
ORIGINAL ARTICLE

Imaging of children with COVID-19: experience from a tertiary
children’s hospital in the United States

David M. Biko1,2
& Karen I. Ramirez-Suarez1 & Christian A. Barrera1 & Anirban Banerjee2

& Daisuke Matsubara2 &

Summer L. Kaplan1,2
& Keri A. Cohn2,3

& Jordan B. Rapp1,2

Received: 28 April 2020 /Revised: 21 July 2020 /Accepted: 25 August 2020
# Springer-Verlag GmbH Germany, part of Springer Nature 2020

Abstract
Background Imaging of novel coronavirus disease 2019 (COVID-19) has been described in adults, but children have milder
forms of disease. Pediatric imaging descriptions are of asymptomatic children, raising the question of whether imaging is needed
in this patient group.
Objective To describe the utilization and imaging findings in children with COVID-19 along with the comorbidities, treatment
and short-term outcomes.
Materials andmethods We retrospectively reviewed pediatric patients who had a confirmed positive test for COVID-19 during a
2-month period. We noted symptoms and presence of imaging at presentation. Comorbidities were recorded for children with
imaging. Children were categorized as having multisystem inflammatory syndrome in children (MIS-C) if they met criteria for
the disorder. For children who were admitted to the hospital, we documented length of hospital stay, need for intensive care unit
care/ventilator support, and treatment regimen. We evaluated all imaging for acute/chronic abnormalities including chest radio-
graphs for interstitial or alveolar opacities, distribution/symmetry of disease, zonal predominance, and pleural abnormalities. We
performed descriptive statistics and compared children with MIS-C with the cohort using a Fisher exact test.
Results During the study period, 5,969 children were tested for COVID-19, with 313 (5%) testing positive. Of these, 92/313 (29%)
were asymptomatic and 55/313 (18%) had imaging and were admitted to the hospital for treatment. Forty-one of 55 patients (75%)
with imaging had comorbidities. Chest radiographs were the most common examination (51/55 patients, or 93%) with most
demonstrating no abnormality (34/51, or 67%). Children with MIS-C were more likely to have interstitial opacities and pleural
effusions. US, CT or MRI was performed in 23/55 (42%) children, 9 of whom had MIS-C. Only one chest CT was performed.
Conclusion In our study, most pediatric patients with COVID-19 did not require hospital admission or imaging. Most children
with imaging had comorbidities but children with MIS-C were more likely to have no comorbidities. Children with imaging
mostly had normal chest radiography. Advanced imaging (US, CT, MRI) was less common for the care of these children,
particularly CT examination of the chest and for children without MIS-C.

Keywords Chest . Children . Computed tomography . Coronavirus . COVID-19 . Multisystem inflammatory syndrome in
children . Radiography . Utilization

Introduction

Although it is a daily changing number, as of April 2, 2020,
there were 149,760 laboratory confirmed cases of novel coro-
navirus disease 2019 (COVID-19) in the United States, of
which 2,572 (1.7%) were in children younger than 18 years
[1]. The first pediatric case of COVID-19 in the United States
was reported on March 5, 2020 [1]. Severity of disease is
variable in adults, ranging from asymptomatic to pneumonia
to death, but children seem to have more mild to moderate or
even silent forms of the disease [2–4]. A subset of children
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exposed to COVID-19 develop multisystem inflammatory
syndrome in children (MIS-C), which presents with a spec-
trum of clinical findings such as an erythematous rash, lymph-
adenopathy and abdominal pain in addition to respiratory
symptoms [5]. Imaging findings of COVID-19 have been de-
scribed in adults [6, 7], but given that children are believed to
have milder forms of the disease, there are fewer descriptions
of imaging in pediatric patients. Li et al. [8] described chest
CT findings in five children, four of whom were asymptom-
atic, and Kai et al. [9] reported on a cohort in which 10 of 15
children with chest CT examinations were asymptomatic.
Additionally, a paper by Xia et al. [10] described chest CT
findings in 20 pediatric patients with most children having no
symptoms of pulmonary disease. Furthermore, when com-
pared to adults, pediatric patients were less likely to have
positive findings on chest CT examinations [11]. This raises
the question of whether the exposure to ionizing radiation and
infection involved with transporting these children to a radi-
ology department is worth the risk with regard to treatment
and outcomes in children.

In this study, we retrospectively reviewed a cohort of chil-
dren who presented to a tertiary children’s hospital with con-
firmed cases of COVID-19. We describe the utilization and
imaging findings in this patient cohort along with the comor-
bidities, treatment and short-term patient outcomes.

Materials and methods

The institutional review board at our tertiary children’s hospi-
tal approved the study with waiver for informed consent.

Study cohort

We retrospectively reviewed consecutive children younger
than 18 years who tested positive for COVID-19 and were
treated at the Children’s Hospital of Philadelphia or an affili-
ated hospital between March 17, 2020, and May 21, 2020.

All childrenwere positive for COVID-19 using an in-house
laboratory test with reverse transcriptase polymerase chain
reaction (rRT-PCR) of respiratory secretions or confirmed
testing of respiratory secretions performed at another facility.
Although our testing criteria evolved over the study period,
our current COVID-19 testing criteria include any patients
with any of the following: fever greater than or equal to
100.4° Fahrenheit, cough, shortness of breath, or sore throat.
Additionally, mildly ill children can be tested if their parents
are health care workers or if the child has had a known expo-
sure to a COVID-19-positive patient. Children admitted to the
hospital or undergoing sedation are tested for COVID-19 by
standard protocol regardless of symptoms. Children with in-
complete medical records that could not definitively confirm a
positive COVID-19 test were excluded.

For all children who had a confirmed positive test, we
performed a chart review to determine presenting symptoms
along with demographic information including gender and
age and the presence or absence of imaging at presentation
(within 7 days of the positive test). Imaging included radio-
logic diagnostic and procedural exams. For all children who
had a confirmed positive test, comorbidities were recorded.
Positive patients were also included if they met criteria for
MIS-C per criteria from the Centers for Disease Control and
Prevention, Royal College of Paediatrics and Child Health or
the World Health Organization [12]. For those admitted, we
recorded length of hospital stay, need for intensive care unit
(ICU) care and ventilator support, and treatment regimen.

Imaging analysis

Available imaging performed at presentation was reviewed in
consensus by two board-certified radiologists with fellowship
training in pediatric radiology (D.M.B., with 10 years of expe-
rience; and J.B.R., with 3 years of experience) and echocardi-
ography was reviewed by a single board-certified pediatric car-
diologist (A.B., with 30 years of experience). Chest radiographs
were evaluated for presence of interstitial or alveolar opacities.
We also assessed distribution of disease (central, peripheral,
scattered, diffuse), laterality or symmetry of disease, zonal pre-
dominance (upper, mid, lower or none), and presence of pleural
effusions or pneumothorax. Evaluation for underlying chronic
lung disease was also performed. Abdominal radiographs were
evaluated for signs of ileus or obstruction. Ultrasound and
cross-sectional imaging such as CT or MRI were evaluated
for all pathology including acute or chronic disorders. Left
and right ventricular function was evaluated with echocardiog-
raphy. For children with greater than one chronological exam,
we assessed the initial examination only.

Descriptive statistics were performed using SPSS (version
25; IBM, Armonk, NY). Continuous variables are presented as
mean ± standard deviation and median (interquartile range).
Categorical variables are presented as percentages and counts.
Given that the clinical presentation and number of medical
imaging studies available can vary according to age, demo-
graphic and clinical information was also presented according
to the following age groups: ≤1 year, 2–5 years, 6–12 years and
≥13 years of age. Additionally, we performed a comparison
between children diagnosed with MIS-C and those not diag-
nosed with MIS-C using a Fisher exact test for categorical
values. P-values <0.05 were considered statistically significant.

Results

During the study period, a total of 6,005 tests for COVID-19
were administered, with 5,969 of these tests on unique pedi-
atric patients. Among these patients, a total of 313 (5%) tested
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positive for COVID-19 (median age 8.6 years; interquartile
range [IQR] 1.8–14.2 years) (Fig. 1). There were 164 boys
(median age 6.6 years, IQR 1.5–13.4 years) and 149 girls
(median age 9.4 years, IQR 3.1–14.7 years). Of the 313 chil-
dren who tested positive for COVID-19, 92 (29%) were
asymptomatic. Demographics and presenting symptoms of
the children who tested positive for COVID-19 are listed in
Tables 1 and 2. One child who transferred from an outside
hospital had presented with a posterior cerebral artery stroke
5 weeks before testing.

A total of 55 children (median age 9.0 years, IQR 2.4–
14.4 years) had imaging examinations. Of the children who
had imaging, 29 were boys and 26 were girls. Forty-one of 55
children (75%) with imaging had additional comorbidities
(Table 3). Ten of the 55 children (18%) with imaging met
criteria for MIS-C but only 3 of these 10 children with MIS-C
had comorbidities (neurologic disease, asthma, prematurity).
When comparing these two groups, children with no comorbid-
ities were more likely to have imaging if they were diagnosed
withMIS-C (P=0.0013). Chest radiographs were the most com-
mon imaging examination (51/55 children, or 93%) with most
performed as single-view anteroposterior (AP) radiographs (48/
51, or 94%). The chest radiographs demonstrated no abnormal-
ity related to pneumonia in 34 of 51 patients (67%). Chronic
findings were noted in four children, two of whom had chronic
findings of neonatal chronic lung disease, one postoperative
changes following congenital diaphragmatic hernia repair, and
the last secondary to neuromuscular scoliosis.

Imaging findings

Figures 2, 3 and 4 are examples of imaging findings on chest
radiography. The most common acute finding was interstitial
opacities (16 of 51 patients, or 31%), 8 of whom were

Table 1 Demographic and clinical information in children positive for
novel coronavirus disease 2019 (COVID-19)

Variables (n=313) n (%)

Age, years, median (IQR) 8.6 (12.4)

Gender

Girls 149 (48%)

Boys 164 (52%)

Available imaging 55 (18%)

PICU 19 (6%)

Ventilation assistance 14 (4%)

Asymptomatic 92 (29%)

Signs and symptomsa

Cough 118 (38%)

Fever 132 (42%)

Rhinorrhea 54 (17%)

Headache 35 (11%)

Dyspnea/shortness of breath 35 (11%)

Sore throat 26 (8%)

Myalgia 14 (4%)

Decreased oral intake/loss of appetite 21 (7%)

Vomiting 24 (8%)

Chest pain/chest tightness 15 (5%)

Loss of smell 7 (2%)

Diarrhea/loose stools 24 (8%)

Abdominal pain 24 (8%)

Loss of taste 6 (2%)

Irritability 6 (2%)

Nausea 5 (2%)

Wheezing/stridor 4 (1%)

Lymphadenopathy 2 (1%)

IQR interquartile range, PICU pediatric intensive care unit
a Some children had multiple symptoms

Fig. 1 Histogram demonstrates
the number of positive cases of
novel coronavirus disease 2019
(COVID-19) per day at our
institution
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diagnosed withMIS-C (8 of 10 childrenwithMIS-C, or 80%).
Interstitial opacities were predominately diffuse (10 of 16 chil-
dren, or 63%). Alveolar opacities were noted in 14 of 51
children with radiography (27%), 2 of whom were diag-
nosed with MIS-C (2 of 10 children with MIS-C, or 20%).
The distribution of alveolar opacity was predominately dif-
fuse (4 of 14), followed by scattered (3 of 14), peripheral (3
of 14) and central (2 of 14). No well-defined pattern was
seen in 2 of 14 cases. Pleural effusion was present in 5 of
51 cases (10%) but 4 of these cases were children diag-
nosed with MIS-C (4 of 10 with MIS-C, or 40%).
Pneumothorax was not present on any chest radiographs.
Compared to children who were positive for COVID-19
without MIS-C, children with MIS-C were statistically
more likely to have pleural effusions (P=0.0038) and in-
terstitial opacities (P=0.0001) on chest radiography.

Abdominal radiographs were obtained in five children;
none of these demonstrated abnormalities. Three of these five
children were diagnosed with MIS-C.

Advanced imaging was performed in a total of 23 children.
Ten total US examinations were performed, seven of which
were in children not diagnosed with MIS-C. Only one of the
children withoutMIS-C had an acute abnormality demonstrat-
ing acute appendicitis. The remaining US examinations dem-
onstrated no acute abnormalities, with one showing non-
obstructing renal calculi.

Cross-sectional imaging CT or MR was performed in
15 children, 7 of whom were diagnosed with MIS-C.
Only a single CT of the chest was performed; it showed
no abnormalities. This was in a child who was asymptom-
atic who presented for follow-up for evaluation of Ewing
sarcoma, and this child also had an MRI of the lumbar
spine for tumor follow-up. Six of these children had head
CT examinations, of which four were normal. The only
child with an abnormality without MIS-C had a history of
a stroke and a recent cardiac arrest. MRI was performed
in seven children; two of the brain demonstrated chronic
sinus thrombosis and acute osteomyelitis of the skull

Table 2 Demographic and
clinical information in children
positive for novel coronavirus
disease 2019 (COVID-19) per
age group

Variables ≤1 year

(n=82)

2–5 years

(n=53)

6–12 years

(n=76)

≥13 years

(n=102)

Age, years, median (IQR) 0 (1) 4 (2) 9 (4) 15 (3)

Gender

Girls 33 (40%) 23 (43%) 42 (55%) 59 (58%)

Boys 49 (60%) 30 (57%) 34 (45%) 43 (42%)

Available images 13 (16%) 7 (13%) 15 (20%) 20 (20%)

PICU 4 (5%) 2 (4%) 5 (7%) 8 (8%)

Ventilation assistance 2 (2%) 1 (2%) 5 (7%) 6 (6%)

Asymptomatic 17 (21%) 16 (30%) 19 (25%) 40 (39%)

Signs and symptoms

Cough 37 (45%) 18 (34%) 28 (37%) 35 (34%)

Fever 42 (51%) 26 (49%) 36 (47%) 28 (27%)

Rhinorrhea 29 (35%) 8 (15%) 8 (11%) 9 (9%)

Headache 0 2 (4%) 15 (20%) 18 (18%)

Dyspnea/shortness of breath 13 (16%) 3 (6%) 6 (8%) 13 (13%)

Sore throat 2 (2%) 2 (4%) 10 (13%) 12 (12%)

Myalgia 0 1 (2%) 2 (3%) 11 (11%)

Decreased oral intake/loss of appetite 8 (10%) 5 (9%) 3 (4%) 5 (5%)

Vomiting 12 (15%) 4 (8%) 5 (7%) 3 (3%)

Chest pain/chest tightness 0 0 7 (9%) 8 (8%)

Loss of smell 0 0 2 (3%) 5 (5%)

Diarrhea/loose stools 10 (12%) 5 (9%) 6 (8%) 3 (3%)

Abdominal pain 3 (4%) 4 (8%) 11 (14%) 6 (6%)

Loss of taste 0 0 1 (1%) 5 (5%)

Irritability 3 (4%) 1 (2%) 2 (3%) 0

Nausea 0 0 3 (4%) 2 (2%)

Wheezing/stridor 1 (1%) 2 (4%) 1 (1%) 0

Lymphadenopathy 1 (1%) 0 1 (1%) 0

IQR interquartile range, PICU pediatric intensive care unit
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following craniopharyngioma resection. One child present-
ed to MRI for follow-up for neurofibromatosis. An additional
child with a fever was discovered to have left humeral osteo-
myelitis on a whole-body MRI, where peripheral-based nod-
ules were also visualized. This child was also found to be
positive for methicillin-resistant Staphylococcus aureus
(MRSA) bacteremia. A child with MIS-C had an MRI to
evaluate the appendix; this MRI demonstrated no evidence
of acute appendicitis. An additional child with MIS-C had a
cardiac MRI, which showed no findings consistent with myo-
carditis, including no evidence of myocardial edema and nor-
mal myocardial delayed enhancement and T1 mapping [13].

Of the 10 children with MIS-C, all had chest radiogra-
phy and 9 of 10 had advanced imaging such as US (or
echocardiography), CT or MRI (Table 4). Nine children
had echocardiography (Table 5; [14–16]), which demon-
strated low to low-normal left ventricular systolic function
when measuring left ventricular ejection fraction and left
ventricular fractional shortening, but decreased global left
ventricular systolic function when measuring global

Table 3 Demographic and clinical information in children positive for
novel coronavirus disease (COVID-19) who had medical imaging and
comorbidities

Variables (n=55) n (%)

Age, years, median (IQR) 9 (12)

Gender

Girls 29 (53%)

Boys 26 (47%)

PICU 17 (31%)

Ventilation assistance 14 (25%)

Asymptomatic 11 (20%)

Symptomatic 44 (80%)

Number of comorbidities per patient

None 14 (25%)

One comorbidity 13 (24%)

Two comorbidities 4 (7%)

Three or more comorbidities 26 (47%)

Comorbiditiesa

Acute lymphoblastic anemia 2 (4%)

Adrenal insufficiency 1 (2%)

Anemia 3 (5%)

Anxiety/depression 4 (7%)

Asthma 7 (13%)

Autism 1 (2%)

Cardiomyopathy 2 (4%)

Cerebral venous thrombosis 1 (2%)

Chronic lung disease 1 (2%)

Congenital diaphragmatic hernia 1 (2%)

Congenital heart disease 3 (5%)

Croup 1 (2%)

Epilepsy 3 (5%)

Gastroesophageal reflux disease 3 (5%)

Gastrointestinal disease 2 (4%)

Glucose-6-phosphate dehydrogenase deficiency 2 (4%)

Gray matter heterotopia 1 (2%)

G-tube 4 (7%)

Hypertension 1 (2%)

Mediastinal ganglioneuroblastoma 1 (2%)

MRSA bacteremia 1 (2%)

Neurofibromatosis Type 1 2 (4%)

Neurologic impairment/infection 4 (7%)

Obesity 2 (4%)

Osteomyelitis 3 (5%)

Osteosarcoma 1 (2%)

History of pulmonary embolism 2 (4%)

Renal disease 3 (5%)

Sepsis 3 (5%)

Short gut syndrome 1 (2%)

Sickle cell disease 2 (4%)

Stroke 1 (2%)

Tracheomalacia 1 (2%)

Fig. 2 Radiography in a 14-year-old boy with a history of sickle cell
disease who presented with dry cough. Anteroposterior chest
radiograph demonstrates increased prominence of the interstitia of the
lung bilaterally. The cardiac silhouette is enlarged, likely related to the
boy’s underlying sickle cell disease

Table 3 (continued)

Variables (n=55) n (%)

Trisomy 21 1 (2%)

Type 2 diabetes mellitus 2 (4%)

Valvulopathy 1 (2%)

G-tube gastrostomy tube, IQR interquartile range, PICU pediatric inten-
sive care unit, MRSA methicillin-resistant Staphylococcus aureus
a Number of children with the specific comorbidity; some children had
more than one comorbidity
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longitudinal strain, which is used to detect subtle left ven-
tricular dysfunction. Three children with MIS-C had ad-
ditional abnormalities seen on more advanced imaging.
One child had a US examination of the right lower quad-
rant and CT of the abdomen and pelvis demonstrating
bowel wall thickening consistent with ileocolitis (Fig. 5).
Another child had a head CT, which demonstrated cere-
bral edema, and the last had US exam of the right upper
quadrant demonstrating pancreatic edema concerning for
pancreatitis.

Treatment, interventions and short-term outcomes

Of the 55 children who had imaging, treatment was most
commonly guidance regarding self-isolation (18 of 55 chil-
dren, or 33%) and use of broad-spectrum antibiotics (12 of
55 children, or 22%). Remdesivir treatment was only per-
formed in two children. Forty-nine of 55 children (89%) re-
quired hospital admission with length of hospital stays rang-
ing from 1 to greater than 76 days, with 1 child remaining
hospitalized at the time of this writing. Seventeen of 55 chil-
dren (31%) required intensive care treatment and 14 of 55
(25%) required ventilator support. Fifty-four of 55 children
(96%) were alive at the time of this submission. The single
deceased child did not meet criteria for MIS-C and had diffuse
alveolar abnormalities on chest radiograph with pleural fluid
but also had B cell acute lymphoblastic leukemia and devel-
oped Escherichia coli sepsis. No children without any imag-
ing who tested positive for COVID-19 were admitted to the
hospital.

All children diagnosed with MIS-C (n=10) were admitted
to the hospital, with 9 of 10 requiring intensive care treatment
and ventilator support. Length of hospital stay ranged from
3 days to greater than 76 days, with a single child remaining in
the hospital at the time of this writing. Treatment in these
children was most commonly intravenous immunoglobulin
(IVIG; 7 of 10 children) and steroids (6 of 10 children), with
2 of these children receiving donated plasma antibodies. None
of the children diagnosed with MIS-C had died at the time of
this report.

Discussion

In this study we evaluated the imaging utilization of pediatric
patients diagnosed with COVID-19 at a tertiary children’s
hospital. Although 313 children were diagnosed with
COVID-19, only 55 had imaging performed. All children ad-
mitted to the hospital were evaluated with imaging studies.
Asthma was the most common comorbidity seen in pediatric
patients who were evaluated with imaging.Most children who
needed imaging had comorbidities; note that 47% had three or
more comorbidities. Most of the imaging studies ordered for
these children were chest radiographs, which were normal in
greater than half of cases (34/51, or 67%). Abnormalities of
both interstitial and alveolar opacities were seen on the re-
maining radiographs, with pleural effusion and interstitial
opacities more commonly seen in children with MIS-C.

Although in adults chest CT is widely used, with evidence
showing its role in risk stratification [7, 17–19], only a single
chest CTwas performed in our patient population and this was
in an asymptomatic child who was in for routine oncological
follow-up and demonstrated no abnormality. In the pediatric
population in our study, the need for chest CT to evaluate

Fig. 4 Radiography in a 6-year-old girl with multisystem inflammatory
syndrome in children (MIS-C) who presented with fever, vomiting and
altered mental status. Anteroposterior chest radiograph demonstrates
patchy bilateral interstitial and alveolar opacities within the lung

Fig. 3 Radiography in a 9-year-old girl who presented with fever.
Anteroposterior chest radiograph demonstrates asymmetrical opacities
within the right lung (arrows)
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COVID-19 was not apparent, which supports the pediatric
consensus recommendations of only using CT in cases where
there is concern for clinical progression, an alternative diag-
nosis, or poor clinical improvement [20]. Even in the small
cohort of children diagnosed with MIS-C, chest CT was not
used for management.

Ten total US examinations and 14 additional CT or MR
examinations were performed, 7 of which were for children
diagnosed with MIS-C. Head CT was the most common CT
or MR examination and was performed in six of the children;
four of these were normal, and one child with MIS-C

demonstrated cerebral edema and the other had a recent pos-
terior cerebral stroke that was present on the exam.
Additionally, one child had sinus thrombosis on an MRI of
the brain. Another had a whole-body MRI performed for a
fever and demonstrated peripheral nodular opacities, but this
child was also diagnosed with humeral osteomyelitis and
MRSA bacteremia, and these were suspected to represent sep-
tic emboli. Given the reports of thromboembolism with
COVID-19, a relationship between COVID-19 and these find-
ings is possible [21, 22].

The small cohort of children diagnosed with MIS-C
was less likely to have additional comorbidities when
compared to the remainder of the cohort. Nine of these
10 children (90%) had advanced imaging such as US,
CT, MRI or echocardiography for management and re-
quired intensive care, whereas only 8 of the remaining
45 children (18%) without MIS-C required intensive care.
All children diagnosed with MIS-C remained alive at the
time of this writing, with the only death in the cohort
occurring in a child without MIS-C who had complica-
tions of bacterial sepsis.

The study is limited by its retrospective nature and selec-
tion bias resulting from referral to a tertiary children’s hospi-
tal. In this study, only the initial exam performedwithin 7 days
and closest to the positive COVID-19 test were evaluated,
even though some radiographic findings might develop later
in the course of the disease. Additionally, a limited number of

Table 4 Demographic and clinical information in children who met criteria for multisystem inflammatory syndrome in children (MIS-C) who
presented for medical imaging

Patient
#

M/
F

Age at
presentation

Presentation Comorbidities Imaging performed

1 F 15 y 5 m Fever, increased secretions, cough, respiratory
distress

Type 2 neuronal ceroid
lipofuscinosis

Chest radiograph

2 M 5 y 3 m Fever, emesis, diarrhea, abdominal pain None Chest radiograph, ultrasound RLQ,
CT abdomen/pelvis echocardiography

3 F 9 y 3 m Fever, sore throat, decreased sense of smell,
abdominal pain, diarrhea

None Chest radiograph, ultrasound RLQ
and RUQ, CT abdomen/pelvis
echocardiography

4 F 5 y 11 m Fever, rash, diarrhea None Chest radiograph, CT head, echocardiography

5 F 6 y 1 m Fever, emesis, altered mental status, cardiogenic
shock, respiratory failure

None Chest radiograph, ultrasound kidneys,
CT head, echocardiography

6 F 7 y 8 m Fever, diarrhea, abdominal pain None Chest and abdominal radiograph,
ultrasound complete abdomen, CT
abdomen/pelvis, echocardiography

7 F 14 y 11 m Fever, cough Prematurity Chest radiograph, ultrasound RUQ,
echocardiography

8 M 13 y 10 m Fever, emesis, diarrhea, abdominal pain Asthma Chest and abdominal radiograph,
echocardiography, cardiac MRI

9 F 14 y 3 m Fever, abdominal pain, lethargy, muscle aches,
shortness of breath

None Chest and abdominal radiograph,
echocardiography

10 M 9 y 11 m Fever, rash, emesis, diarrhea, abdominal pain None Chest radiograph, ultrasound RLQ,
echocardiography, MRI appendix

F female, M male, m months, RLQ right lower quadrant, RUQ right upper quadrant, y years

Table 5 Echocardiography findings in nine children with multisystem
inflammatory syndrome in children (MIS-C) who presented for imaging
with normal values

Variable Mean (range) Abnormality threshold values
[14–16]

LVEF (%) 55.0 (42.0 to 58.0) >55

LVSF (%) 30.0 (24.0 to 34.0) >25

GLS (%) −15.5 (−18.0 to −12.5) > −20.2
TAPSE (cm) 1.9 (1.4 to 2.0) >1.7

RVFWS (%) −15.6 (−19.8 to −13.6) > −27.2

GLS global longitudinal strain, LVEF left ventricular ejection fraction,
LVSF left ventricular shortening fraction, RFSWS right ventricular free
wall strain, TAPSE tricuspid annular plane systolic excursion
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chest radiographs were evaluated and pneumonia can be dif-
ficult to diagnose in children [23].

Conclusion

Most pediatric patients with COVID-19 do not require hospi-
tal admission or imaging for evaluation. Children in our study
who had imaging evaluation were predominately evaluated
with chest radiography, which was usually normal.
Interstitial opacities and pleural effusions were more com-
monly seen in children diagnosed with MIS-C. Most children
with imaging had comorbidities, but children with MIS-C
were more likely to have no comorbidities. At our tertiary
children’s hospital, advanced imaging (US, CT, MRI) was
less common for the care of these children, particularly chest
CT and all advanced imaging in children without MIS-C.
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