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Abstract: Lung point-of-care ultrasound (POCUS) has been shown to be
useful for identifying pulmonary pathology in adult patients with coronavi-
rus disease 2019 (COVID-19). However, pediatric literature for POCUS in
COVID-19 is limited. The objective of this case series was to describe lung
POCUS findings in pediatric patients with COVID-19. Three patients with
COVID-19 who had lung POCUS performed in a pediatric emergency de-
partment were included. Point-of-care ultrasound revealed bilateral abnor-
malities in all patients, including pleural line irregularities, scattered and
coalescing B-lines, consolidations, and pleural effusions. Additional pedi-
atric studies are necessary to gain a broader understanding of COVID-19's
sonographic appearance in this age group and to determine whether POCUS
may be helpful to facilitate diagnosis and expedite management decisions.
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T he coronavirus disease 2019 (COVID-19) pandemic high-
lights the utility of lung point-of-care ultrasound (POCUS).

POCUS is an ideal modality for rapid screening during a pan-
demic given its portability, direct application at the bedside, and
ease of disinfection of ultrasound machines.1,2 In addition, after
the initial investment in purchasing an ultrasound machine, its rel-
atively low cost makes POCUS an optimal choice for imaging in
low-resource settings worldwide.

There are several adult case series describing the sonographic
pulmonary features in patients positive for severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) infection.3–8 In contrast,
the pediatric literature is limited.9–11 Although the disease has
not been as severe in children, cases of respiratory failure requir-
ing intensive care and intubation have been reported.12 This case
series describes sonographic pulmonary features in patients with
severe COVID-19 across a spectrum of ages. All patients had pos-
itive SARS-CoV-2 nasopharyngeal polymerase chain reaction
tests, but the results were not available until after POCUS studies
were performed.

Case 1
A 9-year-old overweight girl with fragile X syndrome and in-

termittent asthma presented with fever, cough, increased respira-
tory effort, diarrhea, and posttussive vomiting. Her fever and cough
developed 7 days before presentation. Her primary care provider di-
agnosed acute otitis media and prescribed amoxicillin 2 days before
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she came to the emergency department (ED). On the day of presen-
tation to the ED, she developed respiratory distress.

Her initial vital signswere a temperature of 39.5°C, heart rate
(HR) of 147 beats per minute, blood pressure (BP) of 120/74 mm
Hg, respiratory rate (RR) of 32 breaths per minute, and pulse ox-
imetry (SpO2) of 85% on room air. Physical examination findings
were significant for a tired appearing girlwith diminished aeration
in the right lower lung field without wheezes, rales, or rhonchi.
Laboratory test results are displayed in Table 1. Given her history
of asthma, albuterol and ipratropium were administered without
improvement.

POCUS was used to evaluate for pulmonary pathology and
revealed abnormalities in bilateral posterior lung fields. A consol-
idation with air bronchograms spanning 4 rib spaces was iden-
tified in the right posterior lung fields (Fig. 1 and Video 1,
Supplemental Digital Content 1, http://links.lww.com/PEC/
A607). Scattered B-lines and a trace pleural effusion were visual-
ized in the left posterior lung fields (Fig. 1). Areas of normal-
appearing lung were also present in the left posterior lung fields.
The anterior and lateral lung fields were not scanned. These find-
ings were interpreted as evidence of pneumonia. A portable chest
radiograph was interpreted by an attending pediatric radiologist as
atelectasis of the left upper, left lower, right middle, and right lower
lobes without a pleural effusion, but a superimposed pneumonia
could not be excluded (Fig. 1).

The decision was made to start noninvasive ventilation with
continuous positive airway pressure after POCUS was performed.
This was quickly escalated in the ED to bilevel positive airway
pressure because of worsening respiratory distress. The patient
was admitted to the pediatric intensive care unit (PICU) and
intubated the next morning for acute respiratory failure. Treat-
ments included broad-spectrum antibiotics and hydroxychloro-
quine. She remained intubated for 10 days after which she was
successfully extubated and discharged on the 16th day of her
hospitalization.
Case 2
A 12-year-old boy with hemoglobin SC disease and a history

of acute chest syndrome presented with fever, cough, and sore
throat. He was evaluated in the ED 2 days before presentation
for left upper quadrant abdominal pain that had been present for
3 days. During that initial visit, a complete blood count revealed
a white blood cell count of 7.4 � 103/μL, hemoglobin of 10.6 g/
dL (baseline), and platelet count of 162 � 103/μL. An abdominal
ultrasound was performed by the radiology department and
showed borderline splenomegaly. He was discharged home and
his abdominal pain resolved.

Two days later, he developed a fever of 38.3°C, fatigue, sore
throat, and cough. He returned to the ED for evaluation. His initial
vital signs were a temperature of 39.2°C, HR of 116 beats per
minute, BP of 114/74 mm Hg, RR of 36 breaths per minute,
and SpO2 of 97%. Physical examination findings were significant
www.pec-online.com 1

thorized reproduction of this article is prohibited.

http://links.lww.com/PEC/A607
http://links.lww.com/PEC/A607
mailto:tk2869@cumc.columbia.edu
http://www.pec-online.com


TABLE 1. Laboratory Results

Laboratory Test Case 1 Case 2 Case 3

WBC count, �103/μL 3.3 11.2 7.2
Hemoglobin, g/dL 12.2 11.0 16.4
Platelet count, �103/μL 227 128 184
CRP, HS, mg/dL 139.9 37.2 8.3
Procalcitonin, ng/mL 0.73 0.31 0.08
Ferritin, ng/mL 351 251 416
D-dimer, μg/mL 1.79 NA <0.28

CRP, HS indicates C-reactive protein, high sensitivity; NA, not
available; WBC, white blood cell.
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for a tired but alert and interactive boy with decreased aeration in
the right lung without wheezes, rales, or rhonchi. Laboratory test
results are displayed in Table 1.

POCUS revealed abnormalities in bilateral lung fields. A
consolidation with air bronchograms spanning 5 rib spaces was
identified in the left posterior lung fields (Fig. 2 andVideo 2, Sup-
plemental Digital Content 2, http://links.lww.com/PEC/A608).
Pleural line fragmentation and a small subpleural consolidation
were seen in the left lateral lung fields. Areas of pleural line frag-
mentation and normal areas of lung were present in the left anterior
lung fields. The right anterior, lateral, and posterior lung fields had
scattered and coalescing B-lines, pleural line fragmentation, and
small subpleural consolidations (Fig. 2). A trace pleural effusion
was identified in the right anterior and lateral lung fields. Areas
of normal lung were present in the right posterior and lateral lung
fields as well. These findings were interpreted as evidence of
FIGURE 1. Lung POCUS and chest radiograph of a 9-year-old girl with r
showing a consolidation with air bronchograms and variable degrees of
lung field showing a trace pleural effusion. C, Portable chest radiograph
and right middle lobe atelectasis, and no pleural effusion, but a superim
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pneumonia. A portable chest radiograph was interpreted by an at-
tending pediatric radiologist as a retrocardiac opacity, repre-
senting atelectasis or pneumonia, without a pleural effusion
(Fig. 2).

The patient was treated with antibiotics for acute chest syn-
drome. He became hypoxic with SpO2 readings in the low 90s
and developed respiratory distress in the ED. Bilevel positive air-
way pressure was initiated, and he was admitted to the PICU. The
next morning, he was intubated for acute respiratory failure. He
was treated with hydroxychloroquine, prophylactic enoxaparin,
and an exchange transfusion. Shortly after his exchange transfu-
sion, he became hypotensive and developed acute kidney injury.
Antibiotic coverage was broadened for suspected sepsis. On the
fifth day of his hospitalization, he experienced an acute hypoxic
event that resulted in cardiac arrest, and he died despite attempts
at cardiopulmonary resuscitation.
Case 3
A 19-year-old obese man presented with fever, chest pain,

cough, shortness of breath, and diarrhea. His illness began 7 days
before presentation with fever, cough, and diarrhea. He then de-
veloped chest pain that worsened the morning of presentation
along with the onset of shortness of breath.

His initial vital signs in the EDwere a temperature of 37.5°C,
HR of 117 beats per minute, BP of 140/91 mm Hg, RR of 26
breaths per minute, and SpO2 of 97%. His SpO2 reading decreased
to 94% with exertion. Physical examination findings were signif-
icant for a tired but nontoxic appearing man with diminished aer-
ation in bilateral lung fields without wheezes, rales, or rhonchi.
Laboratory test results are displayed in Table 1.
espiratory distress. A, Transverse image of a right posterior lung field
pleural line attenuation. B, Longitudinal image of a left posterior
showing left upper and right lower lobe atelectasis, partial left lower
posed pneumonia could not be excluded.
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FIGURE 2. Lung POCUS and chest radiograph of a 12-year-old boy with fever and cough. A, Transverse image of a left posterior lung field
showing a consolidation with air bronchograms and variable degrees of pleural line attenuation. B, Transverse image of a right posterior
lung field showing pleural line irregularities including a small subpleural consolidation and pleural line fragmentation. C, Longitudinal image of
a right anterior lung field showing a B-line and a trace pleural effusion. D, Portable chest radiograph showing a retrocardiac opacity and no
pleural effusion.
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POCUS revealed abnormalities in bilateral lung fields. Multi-
ple areas of coalescing B-lines and small subpleural consolidations
were visualized in the right superior anterior lung field (Fig. 3 and
Video 3, Supplemental Digital Content 3, http://links.lww.com/
PEC/A609). These findings were interpreted as a focal sonographic
pattern of interstitial syndrome in the right lung. In addition, bilateral
trace pleural effusions were present. The remainder of the lung fields
demonstrated normal findings. A portable chest radiograph was
interpreted by an attending pediatric radiologist as bilateral
ill-defined hazy opacities without a pleural effusion (Fig. 3).

Supplemental oxygen via nasal cannulawas administered for
comfort, and the patient was admitted to the general inpatient unit
for observation. The next day, he was transferred to the PICU and
intubated for acute respiratory failure. He received hydroxychlor-
oquine, remdesivir, methylprednisolone, broad-spectrum antibi-
otics, and prophylactic enoxaparin. His hospital course was
complicated by methicillin-sensitive Staphylococcus aureus bac-
teremia. He was extubated on hospital day 44 and discharged
home on hospital day 67.
Technique
Scans were performed using Mindray (Z.One PRO; Mindray

North America,Mahwah, NJ, USA) ultrasoundmachines by pedi-
atric emergency medicine attending physicians and fellows
trained in lung POCUS. Physicians donned personal protective
© 2020 Wolters Kluwer Health, Inc. All rights reserved.
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equipment before entering patients' rooms. The machines were
covered in disposable, plastic drapes to minimize contamination.
A small hole was cut into each drape for the transducer to pass
through. Either the 5- to 10-MHz linear transducer or the 3- to
9-MHz curvilinear transducer was used, depending on body hab-
itus, with preference given to the linear transducer as it provides
better probe-to-skin contact and higher resolution of the pleura.

The hemithoraces were visualized in the anterior, lateral, and
posterior regions. Each region was scanned from lung apex to
base in a single sagittal or coronal plane with the transducer ori-
ented to the body longitudinally and then transversely or obliquely
by positioning it along the intercostal spaces.13 After a scan was
completed, the plastic drape was discarded in the room and the
machine was cleaned with disinfecting wipes. Depending on pa-
tient age, cooperation, and healthcare provider experience with
lung POCUS, approximately 10 to 15 minutes is required from
the time the study begins to completion of ultrasound machine
disinfection.
Review of the Literature
The morbidity and mortality of SARS-CoV-2 infection in the

pediatric population have been lower than those in adults.12 Dong
et al. showed that among children with symptoms of COVID-19,
5.3% had dyspnea or hypoxia and 0.6% developed acute re-
spiratory distress syndrome (ARDS) or multiorgan system
www.pec-online.com 3
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FIGURE 3. Lung POCUS and chest radiograph of a 19-year-oldmanwith fever and shortness of breath. A, Transverse image of a right anterior
lung field showing multiple coalescing B-lines, a small subpleural consolidation, and a trace pleural effusion. B, Longitudinal image of a left
lateral lung field showing a trace pleural effusion. C, Portable chest radiograph showing bilateral ill-defined hazy opacities and no pleural
effusion.
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dysfunction.We present a case series of 3 patients evaluated in a pe-
diatric ED during the pandemic who had lung POCUS performed
and were found to be positive for SARS-CoV-2. All cases
progressed to require critical care management.

Lung POCUS identified bilateral disease, commonly seen in
adults, in each patient.14,15 The characteristic feature of COVID-19
pneumonia on computed tomography scan reported in the adult lit-
erature is the presence of ground-glass opacities with a peripheral
distribution.16 Sonographically, ground-glass opacities are seen as
coalescing B-lines, which were identified in 2 of our patients.6,7

Notably, B-lines are a nonspecific reverberation artifact that may
be caused bymultiple lung pathologies including pneumonia, pneu-
monitis, atelectasis, pulmonary contusion or infarction, pleural dis-
ease, and neoplasia.17

Areas of multiple B-lines interspersed with areas of spared,
normal lung is commonly encountered in adult patients with
COVID-19.5 Two patients in this series had this pattern. Unlike
the homogeneous distribution of B-lines that is seen with cardio-
genic pulmonary edema, acute lung injury (ALI)/ARDS presents
with spared areas of lung. In addition, while cardiogenic pulmo-
nary edema normally has no associated pleural line irregularities,
ALI/ARDS almost always manifests with pleural line abnormalities
4 www.pec-online.com

Copyright © 2020 Wolters Kluwer Health, Inc. Unaut
such as fragmentation or small subpleural consolidations, as seen
in our patients.17

Consolidations spanning multiple rib spaces were identified
by POCUS in 2 of the patients. Characteristic sonographic fea-
tures of consolidations seen in our patients include hepatization,
air bronchograms, and variable degrees of pleural line attenua-
tion.13 The latter is a decrease in echogenicity of the pleural line
associated with consolidations. Lung POCUS has been shown
to have excellent sensitivity and specificity, with better sensitivity
than chest radiograph, for the diagnosis of pneumonia in chil-
dren.18,19 Considering these test characteristics, lung POCUS
may reduce the need for radiographs in patients under investiga-
tion for COVID-19 and thereby decrease the number of radiologic
technologists exposed to SARS-CoV-2. However, an increased
exposure time is necessary for the healthcare provider performing
the POCUS study.

There is currently no pathognomonic feature identified by
lung POCUS for COVID-19. However, the pathology identified
can be used to assess the burden of pulmonary disease and may
help direct management. As there have been reported cases of
COVID-19 myocarditis, recognizing a pattern of areas of B-lines
mixed with areas of spared, normal lung and the presence of
© 2020 Wolters Kluwer Health, Inc. All rights reserved.

horized reproduction of this article is prohibited.

http://www.pec-online.com


Pediatric Emergency Care • Volume 00, Number 00, Month 2020 Lung POCUS in Pediatric COVID-19
pleural line irregularities can help healthcare providers distinguish
ALI/ARDS from cardiogenic pulmonary edema.20,21 In addition,
pleural effusions caused by COVID-19 have been reported in adult
and pediatric patients, which POCUS can reliably identify.22–25

As SARS-CoV-2 is highly infectious and can be transmitted
by respiratory droplets as well as by contact with infected sur-
faces, it is important to take precautions when evaluating patients
under investigation for COVID-19 with POCUS. To minimize the
use of personal protective equipment and the number of times
healthcare staff enter a patient's room, lung POCUS can be combined
with standard clinical care by bringing the ultrasound machine into
the examination room for use during the initial assessment of the pa-
tient. It may be helpful to have the most trained person perform the
lung POCUS in an expeditious manner. Lastly, disinfection of
the ultrasound machine is critical, and use of handheld ultrasound
machines may help as they are smaller and easier to disinfect.

CONCLUSIONS
We report several cases of patients with COVID-19 who had

lung POCUS performed in a pediatric ED for clinical care. Sono-
graphic pulmonary features in these patients were similar to those
described in the adult literature. Bilateral findings including pleu-
ral line irregularities such as fragmentation and small subpleural
consolidations, scattered and coalescing B-lines, consolidations
with air bronchograms, and pleural effusions were identified. Ad-
ditional pediatric studies are necessary to gain a broader under-
standing of COVID-19's sonographic appearance in this age group
and to determinewhether POCUSmay be helpful to facilitate diagno-
sis and expedite management decisions.
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