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Abstract

Purpose: First, to investigate the added diagnostic value of chest computed tomo-
graphy (CT) for evaluating COVID-19 in symptomatic children by comparing chest
CT findings with chest radiographic findings, and second, to identify the imaging
signs and patterns on CT associated with COVID-19 pneumonia in children.
Materials and Methods: From March 2020 to December 2020, 56 consecutive
children (33 males and 23 girls; mean age + SD, 14.8 + 5.0 years; range, 9 months-18
years) with mild to moderate symptom and laboratory confirmed COVID-19 (based
on Centers for Disease Control criteria) underwent both chest radiography and
chest CT on the same day within the first 2 days of initial presentation to the
hospital. Two experienced radiologists independently evaluated chest radiographs
and chest CT studies for thoracic abnormalities. The findings from chest radio-
graphy and chest CT were compared to evaluate the added diagnostic value of chest
CT for affecting patient management. Interobserver agreement was measured with
Cohen's k statistics.

Results: Eleven (19.6%) of 56 patients had abnormal chest radiographic findings,
including ground-glass opacity (GGO) in 5/11 (45.4%) and combined GGO and
consolidation in 6/11 (54.5%). On chest CT, 26 (46.4%) of 56 patients had abnormal
CT findings, including combined GGO and consolidation in 19/26 (73.1%), GGO in
6/26 (23.1%), and consolidation in 1/26 (3.8%). Chest CT detected all thoracic ab-
normalities seen on chest radiography in 11/26 (42.3%) cases. In 15/26 (57.7%),
chest CT detected lung abnormalities that were not observed on chest radiography,
which included GGO and consolidation in 9/15 (60%), GGO in 5/15 (33.3%), and
consolidation in 1/15 (6.6%) cases. These additional CT findings did not affect pa-
tient management. In addition, chest CT detected radiological signs and patterns,
including the halo sign, reversed halo sign, crazy paving pattern, and tree-in-bud

pattern. There was almost perfect interobserver agreement between the two
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1 | INTRODUCTION

Since the first case of coronavirus disease 2019 (COVID-19) was
reported in China in November 2019, most COVID-19 cases were
epidemiologically linked to exposure to Wuhan's Huanan seafood
market, where wild animals are traded.>? This highly contagious,
novel coronavirus infection is rapidly transmitted mainly via droplet
inhalation, and has spread extensively among humans across many
countries and continents throughout the world.® The World Health
Organization (WHO) has declared COVID-19 a public health
emergency of international concern. As of February 7, 2021, there
have been 106,673,989 confirmed cases globally with 2,326,773
deaths.”

Initially, there was a misconception that COVID-19 spares the
pediatric population. However, emerging data have shown that
children are indeed affected by this novel viral infection. In fact,
there have been several reports describing COVID-19 infection
across all pediatric age groups, even affecting neonates.’® Early and
accurate diagnosis of pediatric COVID-19 is paramount for optimal
pediatric patient management and limiting the spread of disease, as it
has been suggested that asymptomatic or mildly symptomatic chil-
dren can be a reservoir of unrecognized COVID-19 infection.”

Chest imaging, mainly chest radiography and CT, are two main
imaging modalities currently used for evaluating acute COVID-19
infection in the pediatric population.’®~** Although there have been
several publications focusing on chest radiographic and CT findings
of pediatric COVID-19 pneumonia,’® ¢ to our knowledge, there is
no published information regarding the added diagnostic value of
chest CT in comparison with chest radiography for detecting thoracic
abnormalities related to COVID-19 pneumonia in the pediatric po-
pulation. In addition, there is limited information regarding the
imaging signs and patterns seen on CT in symptomatic pediatric
patients with COVID-19 pneumonia. Therefore, the purpose of this
study is twofold: (1) to investigate the added diagnostic value of
chest CT for evaluating COVID-19 in symptomatic children by
comparing chest CT findings with chest radiographic findings and, (2)
to identify the imaging signs and patterns on CT associated with
COVID-19 pneumonia in children.

reviewers for detecting findings on both chest radiographs (k, 0.89, p =.001) and
chest CT (k, 0.96, p =.001) studies.

Conclusion: Chest CT detected lung abnormalities, including GGO and/or con-
solidation, that were not observed on chest radiography in more than half of
symptomatic pediatric patients with COVID-19 pneumonia. However, these addi-
tional CT findings did not affect patient management. Therefore, CT is not clinically
indicated for the initial evaluation of mild to moderately symptomatic pediatric

patients with COVID-19 pneumonia.

children, computed tomography, COVID-19 pneumonia, pediatric patients, radiography

2 | MATERIALS AND METHODS

2.1 | |Institutional review board approval

The institutional review board approved this retrospective study for
the review of chest radiographs, chest CT studies, and electronic
medical records. The informed consent was waived. Patient con-
fidentiality was maintained in accordance with Health Insurance
Portability and Accountability Act (HIPAA) guidelines.

2.2 | Patient population

Using our radiology department information system in the Al Ain
Hospital, Al Ain, United Arab Emirates, we retrospectively identified
all pediatric patients (<18 years of age) diagnosed with COVID-19
from March 2020 to December 2020. Included patients had to
meet all three of the following inclusion criteria: (1) pediatric pa-
tients with COVID-19 infection confirmed via quantitative reverse-
transcription polymerase chain reaction (RT-PCR) testing of
respiratory secretions obtained by use of a nasopharyngeal or
oropharyngeal swab based on the Centers for Disease Control
criteria®’; (2) symptomatic pediatric patients with COVID-19 infec-
tion on the basis of clinical symptoms as determined by referring
physicians; and (3) pediatric patients who underwent both chest
radiography and chest CT studies on the same day within the first
2 days of initial presentation to the hospital.

2.3 | Imaging technique

2.3.1 | Chest radiography technique

Anteroposterior projection radiographs [n=6 (10.7%)] were ob-
tained with mobile radiography equipment (Digital Radiographic
Mobile X-ray System; Shimadzu) by using high voltage, tube current,
and exposure times at a 100-cm focus-film distance. Posteroanterior
projection radiographs [n=50 (89.3%)] were obtained with
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non-portable radiography equipment (Digital Diagnost; Philips
Healthcare) by using high voltage, tube current, and exposure times

at a 180-cm focus-film distance.

2.3.2 | Chest CT technique

All chest CT studies were obtained with a 64-slice helical CT scanner
(Sensation 64; Siemens Healthcare) using a tube kilovoltage (kV),
100-120 kV; tube current (mAs), automatic exposure control; colli-
mation, 2.0 mm; pitch, 1; reconstruction algorithm, iterative-based
reconstruction; reconstruction slice thickness, 0.5 mm; interslice gap,
0 mm and reformatted with lung (width, 1500 HU; level, -500 HU)
and soft tissue (width, 350 HU; level, 50 HU) window settings. In-
travenous contrast was not administered. With the patient in the
supine position, CT images were obtained in a single breath-hold at
end-inspiration. The scanned area included the entire lungs from the
thoracic inlet to the level of the diaphragm.

24 | Imaging study review

Two radiologists (K. M. D. and J. K.), each with more than 20 years of
experience in interpreting pediatric chest radiographs and CT stu-
dies, independently evaluated all chest radiographs and CT images.
Reviewers were blinded to all clinical information, prior imaging
studies, and the original reports of chest radiographs and CT studies.
In addition, the order of review was randomized. In the case of dis-
crepant findings by two initial reviewers, a third pediatric radiology
fellowship-trained and subspecialty-certified reviewer (E. Y. L., with
20 years of experience in interpreting pediatric chest radiography
and CT study) served as an arbitrator, without knowledge of the
findings and interpretations of the other two initial reviewers.

All chest radiographs and CT studies were reviewed in a picture
archiving and communication system (Cedara I-Read 5.2 P11; Cerner
Image Devices). The chest CT images were evaluated by using
standard lung (width, 1500 HU; level, -500 HU) and soft-tissue
(width, 350 HU; level, 50 HU) window settings. For both chest
radiographs and CT studies, the reviewers could manually zoom into
areas of interest. For chest CT studies, the reviewers routinely used
multiplanar reformats (e.g., coronal and sagittal) and manually ad-
justed window level and width settings for evaluation of thoracic
abnormalities.

2.4.1 | Chest radiographic evaluation

Chest radiography image quality evaluation

Chest radiographs were first evaluated for image quality, including
anatomic coverage, the presence of motion, and visualization of the
chest radiographic findings. Suboptimal image quality chest radio-
graphs, defined as incomplete anatomic coverage of chest, substantial
motion, and limited visualization of thoracic anatomy, were excluded.

Chest radiographic review
The reviewers then reviewed chest radiographs for abnormalities in
the thoracic structures including: (1) lung parenchyma and airway
(ground-glass opacity [GGO], consolidation, peribronchial thicken-
ing); (2) pleura (pleural effusion), and (3) mediastinum (lymphade-
nopathy) based on the established criteria from the Fleischner
Society's glossary of terms for thoracic imaging in following
section, 8720

In addition, the reviewers were also instructed to record any
other thoracic findings that were not included in the aforementioned

diagnostic categories.

2.4.2 | Chest CT evaluation

To decrease potential bias, chest CT evaluation was performed 2
weeks after chest radiographic evaluation, and chest CT studies were
also re-randomized before review.

Chest CT image quality evaluation

Chest CT images were first evaluated for image quality, including
anatomic coverage, the presence of motion, and visualization of the
chest CT findings. Suboptimal image quality chest CT studies, defined
as incomplete anatomic coverage of chest, substantial motion, and

limited visualization of thoracic anatomy, were excluded.

Chest CT review
The reviewers then reviewed chest CT studies for abnormalities in
the thoracic structures including: (1) lung parenchyma and airway
(GGO, consolidation, peribronchial thickening); (2) pleura (effusion),
and (3) mediastinum (lymphadenopathy) based on the established
criteria from the Fleischner Society's glossary of terms for thoracic
imaging in following section.*®-2°

In addition, the presence of radiological signs or patterns (“halo”
sign, “reversed halo” sign, crazy paving pattern, and tree-in-bud
pattern) was also evaluated. The “halo” sign was diagnosed when
there was a GGO surrounding a pulmonary nodule or consolidation.
The “reversed halo” sign was diagnosed when there was a focal
rounded area of GGO surrounded by a more or less complete ring of
consolidation.’® Crazy-paving pattern was defined as the presence
of thickened interlobular septa superimposed on a background of
GGO."® Tree-in-bud pattern was diagnosed when multiple areas of
centrilobular nodules connected with a linear branching pattern
were visualized.'®

In addition, the reviewers were also instructed to record any
other thoracic findings that were not included in the aforementioned

diagnostic categories.

2.5 | Added diagnostic value of chest CT

One of the investigators (K. M. D.) in this study reviewed the pa-
tient's medical records to assess whether additional findings on CT
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affected patient management, specifically medication choice, hospital
and intensive care unit (ICU) admission decision, and discharge de-

cision. Then, the investigator recorded the findings.

2.6 | Statistical analysis

Normally distributed continuous variables (e.g., age and the average
days of clinical symptoms before image studies) were expressed as
the mean #* standard deviation and range. The frequency and per-
centage of the presence of abnormalities seen in the lung par-
enchyma and airway, pleura, and mediastinum on the chest
radiography and chest CT studies were calculated. The inter-
observer agreement was determined using Cohen's k statistics. The
strength of agreement interpretation beyond chance level is based
on the Landis and Koch benchmarks.?>?? k values were interpreted
as:  0-0.20 =slight 0.21-0.40 = fair
0.41-0.60 = moderate agreement, 0.61-0.80 = substantial agree-

agreement, agreement,
ment, and 0.81-1.00 = almost perfect agreement. Statistical soft-
ware, STATA/SE version 14.2 (StataCorp LP), was used for the

analysis.

3 | RESULTS

3.1 | Patient cohort

The total number of patients admitted and seen at our institution
over the study period was 187 consecutive pediatric patients (95
males and 92 females) and all of them underwent chest radiography.
Among these 187 patients, 56 patients underwent CT on the same
day as chest radiography based on symptoms, as determined by the
referring physicians. Therefore, the final patient population consisted
of 56 consecutive children (33 males and 23 females; mean age + SD,
14.8 £ 5.0 years; range, 9 months-18 years).

All patients had positive RT-PCR test for COVID-19 and had
either mild or moderate symptoms. None of them required supple-
mental oxygen. All patients were subsequently admitted to the
hospital, but none of them required ICU admission. The duration of
their hospital admission ranged from 1 to 11 days (mean = 2.6 days).
Upon discharge from the hospital, all patients were detained in a
quarantine center for a total period of 15 days, including days in the
hospital.

The details of the initial clinical symptoms are summarized in
Table 1. Fever (28/56 (50%)) and cough [28/56 (50%)] were two
most common initial clinical symptoms, followed by rhinorrhea
[14/56 (25%)], dyspnea [13/56 (23.2%)], chest pain [12/56 (21.4%)],
loss of smell [3/56 (5.4%)], myalgia [2/56(3.6%)], sore throat
[2/56(3.6%)], headache [1/56 (1.8%)], and diarrhea [1/56 (1.8%)]. The
average days of clinical symptoms before image studies were
2.6 days (+SD, +2.3 days and range, 1-11 days).

TABLE 1
COVID-19

Initial clinical symptoms in 56 pediatric patients with

Types of symptoms Number (percentage) of patients

Fever 28 (50)
Cough 28 (50)
Rhinorrhea 14 (25)
Dyspnea 13 (23.3)
Chest pain 12 (21.4)
Loss of smell 3(5.4)
Myalgia 2 (3.6)
Sore throat 2 (3.6)
Headache 1(1.8)
Diarrhea 1(1.8)
3.2 | Imaging findings

3.2.1 | Chest radiographic findings

The chest radiographic findings are summarized in Table 2. Among
56 patients, 45 patients (80.4%) had normal chest radiograph. The
remaining eleven patients (19.6%) had abnormal chest radiographic
findings, including GGO and consolidation in 6/11 (54.6%) and (GGO)
in 5/11 (45.4%). No peribronchial thickening was seen. No pleural or
mediastinal abnormality was seen. In addition, there were no other
thoracic findings that were not included in the aforementioned

diagnostic categories.

TABLE 2 Chest radiographic findings in 56 symptomatic
pediatric patients with COVID-19

Number (percentage) of

Chest radiographic findings studies
Normal CXR 45 (80.4)
Abnormal CXR 11 (19.6)
Type of abnormal CXR findings
Peribronchial thickenings 0 (0)
GGO 5 (45.4)
Consolidation 0 (0)
Peribronchial thickenings and GGO 0 (0)
Peribronchial thickenings and 0 (0)
consolidation
GGO and consolidation 6 (54.6)

Peribronchial thickenings, GGO, 0 (0)
and consolidation

Abbreviations: CXR, chest radiography; GGO, ground-glass opacity.
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TABLE 3 Chest CT findings in 56 symptomatic pediatric
patients with COVID-19

Number (percentage) of

Chest CT findings studies
Normal chest CT 30 (53.6)
Abnormal chest CT 26 (46.4)
Type of abnormal chest CT findings
Peribronchial thickenings 0 (0)
GGO 6 (23.1)
Consolidation 1(3.8)
Peribronchial thickenings and GGO 0 (0)
Peribronchial thickenings and 0 (0)
consolidation
GGO and consolidation 19 (73.1)

Peribronchial thickenings, GGO, 0 (0)
and consolidation

Signs and patterns of chest CT findings

Halo sign 11 (42.3)
Reversed halo sign 5(19.2)
Crazy-paving pattern 2 (7.6)
Tree-in-bud pattern 1(3.8)

Abbreviations: CT, computed tomography; GGO, ground-glass opacity.

3.22 | Chest CT findings

Findings of chest CT studies

The chest CT findings are summarized in Table 3. Among 56 patients,
30 patients (53.6%) had normal chest CT studies. The remaining
26 (46.4%) of 56 patients had abnormal CT findings, including GGO
and consolidation in 19/26 (73.1%), GGO in 6/26 (23.1%), and con-
solidation in 1/26 (3.8%). No peribronchial thickening was seen. No
pleural or mediastinal abnormality was seen. In addition, there were
no other thoracic findings that were not included in the aforemen-
tioned diagnostic categories.

Findings of radiological signs and pattern

On CT, the most frequently seen radiological signs or patterns were:
“halo” sign (11/56, 42.3%), followed by “reversed halo” sign (5/56,
19.2%), crazy paving pattern (2/56, 7.6%), and tree-in-bud pattern
(1/56, 3.8%).

3.2.3 | Comparison of chest radiographic and chest
CT Findings

The comparison of chest radiographic and chest CT findings is
summarized in Table 4.

Chest CT studies detected all thoracic abnormalities seen on
chest radiographs in 11/26 (42.3%) cases, including combined GGO
and consolidation in 6/11 (54.6%) and GGO in 5/11 (45.4%)
(Figure 1). In 15/26 (57.7%), chest CT detected lung abnormalities

TABLE 4 Comparison of chest radiographic and chest CT
findings in 56 symptomatic pediatric patients with COVID-19
pneumonia

Number (percentage) of

Chest imaging findings studies

Abnormal CXR and abnormal chest CT 11 (19.6)
Normal CXR and normal chest CT 30 (53.6)
Normal CXR and abnormal chest CT 15 (26.8)

Type of abnormal chest CT findings that were not seen on CXR (n = 15)

Peribronchial thickenings 0 (0)
GGO 5(33.3)
Consolidation 1(6.7)
Peribronchial thickenings and GGO 0 (0)

Peribronchial thickenings and 0 (0)
consolidation

GGO and consolidation 9 (60.0)
Peribronchial thickenings, GGO, 0 (0)
and consolidation

Abbreviations: CT, computed tomography; CXR, chest radiography;
GGO, ground-glass opacity.

that were not observed on chest radiography, which included com-
bined GGO and consolidation in 9/15 (60%), GGO in 5/15 (33.3%),
and consolidation in 1/15 (6.7%) cases (Figure 2).

In addition, chest CT detected radiological signs and patterns,
such as “halo” sign [4/15 (26.7%)] (Figure 3), “reversed halo” sign
[2/15 (13.3%)] (Figure 4), crazy paving pattern [2/15 (13.3%)]
(Figure 5), and tree-in-bud pattern [1/15 (6.7%)] (Figure 6) that were

not observed on chest radiographs.

3.24 | Interobserver agreement

Among all 224 evaluations (112 evaluations for the chest radio-
graphy and 112 evaluations for CT studies, respectively) between
two reviewers, discrepancies were noted regarding peribronchial
thickening versus normal on two chest radiographs and GGO versus
consolidation on one chest CT study. The arbitrator assessed these
cases independently and determined that two chest radiographs
were normal and chest CT showed consolidation. There was almost
perfect interobserver agreement between two reviewers for de-
tecting findings on chest radiographs (k, 0.89, p =.001) and chest CT
studies (k, 0.96, p =.001).

3.3 | Added diagnostic value of chest CT

Chest CT detected lung abnormalities, including GGO and/or con-
solidation, that were not observed on chest radiography in 15/26
(57.7%) in symptomatic pediatric patients with COVID-19 pneumo-
nia. However, these additional CT findings did not affect patient
management in all 15 pediatric patients (100%).
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(A)

FIGURE 1

A 16-year-old female with positive COVID-19 RT-PCR test who presented with fever and cough. (A) Frontal chest radiograph

shows multifocal ground-glass opacities and consolidations (arrows) in both lungs. (B) Coronal lung window CT image demonstrates bilateral
multifocal ground-glass opacities and consolidation (arrows) corresponding with findings seen on chest radiograph (A). CT, computed

tomography; RT-PCR, reverse-transcription polymerase chain reaction

(A)

FIGURE 2 A 15-year-old male with positive COVID-19 RT-PCR test who presented with fever and chest pain. (A) Frontal chest radiograph
shows clear lungs without radiographic abnormality. (B) Axial lung window CT image shows focal small areas of consolidation and subtle
ground-glass opacities (arrows) in the bilateral lower lobes, which were not detected on chest radiography. CT, computed tomography;

RT-PCR, reverse-transcription polymerase chain reaction

4 | DISCUSSION

The results of our study showed that chest CT detected all thoracic
abnormalities, including GGO and consolidation, seen on chest
radiography in mild to moderately symptomatic pediatric patients
with COVID-19 infection. In addition, in more than half of cases
(57.7%), chest CT detected lung abnormalities, such as GGO and
consolidation, that were not observed on chest radiography. How-
ever, these additional CT findings did not affect patient management.
Therefore, in mild to moderately symptomatic pediatric patients with
COVID-19 pneumonia and normal chest radiography, CT is not
clinically indicated as part of the initial evaluation.

Although there have been a few studies focusing on the thoracic
imaging findings of pediatric COVID-19 infection,® *¢?%?% to our
knowledge, there has been no published study that specifically in-
vestigated the added diagnostic value of chest CT in comparison with
chest radiography for detecting thoracic abnormalities related to

COVID-19 infection in the pediatric population. Although chest
radiographs are not as sensitive as CT for detecting early or subtle
pulmonary parenchymal manifestations of pediatric COVID-19
pneumonia, our study showed that additional, radiographically oc-
cult CT findings of COVID-19 pneumonia did not significantly alter
patient management in mild-moderately symptomatic children at
initial presentation. Further studies evaluating the role of CT (and its
increased sensitivity for the findings of pediatric COVID-19 pneu-
monia) in severely ill children and/or during the course of their
hospitalization may be helpful.

The chest radiographic findings of GGO and/or consolidation
seen in our study correlate well with the findings of other studies of
thoracic abnormalities in pediatric patients with COVID-19 on chest
radiography.'®*>?4 Previously published studies of COVID-19 in-
fection in pediatric patients found that unilateral or bilateral GGO
and/or consolidation were the most common chest radiographic
findings.'®*>?% Lack of pleural or mediastinal abnormalities on chest
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FIGURE 3 A 12-year-old male with positive COVID-19 RT-PCR
test who presented with cough. Axial lung window CT image shows a
ground-glass opacity (arrows) surrounding a central area of
consolidation, in keeping with the “halo” sign. CT, computed
tomography; RT-PCR, reverse-transcription polymerase chain
reaction

FIGURE 4 A 16-year-old female with positive COVID-19
RT-PCR test who presented with fever and rhinorrhea. Axial lung
window CT image shows presence of central ground-glass opacity
(asterisk) surrounded by ring of denser consolidation (arrows), also
known as the “reversed halo” sign. CT, computed tomography;
RT-PCR, reverse-transcription polymerase chain reaction

radiography in pediatric patients with COVID-19 in our study is also
concordant with chest radiographic findings from prior studies in the
pediatric population.'®*>2% Interestingly, the previously described
radiographic finding of peribronchial thickening in pediatric patients

FIGURE 5 A 17-year-old female with positive COVID-19
RT-PCR test who presented with fever and cough. Axial lung window
CT image shows areas of thickened interlobular septa and
intralobular lines (arrows) superimposed on a background of
ground-glass opacity (arrowheads) in the left lower lobe,

also known as crazy-paving pattern. CT, computed tomography;
RT-PCR, reverse-transcription polymerase chain reaction

with COVID-19 pneumonia and other viral infections was not seen in
our patient population.*??° Such peribronchial thickening is often
seen in asymptomatic or mildly symptomatic pediatric patients dur-
ing early phase of viral infection. It is possible that peribronchial
thickening, which is an early viral infectious manifestation on chest
radiography, may have been already progressed to the alveolar level,
as GGO or consolidation, in our study, which consisted only of
symptomatic pediatric patients.

The results of our study also showed that, although the pul-
monary parenchymal abnormalities seen on chest CT (e.g., GGO and
consolidation) in the pediatric patients with COVID-19 pneumonia
are similar to previously published studies that investigated chest CT
findings in pediatric patients with COVID-19,1121¢23.24 gy study
found the frequency (46.4%) of chest CT with positive findings to be
higher than the previously published frequency (23%) of chest CT
with positive findings reported by Steinberger et al. in the pediatric
patients with COVID-19 pneumonia.*® This is most likely due to the
difference in patient population between our study and their study.
While our study only included symptomatic pediatric patients,
Steinberger et al.'s study included both symptomatic (70%) and
asymptomatic (30%) pediatric patients, where all asymptomatic pa-
tients had negative CT findings.** In our study, it is understandable
that the majority (93.3%) of findings, that were not detected on chest
radiographs but only observed on chest CT, had a component of
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FIGURE 6 A 15-year-old male with positive COVID-19 RT-PCR
test who presented with cough and dyspnea. Axial lung window CT
image shows multiple small centrilobular nodules with connection to
opacified or thickened branching structure representing the dilated
and opacified bronchioles or inflamed arterioles, also known as tree-
in-bud pattern. CT, computed tomography; RT-PCR, reverse-
transcription polymerase chain reaction

GGO, which is often difficult to appreciate on chest radiography.
Previously published study in adult patients focusing on the re-
lationship of chest imaging findings and duration of infection showed
that GGO is typically observed during early phase of COVID-19 in-
fection, and ultimately progresses to more conspicuous consolidation
in later phases of infection.?®

Timely and accurate recognition of radiological signs and pat-
terns typically associated with COVID-19 can lead to optimal pe-
diatric COVID-19 patient management. Our study showed that the
“halo” sign, “reversed halo” sign, crazy-paving pattern, and tree-in-
bud pattern were detected on chest CT studies in symptomatic pe-
diatric patients with COVID-19 infection. Among them, the most
frequently seen radiological signs or patterns was “halo” sign (42.3%),
followed by “reversed halo” sign (19.2%), crazy paving pattern (7.6%),
and tree-in-bud pattern (3.8%). We believe that the “halo” sign, which
is currently considered to be present during early phase of COVID-

101516 s particularly im-

19 infection in the pediatric population,
portant because it is unique to pediatric patients with COVID-19
infection in comparison with adults with COVID-19 infection. As
pediatric COVID-19 pneumonia progresses, crazy-paving pattern
(likely due to underlying alveolar edema coupled with interstitial
inflammation) and “reversed halo” sign (likely representing the

healing phase of lung infection) are more frequently seen. %1527

Our findings of crazy-paving pattern and “reversed halo” sign on
chest CT studies of symptomatic pediatric patients with COVID-19
correlate well with findings from previously published studies in the
pediatric population.’®*"** Interestingly, one patient (3.8%) in our
study showed tree-in-bud pattern on chest CT study, which has not
been previously reported in pediatric patients, however has been
rarely described in adult COVID-19 infection.”® We believe that the
tree-in-bud pattern on chest CT study is not typical for COVID-19
infection and is usually indicative of other underlying disease (e.g.,
aspiration bronchopneumonia) or co-infection (e.g., pulmonary tu-
berculosis). Future investigation on chest CT findings of tree-in-bud
pattern in pediatric patients with COVID-19 infection in the larger
patient population will be needed for clarification.

Currently, the American College of Radiology and international
expert consensus statement on chest imaging in pediatric COVID-19
patient management assert that CT should not be used as the initial
diagnostic test particularly in asymptomatic pediatric patients with
COVID-19 acknowledging that the PCR test for COVID-19 is more
reliable than CT.??°° Based on the results of our study, although
chest CT can detect early lung abnormalities, such as GGO, as well as
specific radiological signs and patterns, CT is not clinically indicated
for initial evaluation of symptomatic pediatric patients with
COVID-19 pneumonia because it does not affect the patient man-
agement, even in pediatric patients with mild or moderate symptoms.
Perhaps, the role of CT may be reserved just for evaluating
COVID-19-related complications in pediatric patients with severe
and progressively worsening symptoms despite treatment. However,
we would like to emphasize that, if chest CT is considered in
symptomatic pediatric patients with COVID-19 for specific clinical
indications, such as evaluating COVID-19-related complications,
radiation dose should be tailored following as low as reasonably
achievable (ALARA) principle due to the potentially harmful effect of
radiation especially in the pediatric patient population.>* %3

There are several limitations of the present study. First, this
study consisted of a relatively small patient population. However, we
emphasize that obtaining more than fifty consecutive symptomatic
pediatric patients with laboratory-confirmed COVID-19 infection,
with both chest radiograph and chest CT performed on the same day,
within the first 2 days of initial presentation to the hospital is chal-
lenging, and to current knowledge, our study is the first one to
present such data. Second, our patient population was mainly from
the Middle East region, and consequently, our data may be region-
specific. Future studies with pediatric patients from different regions
around the world that can confirm the results of our study globally
will be helpful. Third, to decrease the overall radiation exposure, only
frontal chest radiographs were obtained in our study population.
Although we acknowledge that addition of lateral chest radiographs
may have increased the detection of subtle retrocardiac abnormal-
ities and/or small pleural effusions on lateral radiographs, we believe
that this did not have a substantial effect on our findings. Lastly, our
study only focused on chest imaging findings of pediatric patients
with COVID-19 infection at its initial presentation. Future studies
aimed at identifying the long-term sequelae of chest imaging findings



DAS €T AL

in pediatric patients with COVID-19 on follow-up imaging evaluation
is needed to elucidate the potential residual or permanent lung
findings related to pediatric COVID-19 infection.

In conclusion, our investigation was the first study to evaluate
the added diagnostic value of chest CT by directly correlating chest
radiographic and chest CT findings of consecutive symptomatic pe-
diatric patients with COVID-19. Our findings showed that although
chest CT detected lung abnormalities, including GGO and/or con-
solidation, that were not observed on chest radiography in more than
half of symptomatic pediatric patients with COVID-19 pneumonia as
well as imaging signs and patterns associated with COVID-19
pneumonia, these additional CT findings did not affect patient
management. Therefore, CT is not clinically indicated for initial
evaluation of mild to moderately symptomatic pediatric patients with
COVID-19 pneumonia. Future studies focusing on the role of CT for
evaluation of pediatric COVID-19 patients with severe symptoms,
development of potential complications, and late sequelae are nee-
ded to refine the appropriateness of chest CT in the evaluation of
pediatric patients with COVID-19.
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