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The Significance of Lung Ultrasonography in Children with
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Abstract

Introduction: The infection of new Coronavirus disease-2019
(COVID-19) continues to affect both adults and children worldwide.
Although there are studies of adult patients with COVID-19 that
defined ultrasound findings, there is limited data available on the
diagnostic use of ultrasonography in children. This study is aimed
to evaluate the results of bedside lung ultrasonography (LUS)
performed in pediatric patients with COVID-19.

Methods: The study included pediatric patients who were diagnosed
with COVID-19. All lung areas were visualized on LUS and evaluated
together with demographic, clinical, and laboratory data, and chest
X-ray (CXR) findings.

Results: An evaluation was made of 102 pediatric patients,
comprising 54 girls and 48 boys with a mean age of 9.65+4.78
(min 35 days-max 17) years. Forty-six percent of the patients had
respiratory system symptoms, 36% were asymptomatic, and 18%
had symptoms other than in the respiratory system. Pathologic
findings were determined on CXR in 36% of patients, and on LUS
in 57%. The difference in the detection rate of pathologic findings
between LUS and CXR was statistically significant (p=0.001).
Pathology was observed on LUS in 29 of 65 patients with normal
CXR. The sensitivity rate for detecting pathology in patients with
respiratory symptoms was 49% on CXR and 77% on LUS (p=0.001).

Conclusion: We determined that the sensitivity of LUS is higher than
CXR in demonstrating lung involvement in patients with COVID-19
with respiratory symptoms. LUS may be helpful in the evaluation of
pediatric patients with COVID-19 but more studies are needed to
prove its feasibility in children.
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Giris: Yeni Koronaviris hastaligi-2019 (COVID-19) enfeksiyonu
dinya capinda hem yetiskinleri hem de cocuklari etkilemeye devam
etmektedir. COVID-19lu yetiskin hastalarda ultrasonografi bulgularini
tanimlayan calismalar olmasina ragmen, ¢ocuklarda ultrasonografinin
tanisal kullanimina iliskin sinirli veri mevcuttur. Bu ¢alismada, COVID-
19'lu cocuk hastalarda yapilan yatak basi akciger ultrasonografisi
(LUS) sonuglarinin degerlendirilmesi amaglanmaktadir.

Yoéntemler: Calismaya COVID-19 tanisi almis cocuk hastalar dahil
edildi. Tim akciger alanlari LUS ile gérintilendi ve demografik, klinik
ve laboratuvar verileri ve akciger grafisi (CXR) bulgulari ile birlikte
degerlendirildi.

Bulgular: Yas ortalamasi 9,65+4,78 (en az 35 glin-en fazla 17) yil
olan 54 kiz ve 48 erkek olmak tizere 102 cocuk hasta degerlendirildi.
Hastalarin  %46'sinda  solunum sistemi semptomlari, %36's
semptomsuz ve % 18'inde solunum sistemi disinda semptomlar vardi.
Hastalarin %36'sinda CXR'de, %57'sinde LUS de patolojik bulgular
saptandi. LUS ve CXR arasindaki patolojik bulgularin saptanma
oranlarindaki fark istatistiksel olarak anlamliydi (p=0,001). CXR'si
normal olan 65 hastanin 29'unda LUS'de patoloji g6zlendi. Solunum
semptomlari olan hastalarda patolojiyi saptamadaki duyarlilik orani
CXR'de %49 ve LUS'de %77 idi (p=0,001).

Sonug: Solunum semptomlari olan COVID-19 hastalarinda
akciger tutulumunu gostermede LUS'nin duyarliiginin  CXR'den
daha yuksek oldugunu belirledik. LUS, COVID-19'lu ¢ocuk
hastalarin degerlendirilmesinde yardimc olabilir, ancak ¢ocuklarda
uygulanabilirligini kanitlamak icin daha fazla calismaya ihtiyag vardir.
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Introduction

Severe acute respiratory syndrome-coronavirus-2  virus
emerged in Wuhan, China, at the end of 2019, and was
found to be the agent of the novel Coronavirus disease-2019
(COVID-19), which then spread rapidly across the world. In
March 2020, COVID-19 was declared a global pandemic and
the infection continues to affect both adults and children
worldwide. Respiratory problems are very common, and
the symptoms of COVID-19 can range from mild clinical
symptoms to acute respiratory distress syndrome and may
even result in life-threatening multiorgan failure.” Throughout
the pandemic, physicians have been searching for appropriate
diagnostic methods to diagnose or exclude COVID-19 in
patients.? Although reverse transcription-polymerase chain
reaction (RT-PCR) has become the standard diagnostic tool
for COVID-19, it only has a sensitivity of 70%.> Although
computed tomography (CT) is considered the gold standard
as the most rational and specific radiologic method for
the diagnosis of COVID-19, it cannot be routinely used on
children due to the high radiation content.# Therefore, chest
X-ray (CXR) has become the preferred imaging method for
pediatric patients because it is readily available, provides rapid
results, and has lower radiation content than chest CT.

Ultrasound is a non-invasive imaging technique, which is
widely used in pediatric emergency departments, and lung
ultrasound (LUS) can be used as a reasonable alternative to
CXR in the diagnosis of COVID-19. Most of the data related
to LUS has been reported to be of benefit in detecting
pulmonary pathology in adult patients with COVID-19, and
there is little information about the role of LUS in the diagnosis
and management of pediatric patients with COVID-19.>7 This
study is aimed to compare LUS and CXR in respect of the
accuracy rates of COVID-19 diagnosis in children.

Materials and Methods

This prospective observational study was conducted
between November 2020 and December 2020 in the
Pediatric Emergency Department of a tertiary level pediatric
referral pandemic hospital in Ankara City Hospital with
an average of 75,063 annual pediatric emergency Vvisits,
6750 of them were COVID-19 positive. Ethics Committee
approval was obtained for the study (Ankara City Hospital
date: 14/10/2020, number: 1170). Informed consent for
participation in the study was obtained from the parents or
legal guardians of all the patients. The study was conducted
with a convenience sample that included both symptomatic
and asymptomatic patients aged <18 years with a confirmed
diagnosis of COVID-19 and admitted to the hospital by the
on-duty physician who performed the ultrasounds. Sample
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CXR is taken in the routine evaluation of COVID-19, and
LUS was also performed on all the current study patients.
Data were recorded in respect of age, sex, clinical symptoms
and signs on presentation, comorbidities, laboratory test
results [hematology parameters, standard C-reactive protein
(detection limit 5 mg/L)], radiologic results, and supportive
treatment administered on hospital admission. All the medical
diagnostic procedures were performed as part of the standard
clinical care.

On confirmation of COVID-19 positivity, LUS was performed
irrespective of the patient’s symptoms. Cases, where suspicion
was based on symptoms and/or clinical history, were confirmed
through nasopharyngeal PCR before inclusion in the study.
Patients were excluded from the study if they were aged
<1 month or =18 years, if they had comorbidities of chronic
lung disease, congenital heart disease, immunodeficiency,
congenital or anatomical defects of the airway, or if their
parents were not willing to participate in the study.

The patients were assessed according to the symptoms
and classified as asymptomatic, if they are with respiratory
symptoms (the presence of fever with nasal congestion,
tachypnea, dyspnea, cough, or chest pain), and patients
with non-respiratory symptoms (fatigue, weakness, sore
throat, nausea, vomiting, diarrhea, fatigue, headache). The
severity of the disease was defined according to the clinical
symptoms and CXR imaging. Disease severity was classified
as asymptomatic infection (no clinical sign or symptom, CXR
normal), mild (symptoms of upper respiratory tract infection,
congestion of the pharynx, no auscultatory abnormalities),
moderate (pneumonia, frequent fever, cough, and auscultatory
abnormalities with wheezing or rales, and patients with no
clinical signs or symptoms, but subclinical lung lesions on
CXR), or severe/critical disease [obvious hypoxemia requiring
respiratory support (invasive or non-invasive) and intensive
care].t

All CXR findings were quantitatively evaluated using a
5-point scoring system, which is detailed in reference?®; score
1: Normal, score 2: Patchy atelectasis and/or hyperinflation
and/or bronchial wall thickening, score 3: Focal alveolar
consolidation involving no more than one segment or one
lobe, score 4: Multifocal consolidation, and score 5: Diffuse
alveolar consolidation. Two pediatric emergency physicians
with 8 years of experience in pediatric emergency, who
were blinded to the all patient’s data and LUS findings of
patients evaluated the CXR scoring according to this 5-point
scoring system. Both specialist physicians’ joint decisions was
accepted as scoring results. The CXR was considered positive
if the score result was 2, 3, 4, or 5.

LUS was performed on all patients in the pediatric emergency
department by only one same pediatric emergency physician
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with 3 years of point-of-care ultrasound experience, who was
blinded to all clinical information such as symptoms, history,
other diagnostic tests, outcomes, and findings of CXR. Serial
images and video records were obtained from LUS performed
with an 7.5-11 MHz linear array transducer. Following
the COVID-19 lung ultrasound in emergency department
protocol, an examination was made of each hemithorax in six
intercostal spaces of the superior and inferior sections of the
anterior, lateral, and posterior regions.' LUS was performed
using a posterior approach with the patient seated or held in
the mother’s arms, depending on their age. All the necessary
precautions were taken against infection transmission
including the wearing of personal protective equipment by
the operator. The probe was covered with a single-use plastic
sheath and the US device was disinfected after each patient
to prevent the spread of the virus. Approximately 10-fifteen
minutes per patient was allocated for all these procedures.

In the LUS examination of each child, an evaluation was
made of the presence of pleural irregularities, subpleural
consolidations, B-lines, patchy areas of the white lung, and
pleural effusions. The lung was accepted as normal with
the visualization of multiple horizontal A-lines (reverberation
artifacts of the pleural line appear as a hyperechoic parallel
line to the pleural, horizontal artifacts) with normal sliding of
the pleural line. B-lines or comet-tail artifacts were defined
as hyperechoic vertical lines arising from the pleural line and
moving with sliding lung (representing interstitial syndrome)
and erased A-lines.

The LUS features were evaluated using the following scores
(10); 0: Normal lung sliding, regular pleural line, A-lines with <3
B-lines per vertical inter-costal space, 1: Irregular or thickened
pleura and/or =3 B-ines, 2: Confluent B-lines, and/or
subpleural consolidations (height <1 cm), 3: Confluent B-lines
appearing as a “white lung” and/or subpleural consolidations
(height =1 cm), and 4: Pleural effusion.

Statistical Analysis

Data obtained in the study were analyzed statistically using the
Statistical Package for the Social Sciences for Windows Version
20.0 software. Conformity of the data to normal distribution
was assessed using the Kolmogorov-Smirnov. Categorical
variables were stated as frequency (n) and percentage (%).
Continuous variables with normal distribution were stated as
mean + standard deviation values, and those not showing
normal distribution as median (minimum-maximum) values.
The chi-square test was used in the comparisons of categorical
variables, Student’s t-test was used in the comparisons of
quantitative data with normal distribution, and the Mann-
Whitney U test was used in comparisons of continuous
variables without normal distribution. The MedCalc Statistical
Software was used for the calculations of sensitivity, specificity,

and positive and negative predictive values for CXR and LUS.
When calculating sensitivity, specificity, and predictive values
the CXR was considered negative if the score was 1 and
positive if the score was 2, 3, 4, or 5. The LUS was considered
negative if the score was 0, and positive if the score was 1,
2, 3, or 4. All statistical tests were two-tailed and a value of
p<0.05 was considered statistically significant.

In a similar study, the sensitivity of LUS in COVID-19 infection
was found to be 88.9%, and the sensitivity of CXR was
51.9%." To determine the appropriate sample size required
according to these rates, a power analysis was conducted.
To obtain sufficient power (0.80) at the a=0.05 level of
significance, a sample size of 46 patients was required.

Results

From the initial enrollment of 114 children, 12 were excluded
from the study analyses because of comorbidities (chronic
lung disease and congenital heart diseases) or unavailable
CXR (Figure 1). Thus, an evaluation was made of 102 children
with confirmed COVID-19, comprising 54 girls and 48 boys
with a median age of 10 (min: 35 days-max: 17) years. The
demographic data and clinical findings of all the patients in
the study are shown in Table 1. Of the total patients, 24 were
hospitalized, 15 of whom had respiratory symptoms and nine
had non-respiratory symptoms. Clinically, the classification of
the disease was moderate with respiratory symptoms in six
patients, and these patients received oxygen and antibiotic
treatments. In nine patients who were classified as mild,
monitoring without treatment was performed. None of

Screened
(n:114)

Excluded
(n:12)
I-Chronic lung disease (n:1)

-Congenital heart diseases (n:4)
-FUnavailable Chest X-Ray (n:7)

Enrolled
(n:102)

Chest X-Ray Lung Ultrasound
(n:102) (n:102)
Negative Positive Negative Positive
(n:65) (n:37) (n:44) (n:58)
Asymptomatic Asymptomatic Asymtomatic Asymptomatic
(n:41) (n:14) (n:33) (n:21)
Patients with Patients with Patients with Patients with
respiratory respiratory symptoms respiratory respiratory
symptoms (n:24) (n:23) symptoms (n:11) symptoms (n:37)

Figure 1. Flow chart documenting participants included in the study
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the patients required invasive or non-invasive ventilation.
According to the laboratory test results, leukopenia was
determined in 55 patients, lymphopenia in 32, and a slight
alteration in C-reactive protein levels in 20 patients. During
hospitalization, all patients were stable, and all were
discharged after follow-up.

CXR was performed on all patients. The CXR images were
categorized as normal (score 1) in 65 patients. Abnormal
CXR findings were detected in 37 patients (score 2; patchy
atelectasis and/or hyperinflation and/or bronchial wall
thickening) (Figure 2). Of the 65 patients with a normal

Table 1. Demographic and clinical findings in a series of 102

children with COVID-19

Number of
patients (%)
(n=102)

10 years

Age, (median) (min-max) (35 days-17 years)

Gender
Female 54 (52.9%)
Male 48 (47.1%)

Symptoms, n (%)

Respiratory 47 (46.0%)
Non-respiratory 18 (17.6%)
Asymptomatic 37 (36.4%)
Cough 43 (43.1%)
Fever 30 (29.4%)
Fatigue 13 (12.7%)
Headache 0(9.8%)
Sore throat (6.9%)
Dyspnea 6 (5.9%)
Noisy 5 (4.9%)
Myalgia 5 (4.9%)
Diarrhea 4 (3.9%)
Abdominal pain 4 (3.9%)
Other (loss of smell and taste, joint pain, eye pain) 10 (9.8%)
Duration of symptoms (mean + SD) 2.69+1.43
(min-max) (2-7) days
Lung disease severity

Mild 41 (40.2%)
Moderate 6 (5.9%)
Severe 0 (0%)

Laboratory findings, n (%)

Neutropenia 55 (53.9%)

Lymphopenia 32 (31.3%)
High CRP 20 (19.6%)
Chest X-ray findings

Normal

65 (63.7%)

Anormal (patchy atelectasis and/or hyperinflation 37 (36.3%)

and/or bronchial wall thickening)

Lung ultrasound findings

Normal (A-line, normal sliding, <3 B-lines per vertical
inter-costal space)

Score 1 (Irregular or thickened pleura and/or =3
B-lines)

Score 2 [Confluent B-lines and/or subpleural 15 (14.7%)
consolidations (height <1 cm)]

Score 3 (Confluent B-lines appearing as a “white
lung” and/or subpleural consolidations (height =1
cm)

44 (43.1%)

40 (39.3%)

3(2.9)

COVID-19: Coronavirus disease-2019, SD: Standard deviation
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radiograph, 41 (63.1%) were asymptomatic, and of the 37
patients with abnormal CXR, 14 (37.8%) were asymptomatic,
20 (54.0%) had mild disease, and three (8.2%) had moderate
disease. The radiologic findings were unilateral in 12 (32%)
patients (8 right, 4 left) and bilateral in 25 (68%) patients.

All patients underwent LUS without any problems. The time
taken to perform LUS was 5-10 minutes. A normal pattern
(score 0) was seen on LUS in 44 patients (Figure 3), and
abnormalities were determined in 58. In 40 patients, the score
was 1 (irregular or thickened pleura and/or =3 B-lines) (Figure
4), and the score was 2 in 15 patients (confluent B-lines and/

I

Figure 2. Abnormal chest X-ray image with bronchial wall thickening

Figure 3. Normal lung ultrasound image with a regular pleural line and
A-lines
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or subpleural consolidations, height <1 cm) (Figure 5), and
the score was 3 in three patients (confluent B-lines appearing
as a “white lung” and/or subpleural consolidations, height
=1 c¢m) (Figure 6). No patient presented with pleural effusion
that required mechanical ventilation or admittance to the
intensive care unit. Of the 58 patients with LUS abnormalities,
21 (36.2%) were asymptomatic, 33 (56.9%) had mild disease,
and four had moderate disease (6.9%). No statistically
significant difference was determined between patients with
mild disease and those with moderate disease in respect
of the LUS scores. Involvement of only the right lung was
determined in 14 (24.2%) patients, only the left lung in five
(8.6%), and both lungs in 39 (67.2%) patients. The infection
was seen to be diffuse in the anterior, lateral, and posterior

Iriegulint Thic hirsed fledifi

Figure 4. Abnormal lung ultrasound image (score 1) with irregular and
thickened pleura and/or =3 B-lines

Confluent B-lines [ — Subpleural consolidations
—— (height <1 cm]
L e

Figure 5. Abnormal lung ultrasound image (score 2) with confluent B-lines,
and subpleural consolidations (height <1 cm)

sections of the lung in four (6.9%) patients and only in the
posterior section in the remainder (93.1%).

All the CXR and LUS imaging findings are shown in Table
1. Pathologic findings were determined on CXR in 36% of
patients, and on LUS in 57%. The difference in the detection
rate of pathologic findings between the two imaging modalities
was statistically significant (p=0.001). The radiologic findings
were determined to be concordant in 29 of 102 patients, and
despite a normal CXR in another 29 patients, there was an
interstitial B-lines pattern on LUS (grade 1 in 24 and grade
2 in five). In total, eight patients with abnormal CXR were
not identified with LUS. Of the 47 patients with respiratory
symptoms, the LUS examination showed signs of pulmonary
involvementin 36 (77%). The sensitivity in the diagnosis of lung
abnormalities in the patients with COVID-19 with respiratory
symptoms was determined as 77% [95% confidence interval
(Cl) 62-88] for LUS and 49% (95% Cl: 34-64) for CXR. The
specificity values of LUS and CXR were 60% (95% Cl: 46-
73) and 74% (95% Cl: 61-85), respectively. The diagnostic
performance comparisons of CXR and LUS are summarized in
Table 2. A statistically significant difference was determined
between CXR and LUS in respect of sensitivity (p=0.001).

La]

Suibpirursl cormolidations
[haigha #1 o]

Figure 6. Abnormal lung ultrasound image (score 3) with confluent B-lines
appearing as a “white lung” and subpleural consolidations (height =1 cm)

Table 2. Comparison of the lung ultrasound and chest X-ray in detection of COVID-19-related lung abnormalities in patients with

respiratory symptoms

Chest X-ray
Sensitivity 49% (95% Cl 34-64
Specificity 74% (95% Cl 61-85

Positive predictive value 62% (95% Cl 48-73
63% (95% Cl 55-70

COVID-19: Coronavirus disease-2019, Cl: Confidence interval

)
)
)
)

Negative predictive value

Lung ultrasound p
77% (95% Cl 62-88 0.001
60% (95% Cl 46-73 0.07

62% (95% Cl 53-70

(
(
(
75% (95% Cl 63-84

)
)
)
)
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Chest CT was performed because of symptoms of dyspnea
in four patients, two of whom with mild COVID-19 had no
abnormal chest CT lung findings, and abnormal findings
of ground-glass opacity were determined in the other two
children with moderate COVID-19. These findings were
compatible with the LUS findings.

Discussion

Imaging has a highly important role in the diagnosis
of COVID-19."2 Although COVID-19 guidelines are well
established for adults, data related to the radiologic features
of children with COVID-19 remain limited. Chest CT has
been suggested to be the most sensitive method for the
diagnosis of COVID-19 in adults. RT-PCR positivity of 30-
60% has been reported in COVID-19 diagnosis in adults, and
97% sensitivity of chest CT."® Considering the adverse effects
of ionizing radiation, pediatricians must choose the best
radiologic options in terms of benefit and harm. There are
several restrictions to the use of chest CT scans in children,
including the increased risk of radiation-induced cancer, the
rational use of resources, and the risk of contagion to healthy
personnel, without providing any additional benefit to the
child. It is thought that chest CT may not be necessary for the
evaluation of disease severity in children because COVID-19 is
relatively mild in children compared with adults, and pediatric
patients with COVID-19 have been reported to have a better
prognosis with very low mortality.'*'® Therefore, the use of
chest CT is avoided for screening children with COVID-19.
The current study results specifically revealed that children
were more often classified as asymptomatic or mild, although
some studies have reported that moderate cases were more
prevalent.’®2° There have been very few reports of respiratory
complications such as dyspnea and hypoxemia and there are
limited data in respect of the frequency and extent of lung
involvement in pediatric COVID-19.2" In the current series,
46% of the children had respiratory symptoms, and the most
common symptom was cough.

Although some guidelines have been created for the diagnosis,
treatment, and prevention of COVID-19 in children,?>?* there is
no consensus on which imaging modality is most appropriate
for the evaluation of the extent of lung involvement in
children. CXR has been traditionally used as the preferred
imaging modality for lower respiratory diseases in children,
accordingly, CXR is generally performed in pediatric cases of
COVID-19."? Previous case series have reported that despite
COVID-19 positivity, most children had no findings on CXR,
and a normal CXR was seen in most patients with a mild
presentation of COVID-19.202526 |n the current study cohort,
36.9% of symptomatic children had a normal radiograph,
which was consistent with the literature.'? This study confirmed
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that patchy atelectasis and/or hyperinflation and/or bronchial
wall thickening were frequent findings in pediatric COVID-19,
and these findings were more frequently identified bilaterally
in patients on CXR. The inferior sections were seen to be the
most affected area. Chest CT was performed in four patients
and not performed in the remainder as there was no clinical
requirement. Children must be protected from radiation, so
if a child is generally well, not performing chest CT can be
considered not to be of any clinical significance.

It has been reported to be significant that the auscultatory
findings of COVID-19 may be subtle or normal even in the
presence of advanced lower airway disease, and screening
with CXR may not be sufficient.?” Therefore, LUS may be of
benefit in the evaluation of lung involvement in pediatric
cases of COVID-19. Performing LUS in patients with COVID-19
pneumonia has several advantages, including that it is low-
cost, readily available, portable, user-friendly, easy to disinfect,
and provides accurate, high-quality examinations in the
assessment of the progression of pulmonary pathology,
without exposure to ionizing radiation.”™ Although there
are studies of adult patients with COVID-19 which defined
ultrasound findings, there is still a lack of data related to the
role of LUS in the diagnosis and management of children
with COVID-19."22830 |n a study by Musolino et al.?', it was
reported that in the evaluation of suspicious cases, LUS could
support the diagnosis and could be of benefit in the follow-
up of patients. Studies in the literature evaluating the CXR
and LUS findings in children are few and have only included
small patient series. LUS findings are more sensitive than
CXR and can successfully identify two-thirds of abnormal
cases.??3 Most studies in the literature have given sensitivity
and specificity for comparing two diagnostic techniques in
COVID-19. In the studies, the sensitivity rates were 80.6%
(69.1 to 88.6) and 86.4% (72.7 to 93.9) for CXR and LUS,
the specificity rates were 71.5% (59.8 to 80.8) and 54.6 (35.3
to 72.6 for CXR and LUS, respectively. In the literature, while
the sensitivity of LUS was higher, its specificity was found to
be lower than CXR, similar to our study.*® In the current study
with a greater number of patients, LUS was determined to
have good accuracy in detecting lung abnormalities compared
with CXR. Based on these results, it can be considered that
LUS could have a major role in the management of children
with COVID-19, irrespective of the presence of respiratory
symptoms, because it can be used at the bedside, and it is non-
invasive, fast, reproducible, and does not involve radiation.

Peripheral lung lesions, which are easily detected on LUS, are
characteristic findings of COVID-19.212637 |n studies of adult
patients, the most frequently observed LUS findings have
been reported to be separate or confluent B-lines, and thick
irreqular pleural and subpleural consolidations.?®4® The most
predominant pattern is subpleural consolidations <1 cm, and



Akca Caglar et al.
Lung Ultrasonography in Children with COVID-19

in some adult cases, alveolar consolidation has also been
described.*™* However, in the pediatric patients in this study,
consolidations were seen to be less common than the rates
reported for adults.”® The LUS findings in this study showed
mostly =3 B-lines, and subpleural consolidations <1 cm were
seen in only a few patients. In a previous case, a series of 13
pediatric patients with COVID-19, 11 (84%) were determined
with positive sonographic findings of the interstitial syndrome
and in five cases, these were accompanied by consolidation.™
Some studies stated that pleural effusion might be seen in
severe cases.'?*% |n the current study, pleural effusion was
not determined in any patients and all patients with mild illness
were treated on an outpatient basis with no requirement for
additional treatment.

Based on current experience and the results of this study,
it can be considered that LUS could play a major role in
the management of pediatric patients with COVID-19. LUS
could be used to rapidly assess the severity of acute COVID-
19-induced pneumonia, and monitor disease progression
during follow-up. Changes in LUS findings would also allow
the identification of patients at a higher risk of developing
respiratory failure, thereby providing the opportunity for
these patients to be monitored more closely and for necessary
changes to be made to the treatment.?#!

Study Limitations

This study had some limitations, primarily that it was conducted
in a single center with a limited number of patients. Patients
were excluded if they had a negative RT-PCR test result, despite
a high suspicion of COVID-19 positivity because of symptoms
or close contact with an infected person plus abnormal CXR
or chest CT findings. There is a known possibility of false-
negative RT-PCR results in patients with abnormal radiologic
findings. A second limitation was that all the scans were
performed by a single pediatric emergency physician, and the
accuracy of the image evaluations could not be confirmed by
an ultrasound expert. In addition, the LUS and chest CT could
not be confirmed because of the low number of cases, that
there may have been selection bias, which also constitutes
a limitation. The major limitation of our study was that our
results cannot be compared with the gold standard chest
tomography, unfortunately, routine tomography could not be
performed in children due to high radiation exposure.

All the ultrasound scans were performed during only one same
pediatric emergency physician’s working hours, which limits
the generalizability. False-negative ultrasound or CXR results
may have been obtained in the initial stage of the disease,
before lung involvement, and therefore, imaging studies
should have been repeated after several days. Nevertheless,
this study can be considered to provide valuable information
because the data in the literature related to pediatric patients
with COVID-19 are limited.

Conclusion

We determined that the sensitivity of LUS is higher than
CXR in demonstrating lung involvement in patients with
COVID-19 with respiratory symptoms. LUS may be helpful
in the evaluation of pediatric patients with COVID-19. More
studies are needed to prove LUS is applicable in children with
COVID-19.
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