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Originating in Wuhan, China in December 2019, the 
coronavirus disease 2019 (COVID-19) global pan-

demic is an ongoing public health emergency, with more 
than 4 million confirmed cases and over 285 000 reported 
deaths, as of May 15, 2020 (1). As of April 20, 2020, in 
the United States, there were an estimated 2572 pediatric 
COVID-19 cases (1.7% of total U.S. COVID-19 cases) 
(2). Although no published estimates currently exist on 
the worldwide prevalence of pediatric COVID-19 infec-
tion, based on prior U.S. Centers for Disease Control and 
Prevention (CDC) and Chinese Center for Disease Con-
trol and Prevention data, an extrapolated estimate may be 
approximately 2% of overall worldwide cases (2,3). Still, 
knowledge of the thoracic manifestations of pediatric CO-
VID-19 infection is limited.

In adults, COVID-19 is typically characterized by severe 
pneumonia and hyperactivation of the inflammatory cas-
cade (4–7). Several early studies suggested that COVID-19 
infection in children was relatively mild compared with 
adults, with very few pediatric fatalities reported and the ma-
jority of critically ill children possessing underlying medical 
comorbidities (2,8–11). However, Chao et al recently found 
a higher than previously recognized rate of severe illness 
in pediatric patients with COVID-19 (12). Furthermore, 
emerging new evidence suggests that COVID-19 infection 
in children and adolescents is associated with a multisystem 
inflammatory syndrome in children (MIS-C), with features 
similar to Kawasaki disease and toxic shock syndrome, fre-
quently requiring intensive care unit (ICU) admissions (1).

In light of these new findings, it is clear that our un-
derstanding of the manifestations of pediatric COVID-19 

infection is dynamic and evolving. For example, increasing 
evidence suggests that the respiratory tract is not the only 
organ system susceptible to infection (13). Furthermore, 
innate host immunity, possibly due to inflammatory hy-
peractivation and cytokine storm, may mediate much of 
the tissue damage in acute COVID-19 infection and drive 
the multisystem hyperinflammation in MIS-C (4,5,14,15). 
Therefore, it is becoming clear that COVID-19 is much 
more than simply a viral pneumonia, but rather a multior-
gan systemic disease (4,5,13,16).

Given the current lack of available information related 
to the thoracic imaging findings of pediatric MIS-C as-
sociated with COVID-19 infection, the purpose of this 
article is to provide an up-to-date review of the clinical 
and imaging features of pediatric MIS-C associated with 
COVID-19 infection, compared with acute pediatric CO-
VID-19 infection, with an emphasis on thoracic imaging 
findings.

What Is MIS-C Associated with COVID-19?

New Emergence of MIS-C Associated with COVID-19
In April 2020, after the peak of COVID-19 in many Eu-
ropean countries, reports from western Europe warned 
of a new pediatric febrile hyperinflammatory syndrome, 
affecting children with temporal association to CO-
VID-19 infection (15,17,18). For example, clinicians in 
the United Kingdom reported increased incidence of a 
severe inflammatory syndrome with Kawasaki disease–
like features in mostly previously healthy children (17). 
Similarly, Verdoni et al reported a 30-fold increase in 
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Patient Demographics
Although the clinical features of MIS-C resemble Kawasaki 
disease, there are important demographic differences between 
patients with MIS-C and patients with Kawasaki disease, in-
cluding older age of onset and differences in ethnicity predis-
position. First, although MIS-C associated with COVID-19 
affects pediatric patients of all ages (reported cases range from 
6 months to 16 years), the majority of patients with MIS-C 
are school-age children, with mean age of 7.5–10 years (17–
20,22). In contrast, the vast majority of patients with Kawa-
saki disease present before 5 years of age, most under 2 years 
of age (24). In addition, while the incidence of Kawasaki dis-
ease is highest in Asia, strikingly, there have been no reported 
cases of MIS-C in Asia, despite being an early hotspot of CO-
VID-19 infection, with some of the earliest published series 
on acute pediatric COVID-19 infection emerging from China 
(15,24,25). Two series have found a predilection of MIS-C to 
affect children of Afro-Caribbean descent (17,26). Although 
the cause for difference in distribution of MIS-C worldwide is 
not definitively known, genetic predisposition has been sugges-
tive as a factor in this predisposition for development of MIS-
C (23). Different strains of the virus, due to mutation, could 
also possibly account for the increased incidence of MIS-C in 
Western Europe and North America compared with Asia. Sim-
ilar to Kawasaki disease, two series of pediatric cases of MIS-C 
associated with COVID-19 have reported a male predilection 
(62.5%–70%), although a larger series found male and female 
patients to be equally affected (17,18,22). The most commonly 
reported comorbidities in children with MIS-C associated with 
COVID-19 were overweight status (body mass index  25 kg/
m2, 17%–38%) and asthma (8.5%) (17,22).

Clinical Presentation
Children affected by MIS-C associated with COVID-19 typi-
cally present with persistent high fever (. 3 days) and systemic 
hyperinflammation, reflected in a constellation of symptoms 
involving multiple organ systems, frequently manifesting ab-
dominal pain and gastrointestinal symptoms, Kawasaki dis-
ease–like features, and cardiogenic shock. In published series, 
the most common presenting signs and symptoms include 
prolonged high fever (94%–100%); weakness/malaise (100%); 
prominent gastrointestinal symptoms (60%–100%), typically 
abdominal pain, vomiting, and diarrhea; and less commonly, 
variable maculopapular rash (37%–57%) and respiratory dis-
tress (0%–65%) (17,18,22,26–29). A small number of re-
ported patients with MIS-C have presented with such severe 
abdominal pain that laparoscopy was performed for suspected 
appendicitis (n = 3), two of which were found to have mes-
enteric adenitis and one was found to have aseptic peritonitis 
(22,26). Clinical features of Kawasaki disease, including non-
vesicular skin rash, extremity changes, adenopathy, conjunc-
tivitis, cheilitis, and meningeal signs, are frequently reported; 
however, only six reported patients have met criteria for the 
classic form of Kawasaki disease (18,19,22,30).

The vast majority of patients with MIS-C present with cardio-
genic shock requiring ICU admission. All patients had laboratory 

incidence of a Kawasaki-like disease in children in Bergamo, 
Italy in the months following the peak of the COVID-19 
pandemic (18). Children manifesting similar illness have also 
been recognized in the United States, especially in New York 
City area (19–21). As of May 12, 2020, the New York State 
Department of Health has identified 102 pediatric patients 
with similar hyperinflammatory illness (21). Referred to as 
pediatric COVID-associated multisystem inflammatory syn-
drome, or PMIS, or MIS-C associated with COVID-19, this 
hyperinflammatory syndrome occurs in children testing posi-
tive for current or recent infection with severe acute respira-
tory syndrome coronavirus 2 (SARS-CoV-2) (reverse-tran-
scription polymerase chain reaction [RT-PCR] or serologic 
assay) or had an epidemiologic link to a patient known or 
suspected of having COVID-19 (1,21).

Temporally, MIS-C cases have been clinically manifesting 
approximately 1 month or more after the peak of COVID-19 
cases in a geographic region (15). Although the etiology is 
unknown, MIS-C is presumed to reflect a postinfectious 
cytokine-mediated hyperinflammatory process, triggered by 
COVID-19 infection (15,22). Although a causal link be-
tween COVID-19 infection and the presumed postviral hy-
perinflammation of MIS-C has not yet been definitively es-
tablished, it is strongly suggested by the temporal association 
and history of COVID-19 exposure in patients with MIS-C 
(23). Proposed mechanisms include direct triggering of au-
toinflammatory response, possibly by molecular mimicry 
or unknown mechanism, and/or dysregulation of immune 
responses after COVID-19 infection, which could result in 
other environmental insults triggering a hyperinflammatory 
pathology in predisposed patients (23).

Abbreviations
ARDS = acute respiratory distress syndrome, CDC = Centers for 
Disease Control and Prevention, COVID-19 = coronavirus disease 
2019, ICU = intensive care unit, IL-6 = interleukin-6, MIS-C 
= multisystem inflammatory syndrome in children, RT-PCR = 
reverse-transcription polymerase chain reaction, SARS-CoV-2 = 
severe acute respiratory syndrome coronavirus 2 

Summary
MIS-C associated with COVID-19 is likely a postviral hyperinflam-
matory response capable of causing multiorgan damage, including 
heart failure; liver and kidney injury; and gastrointestinal, neurologic, 
and dermatologic manifestations.

Essentials
 n Three main thoracic imaging findings that have been currently 

observed in pediatric patients with multisystem inflammatory 
syndrome in children (MIS-C) associated with coronavirus disease 
2019 (COVID-19) include heart failure, acute respiratory distress 
syndrome pattern, and pulmonary embolus.

 n The postviral hyperinflammatory process presumed to cause 
MIS-C results in unique thoracic imaging abnormalities that differ 
from the thoracic imaging findings of acute pediatric COVID-19 
infection.

 n The clinical and imaging features of pediatric MIS-C associated 
with COVID-19 resemble late-stage adult COVID-19, possibly 
due to a similar hyperinflammatory cytokine storm.
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MIS-C associated with COVID-19 so far appear favorable 
(17,19,20,22,30). In a series of pediatric patients with MIS-C 
presenting with acute heart failure, Belhadjer et al found com-
plete recovery of left ventricular function in more than two-thirds 
of patients with MIS-C (71%) after treatment, with mild-mod-
erate residual systolic dysfunction (ejection fraction . 45%) in 
the remaining 29% (22). This recovery of systolic function after 
treatment may suggest that the mechanism of heart failure is not 
myocardial damage as seen in adults with COVID-19 infection; 
however, additional studies will be needed to assess whether 
long-term cardiac complications arise (22).

Imaging Findings of MIS-C in Pediatric Patients
Mainly due to its recent emergence, knowledge of the thoracic 
manifestations of MIS-C associated with COVID-19 is lim-
ited. However, the following imaging findings were observed 
in our 20 pediatric patients with confirmed MIS-C.

Thoracic Manifestations
Three main thoracic imaging findings have been observed in 
pediatric patients with MIS-C associated with COVID-19: 
heart failure, acute respiratory distress syndrome (ARDS) pat-
tern, and pulmonary embolus.

Heart failure.— We observed that the majority of pediatric 
patients with MIS-C associated with COVID-19 present with 
cardiogenic shock, many with imaging findings of acute heart 
failure. This is in keeping with several reported series that 
found the majority of patients with MIS-C (43%–67%) pres-
ent with myocarditis and heart failure (18,26,28,29).

Characterized by impaired left ventricular systolic dysfunc-
tion, elevated brain natriuretic peptide, and significantly elevated 
proinflammatory cytokines (“cytokine storm,” including IL-6, 
C-reactive protein, and procalcitonin), the acute heart failure 
that is common in MIS-C is hypothesized to be the result of 
a postviral immune-mediated myocarditis (22,26,27). Most 
patients with MIS-C have positive SARS-CoV-2 antibodies 
(80%–100%), rather than positive RT-PCR result, supporting a 
postviral etiology (17–20,22). Infectious diseases have long been 
considered a trigger for autoimmune diseases, possibly via mo-
lecular mimicry or dysregulated immune response (23). IL-6, 
specifically, has been implicated in the pathogenesis of myocar-
ditis (23).

Chest radiographs typically show cardiomegaly, pulmonary 
edema, and pleural effusions, in keeping with acute left-sided 
heart failure (Fig 1). Echocardiography typically reveals left ven-
tricular systolic dysfunction with depressed ejection fraction 
(Movie [supplement]) (22). For example, in the largest reported 
series of patients with MIS-C presenting with acute heart failure, 
Belhadjer et al found left ventricular systolic dysfunction with 
an ejection fraction less than 30% in 10 of 35 (28%) patients 
and between 30%–50% in 25 of 35 (71%) patients, which is 
similar to the depressed left ventricular ejection fractions re-
ported in other MIS-C series, which have ranged from 25% 
to 48% (18,22,29). Pericardial effusion is less commonly seen 
(9%–40%) in MIS-C (18,29). Coronary artery aneurysms have 

evidence of profound inflammation, including elevated levels 
of C-reactive protein, erythrocyte sedimentation rate, d-dimer, 
procalcitonin, and ferritin (15,17–20,22). Belhadjer et al found 
mild-moderate troponin elevation and marked brain natriuretic 
peptide elevation in all pediatric patients with MIS-C with acute 
heart failure (22). The vast majority of patients with MIS-C 
have positive SARS-CoV-2 antibodies (80%–100%), although 
a small percentage had positive RT-PCR testing for COVID-19 
infection (20%–40%) (17–20,22).

CDC MIS-C Case Definition
The United States CDC has presented the following case defi-
nition for a diagnosis of MIS-C associated with COVID-19, 
with pediatric patients required to meet all three of the fol-
lowing criteria: (a) Individual under 21 years of age presenting 
with fever, laboratory evidence of inflammation, and evidence 
of clinically severe illness requiring hospitalization, with mul-
tisystem (2) organ involvement (cardiac, renal, respiratory, 
hematologic, gastrointestinal, dermatologic, or neurologic); 
(b) No alternative plausible diagnosis; (c) Positive current or 
recent SARS-CoV-2 infection by RT-PCR, serology, or antigen 
test; or COVID-19 exposure within 4 weeks prior to symp-
tom onset. Fever is defined as temperature greater than 38.0°C 
for greater than 24 hours or a subjective fever greater than 24 
hours. Laboratory evidence of inflammation is defined as in-
cluding, but not limited to, elevated C-reactive protein, eryth-
rocyte sedimentation rate, fibrinogen, procalcitonin, d-dimer, 
ferritin, lactate dehydrogenase, and interleukin-6 (IL-6) (21).

Clinical Course, Treatment, and Outcomes
The vast majority of children affected with MIS-C associated 
with COVID-19 present in cardiogenic shock requiring ino-
tropes (80%–100%) and mechanical ventilation (66%–88%) 
for cardiovascular stabilization (17,19,20,22). Over a quarter 
of children with MIS-C with acute heart failure at presenta-
tion require mechanical circulatory assistance with venoarterial 
extracorporeal membrane oxygenation (22). Given the limited 
information currently available on these findings at the time 
of this article preparation, future studies with larger pediatric 
population will be helpful for confirming these findings.

Although the CDC and World Health Organization have not 
provided treatment guidelines, common treatment approaches 
are similar to those for Kawasaki disease, including intravenous 
immunoglobulin, steroids, anticoagulation, and supportive care 
(17,18,22,31). Verdoni et al found that children affected with 
pediatric MIS-C associated with COVID-19 often had a more 
severe clinical course compared with typical patients with Ka-
wasaki, frequently with resistance to intravenous immunoglobu-
lin, need for adjunctive steroids, and biochemical evidence of 
macrophage activation syndrome (18). Some authors have de-
scribed the overall clinical picture of children affected by MIS-C 
associated with COVID-19 as similar to the late phase of adult 
COVID-19 infection, characterized by cytokine storm, hyperin-
flammation, and multiorgan damage (15,18).

Despite prolonged ICU admissions (mean ICU stay, 4–7 
days), the reported clinical outcomes for pediatric patients with 
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and imaging findings of ARDS (19). Chest radiographs 
demonstrate bilateral multifocal ground-glass and con-
solidative airspace opacities (Fig 2). In some pediatric pa-
tients with MIS-C associated with COVID-19 presenting 
with an ARDS pattern, airspace opacities were noted to be 
asymmetric.

Pulmonary embolism.— A prothrombotic coagulopathy 
is a hallmark of severe COVID-19 in adults (34). While 
severe COVID-19 infection in adults has been associated 
with high incidence of thrombotic complications, includ-
ing deep venous thrombosis, pulmonary embolism, isch-
emic stroke, and myocardial infarction, this association has 
not yet been demonstrated in typical pediatric COVID-19 
infection (35). Although the mechanism for adult throm-
boembolic complications of COVID-19 is not known, it 
has been suggested that overproduction of proinflammatory 
cytokines contribute to a prothrombotic coagulopathy (5). 
Interestingly, some authors have suggested that pediatric 
MIS-C and late-stage severe adult COVID-19 are charac-
terized by a similar proinflammatory milieu, both character-
ized by elevated inflammatory markers, including fibrino-
gen, d-dimer, ferritin, and IL-6 (15,18,20). Poyiadji et al 
found that adult patients with COVID-19 with elevated 
d-dimer and C-reactive protein levels are significantly more 
likely to develop pulmonary emboli than patients without 
elevated inflammatory markers (36). Given that elevations 
in these inflammatory markers are a hallmark of pediatric 
MIS-C associated with COVID-19, it is conceivable that 
the hyperinflammatory state of MIS-C may predispose to a 

been rarely reported; however, coronary artery dilatation is seen 
in a significant minority (17%–24%) of patients with MIS-C 
(17,22,26,29).

In MIS-C with heart failure, cardiac MRI typically demon-
strates diffuse left ventricular myocardial T2 hyperintensity, sug-
gesting myocardial edema and hyperemia (27). Late gadolinium 
enhancement is not typically visualized, arguing against the pres-
ence of myocardial necrosis or fibrosis (27). Contrary to adult 
COVID-19–related myocarditis, which is typically characterized 
by extensive transmural late gadolinium enhancement, suggest-
ing extensive necrosis and/or fibrosis, the absence of myocardial 
necrosis in MIS-C may reflect the difference between postviral 
immune-mediated cytokine storm and direct viral myocardial 
toxicity in adult COVID-19-myocarditis (27,32).

Of note, the cardiac imaging abnormalities in pediat-
ric MIS-C may be transient. For example, relatively rapid 
recovery of systolic function and normalization of cardiac 
MRI signal abnormalities have been found in MIS-C after 
appropriate supportive care (22,27). Recovery of systolic 
function and the absence of late gadolinium enhancement 
has led investigators to hypothesize that the left ventricular 
systolic dysfunction in MIS-C is most likely due to tran-
sient myocardial stunning or edema, rather than myocardial 
damage (22,27).

ARDS pattern.— In adults, respiratory failure from ARDS is 
the leading cause of mortality due to COVID-19 infection 
(33). It has been postulated that hyperinflammation and cy-
tokine storm may contribute to the development of severe 
manifestations of COVID-19 infection, including ARDS and 
multiorgan failure (4,14).

We observed that children with MIS-C associated with 
COVID-19 can present with hypoxic respiratory failure 

Figure 1: Radiograph in a 7-year-old boy, reverse-transcription poly-
merase chain reaction positive for COVID-19, who presented with multi-
system inflammatory syndrome in children associated with COVID-19, with 
symptoms including fever, sore throat, vomiting, abdominal pain, truncal 
rash, and hypotension. Frontal chest radiograph shows cardiomegaly, pul-
monary edema, and small bilateral pleural effusions in keeping with heart 
failure.

Figure 2: Radiograph in an 8-year-old girl, reverse-transcription poly-
merase chain reaction positive for COVID-19, who presented with multi-
system inflammatory syndrome in children associated with COVID-19, with 
symptoms including fever, sore throat, vomiting, diarrhea, abdominal pain, 
back pain, and fatigue. The patient ultimately progressed to develop hy-
poxic respiratory failure, hypotension, myocarditis, and acute kidney injury. 
Frontal chest radiograph shows an acute respiratory distress syndrome pat-
tern with asymmetric, right greater than left, hazy opacities, dense consoli-
dative opacity in the left lung base, and cardiomegaly. 
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(Fig 5), hepatomegaly, and gallbladder wall thickening, in 
keeping with multiorgan involvement (17).

Thoracic Imaging Findings of Typical COVID-19 
versus MIS-C Associated with COVID-19 in 
Children: What Are the Differences?

Typical Chest Radiographic and CT Findings of Typical 
COVID-19 in Pediatric Patients
The typical chest radiographic findings in typical acute pe-
diatric COVID-19 infection include bilateral peripheral 
and subpleural ground-glass opacities and/or consolida-
tions (39,40) (Fig 6a). On CT images, the most common 
appearance of typical acute pediatric COVID-19 infection 
is bilateral multifocal peripheral ground-glass opacities, with 
or without consolidations, often with a posterior and lower 
lobe predominant distribution (25,39,40) (Fig 6b). It has 
been suggested that there are three imaging phases of typi-
cal acute pediatric COVID-19 infection: early, progressive, 
and developed phases (40). As there is significant clinical and 
imaging variation between patients, there is, at present, no 
known timeline for demarcating these phases. Typically, the 
halo sign (Fig 6b), which denotes a rim of ground-glass opac-
ity surrounding a nodule or consolidation, is often observed 
in the early phase (reported in up to half of cases), often pro-
gressing to ground glass (progressive phase), and ultimately 

similar prothrombotic coagulopathy and thromboembolic 
complications, including pulmonary emboli.

We observed small segmental pulmonary emboli in some 
pediatric patients affected by MIS-C associated with CO-
VID-19. At CT pulmonary arterial angiography, pulmonary 
embolus appears as an expansile filling defect in a pulmonary 
artery in pediatric patients with MIS-C associated with CO-
VID-19 (Fig 3). Currently, the clinical significance of these 
small segmental pulmonary emboli in pediatric patients with 
MIS-C is unclear (37,38). For example, Poyiadji et al found 
no significant difference in ICU admission, requirement for 
intubation, or duration of intubation between adult patients 
with COVID-19 who developed pulmonary embolism and 
those who did not (36). Further studies on the significance of 
pulmonary embolism in children with MIS-C associated with 
COVID-19 will be important.

Extrathoracic Manifestations
In addition to the characteristic thoracic imaging findings of 
MIS-C associated with COVID-19, characteristic extratho-
racic imaging findings are also emerging in pediatric patients 
with MIS-C associated with COVID-19 infection. Abdomi-
nopelvic mesenteric lymphadenopathy, often most promi-
nent in the right lower quadrant, sometimes with surround-
ing inflammatory fat stranding, with an overall appearance 
similar to mesenteric adenitis, is a common finding in MIS-C 
associated with COVID-19 (Fig 4). In fact, Belhadjer et al 
found two children with MIS-C associated with COVID-19 
underwent appendectomy for suspected appendicitis, with 
an ultimate diagnosis of mesenteric adenitis (22). Indeed, 
mesenteric lymphadenopathy is in keeping with the impres-
sive frequency of gastrointestinal symptoms in children with 
MIS-C as well as the likely propensity of the virus to infect 
the gastrointestinal tract (13). Additional abdominal findings 
observed in pediatric patients affected by MIS-C associated 
with COVID-19 include echogenic kidneys (Fig 5), ascites 

Figure 3: CT image in a 6-year-old girl, reverse-transcription poly-
merase chain reaction positive for COVID-19, who presented with mul-
tisystem inflammatory syndrome in children associated with COVID-19, 
with symptoms including fever, hypoxic respiratory failure, diarrhea, and 
abdominal pain. Axial soft-tissue window CT image from CT pulmonary 
arterial angiogram shows a filling defect (arrow) in a left upper lobe seg-
mental pulmonary artery, reflecting pulmonary embolism.

Figure 4: CT image in a 9-year-old girl, with a history of 
asthma and obesity, reverse-transcription polymerase chain reac-
tion positive for COVID-19, who presented with multisystem in-
flammatory syndrome in children associated with COVID-19, with 
symptoms including fever, vomiting, abdominal pain, and hypoten-
sion. The patient was also found to have systolic dysfunction and 
acute kidney injury. Coronal soft-tissue window CT image from a 
noncontrast abdomen and pelvic CT shows several enlarged mes-
enteric lymph nodes (arrows), most prominent in the right lower 
quadrant.
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developing into a confluent consolidation (developed phase) 
(25,40). Additional CT findings reported in typical acute 
pediatric COVID-19 infection include adjacent bronchial 
wall thickening and inflammation along the bronchovascu-
lar bundle which are more frequently reported in pediatric 
patients compared with adults (25). Fine mesh reticulations 
and “crazy paving” have also been reported, but with less fre-
quency (25). Pleural effusions and thoracic adenopathy are 
rare and considered atypical (39,40).

Differences between Thoracic Imaging Findings of Typical 
Pediatric COVID-19 and MIS-C Associated with COVID-19
There are some differences between the thoracic imaging 
findings of typical pediatric COVID-19 infection and MIS-C 
associated with COVID-19 (Table). Such differences may be 
partially explained by the hypothesis that typical COVID-19 
reflects an acute infection, whereas MIS-C associated with 
COVID-19, which typically occurs approximately 1 month 
after COVID-19 peak in a geographic region and is most 
often associated with positive antibodies (suggesting prior 
infection), most likely reflects postviral hyperinflammatory 
process (15,18,22).

The main radiologic difference between typical pediatric 
COVID-19 and MIS-C associated with COVID-19 is the 
location of imaging abnormalities. Typical pediatric CO-
VID-19 infection predominantly affects the pulmonary pa-
renchyma, manifesting primarily with bilateral peripheral and 
subpleural airspace opacities (25,39,40). Extrapulmonary ab-
normalities are rare and unexpected in typical acute pediatric 
COVID-19 infection (25,39,40). In contrast, pediatric MIS-
C associated with COVID-19 is a systemic hyperinflamma-
tory state characterized by multiorgan system involvement, 
often with prominent cardiovascular abnormalities, such 
as heart failure, manifesting with cardiomegaly, pulmonary 
edema, and pleural effusions (22). As previously described, 

the hyperinflammatory state of MIS-C associated with CO-
VID-19 may contribute to a prothrombotic coagulopathy 
predisposing to thromboembolic complications, including 
pulmonary emboli (14,34–36). Furthermore, the hyperin-
flammatory state of MIS-C associated with COVID-19 is 
often associated with adenopathy, which is rare and unusual 
in typical pediatric COVID-19 infection (22,26,28,40). Last, 
ARDS, a common thoracic imaging pattern in late-stage 
adult COVID-19 infection, is also observed in some pedi-
atric MIS-C cases, although is much less common in typical 
pediatric COVID-19 infection (39–42).

As previously described, it has been suggested that MIS-C 
associated with COVID-19 and late-stage adult COVID-19 
may be characterized by a similar hyperinflammatory milieu, 
which may account for some overlap in imaging findings and 
pathophysiology, although more scientific evidence is needed 
for validation (15,18,20).

Figure 5: US image in a 9-year-old boy with multisystem inflammatory syn-
drome in children with acute kidney injury. Gray-scale sagittal US image of the right 
kidney demonstrates increased echogenicity of the right renal parenchyma, in keep-
ing with acute kidney injury, and adjacent small abdominal ascites.

Figure 6: Images in a 13-year-old girl with a history of sickle cell disease, reverse-transcription polymerase chain reaction positive 
for COVID-19, who presented with hypoxia, respiratory distress, and chest pain. (a) Frontal chest radiograph shows bilateral periph-
eral lung zone-predominant diffuse and patchy ground-glass opacities as well as more focal confluent opacity in the retrocardiac 
region, which are typical chest radiographic findings of pediatric COVID-19 pneumonia. Cardiomegaly, which was stable compared 
with prior radiographs, due to the patient’s underlying sickle cell disease, is also shown. (b) Axial lung window CT image shows several 
right lower lobe and right middle lobe peripheral rounded nodular consolidative opacities, with surrounding ground-glass halo (halo 
sign) (arrows), which is often seen in the early phase of pediatric COVID-19 pneumonia. In addition, more confluent opacity (*) is seen 
in the left lung, which is typical finding of developed phase of pediatric COVID-19 pneumonia.
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Conclusion
The growing number of pediatric cases of MIS-C associated 
with COVID-19 suggests that COVID-19 is likely far more 
than just a respiratory illness in the pediatric population. In 
addition to the previously described pulmonary parenchymal 
abnormalities seen in typical, presumed acute COVID-19 in-
fection, MIS-C associated with COVID-19, which is likely a 
postviral hyperinflammatory process, is now known to cause 
multiorgan damage, including heart disease, liver injury, kid-
ney failure, gastrointestinal and dermatologic manifestations, 
among others. This signals an important paradigm shift in our 
understanding of pediatric COVID-19 infection: from a pri-
marily respiratory illness to multiorgan system disease.

Interestingly, many of the clinical and imaging features of 
MIS-C associated with COVID-19 resemble late-stage severe 
adult COVID-19 infection, possibly due to a similar hyperin-
flammatory cytokine storm, predisposing to some similar tho-
racic imaging manifestations, including heart failure, ARDS, 
and thromboembolic complications. Currently, more scientific 
evidence is needed to guide clinical and imaging study decisions 
for MIS-C associated with COVID-19. However, based on our 
preliminary observation of MIS-C associated with COVID-19 
in our practice, a judicious approach to imaging pediatric pa-
tients, who meet the CDC criteria for a diagnosis of MIS-C as-
sociated with COVID-19 infection or exposure, may need to 
be broadened to include echocardiography, abdominal imaging, 
and CT pulmonary angiography in pediatric patients with high 
clinical suspicion for pulmonary embolism, in addition to typi-
cal chest radiography and/or CT.

As knowledge and scientific evidence about the imaging 
findings of MIS-C associated with COVID-19 grow, better un-
derstanding of the characteristic imaging findings and the need 
for specific imaging evaluations is expected in the future. In 

addition, because there is currently a lack of pathologic data ex-
plaining the underlying causes and imaging findings of MIS-C, 
future studies focusing on the radiology-pathology correlation 
will shed light on this new and challenging disorder, unique to 
the pediatric population.

Disclosures of Conflicts of Interest: A.J.W. disclosed no relevant relationships. 
E.B. Activities related to the present article: disclosed no relevant relationships. Ac-
tivities not related to the present article: author and spouse own a U.S. patent for 
segmentation of vertebral bodies from CT scans of the chest and abdomen (Auto-
mated Vertebral Body Image Segmentation for Medical Screening US20130077840. 
Publication date 3/28/2013. Einat Blumfield, Anthony Blumfield. Radnostics 
LLC); author and spouse are cofounders of Radnostics LLC; product is software for 
automated segmentation of vertebral bodies in chest and abdomen CT scans and 
automated calculation of bone mineral density. The company is currently inactive. 
They did not receive any financial compensation. Other relationships: disclosed no 
relevant relationships. M.C.L. Activities related to the present article: disclosed no 
relevant relationships. Activities not related to the present article: author is member 
of the medical advisory board of Carestream Health; author is recipient of a grant 
from Carestream Health for an unrelated study; received travel and meal support 
from Carestream Health. Other relationships: disclosed no relevant relationships. 
J.K. disclosed no relevant relationships. A.M.F. disclosed no relevant relationships. 
E.Y.L. Activities related to the present article: disclosed no relevant relationships. 
Activities not related to the present article: expert testimony for Cambridge Medi-
cal Experts; received royalties as editor of textbooks; received travel support and 
lectureship honorarium from Guerbet. Other relationships: disclosed no relevant 
relationships.

References
 1. Multisystem inflammatory syndrome in children and adolescents temporally 

related to COVID-19: Scientific Brief. World Health Organization. https://
www.who.int/news-room/commentaries/detail/multisystem-inflammatory-
syndrome-in-children-and-adolescents-with-covid-19. Published 2020. 
Accessed May 26, 2020.

 2. CDC COVID-19 Response Team. Coronavirus Disease 2019 in Children 
- United States, February 12-April 2, 2020. MMWR Morb Mortal Wkly 
Rep 2020;69(14):422–426.

 3. Wu Z, McGoogan JM. Characteristics of and Important Lessons From the 
Coronavirus Disease 2019 (COVID-19) Outbreak in China: Summary of 
a Report of 72 314 Cases From the Chinese Center for Disease Control 
and Prevention. JAMA 2020. 10.1001/jama.2020.2648. Published online 
February 24, 2020.

Differences in Imaging Findings between MIS-C Associated with COVID-19 and Typical COVID-19 in 
Children

Finding MIS-C Associated with COVID-19 Typical COVID-19

Pulmonary Pulmonary edema Bilateral, lower lobe predominant 
peripheral/subpleural GGOs and/or 
consolidations.

ARDS, possibly asymmetric Halo sign (early phase)
Pleural Pleural effusions None known at the time of publication
Cardiovascular Heart failure/left ventricular systolic dysfunction None known at the time of publication

Pericardial effusion
Pulmonary embolism*
Coronary artery dilatation

Extrathoracic Mesenteric lymphadenopathy None known at the time of publication
Hepatomegaly
Gallbladder wall thickening
Echogenic renal parenchyma
Ascites

Note.—ARDS = acute respiratory distress syndrome, COVID-19 = coronavirus disease 2019, GGO = ground-glass 
opacity, MIS-C = multisystem inflammatory syndrome in children.
* Segmental pulmonary embolism has been observed so far.

http://radiology-cti.rsna.org
https://www.who.int/news-room/commentaries/detail/multisystem-inflammatory-syndrome-in-children-and-adolescents-with-covid-19
https://www.who.int/news-room/commentaries/detail/multisystem-inflammatory-syndrome-in-children-and-adolescents-with-covid-19
https://www.who.int/news-room/commentaries/detail/multisystem-inflammatory-syndrome-in-children-and-adolescents-with-covid-19


8 rcti.rsna.org n Radiology: Cardiothoracic Imaging Volume 2: Number 4—2020

Imaging Findings of Multisystem Inflammatory Syndrome in Children Associated with COVID-19

 4. Mehta P, McAuley DF, Brown M, et al. COVID-19: consider cytokine storm 
syndromes and immunosuppression. Lancet 2020;395(10229):1033–1034.

 5. Jose RJ, Manuel A. COVID-19 cytokine storm: the interplay between 
inflammation and coagulation. Lancet Respir Med 2020;8(6):e46–e47.

 6. Liu PP, Blet A, Smyth D, Li H. The Science Underlying COVID-19: Im-
plications for the Cardiovascular System. Circulation 2020;142(1):68–78.

 7. Huang C, Wang Y, Li X, et al. Clinical features of patients infected with 
2019 novel coronavirus in Wuhan, China. Lancet 2020;395(10223):497–506 
[Published correction appears in Lancet 2020;395(10223):496.].

 8. Dong Y, Mo X, Hu Y, et al. Epidemiology of COVID-19 Among Children 
in China. Pediatrics 2020;145(6):e20200702.

 9. Liguoro I, Pilotto C, Bonanni M, et al. SARS-COV-2 infection in children 
and newborns: a systematic review. Eur J Pediatr 2020;179(7):1029–1046.

 10. Liu W, Zhang Q, Chen J, et al. Detection of Covid-19 in Children in Early 
January 2020 in Wuhan, China. N Engl J Med 2020;382(14):1370–1371.

 11. Shekerdemian LS, Mahmood NR, Wolfe KK, et al. Characteristics and Out-
comes of Children With Coronavirus Disease 2019 (COVID-19) Infection 
Admitted to US and Canadian Pediatric Intensive Care Units. JAMA Pediatr 
2020. 10.1001/jamapediatrics.2020.1948. Published online May 11, 2020.

 12. Chao JY, Derespina KR, Herold BC, et al. Clinical Characteristics and 
Outcomes of Hospitalized and Critically Ill Children and Adolescents with 
Coronavirus Disease 2019 (COVID-19) at a Tertiary Care Medical Center 
in New York City. J Pediatr 2020;223:14–19.e2.

 13. Xiao F, Tang M, Zheng X, Liu Y, Li X, Shan H. Evidence for Gastrointestinal 
Infection of SARS-CoV-2. Gastroenterology 2020;158(6):1831–1833.e3.

 14. Sarzi-Puttini P, Giorgi V, Sirotti S, et al. COVID-19, cytokines and immu-
nosuppression: what can we learn from severe acute respiratory syndrome? 
Clin Exp Rheumatol 2020;38(2):337–342.

 15. Shulman ST. Pediatric Coronavirus Disease-2019-Associated Multisystem 
Inflammatory Syndrome. J Pediatric Infect Dis Soc 2020;9(3):285–286.

 16. Henderson LA, Canna SW, Schulert GS, et al. On the Alert for Cyto-
kine Storm: Immunopathology in COVID-19. Arthritis Rheumatol 
2020;72(7):1059–1063.

 17. Riphagen S, Gomez X, Gonzalez-Martinez C, Wilkinson N, Theocharis P. 
Hyperinflammatory shock in children during COVID-19 pandemic. Lancet 
2020;395(10237):1607–1608.

 18. Verdoni L, Mazza A, Gervasoni A, et al. An outbreak of severe Kawasaki-like 
disease at the Italian epicentre of the SARS-CoV-2 epidemic: an observational 
cohort study. Lancet 2020;395(10239):1771–1778.

 19. Deza Leon MP, Redzepi A, McGrath E, et al. COVID-19-Associated 
Pediatric Multisystem Inflammatory Syndrome. J Pediatric Infect Dis Soc 
2020;9(3):407–408.

 20. Latimer G, Corriveau C, DeBiasi RL, et al. Cardiac dysfunction and 
thrombocytopenia-associated multiple organ failure inflammation pheno-
type in a severe paediatric case of COVID-19. Lancet Child Adolesc Health 
2020;4(7):552–554.

 21. Multisystem Inflammatory Syndrome in Children (MIS-C) Associated with 
Coronavirus Disease 2019 (COVID-19). Centers for Disease Control and 
Prevention. https://emergency.cdc.gov/han/2020/han00432.asp. Published 
2020. Accessed May 26, 2020.

 22. Belhadjer Z, Méot M, Bajolle F, et al. Acute heart failure in multisystem inflam-
matory syndrome in children (MIS-C) in the context of global SARS-CoV-2 
pandemic. Circulation 2020. 10.1161/CIRCULATIONAHA.120.048360. 
Published online May 17, 2020.

 23. Galeotti C, Bayry J. Autoimmune and inflammatory diseases following 
COVID-19. Nat Rev Rheumatol 2020;16(8):413–414.

 24. Uehara R, Belay ED. Epidemiology of Kawasaki disease in Asia, Europe, 
and the United States. J Epidemiol 2012;22(2):79–85.

 25. Xia W, Shao J, Guo Y, Peng X, Li Z, Hu D. Clinical and CT features in 
pediatric patients with COVID-19 infection: Different points from adults. 
Pediatr Pulmonol 2020;55(5):1169–1174.

 26. Toubiana J, Poirault C, Corsia A, et al. Kawasaki-like multisystem inflam-
matory syndrome in children during the covid-19 pandemic in Paris, France: 
prospective observational study. BMJ 2020;369:m2094.

 27. Blondiaux E, Parisot P, Redheuil A, et al. Cardiac MRI of Children with 
Multisystem Inflammatory Syndrome (MIS-C) Associated with COVID-19: 
Case Series. Radiology 2020. 10.1148/radiol.2020202288. Published online 
June 9, 2020.

 28. Hameed S, Elbaaly H, Reid CEL, et al. Spectrum of Imaging Findings on 
Chest Radiographs, US, CT, and MRI Images in Multisystem Inflammatory 
Syndrome in Children (MIS-C) Associated with COVID-19. Radiology 
2020. 10.1148/radiol.2020202543. Published online June 25, 2020.

 29. Pouletty M, Borocco C, Ouldali N, et al. Paediatric multisystem inflam-
matory syndrome temporally associated with SARS-CoV-2 mimicking 
Kawasaki disease (Kawa-COVID-19): a multicentre cohort. Ann Rheum 
Dis 2020;79(8):999–1006.

 30. Jones VG, Mills M, Suarez D, et al. COVID-19 and Kawasaki Disease: 
Novel Virus and Novel Case. Hosp Pediatr 2020;10(6):537–540.

 31. AAP News. CDC details COVID-19 related inflammatory syndrome in 
children. American Academy of Pediatrics. https://www.aappublications.org/
news/2020/05/14/covid19inflammatory051420. Published 2020. Accessed 
May 26, 2020.

 32. Inciardi RM, Lupi L, Zaccone G, et al. Cardiac Involvement in a Patient With 
Coronavirus Disease 2019 (COVID-19). JAMA Cardiol 2020. 10.1001/
jamacardio.2020.1096. Published online March 27, 2020.

 33. Ruan Q, Yang K, Wang W, Jiang L, Song J. Clinical predictors of mortality 
due to COVID-19 based on an analysis of data of 150 patients from Wuhan, 
China. Intensive Care Med 2020;46(5):846–848 [Published correction ap-
pears in Intensive Care Med 2020;46(6):1294–1297.].

 34. Tang N, Li D, Wang X, Sun Z. Abnormal coagulation parameters are as-
sociated with poor prognosis in patients with novel coronavirus pneumonia. 
J Thromb Haemost 2020;18(4):844–847.

 35. Klok FA, Kruip MJHA, van der Meer NJM, et al. Incidence of thrombotic 
complications in critically ill ICU patients with COVID-19. Thromb Res 
2020;191:145–147.

 36. Poyiadji N, Cormier P, Patel PY, et al. Acute Pulmonary Embolism and 
COVID-19. Radiology 2020. 10.1148/radiol.2020201955. Published online 
May 14, 2020.

 37. Lee EY, Tse SK, Zurakowski D, et al. Children suspected of having pulmonary 
embolism: multidetector CT pulmonary angiography--thromboembolic risk 
factors and implications for appropriate use. Radiology 2012;262(1):242–251.

 38. Kritsaneepaiboon S, Lee EY, Zurakowski D, Strauss KJ, Boiselle PM. MDCT 
pulmonary angiography evaluation of pulmonary embolism in children. AJR 
Am J Roentgenol 2009;192(5):1246–1252.

 39. Foust AM, Winant AJ, Chu WC, Das KM, Phillips GS, Lee EY. Pediatric 
SARS, H1N1, MERS, EVALI, and Now Coronavirus Disease (COVID-19) 
Pneumonia: What Radiologists Need to Know. AJR Am J Roentgenol 2020. 
10.2214/AJR.20.23267. Published online April 30, 2020.

 40. Foust AM, et al. International Expert Consensus Statement on Chest Imaging 
in Pediatric COVID-19 Patient Management: Imaging Findings, Imaging 
Study Reporting and Imaging Study Recommendations. Radiol Cardiothorac 
Imaging 2020;2(2):e200214.

 41. Wang J, Hajizadeh N, Moore EE, et al. Tissue plasminogen activator (tPA) 
treatment for COVID-19 associated acute respiratory distress syndrome 
(ARDS): A case series. J Thromb Haemost 2020;18(7):1752–1755.

 42. Li X, Ma X. Acute respiratory failure in COVID-19: is it “typical” ARDS? 
Crit Care 2020;24(1):198.

http://radiology-cti.rsna.org
https://emergency.cdc.gov/han/2020/han00432.asp
https://www.aappublications.org/news/2020/05/14/covid19inflammatory051420
https://www.aappublications.org/news/2020/05/14/covid19inflammatory051420

