever, inflammation (neutrophilia,
elevated CRP and lymphopenia) and evidence of single or multi-organ
dysfunction (shock, cardiac, respiratory, renal, gastrointestinal or
neurologic disorder) with additional features. This may include
children fulfilling full or partial criteria for Kawasaki disease

2. Exclusion of any other microbial cause, including bacterial sepsis,
staphylococcal or streptococcal shock syndromes, infections
associated with myocarditis such as enterovirus

3. SARS-CoV-2 PCR testing may be positive or negative

COVID-19 coronavirus disease 2019, CRP C-reactive protein, MIS-C
multisystem inflammatory syndrome in children associated with
COVID-19, PCR polymerase chain reaction, SARS-CoV-2 severe acute
respiratory syndrome coronavirus 2
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CoV-2 PCR testing using nasopharyngeal swabs was positive
for 14 children (38%) and negative for 23, performed at me-
dian day 5 after symptom onset (IQR 3–6 days).
Immunoglobulin G testing was performed on 20 children
(54%; median 7.5 days, IQR 5–13 days after symptom onset)
and was positive for 13 of them (65%), including 10 of 23
children with negative PCR. Thirteen children with negative
PCR and immunoglobulin testing not performed had either
family contact with a COVID-19 patient (n=5) or lived in a
region with high rate of infection (n=8, Iran and France). All
of them had the criteria described by the RCPCH [8]. PCR and
serology testing are included in Table 3.

The most common clinical presentation was fever and gas-
trointestinal and respiratory symptoms, summarized in
Table 2. Contact with SARS-CoV-2-positive family members
was reported in 14 cases (38%): 5 had positive immunoglob-
ulin G (with negative PCR), 2 had positive PCR (serology not
performed), 1 was positive for both tests, 2 were negative for
both tests, 3 were negative for PCR (serology not obtained)
and 1 was positive PCR obtained 3 weeks before the disease
onset. Thirty of 37 (81%) children required admission to the
intensive care unit because of clinical deterioration, and one of
them required extracorporeal membrane oxygenation
(ECMO) for severe left ventricular dysfunction. All children
recovered adequately after treatment, without fatalities. Only

1/37 children (3%) had a comorbidity, a 6-month-old boy with
Down syndrome and atrioventricular septal defect.

Laboratory data measured in affected children showed a
marked pro-inflammatory state reflected in high serum C-
reactive protein, procalcitonin, ferritin, interleukin-6, natri-
uretic peptide, troponin and D-dimer serum levels. In addition,
and in support of the earlier, lymphopenia and hypoalbumin-
emia was noted. Blood tests for troponin were available in 32/
37 (86%) cases and were elevated in 28 patients. Natriuretic
peptide was elevated in all 20/37 (54.1%) patients tested.
Laboratory data are summarized in Table 3.

Cardiothoracic findings

Cardiothoracic imaging results were reported in the question-
naire by the case submitters. Images with findings were avail-
able to the reviewers in 27/36 cases (75%) with chest radio-
graphs, in 10/12 cases (83%) with chest CT, in 4/35 cases
(11%) with echocardiography and in 10/12 cases (83%) with
cardiac MRI. Thirty-three (33/37, 89%) children with multi-
system inflammatory syndrome showed laboratory evidence
or imaging findings of cardiac involvement.

Chest radiographs were obtained in all but one child (36/
37, 97%) with the first image performed within the first few
days after symptom onset (median 4 days, IQR 3–6 days,

Table 2 Summary of demographic and clinical findings in 37 children
with multisystem inflammatory syndrome associated with coronavirus
disease 2019 (COVID-19)

Demographics Value

Age

All cases median 8.0 y

Interquartile range (range) 3.3–10.3 y
(3.0 m to 15.8 y)

Gender, n (%) Boys, 21 (57%)
Girls, 16 (43/%)

Family contact, n (%) 14 (38%)

Symptoms, n (%)

Fever 37 (100%)

Abdominal pain 25 (68%)

Rash 20 (54%)

Conjunctivitis 14 (38%)

Cough 12 (32%)

Dyspnoea 9 (24%)

Vomiting 5 (14%)

Diarrhoea 4 (11%)

Headaches 4 (11%)

Lymphadenopathy 4 (11%)

Chest pain 3 (8%)

m months, y years

Table 3 Pathological laboratory results of 37 children with multisystem
inflammatory syndrome associated with coronavirus disease 2019
(COVID-19)

Laboratory values (normal values) Median (IQR)

Haemoglobin (11.1–15.5 g/dL) 10.6 (9.2–11.2)

Neutrophils (1.5–7.0×109/L) 7.6 (6.0–10.7)

Lymphocytes (1.2–3.5×109/L) 0.9 (0.5–1.7)

CRP (<5 mg/L) 139 (92.3–150.8)

Procalcitonin (<0.25 mcg/L) 9.8 (4.1–34.4)

Ferritin (14–125 mcg/L) 603 (458–1,144)

IL-6 (<7 pg/mL) 336 (216.5–428.0)

NT-proBNP (<112 ng/L) 7,206 (4,403–13,631)

Troponin (0–14 ng/L) 41 (22.3–112.5)

D-dimer (<0.5 mg/L) 4.2 (2.8–9.9)

Albumin (38–54 g/l) 29 (26–32.3)

SARS-CoV-2 testing

PCR positive, n=14 Ig G positive, n=3

Ig G negative, n=1

Ig G n/a, n=10

PCR negative, n=23 Ig G positive, n=10

Ig G negative, n=6

Ig G n/a, n=7

CRP C-reactive protein, Ig G immunoglobulin G, IL-6 interleukin 6, IQR
interquartile range (min Q1–max Q3), n/a not available, NT-proBNP N-
terminal pro b-type natriuretic peptide, PCR polymerase chain reaction

1610 Pediatr Radiol  (2021) 51:1608–1620



range 1–15 days). Indications for performing a chest radio-
graph weremostly fever (13/36, 36%), to check the position of
an endotracheal tube (9/36, 25%), intensive care unit admis-
sion (8/36, 22%), dyspnoea (4/36, 11%), hypoxemia (1/36,
3%) and cardiac shock (1/36, 3%). Anteroposterior chest im-
ages showed cardiomegaly in 20/36 (56%) and signs of vari-
able pulmonary venous hypertension/congestion in 27/36
(75%) children (Figs. 1 and 2). Signs of pulmonary inflamma-
tion included increased central bronchovascular markings in
22/36 (61%), peripheral interstitial reticular pattern in 7/36
(19%), perihilar ground-glass opacities in 9/36 (25%)
(Figs. 2 and 3) and airspace consolidation in 10/36 children
(28%) (Fig. 1). Pleural effusion was found in 6/36 (17%)
(Fig. 1). Chest radiographs were considered normal without
any relevant findings in 6/37 (16%) children.

Chest CT was performed in 12/37 (32%) children between
day 2 and day 30 (median 6 days, IQR 5–9 days), in 7 without
intravenous contrast agent and in 5 with contrast agent. Only

one of these contrast-enhanced CTs had a technique sufficient
for assessing the coronary arteries; this confirmed the mild
coronary artery dilatation previously detected on echocardiog-
raphy. Indications for performing chest CT were poor re-
sponse to treatment (6/12, 50%), refractory hypoxemia
(4/12, 33%), dyspnoea (1/12, 8%) and multiorgan dysfunction
(1/12, 8%). The most common findings were ground-glass
opacity in 10/12 (83%) (Fig. 3) and interstitial reticular or
reticulonodular densities in 9/12 (75%) cases. Bronchial wall
thickening was seen in 5/12 (42%) cases. Bilateral airspace
consolidation was present in 7/12 cases (58%) while nodular-
appearing lesions were seen in one case (1/12, 8%) (Fig. 3).
Small pleural effusions were evident in 7/12 (58%) and peri-
cardial effusion in 4/12 cases (23%). Ten children had pleural
effusion either on chest radiography or CT (27%). No pulmo-
nary embolism was reported.

Echocardiography was also obtained relatively early after
symptom onset (median 5 days, IQR 4–8 days, range 1–

Fig. 1 Cardiothoracic and abdominal imaging findings in a 10-year-old
boy presenting with fever, cough, rash and abdominal pain, with positive
anti-SARS-CoV-2 (severe acute respiratory syndrome coronavirus 2)
immunoglobulin G. a Anteroposterior chest radiograph shows bilateral

perihilar predominant and scattered peripheral consolidation, mild
cardiomegaly and small amounts of pleural fluid. b Axial contrast-
enhanced CT of the abdomen demonstrates pancolitis, with thickened,
enhancing large-bowel loops (arrow)

Fig. 2 Cardiothoracic findings in a 6-year-old boy presenting with
impaired biventricular function on echocardiography 6 days after the
initial onset of fever, abdominal pain, rash and conjunctivitis. Anti-
SARS-CoV-2 (severe acute respiratory syndrome coronavirus 2) total
immunoglobulins G, A and M were positive. a Anteroposterior chest

radiograph shows cardiomegaly, dilated azygos vein, small left pleural
effusion, bilateral airspace consolidation and ground-glass opacities as
signs of pulmonary oedema. b Axial balanced turbo field echo cardiac
MR image shows consolidation in the left lower lobe (asterisk), small
pericardial effusion (arrow) and bilateral small pleural effusion
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30 days) in 35/37 (95%) children. Echocardiography was per-
formed to evaluate ventricular function and to rule out myo-
carditis when there was laboratory evidence for cardiac in-
volvement or abnormal findings on electrocardiogram.
Nineteen (19/35, 54%) children showed signs of impaired
cardiac function, with decreased left ventricular ejection frac-
tion of 50% or less in 16/35 (46%) cases, atrioventricular
valve regurgitation in 4/35 (11%) cases and signs of increased
central venous pressure in 3/35 (9%) cases. In all cases with
left ventricular dysfunction, left ventricular function had

improved at the time of hospital discharge. Pericardial effu-
sion was reported in 6/35 cases (17%). Coronary artery abnor-
malities were detected in 5/35 cases (14%), including dilata-
tion of the proximal segments in 3 cases (Fig. 4) and increased
wall echogenicity in 2 cases. No coronary artery aneurysms
were reported.

Cardiac MRI was performed in 12/37 cases (32%) between
5 days and 100 days after symptom onset (median 25 days,
IQR 9–24 days), to study the cause of the ventricular dysfunc-
tion seen on echocardiography or to rule out myocarditis. In

Fig. 3 Cardiothoracic findings in a
12-year-old girl with fever,
abdominal pain, rash, diarrhoea and
hypotension who required
admission to the intensive care unit.
a Initial anteroposterior (AP)
radiograph on day 3 reveals focal
left upper lobe consolidation and
ground-glass opacity. b On day 5
she developed refractory
hypoxemia and her AP chest
radiograph reveals bilateral diffuse
ground-glass opacities, bilateral
pleural effusion, focal consolidation
in the right upper lobe and interval
enlargement of the cardiac
silhouette, suggestive of acute
respiratory distress syndrome. c, d
Axial (c) and coronal (d) images
from a chest CT performed the
same day as (b) shows bilateral
upper lobe ground-glass opacity,
septal thickening, right pleural
effusion, and nodular consolidation/
pulmonary nodules in both lower
lobes (arrows)

Fig. 4 Coronary artery dilatation in a 2-year-old girl presenting with
fever, abdominal pain and rash. SARS-CoV-2 (severe acute respiratory
syndrome coronavirus 2) polymerase chain reaction (PCR) and
immunoglobulins G and M were positive. a Anteroposterior chest
radiograph shows cardiomegaly, increased bronchovascular markings

and small right pleural effusion. b Modified parasternal short-axis view
echocardiograph shows dilatation of the left main coronary and the left
anterior descending arteries measuring 4 mm (z score of +2.4) and 4 mm
(z score of +2.6), respectively (cursors)
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six cases with decreased left ventricular ejection fraction (50%
or less) on echocardiography, the ventricular function had
normalised at the time of MRI. Three of the 12 MRI studies
(25%) showed decreased left ventricular ejection fraction,
with severe left ventricular dilatation in 1 case. Seven of the
12 (58%) children showed varying degrees of myocardial oe-
dema (Figs. 5 and 6), with additional focal early and late
myocardial gadolinium enhancement in one case (Fig. 6).
Small pericardial effusion was seen in 5/12 (42%) children
(Figs. 2 and 6). No myocardial perfusion defects were detect-
ed in 6/6 cases in which first-pass perfusion was performed.
No coronary artery abnormali t ies were reported.
Cardiothoracic findings are summarized in Table 4.

Abdominal findings

Twenty (20/37, 54%) children (7 girls, 13 boys, mean age
7.3 years) with multisystem inflammatory syndrome re-
ceived at least one type of abdominal imaging study dur-
ing their assessment. Seventeen of the 20 (85%)
underwent abdominal US, 6 (30%) underwent abdominal
CT and 2 (10%) underwent abdominal MRI. Abdominal
US images were available to the reviewers in 6/6 (100%)
cases, with abdominal CT in 2/2 (100%) and abdominal
MRI in 1/2 (50%). Indications for performing the imaging
were mostly abdominal pain (14/20, 70%), distension
(2/20, 10%) or related to sepsis (4/20, 20%). Abdominal
US was performed on average at 7.8 days after onset of
symptoms (range 2–30 days), whilst CT and MRI were
performed after 4.8 days (range 2–8 days). Abdominal
findings are summarized in Table 5.

Six (6/20, 30%) children did not have any abdominal ab-
normalities on imaging. Of those with findings (14/20, 70%),
the commonest abnormality was free fluid (10/14, 71%),
followed by bowel wall thickening (8/14, 57%), which

commonly affected the terminal ileum (7/8, 88%) (Fig. 7).
The whole colon was involved in only one case (1/8, 13%)
(Fig. 1). Other less common findings included hepatomegaly
(5/14, 36%), right iliac fossa lymphadenopathy (4/14, 29%),
gallbladder wall oedema (3/14, 21%) (Fig. 7), gallbladder
sludge (2/14, 14%), periportal oedema (2/14, 14%) and
splenomegaly (2/14, 14%). One child was found to have
haemorrhagic cystitis (1/14, 7%). There were no features of
appendicitis or bowel or solid visceral infarction. Two chil-
dren had clinical and laboratory findings of acute renal failure
without significant abnormalities on abdominal US.

Brain findings

Twelve children with multisystem inflammatory syndrome
needed brain imaging (9 MRI and 3 CT) during their hos-
pitalization (32%); 3/12 cases showed abnormal findings
(25%). Indications for performing brain imaging were
headache, seizure, persistent drowsiness, decreased level
of consciousness, papilledema, confusion, signs of enceph-
alopathy, or post cardio-respiratory arrest. Head CT images
were available for the reviewers in 1/3 (33%) cases and
head MRI in 4/9 (44%) cases. A 15-year-old boy with
septic shock, renal failure and myocarditis showed
leptomeningeal enhancement of the right precentral sulcus
on day 9 (Fig. 8). A 5-year-old girl with fever, abdominal
pain, dehydration and confusion showed foci of restricted
diffusion in the splenium of the corpus callosum (Fig. 9).
Finally, an 11-month-old girl with congenital heart disease
demonstrated generalised atrophy of the cerebrum with de-
creased volume and abnormal signal of the white matter,
most likely related to her longstanding cardiac disease
rather than to COVID-19, without acute findings noted.
None of the children needed spinal cord imaging.

Fig. 5 Cardiomegaly in a 9-year-old boy initially presenting with fever,
cough, abdominal pain and rash. SARS-CoV-2 (severe acute respiratory
syndrome coronavirus 2) polymerase chain reaction (PCR) was positive.
a Anteroposterior radiograph at day 7 shows cardiomegaly and perihilar
opacities consistent with pulmonary oedema. b, c Cardiac MRI at day 24
to investigate cardiomegaly and repolarisation abnormalities shows

normalised ventricular volumes with normal function, residual mild
myocardial oedema with myocardial to skeletal muscle signal ratio of
2:1 on short-axis short tau inversion recovery (STIR) image (arrow in
b), but without corresponding late gadolinium enhancement on short-axis
inversion recovery fast gradient echo image (c)
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Discussion

This article shows that multisystem inflammatory syndrome
in children has distinct imaging features that can be
recognised. Children diagnosed with this disease showed im-
aging findings of cardiac, pulmonary, abdominal and to a
lesser extent neurologic inflammation, most of which were
temporary and associated with good clinical recovery,
highlighting the multisystem nature of this immune-
mediated disease.

Signs of pulmonary congestion, enlarged cardio-
mediastinal silhouette, and pleural effusion in children with
previous SARS-CoV-2 infection might suggest multisystem
inflammatory syndrome. The described chest radiography
findings include bronchial wall thickening, ground-glass
opacity, consolidation, pulmonary oedema, interstitial opaci-
ties and pleural fluid, which can be the result of pulmonary
inflammation and vasculitis [5, 8, 17]. However, most of these

findings could also be related to impaired cardiac function or
treatment of a critically ill child (e.g., in resuscitation).

While the percentage and type of the chest radiography
findings in our study are similar to the reported abnormalities
in the literature, in many articles the exact type of abnormality
in chest radiograph was either not described or not separated
from the CT analysis, or the chest radiograph interpretations
were not performed by a radiologist [5, 11, 18–25]. Hameed
et al. [13] had a detailed description of the radiologic findings
in their study and they reported bronchial wall thickening in
34% (12/35) of their cases. In our study, this was the most
common abnormality on chest radiograph, seen in 54% of our
cases. Eleven of Hameed et al.’s [13] 12 cases progressed
rapidly to perihilar airspace opacification, associated with ei-
ther cardiac dysfunction or fluid resuscitation. Focal airspace
consolidation was seen in 14% of our cohort, similar to
Hameed’s study. Presence of pleural effusion in our group
was 27% of cases, higher than Hameed’s cohort of 11%.

Fig. 6 Cardiac failure in a 6-month-old boy with positive SARS-CoV-2
(severe acute respiratory syndrome coronavirus 2) polymerase chain
reaction (PCR) test. a Anteroposterior chest radiograph shows
cardiomegaly. b–f MRI. Short-axis cardiac MR images show dilated
left ventricle with increased signal intensity of the myocardium on

balanced fast field echo cine sequence (b) with corresponding early (c)
and late (d) gadolinium enhancement on short-axis, saturation-recovery
prepared gradient echo (c) and short-axis inversion recovery fast gradient
echo (d) images, and increased signal intensity on T1 mapping (e) and T2
mapping (f) (arrows), as well as mild pericardial effusion (arrowhead)
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All chest CT studies in our cohort were abnormal. Most CT
findings could be interpreted either as inflammatory or sec-
ondary to cardiac function impairment. The distribution of our
CT chest findings is different from that of Hameed et al. [13].
In our study, the most common findings were ground-glass
(83%) and interstitial (75%) opacities (Figs. 2 and 3), whilst
basal consolidation and collapse were the most frequent ab-
normalities in the Hameed cohort, present in 33% of their
cases [13]. In our cohort, airspace consolidation was seen in
73% of cases. Hameed et al. [13] reported one child with
multiple small, rounded consolidations with surrounding
ground-glass halos. We also had a case with multiple rounded
consolidations and solid nodules, which did not have a halo
(Fig. 3). Pulmonary nodules with or without ground-glass halo
have been reported in inflammatory lung disease including
Kawasaki disease [17].

It is important to note that respiratory tract symptoms are
not considered a leading feature of multisystem inflammatory
syndrome. A child with positive PCR and respiratory symp-
toms more likely has COVID-19 and not multisystem inflam-
matory syndrome. Nonetheless, in our series of 37 children
fulfilling the criteria for multisystem inflammatory syndrome,
32% had cough and 24% had dyspnoea. Furthermore, respi-
ratory symptoms have also been described in this disease [26].

The findings of this series suggest that cardiac involvement
in children with multisystem inflammatory syndrome appears
to include a myocarditis-type disease besides the Kawasaki-
type coronary artery disease [12, 27]. Blondiaux et al. [14]

found in their cohort of four children that myocardial oedema
and hyperaemia were the commonest abnormalities, similar to
our study. These findings might reflect indirect myocardial
injury from acute severe inflammation rather than direct car-
diomyocyte damage such as in viral myocarditis or as reported

Table 4 Cardiac and pulmonary imaging findings in 37 children with multisystem inflammatory syndrome associated with coronavirus disease 2019
(COVID-19)

Cardiac/pulmonary findings Radiography Echocardiography CT Cardiac MRI

Study frequency 36/37 (97%) 35/37 (95%) 12/37 (32%) 12/37 (32%)

Cardiac findings

Cardiomegaly 20/36 (56%) 1/12 (8%) 1/12 (8%)

Pulmonary congestion/oedema 27/36 (75%) 8/12 (67%)

Impaired ventricular function 16/35 (46%) 3/12 (25%)

Atrioventricular valve insufficiency 4/35 (11%)

Increased central venous pressure 3/35 (9%)

Pericardial effusion 6/35 (17%) 4/12 (33%) 5/12 (42%)

Coronary artery abnormality 5/35 (14%) 1/12 (8%)

Myocardial oedema 7/12 (58%)

Lung findings

Increased, ill-defined central broncho-vascular markingsa 22/36 (61%) 5/12 (42%)

Peripheral reticular pattern/septal thickening 7/36 (19%) 9/12 (75%)

Ground-glass opacity 9/36 (25%) 10/12 (83%)

Airspace opacity/consolidation 10/36 (28%) 7/12 (58%)

Pleural effusion 6/36 (17%) 7/12 (58%)

Nodular consolidation on CT 1/12 (8%)

a Includes bronchial wall thickening, peribronchial cuffing

Table 5 Abdominal imaging findings in 20 children with multisystem
inflammatory syndrome associated with coronavirus disease 2019
(COVID-19) and abdominal symptoms

Abdominal findings n (%)

Study frequency

Ultrasound 17/20 (85%)

CT 6/20 (30%)

MRI 2/20 (10%)

No findings 6/20 (30%)

Free fluid 10/14 (71%)

Bowel wall thickening 8/14 (57%)

Terminal ileum 7/8 (88%)

Colon 1/8 (13%)

Hepatomegaly 5/14 (36%)

Right iliac fossa lymphadenopathy 4/14 (29%)

Gallbladder wall oedema 3/14 (21%)

Gallbladder sludge 2/14 (14%)

Periportal oedema 2/14 (14%)

Splenomegaly 2/14 (14%)
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in adults with COVID-19 [28, 29]. In our series, only one
child showed evidence of myocardial injury on late gadolini-
um enhancement despite most of the cases being performed
several days after symptom onset.

Echocardiography, which was obtained early after symp-
toms onset, showed signs of impaired cardiac function in half
the children; this had resolved in most of them by the time the
cardiac MRI was performed at a median interval of 25 days
after clinical presentation. This finding is supported by work
by Blondiaux et al. [14], who found transient systolic dysfunc-
tion in all patients, and by Ramcharan et al. [25], who showed
recovery of ventricular function in most of their cohort by the
time of discharge. Coronary artery abnormalities were detect-
ed by echocardiography in 14%, including proximal dilatation
and increased wall echogenicity. Toubiana et al. [5] showed
higher incidence of coronary artery abnormalities in their co-
hort of 21 children and adolescents presenting with features of
Kawasaki disease, with 38% showing coronary artery abnor-
malities. Similar to Toubiana et al. [5], Belhadjer et al. [30]
and Ramcharan et al.’s [25] series, no coronary aneurysms
were identified in our cohort. The increased echogenicity of
the coronary arteries has also been previously described in the
literature [4, 25].

The pathophysiology for cardiac involvement remains to
be clarified but could be caused by a post-viral immunological
reaction rather than direct viral organ damage [24, 31]. This
theory is supported by ventricular function improvement and
significant decrease of inflammatory biomarkers following
intravenous immunoglobulin therapy [32]. In our series only
one child had pre-existing congenital heart disease. Other co-
morbidities such as asthma and overweight have been de-
scribed by Belhadjer et al. [30] as risk factor for acute heart
failure in children with multisystem inflammatory syndrome.

The presence of abdominal findings in the setting of
multisystem inflammatory syndrome has recently been re-
ported in a few case series. Hameed et al. [13] found that
in their cohort of 19 children who underwent abdominal
US imaging, free fluid was the commonest abnormality in
more than half the cases, similar to our study.
Approximately 20% of their cases had bowel wall thick-
ening, also predominantly involving the terminal ileum,
apart from one case of localised caecal wall thickening
[13]. This finding is supported by work by Tullie et al.
[33], who found that in all eight children with multisys-
tem inflammatory syndrome and gastrointestinal symp-
toms, the terminal ileum wall was thickened. In our series,

Fig. 7 Abdominal findings in a 13-year-old girl presenting with fever,
dyspnoea and abdominal pain. Her anti-SARS-CoV-2 (severe acute
respiratory syndrome coronavirus 2) immunoglobulin G was positive.
a–c Abdominal US was performed 4 days after symptom onset.

Transverse colour Doppler US image of the right iliac fossa region
demonstrates ileal thickening (arrow in a); sagittal view of the right
upper abdomen shows gallbladder wall oedema (arrow in b), and
sagittal view of the pelvis demonstrates free fluid (star in c)

Fig. 8 Brain MRI findings in a 15-
year-old boy with meningism
9 days after the initial onset of fever,
rash, conjunctivitis and abdominal
pain.His anti-SARS-CoV-2 (severe
acute respiratory syndrome
coronavirus 2) immunoglobulins G
and M were positive. a, bAxial (a)
and sagittal (b) post-contrast 3-D
fluid-attenuated inversion recovery
MR images show leptomeningeal
enhancement (arrows) in the right
pre-central sulcus

1616 Pediatr Radiol  (2021) 51:1608–1620



terminal ileal involvement was seen in 7/8 (88%) chil-
dren, reflecting similar localisation of inflammatory
change.

The pathophysiology for bowel involvement remains un-
certain but could be caused by a delayed immune-mediated
response to the virus because most patients in previous series
had positive serology and negative PCR [13]. The abundance
of lymphatic tissue and Peyer patches in the distal ileummight
be one reason this region is particularly susceptible to inflam-
matory change [34]. Clinicians and radiologists should there-
fore remain vigilant of this important association in this clin-
ical setting to avoid overcalling inflammatory bowel disease
or assuming that abdominal pain is from appendicitis.
Alternatively, when terminal ileal inflammation is detected
in a child with persistent fevers and abnormal laboratory find-
ings, then multisystem inflammatory syndrome could be
raised as a possible differential diagnosis.

In contrast to adult bowel findings in COVID-19 [35] and
the findings in the paediatric series by Hameed et al. [13], we
did not identify any children with bowel or solid visceral in-
farction. Nevertheless, it is worth mentioning that splenic in-
farction in children is a recognised complication of inflamma-
tory vasculitis and Kawasaki disease. Previous reports have
highlighted the “COVID-19-induced coagulopathy” effect
[36], and therefore signs of ischemia or infarction should be
sought out when imaging any body part in a child with
suspected SARS-CoV-2 exposition.

Two children with multisystem inflammatory syn-
drome in our series showed acute neuroimaging findings:
restricted diffusion of the splenium of the corpus callosum
in a 5-year-old girl (Fig. 9) and leptomeningeal enhance-
ment in a 15-year-old boy (Fig. 8). Foci of abnormal
signal in the splenium of the corpus callosum have been
reported to be characteristic (although not specific) of
children with COVID-19 [37] and are probably related
to cytokine activation [38]. Leptomeningeal enhancement
appears to be a common feature in adults with COVID-19

with neurologic symptoms [39], reflecting an immune re-
action of the meninges against SARS-CoV-2 infection.

This study has several limitations. It is a retrospective
study with cases collected from multiple institutions and
countries. Collection of cases with representative imaging
poses a selection bias; nonetheless, our results demonstrate
typical imaging findings in children with multisystem in-
flammatory syndrome associated with COVID-19 but not
their frequency in all children affected. The heterogeneous
image quality and protocols in the numerous centres, the
probably variable expertise of the physicians who per-
formed the imaging studies, data collection by question-
naire without detailed definitions of imaging findings,
and our review of only selected images have an unknown
impact on detection and frequency of individual findings
reported in our series. Some laboratory data were not avail-
able. Because follow-up radiographs were not available for
review, we cannot comment on the evolution of findings.
We decided to use the case definition from the RCPCH as
inclusion criteria for multisystem inflammatory syndrome
in children because it was available at the time this study
was conceived. Eight children included in our study did
not have positive testing or a family contact and would
have been excluded using the WHO case definition.
However, they came from areas of high prevalence of dis-
ease and the attending physicians diagnosed and treated
them as cases of multisystem inflammatory syndrome.

Conclusion

In this multicentre retrospective study, children diagnosed
with multisystem inflammatory syndrome associated with
COVID-19 showed imaging findings of cardiac, pulmo-
nary, abdominal and to a lesser extent neurologic inflam-
mation, most of which were temporary and associated
with good clinical recovery. The clinical presentation

Fig. 9 Brain MRI findings in a 5-
year-old girl with altered level of
consciousness 5 days after the
initial onset of fever, abdominal
pain and dehydration. Her anti-
SARS-CoV-2 (severe acute
respiratory syndrome coronavirus
2) immunoglobulin G was
positive. a, b Axial diffusion-
weighted MR image (b=1,000; a)
and corresponding apparent
diffusion coefficient (ADC) map
(b) show restricted diffusion in
the splenium of the corpus
callosum (arrow)
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was supported by abnormal laboratory or imaging find-
ings, comparable with a pro-inflammatory state of the
host. Chest imaging findings of pulmonary congestion,
enlarged cardio-mediastinal silhouette, and pleural effu-
sion found in children with serology evidence of previous
SARS-CoV-2 infection should suggest the diagnosis of
multisystem inflammatory syndrome. Echocardiography
and cardiac MRI help to characterise the cardiac disease,
mainly myocarditis and less often coronary abnormalities
in our series. Ascites and ileal wall thickening might be
seen on abdominal imaging. Brain involvement might ap-
pear as restricted diffusion of the corpus callosum or focal
leptomeningeal enhancement. There is need for a greater
awareness of the multisystem appearances of this
immune-mediated disease, with a low threshold for fur-
ther (preferably non-ionising) imaging where required.

Supplementary Information The online version contains supplementary
material available at https://doi.org/10.1007/s00247-021-05065-0.
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