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Abstract: Respiratory infection diseases are among the major causes of morbidity and mortality
in children. Diagnosis is focused on clinical presentation, yet signs and symptoms are not specific
and there is a need for new non-radiating diagnostic tools. Among these, lung ultrasound (LUS)
has recently been included in point-of-care protocols showing interesting results. In comparison to
other imaging techniques, such as chest X-ray and computed tomography, ultrasonography does
not use ionizing radiations. Therefore, it is particularly suitable for clinical follow-up of paediatric
patients. LUS requires only 5-10 min and allows physicians to make quick decisions about the
patient’s management. Nowadays, LUS has become an early diagnostic tool to detect pneumonia
during the COVID-19 pandemic. In this narrative review, we show the most recent scientific literature
about advantages and limits of LUS performance in children. Furthermore, we discuss the major
paediatric indications separately, with a paragraph fully dedicated to COVID-19. Finally, we mention
potential future perspectives about LUS application in paediatric respiratory diseases.

Keywords: lung ultrasound; children; respiratory diseases

1. Introduction

Respiratory tract diseases remain a global challenge for paediatricians. Pulmonary
infections are a major source of morbidity and mortality not only in developing countries,
but also in the western world [1]. However, diagnostic and therapeutic approach to these
pathologies has not changed dramatically in the last years. Indeed, paediatric guidelines
are still relying mainly on clinical presentation and non-specific laboratory and imaging
tests [2,3]. Among the latter, computed tomography (CT) is considered the gold standard
for lung disease in the adults [4], yet it is not routinely performed in children, due to high
ionizing radiation exposure [5-7]. The most used radiographical test is the chest X-ray
(CXR), which is fast and standardized by World Health Organization (WHO) guidelines [8].
However, CXR is far from being considered the optimal diagnostic tool for lung assessment
in children, as it implies a non-negligible radiation exposure, it has poor inter-operator
reliability and it lacks sensitivity and specificity with respect to CT scans [9,10]. Recently,
lung ultrasound (LUS) has gained more and more attention as a useful diagnostic tool in
adults and in children, as well. Its application fields have expanded during the last years
throughout different age spans and different pathologies [11], from pneumonia to rare
congenital malformations. During the Coronavirus Disease 19 (COVID-19) pandemic in
2020, LUS has played a crucial role in screening affected individuals, pointing out patients
requiring hospitalization [12].

In this narrative review we discuss the main application fields of LUS in childhood,
with a focus on the advantages and limitations of this imaging technique. We conclude
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with a final paragraph about its present role in paediatric respiratory disease management
and future perspectives.

2. Materials and Methods

We searched for articles on PubMed using the keywords “lung ultrasound”, “children”,
“lung diseases”, and “respiratory diseases”. In particular, we used the following search
terms and logic: “lung ultrasound AND lung diseases OR respiratory diseases AND children
OR childhood OR paediatric age OR infancy”. Further studies were obtained through the
references of some papers. Articles were selected according to their title and abstract, using
eligibility criteria. The inclusion criteria were: being in the English language; paediatric
study population (age range 0-18 years old); and type of study, including narrative and
systematic reviews, longitudinal retrospective and prospective studies, and randomized
control trials. Adult studies, case reports, expert opinions and manuscripts published in a
language other than English were excluded. Papers published before 2016 were excluded.
We selected 76 papers from a total of 1888 inherent articles (Figure 1). The final reference
list was developed based on originality and relevance to the broader scope of this review.

Figure 1. Basal lung consolidation in a 8 month-old girl, showing hypoechoic triangular shape,
pleural line attenuation (thick arrows), air (thin arrows) and fluid (triangles) bronchograms. Depth is
approximately 2.5 cm (dotted green line). Ultrasonographic appearance is compatible with pneumo-
nia. Image captured using a 3.0-16.0 MHz linear array transducer.

3. LUS in Neonatal Diseases

The newborn shows peculiar ultrasonographic pulmonary patterns which can be used
to rule out pathological conditions [13]. B-lines are the most common artifact in neonates
and can be found even in physiologic conditions within 24 to 48 h after delivery [14]. B-lines
gradually disappear as interstitial and alveolar fluids are resorbed. In neonates with smaller
gestational age and caesarean delivery, B-lines can persist much longer [15]. Confluent B-lines,
or white lung pattern, can be easily found in newborns due to a relatively higher percentage
of fluids and a lower glomerular filtration rate with respect to older children [15]. Table 1
summarizes the neonatal lung disorders which can be assessed using LUS.
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Table 1. LUS main findings in neonatal lung diseases. LUS: Lung Ultrasounds.

Neonatal Lung Diseases Main LUS Findings

Dense confluent B-lines
Double-lung point
Spared lung areas

No consolidations

Transient tachypnoea of the newborn

Dense confluent B-lines
Whole lung involved
Interspersed consolidations

Neonatal respiratory distress syndrome

Diffused lung consolidations
B-lines
Pleural irregularities

Meconium aspiration syndrome

Cystic lesions
Tissue-like lesions

Congenital pulmonary malformations

Two common neonatal pathological conditions are transient tachypnoea of the new-
born (TTN) and respiratory distress syndrome (RDS). Both are characterized by dense
confluent B-lines, representing different grades of pulmonary edema, and by alterations
of the pleural line [16]. Specific LUS signs can help the neonatologist to differentiate be-
tween these two conditions. Several authors noted that TTN is characterized by spared
lung areas and no consolidation, whereas RDS involves the entire lung bilaterally with
interspersed consolidations [15,17]. The double-lung point (very compact B-lines in the
inferior pulmonary fields and scattered B-lines in the superior ones [18]), once thought to be
pathognomonic for TTN, has been recently demonstrated to be a non-specific sign [19,20].
Rachuri et al. [17] showed that LUS was more accurate in distinguishing neonatal respira-
tory distress aetiology with respect to CXR.

LUS showed high sensitivity for detection of meconium aspiration syndrome (MAS),
characterized mainly by diffuse lung consolidations, pleural irregularities and B-lines [21].
These signs are not specific for MAS and could also be found in pneumonia and RDS [21].

Pulmonary malformations undetected by a prenatal ultrasound screening test can
be found with LUS examination [15,22]. This is particularly true in low socio-economic
contexts where prenatal assessment is not routinary performed. LUS can identify congenital
diaphragmatic hernia and congenital pulmonary airway malformations (CPAMs), such
as cystic lesions or consolidated tissue-like lesions [7,16,19,23]. The ultrasonographic test
should be followed by a CT scan to measure the extension of the lesion [24].

LUS signs have also been used as a semi-quantitative tool to predict the need for
surfactant therapy in patients affected by RDS, and the need for mechanical ventilation
in newborns with clinical signs of respiratory distress and low oxygen saturation [24].
Brat et al. [25] created a LUS score (LUSS) system based on the presence of A-lines, normal
pleural line, B-lines and consolidations, identifying three main aeriation patterns. The real
accuracy and applicability of this score has yet to be established. In fact, many items need to
be clarified, such as the cut-off for the pathological B-lines number, definition of focal lung
edema, extent of consolidations and coexistence of both B-lines and consolidations [26].
Moreover, LUSS requires the assessment of all lung surfaces (i.e., anterior, lateral and
posterior) which could be difficult to obtain in critically ill neonates [27]. Notwithstanding,
few studies sustained that LUSS had a better sensitivity with respect to the clinical score in
pointing out children requiring surfactant replacement, particularly in preterm newborns
of <30 weeks of gestational age [28,29]. Perri et al. [30] demonstrated that LUSS could be
used for the follow-up of newborns treated with surfactant replacement, monitoring the
need for a second treatment after 2 h from the first administration.

Despite LUS” methodological limits, the use of ultrasounds to assess neonates with
pulmonary distress proved to be helpful in supporting clinical diagnosis and follow-up,
mostly in Neonatal Intensive Care Units. Scored systems based on LUS findings might
be used to predict the need for ventilatory support in the near future. However, larger
prospective studies are needed to validate those scores.
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4. LUS in Pneumonia

Pneumonia is one of the most common respiratory diseases of childhood [1]. Diagnosis
can be challenging, as there are no specific signs and symptoms. Recent guidelines do
not recommend radiological exams in children with suspected pneumonia [2,3]. CT is
considered the gold standard to rule out pneumonia in adult patients, but it is rarely
used in children due to high radiation exposure [5-7]. In the last years, LUS has been
studied to test its efficacy in diagnosing pneumonia in children, with generally good
results. When compared with chest X-ray and clinical scores, LUS showed good sensitivity
and specificity [6,10,31-39]. Moreover, LUS seemed to have greater sensitivity and less
specificity than CXR, suggesting its usefulness as a screening tool for pneumonia [6,10,40].
One of the major problems when assessing LUS’” diagnostic performance is the lack of
an ideal reference standard. An Iranian prospective study matched LUS, CXR and CT
results using CT as the reference standard [32]. The authors showed that LUS and CXR
were not as accurate as CT in diagnosing uncomplicated pneumonia, whereas there was
almost full agreement between LUS and CT in complicated pneumonia patients [32]. They
concluded that the integration of LUS with CXR could be a reliable surrogate for CT
scans in children [32]. Lissaman et al. [35] found both a higher sensitivity and specificity
of LUS with respect to CXR, confirming its reliability as a screening tool [35]. They
added that a negative LUS did not exclude the presence of a consolidation, as lesions
hided by the mediastinum or bone structures and deep lesions not reaching the pleura
could be missed by LUS [35]. Two recent meta-analyses collected the available literature
about this issue [34,41]. The first, by Orso et al. [41], showed a good level of accuracy in
diagnosing community acquired pneumonia (CAPs) compared to clinical presentation
and CXR alone. The second, by Jun-Hong Yan et al. [34], showed no statistical difference
of pooled sensitivity and specificity between LUS and CXR [34]. However, both meta-
analyses found a high degree of heterogenicity among the several studies collected, which
the authors attributed to a variable degree of experience among the involved physicians
and different reference standards [34,41].

When detected by LUS, lung consolidations show many aspects, such as the overall
echogenicity, dimensions, and presence of air or fluid bronchograms (Figure 1). In a
prospective study, Berce et al. [42] aimed to discover ultrasonographic signs which could
reliably differentiate bacterial CAP from viral and atypical CAP. They found that viral
CAP showed more commonly bilateral involvement with multiple consolidations, whereas
bacterial CAP was usually monolateral with a single consolidation [42]. There was a
significant difference in consolidation size between viral and bacterial CAPs, the latter
showing a major extension from the pleural line. The best extension cut-off calculated
was 21 mm, with a sensitivity of 80% and a specificity of 75% [42]. In addition, bacterial
consolidations showed a faster regression rate with respect to viral and atypical CAPs.
Similar results were presented in another prospective cross-sectional study showing LUS’
high sensitivity and specificity for bacterial pneumonia and lower sensitivity for viral
pneumonia [43].

Some ultrasonographic signs are difficult to interpret, such as the presence of multiple
small subpleural consolidations with a maximum diameter <2 cm [31]. Those signs are not
detected by CXR and their pathological meaning is not fully ascertained. Iorio et al. [33]
studied the distribution of these small consolidations, which are called satellite lesions
when a bigger lesion coexists. They hypothesized that satellite lesions homolateral to the
main lesion could be suggestive of bacterial aetiology, whereas a contralateral lesion could
be representative of an atypical or viral pneumonia caused by the lymphatic drainage [33].

Besides diagnosis, there is evidence supporting the employment of LUS to guide the
management and follow-up of pneumonia patients. Ultrasonographic follow-up corre-
lates well with the final outcome better than the clinical course or laboratory tests [44].
Musolino et al. [45] observed that patients who developed complicated pneumonia did
not show signs of ultrasonographic improvement after 48 h of treatment. Pneumonia
complications can be assessed using contrast-enhanced ultrasound (CEUS) [46]. Lung
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necrosis is characterized by non-enhanced areas of consolidation after intravenous injection
of microbubble contrast. In addition, complicated parapneumonic effusion can be studied
by directly injecting the contrast medium inside the pleural cavity through the draining
catheter [46]. James et al. [47] adopted a LUS based grading system to guide fibrinolytic
treatment in complicated parapneumonic effusion [47] (Figure 2). Prospective validation of
this grading system would ameliorate fibrinolytic efficacy in these patients and reduce the
risk of pleural bleeding [47].

Figure 2. Pleural effusion in a 16-year-old boy, showing fine echoes, extending 2 cm (doted green
line) from parietal pleura (down-pointing thin arrows) to the diaphragm (up-pointing thin arrows).
An atelectatic compressed lung is visible at the bottom of the picture as a triangular hypoechoic
formation (white triangle). Image captured using a 1.0-7.0 MHz curved array transducer.

LUS proved to be a valuable imaging technique to detect lung consolidations in
pneumonia, despite its methodological limits. Sensitivity and specificity are tricky to assess,
as there is not an ideal reference standard in children. On the basis of a single study [43],
LUS sensitivity seems to be higher for bacterial CAPs than for viral ones. Current evidence
supports the use of LUS in paediatric pneumonia treatment and follow-up and in the
characterization of pleural effusions. Moreover, ultrasonographic characteristics of lung
consolidations seem to distinguish CAP aetiology better than CXR. However, some findings
are difficult to interpret, such as subpleural consolidations < 2 cm. Future studies will
better investigate the role of LUS in pneumonia diagnosis.

5. LUS in Bronchiolitis, Pneumothorax and Other Paediatric Respiratory Diseases

Pathologic artifacts on LUS are not only useful for diagnosing pneumonia, but can
point out a list of other lung diseases that should be taken into consideration in the
appropriate clinical setting.

Bronchiolitis is one of the most common respiratory diseases in infants < 24 months of
age [48]. It is caused by viral infections, mainly by Respiratory Syncytial Virus [49]. Diagno-
sis is based on clinical presentation, but distinguishing simple bronchiolitis from bacterial
over-infection can be very challenging [50-52]. CXR is generally not helpful, as it cannot
reliably classify radiopacities aetiology. In 2018, an Italian study group compared LUS
versus CXR in detecting signs of pneumonia in children hospitalized for bronchiolitis [53].
LUS was more sensitive and even more specific than CXR when taking into consideration
only consolidations > 1 cm [53]. Ingelse et al. [54] further explored the clinical utility of LUS
in bronchiolitis affected patients, showing that a score based on LUS findings correlated



Diagnostics 2021, 11, 1783

6 of 13

with oxygenation anomaly on the first day of mechanical ventilation in severely affected
children hospitalized in the PICU. The LUS score has also been used to predict the need for
oxygen supplementation and its modality (high flow nasal canula vs. continuous airway
positive pressure), demonstrating a good correlation index and fair concordance with the
clinical score [55].

Pneumothorax (PNX) can be diagnosed using specific ultrasonographic signs, such
as the absence of B-lines and of lung sliding and the presence of the stratosphere sign in
M-mode imaging [56]. In adult patients, LUS showed high sensitivity and specificity, 91%
and 98.2%, respectively [57]. Clinical experience in neonates and children is limited, but
recent studies showed similar results in this population [58,59]. It should be noted that
PNX detection in young children using LUS is more difficult than in adults and requires a
certain degree of experience [59]. This is due to a faster respiratory rate, which complicates
the detection of the lung point sign (passage point from normal lung to absent lung sliding).
Furthermore, critically ill neonates are difficult to assess, as they cannot be easily mobilized
from supine to prone position and vice versa. Moreover, PNX in children is usually limited
in extension [60]. It follows that the adoption of two anterior longitudinal LUS scans, used
for the extended fast ultrasound exam in adults, is inadequate to rule out a PNX in the
paediatric emergency department [60].

A single case report described the presence of multiple hyperechoic artifacts among
the intercostal fascial planes in a 17-year-old boy with pneumomediastinum (PNM) [61].
The integration of LUS with cervical ultrasonographic assessment could be useful to rule
out PNM in children with acute chest pain. Nevertheless, this application needs further
evidence to be validated.

Many other respiratory diseases have been found to show some pathological pat-
terns with chest ultrasonography. For example, LUS has been employed for pulmonary
tuberculosis assessment, showing higher sensitivity with respect to CXR in detecting con-
solidations, pleural effusion and enlarged lymph nodes [62,63]. In addition, LUS had a
better inter-reader agreement for all the mentioned signs [62]. Other diseases that showed
non-specific LUS findings are sickle cell disease [64], scoliosis [65], anomalous origin of left
coronary artery from the pulmonary artery (ALCAPA) [66], acute asthma [67], interstitial
lung diseases [68], neuromuscular diseases [69] and cystic fibrosis [70,71]. A case series
of four patients with severe scoliosis showed that LUS could be useful to detect lung
consolidation in these patients when CXR is hampered by costal deviations [65]. Patients af-
fected by neuroendocrine cell hyperplasia of infancy (NEHI) showed an augmented B-line
number, B-line density and pleural thickness [68]. An ultrasound pattern characterized by
predominant B-lines, suggestive for interstitial involvement, has been described in children
affected by cystic fibrosis [70]. A similar pattern, mostly characterized by multiple B-lines
and pleural abnormalities, was observed during asthma exacerbation [67]. However, it is
difficult to establish if those ultrasound alterations were due to asthma inflammation or
underlying viral infections, major triggers of paediatric asthma.

These novel data about LUS application in miscellaneous pulmonary diseases are in-
teresting and encourage further research. However, they should be regarded as preliminary
results, and there is no current evidence supporting the use of LUS as a unique diagnostic
tool in these disorders. All main findings characterizing the aforementioned disorders are
summarized in Table 2.
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Table 2. LUS main findings in miscellaneous lung diseases. LUS: Lung Ultrasounds; NEHI: Neu-
roendocrine Cell Hyperplasia of Infancy.

Pulmonary Diseases Main LUS Findings
B  Consolidations
Bronchiolitis B Pleural irregularities
B Diffused B-lines
B Absent lung-sliding
Pneumothorax W NoBlines
B Physiologic A-lines pattern
B  Stratosphere sign in M-mode
Pneumomediastinum B  Multiple hyperechoic artifacts in the intercostal fascial planes
B  Consolidations
Tuberculosis B  Pleural effusion
B Enlarged lymph nodes
Severe scoliosis B LUS helps to detect consolidations hidden by costal deformities
B B-lines
NEHI B Thickened pleura
Cystic fibrosis B Diffused B-lines

6. LUS in COVID-19

The recent pandemic of the novel coronavirus SARS-Cov?2 affects mainly the lungs,
with variable degrees of interstitial inflammation and progressive lung consolidation [72].
The gold standard for COVID-19 pneumonia assessment in adult patients is a chest CT
scan, but this imaging technique has been discouraged in children, who present generally
with milder signs and symptoms [73,74]. CXR does not have high sensitivity or accuracy
in diagnosing COVID-19 pneumonia [74]. LUS has been used widely in adult patients due
to the ease of use and portability [75]. In a prospective observational study, the Soldati
score was used to assess the aeration of symptomatic and asymptomatic children positive
for SARS-CoV2, showing a score of 2-3 in patients with acute respiratory symptoms and
a score of 2 in Multisystem Inflammatory Syndrome in Children (MIS-C) patients [76].
The most common sign was represented by little subpleural consolidations, <1 cm. A
similar score was used to assess COVID-19 affected neonates, showing a good correlation
with the clinical severity of the disease [77]. The most common pathological LUS findings
in this group of patients were B-lines abnormalities. A Turkish multicentre study found
that LUS had higher accuracy than CXR in detecting lung involvement in paediatric
COVID-19 patients, using CT as the reference standard. In particular, specificity was
93.75% and sensibility 83.33%, with a PPV as high as 90.9% [78]. These data suggest that
LUS could be used as a screening tool in children with probable SARS-CoV2 symptomatic
infection, aiming to determine those with greater lung involvement and higher risk for
respiratory support [12,79,80]. Nevertheless, LUS should not be considered a diagnostic
tool for COVID-19, as ultrasonographic patterns are non-specific and shared with other
respiratory viral infections, such as acute bronchiolitis [81]. In addition, children with a
positive nasopharyngeal swab could show a normal LUS pattern, particularly if they are
asymptomatic or have mild symptoms [82].

Therefore, LUS could be considered a valuable choice for COVID-19 follow-up in the
paediatric population due to the lack of radiation exposure and fast performance [83,84].
CXR and CT should be limited to complicated cases, such as those with PNX [85,86].
However, LUS’ ease of use and tolerability could lead to its employment, even to screen
patients with mild symptoms and few risk factors for COVID-19 progression. This could be
of great interest, as there are limited data about post-COVID-19 symptoms and alterations,
particularly in the paediatric population. On the other hand, it must be considered that
minimal LUS alterations might be physiologic. It follows that LUS adoption for post-COVID-
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19 follow-up may raise concerns about overdiagnosis and overtreatment in otherwise
healthy children.

7. Strengths and Limits of LUS in Children

Ultrasonography is a useful diagnostic tool for paediatricians as it is free of ionizing
radiations and well tolerated by children of all ages. In addition, it is cheap, fast and can be
performed in emergency departments or in Intensive Care Units at the patient’s bedside,
sparing precious time and allowing assessment of severely ill patients who cannot be easily
transported [87,88]. The advent and spread of POCUS examination reclassify LUS from a
radiological imaging study to an extension of the objective evaluation made directly by
the clinician [89,90]. In this context, the association of LUS with the clinical presentation
allows it to reach the best possible sensitivity and specificity, avoiding more invasive and
time-consuming tools, such as a CT scan.

In the present context of the COVID-19 pandemic, the adoption of LUS to screen and
assess suspected and confirmed cases helps physicians to limit viral spreading, as the
patient can be directly assessed inside the isolation ward and the ultrasound machine can
be easily sterilized [91].

Obviously, ultrasonography is not an ideal diagnostic tool per se. First, ultrasounds
allow only one anatomical slice to be scanned at a time, and a global reconstruction of
the examined body part is currently not possible in clinical practice [92,93]. Secondly,
LUS is limited to superficial surfaces of the lung, thus lesions that do not reach the pleura
are not detected [94]. Moreover, bony structures (ribs, clavicles and scapulae) block ul-
trasounds, hiding lesions underneath [94]. It should be considered that children, and in
particular neonates, have a less calcified thoracic cage with respect to adults, facilitating
LUS assessment in these patients [22].

Another limit of LUS is its intrinsic operator-dependency [95]. In fact, Gravel et al. [9]
demonstrated that interrater reliability (IRR) of lung POCUS in children presenting with
respiratory symptoms associated with pneumonia was moderate [9]. There was only
fair agreement for left sided zones compared to the right ones. These results should be
discussed, taking into consideration previous data for specific clinical examination findings
and chest X-ray, whose interrater reliability ranges from minimal to moderate [10,96,97].
Other studies found very high IRR for LUS, even comparing operators with different ex-
perience [53,62,98,99]. Indeed, many authors suggested that LUS can be easily performed
with good results in terms of diagnostic accuracy even by novices with short training
programs. A LUS training protocol with both theorical and practical sessions showed
a significant improvement in diagnostic sensitivity during the first four months of the
study [100]. The agreement between study physicians and expert readers increased gradu-
ally, peaking at six months of independent scanning after a five month period of supervised
training [100]. In another prospective observational study, novel operators performing LUS
showed greater sensitivity and less specificity detecting pneumonia compared to expert
ones [38]. Agreement was very good among experts, in particular for the identification of
consolidation patterns. On the contrary, a recent meta-analysis including 3353 participants
found greater sensitivity for expert operators and greater specificity for novel ones [101].
Taken together, these findings highlight a difference in accuracy for the identification of
pathological findings on LUS between experienced and novel operators, suggesting the
need for a standardized training program.

LUS advantages and limits are summarized in Table 3.



Diagnostics 2021, 11, 1783

90f13

References

Table 3. Summary of LUS advantages and limits. LUS: Lung Ultrasound.

LUS Advantages LUS Limits

B Radiation free

B Cheap B Focused anatomical visualization

u Bedside examination B Cannot detect lesions that do not reach the pleura
B Relatively easy to use B Ultrasounds are blocked by bone structures

B Fast exam, ideal for emergency assessment B Low resolution in obese patients

B High sensitivity and specificity when B Operator dependent

associate with the clinical presentation

8. Future Perspectives

The interest in LUS has risen steadily and rapidly in the last several years, as high-
lighted by the great number of recent papers present in the scientific literature about this
issue. The safety and affordability of this imaging technique are attractive characteristics,
especially for paediatric patients who are more vulnerable to ionizing radiations. The use
of LUS as a bedside tool, together with a detailed medical history and clinical assessment,
might decrease the need for chest radiographs and ameliorate the management and treat-
ment of children affected by respiratory diseases. In particular, LUS can be used during
the follow-up of patients affected by pneumonia, RDS, bronchiolitis and pleural effusion
to monitor the regression of the pathological process. However, a few points need to be
addressed by future studies in order to improve its use in clinical practice. First of all,
ultrasonographic findings of uncertain significance, such as subpleural consolidation of
less than 1 cm and multiple B-lines, need to be better characterized [37]. These alterations
are common in children with respiratory tract infections and could prompt paediatricians
to over-prescribe antibiotic treatment [102]. Indeed, the aetiology of those small subpleural
consolidations is yet unknown. Large multicentre observational studies are needed to reach
this important goal. Secondly, the training protocol should be standardized, improving the
interpretation of study results and reducing the heterogeneity for diagnostic accuracy [101].
Once standardized, POCUS lung examination could become a valid screening tool to
support clinical diagnosis in children with suspected pneumonia and other respiratory
diseases. This could help physicians to follow paediatric guidelines and to reserve radi-
ological examinations only for uncertain cases. Finally, the validation of LUS scores and
diagnostic power could represent a real revolution for the management of children affected
by lung diseases in developing countries, as ultrasound machines and training are cheaper
than X-rays or CT scans [103]. However, further longitudinal observational studies with
larger samples and better patient characterization are needed to implement the use of this
imaging technique in clinical practice.

Funding: This research received no external funding.

Data Availability Statement: According to the typology of paper (narrative review) there is no data
storage available.

Conflicts of Interest: The authors declare no conflict of interest.

1. World Health Organization Pneumonia World Health Organization. Available online: https://www.who.int/news-room/fact-
sheets/detail /pneumonia (accessed on 20 September 2021).

2. Harris, M,; Clark, J.; Coote, N.; Fletcher, P.; Harnden, A.; McKean, M.; Thomson, A. British Thoracic Society Community Acquired
Pneumonia in Children Guideline Group. Guidelines of the management of community acquired pneumonia in children: Update
2011. Thorax 2011, 66, ii2—ii23. [CrossRef]

3. Bradley, J.S.; Byington, C.L.; Shah, S.S.; Alverson, B.; Carter, E.R.; Harrison, C.; Kaplan, S.L.; Mace, S.E.; McCracken, G.H., Jr.;
Moore, M.R; et al. The management of community-acquired pneumonia in infants and children older than 3 months of age:
Clinical practice guidelines by the Pediatric Infectious Diseases Society and the Infectious Diseases Society of America. Clin.
Infect. Dis. 2011, 53, e25-€76. [CrossRef] [PubMed]

4. Chiumello, D; Papa, G.ES.; Artigas, A.; Bouhemad, B.; Grgic, A.; Heunks, L.; Markstaller, K.; Pellegrino, G.M.; Pisani, L.; Rigau,
D.; et al. ERS statement on chest imaging in acute respiratory failure. Eur. Respir. |. 2019, 54, 1900435. [CrossRef]


https://www.who.int/news-room/fact-sheets/detail/pneumonia
https://www.who.int/news-room/fact-sheets/detail/pneumonia
http://doi.org/10.1136/thoraxjnl-2011-200598
http://doi.org/10.1093/cid/cir531
http://www.ncbi.nlm.nih.gov/pubmed/21880587
http://doi.org/10.1183/13993003.00435-2019

Diagnostics 2021, 11, 1783 10 of 13

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.
20.

21.

22.
23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Brenner, D.J.; Elliston, C.D.; Hall, E.J.; Berdon, W.E. Estimated Risks of Radiation-Induced Fatal Cancer from Pediatric CT. Am. J.
Roentgenol. 2001, 176, 289-296. [CrossRef] [PubMed]

Balk, D.S.; Lee, C.; Schafer, J.; Welwarth, J.; Hardin, J.; Novack, V.; Yarza, S.; Hoffmann, B. Lung ultrasound compared to chest
X-ray for diagnosis of pediatric pneumonia: A meta-analysis. Pediatr. Pulmonol. 2018, 53, 1130-1139. [CrossRef] [PubMed]
Lovrenski, J. Pediatric lung ultrasound—Pros and potentials. Pediatr. Radiol. 2020, 50, 306-313. [CrossRef]

World Health Organization. Standardization of Interpretation Chest Radiographs for the Diagnosis of Pneumonia in Children; World
Health Organization: Geneva, Switzerland, 2001.

Gravel, C.A.; Monuteaux, M.C.; Levy, ].A; Miller, A.F; Vieira, R.L.; Bachur, R.G. Interrater reliability of pediatric point-of-care
lung ultrasound findings. Am. . Emerg. Med. 2020, 38, 1-6. [CrossRef]

Ambroggio, L.; Sucharew, H.; Rattan, M.S.; O'Hara, S.M.; Babcock, D.S.; Clohessy, C.; Steinhoff, M.C.; Macaluso, M.; Shah, S.S.;
Coley, B.D. Lung Ultrasonography: A Viable Alternative to Chest Radiography in Children with Suspected Pneumonia? J. Pediatr.
2016, 176, 93-98.e7. [CrossRef]

Papa, G.ES.; Mondoni, M.; Volpicelli, G.; Carlucci, P.; Di Marco, F.; Parazzini, E.M.; Reali, F.; Pellegrino, G.M.; Fracasso, P; Papa,
S.S.; et al. Point-of-Care Lung Sonography: An Audit of 1150 Examinations. J. Ultrasound Med. 2017, 36, 1687-1692. [CrossRef]
Norbedo, S.; Blaivas, M.; Raffaldi, I.; Caroselli, C. Lung Ultrasound Point-of-View in Pediatric and Adult COVID-19 Infection. J.
Ultrasound Med. 2021, 40, 899-908. [CrossRef]

Rea, G.; Sperandeo, M.; Di Serafino, M.; Vallone, G.; Toma, P. Neonatal and pediatric thoracic ultrasonography. J. Ultrasound 2019,
22,121-130. [CrossRef]

Kurepa, D.; Zaghloul, N.; Watkins, L.; Liu, J. Neonatal lung ultrasound exam guidelines. |. Perinatol. 2018, 38, 11-22. [CrossRef]
[PubMed]

Chen, S.-W.; Fu, W,; Liu, J.; Wang, Y. Routine application of lung ultrasonography in the neonatal intensive care unit. Medicine
2017, 96, €5826. [CrossRef] [PubMed]

Sharma, D.; Farahbakhsh, N. Role of chest ultrasound in neonatal lung disease: A review of current evidences. J. Matern. Neonatal
Med. 2019, 32, 310-316. [CrossRef] [PubMed]

Rachuri, H.; Oleti, T.P.; Murki, S.; Subramanian, S.; Nethagani, ]. Diagnostic Performance of Point of Care Ultrasonography in
Identifying the Etiology of Respiratory Distress in Neonates. Indian |. Pediatr. 2017, 84, 267-270. [CrossRef]

Copetti Roberto, L.C. The “double lung point”: An ultrasound sign diagnostic of transient tachypnea of the newborn. Neonatology
2007, 91, 203-209. [CrossRef] [PubMed]

Woods, P.L. Utility of lung ultrasound scanning in neonatology. Arch. Dis. Child. 2019, 104, 909-915. [CrossRef]

Papa, G.ES.; Pellegrino, G.M.; Volpicelli, G.; Papa, S.S.; Di Marco, F; Mondoni, M.; Centanni, S. Lung Ultrasound B Lines:
Etiologies and Evolution with Age. Respiration 2017, 94, 313-314. [CrossRef]

Liu, J.; Cao, H.-Y.; Fu, W. Lung ultrasonography to diagnose meconium aspiration syndrome of the newborn. J. Int. Med. Res.
2016, 44, 1534-1542. [CrossRef]

Joshi, P; Vasishta, A.; Gupta, M. Ultrasound of the pediatric chest. Br. J. Radiol. 2019, 92, 20190058. [CrossRef]

Corsini, I; Parri, N.; Coviello, C.; Leonardi, V.; Dani, C. Lung ultrasound findings in congenital diaphragmatic hernia. Eur. J.
Nucl. Med. Mol. Imaging 2019, 178, 491-495. [CrossRef] [PubMed]

Corsini, I; Parri, N.; Ficial, B.; Dani, C. Lung ultrasound in the neonatal intensive care unit: Review of the literature and future
perspectives. Pediatr. Pulmonol. 2020, 55, 1550-1562. [CrossRef] [PubMed]

Brat, R.; Yousef, N.; Klifa, R.; Reynaud, S.; Aguilera, S.S.; De Luca, D. Lung Ultrasonography Score to Evaluate Oxygenation and
Surfactant Need in Neonates Treated with Continuous Positive Airway Pressure. JAMA Pediatr. 2015, 169, e151797. [CrossRef]
[PubMed]

Liu, J. The Lung Ultrasound Score Cannot Accurately Evaluate the Severity of Neonatal Lung Disease. |. Ultrasound Med. 2020,
39, 1015-1020. [CrossRef] [PubMed]

Liu, J.; Copetti, R.; Sorantin, E.; Lovrenski, J.; Rodriguez-Fanjul, J.; Kurepa, D.; Feng, X.; Cattaross, L.; Zhang, H.; Yeh, T.F; et al.
Protocol and Guidelines for Point-of-Care Lung Ultrasound in Diagnosing Neonatal Pulmonary Diseases Based on International
Expert Consensus. J. Vis. Exp. 2019, €58990. [CrossRef]

King, A.; Blank, D.; Bhatia, R.; Marzbanrad, F.; Malhotra, A. Tools to assess lung aeration in neonates with respiratory distress
syndrome. Acta Paediatr. 2020, 109, 667-678. [CrossRef]

Lodha, A.; Bhandari, V. Use of Lung Ultrasound to Improve Timeliness of Surfactant Replacement in Respiratory Distress
Syndrome: Are we Ready? |. Pediatr. 2019, 212, 8-10. [CrossRef]

Perri, A.; Tana, M.; Riccardi, R.; Iannotta, R.; Giordano, L.; Rubortone, S.A.; Priolo, F.; Di Molfetta, D.V.; Zecca, E.; Vento, G.
Neonatal lung ultrasonography score after surfactant in preterm infants: A prospective observational study. Pediatr. Pulmonol.
2020, 55, 116-121. [CrossRef]

Claes, A.-S.; Clapuyt, P.; Menten, R.; Michoux, N.; Dumitriu, D. Performance of chest ultrasound in pediatric pneumonia. Eur. J.
Radiol. 2017, 88, 82-87. [CrossRef]

Hajalioghli, P.; Nemati, M.; Saleh, L.D.; Fouladi, D.F. Can Chest Computed Tomography Be Replaced by Lung Ultrasonography
with or without Plain Chest Radiography in Pediatric Pneumonia? J. Thorac. Imaging 2016, 31, 247-252. [CrossRef]


http://doi.org/10.2214/ajr.176.2.1760289
http://www.ncbi.nlm.nih.gov/pubmed/11159059
http://doi.org/10.1002/ppul.24020
http://www.ncbi.nlm.nih.gov/pubmed/29696826
http://doi.org/10.1007/s00247-019-04525-y
http://doi.org/10.1016/j.ajem.2019.01.047
http://doi.org/10.1016/j.jpeds.2016.05.033
http://doi.org/10.7863/ultra.16.09007
http://doi.org/10.1002/jum.15475
http://doi.org/10.1007/s40477-019-00357-6
http://doi.org/10.1038/jp.2017.140
http://www.ncbi.nlm.nih.gov/pubmed/29144490
http://doi.org/10.1097/MD.0000000000005826
http://www.ncbi.nlm.nih.gov/pubmed/28079811
http://doi.org/10.1080/14767058.2017.1376317
http://www.ncbi.nlm.nih.gov/pubmed/28870125
http://doi.org/10.1007/s12098-016-2288-7
http://doi.org/10.1159/000097454
http://www.ncbi.nlm.nih.gov/pubmed/17377407
http://doi.org/10.1136/archdischild-2017-314538
http://doi.org/10.1159/000479034
http://doi.org/10.1177/0300060516663954
http://doi.org/10.1259/bjr.20190058
http://doi.org/10.1007/s00431-019-03321-y
http://www.ncbi.nlm.nih.gov/pubmed/30666398
http://doi.org/10.1002/ppul.24792
http://www.ncbi.nlm.nih.gov/pubmed/32339409
http://doi.org/10.1001/jamapediatrics.2015.1797
http://www.ncbi.nlm.nih.gov/pubmed/26237465
http://doi.org/10.1002/jum.15176
http://www.ncbi.nlm.nih.gov/pubmed/31737918
http://doi.org/10.3791/58990
http://doi.org/10.1111/apa.15028
http://doi.org/10.1016/j.jpeds.2019.05.057
http://doi.org/10.1002/ppul.24566
http://doi.org/10.1016/j.ejrad.2016.12.032
http://doi.org/10.1097/RTI.0000000000000209

Diagnostics 2021, 11, 1783 11 of 13

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.
49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

Iorio, G.; Capasso, M.; Prisco, S.; De Luca, G.; Mancusi, C.; Lagana, B.; Piscopo, M.A.; Comune, V. Lung Ultrasound Findings
Undetectable by Chest Radiography in Children with Community-Acquired Pneumonia. Ultrasound Med. Biol. 2018, 44,
1687-1693. [CrossRef] [PubMed]

Yan, J.-H.; Yu, N.; Wang, Y.-H.; Gao, Y.-B.; Pan, L. Lung ultrasound vs chest radiography in the diagnosis of children pneumonia:
Systematic evidence. Medicine 2020, 99, e23671. [CrossRef] [PubMed]

Lissaman, C.; Kanjanauptom, P.; Ong, C.; Tessaro, M.; Long, E.; O’Brien, A. Prospective observational study of point-of-care
ultrasound for diagnosing pneumonia. Arch. Dis. Child. 2019, 104, 12-18. [CrossRef]

Man, S.C.; Fufezan, O.; Sas, V.; Schnell, C. Performance of lung ultrasonography for the diagnosis of communityacquired
pneumonia in hospitalized children. Med. Ultrason. 2017, 19, 276-281. [CrossRef]

Stadler, ].A.M.; Andronikou, S.; Zar, H.J. Lung ultrasound for the diagnosis of community-acquired pneumonia in children.
Pediatr. Radiol. 2017, 47, 1412-1419. [CrossRef] [PubMed]

Tripathi, S.; Ganatra, H.; Martinez, E.; Mannaa, M.; Peters, ]. Accuracy and reliability of bedside thoracic ultrasound in detecting
pulmonary pathology in a heterogeneous pediatric intensive care unit population. J. Clin. Ultrasound 2019, 47, 63-70. [CrossRef]
[PubMed]

Yadav, K.K.; Awasthi, S.; Parihar, A. Lung Ultrasound is Comparable with Chest Roentgenogram for Diagnosis of Community-
Acquired Pneumonia in Hospitalised Children. Indian J. Pediatr. 2017, 84, 499-504. [CrossRef]

Samson, F.; Gorostiza, I.; Gonzalez, A.; Landa, M.; Ruiz, L.; Grau, M. Prospective evaluation of clinical lung ultrasonography
in the diagnosis of community-acquired pneumonia in a pediatric emergency department. Eur. |. Emerg. Med. 2018, 25, 65-70.
[CrossRef]

Orso, D.; Ban, A.; Guglielmo, N. Lung ultrasound in diagnosing pneumonia in childhood: A systematic review and meta-analysis.
J. Ultrasound 2018, 21, 183-195. [CrossRef]

Berce, V.; Tomazin, M.; Gorenjak, M.; Berce, T.; Lovrenci¢, B. The Usefulness of Lung Ultrasound for the Aetiological Diagnosis of
Community-Acquired Pneumonia in Children. Sci. Rep. 2019, 9, 17957. [CrossRef]

Malla, D.; Rathi, V.; Gomber, S.; Upreti, L. Can lung ultrasound differentiate between bacterial and viral pneumonia in children?
J. Clin. Ultrasound 2021, 49, 91-100. [CrossRef] [PubMed]

Buonsenso, D.; Brancato, F,; Valentini, P.; Curatola, A.; Supino, M.; Musolino, A.M. The Use of Lung Ultrasound to Monitor the
Antibiotic Response of Community-Acquired Pneumonia in Children: A Preliminary Hypothesis. J. Ultrasound Med. 2020, 39,
817-826. [CrossRef]

Musolino, A.M.; Toma, P.; Supino, M.C; Scialanga, B.; Mesturino, A.; Scateni, S.; Battaglia, M.; Pirozzi, N.; Bock, C.; Buonsenso, D.
Lung ultrasound features of children with complicated and noncomplicated community acquired pneumonia: A prospective
study. Pediatr. Pulmonol. 2019, 54, 1479-1486. [CrossRef] [PubMed]

Deganello, A ; Rafailidis, V.; Sellars, M.E.; Ntoulia, A.; Kalogerakou, K.; Ruiz, G.; Cosgrove, D.O.; Sidhu, P.S. Intravenous and
Intracavitary Use of Contrast-Enhanced Ultrasound in the Evaluation and Management of Complicated Pediatric Pneumonia. J.
Ultrasound Med. 2017, 36, 1943-1954. [CrossRef] [PubMed]

James, C.A.; Braswell, L.E.; Pezeshkmehr, A.H.; Roberson, PK.; Parks, ].A.; Moore, M.B. Stratifying fibrinolytic dosing in pediatric
parapneumonic effusion based on ultrasound grade correlation. Pediatr. Radiol. 2017, 47, 89-95. [CrossRef]

Meissner, H.C. Viral bronchiolitis in children. N. Engl. ]. Med. 2016, 374, 62-72. [CrossRef] [PubMed]

Vandini, S.; Biagi, C.; Lanari, M. Respiratory Syncytial Virus: The Influence of Serotype and Genotype Variability on Clinical
Course of Infection. Int. . Mol. Sci. 2017, 18, 1717. [CrossRef] [PubMed]

Ralston, S.L.; Lieberthal, A.S.; Meissner, H.C.; Alverson, B.K,; Baley, ].E.; Gadomski, A.M.; Johnson, D.W,; Light, M.].; Maraqa,
N.F; Mendonca, E.A; et al. Clinical Practice Guideline: The Diagnosis, Management, and Prevention of Bronchiolitis. Pediatrics
2014, 134, e1474-e1502. [CrossRef] [PubMed]

Baumer, ].H. SIGN guideline on bronchiolitis in children. Arch. Disease Child.—Educ. Pract. 2017, 92, 149-151.

John, H.; McCrossin, T. Infants and Children—Acute Management of Bronchiolitis Infants and Children—Acute. NSW Goverment
Guidelines. 2018. Available online: https://www1.health.nsw.gov.au/pds/ActivePDSDocuments/GL2018_001.pdf (accessed on
20 September 2021).

Biagi, C.; Pierantoni, L.; Baldazzi, M.; Greco, L.; Dormi, A.; Dondi, A.; Faldella, G.; Lanari, M. Lung ultrasound for the diagnosis
of pneumonia in children with acute bronchiolitis. BMC Pulm. Med. 2018, 18, 1-10. [CrossRef]

Ingelse, S.A.; Pisani, L.; Westdorp, M.H.A.; Almakdase, M.; Schultz, M.].; Woensel, ].B.M.; Bem, R.A. Lung ultrasound scoring in
invasive mechanically ventilated children with severe bronchiolitis. Pediatr. Pulmonol. 2020, 55, 2799-2805. [CrossRef]

Supino, M.C.; Buonsenso, D.; Musolino, A.M. Correspondence on “Ultrasound as diagnosis tool for grading bronchiolitis. Where
are your limits lost?”. Eur. J. Nucl. Med. Mol. Imaging 2019, 178, 1447. [CrossRef]

Thakur, A.; Kler, N.; Garg, P. Lung Ultrasound for Detection of Pneumothorax in Neonates. Indian J. Pediatr. 2019, 86, 1148.
[CrossRef]

Alrajab, S.; Youssef, A.M.; Akkus, N.I; Caldito, G. Pleural ultrasonography versus chest radiography for the diagnosis of
pneumothorax: Review of the literature and meta-analysis. Crit. Care 2013, 17, R208. [CrossRef] [PubMed]

Raimondi, F; Fanjul, ].R.; Aversa, S.; Chirico, G.; Yousef, N.; De Luca, D.; Corsini, I.; Dani, C.; Grappone, L.; Orfeo, L.; et al. Lung
Ultrasound for Diagnosing Pneumothorax in the Critically Il Neonate. J. Pediatr. 2016, 175, 74-78.e1. [CrossRef] [PubMed]


http://doi.org/10.1016/j.ultrasmedbio.2018.04.007
http://www.ncbi.nlm.nih.gov/pubmed/29759424
http://doi.org/10.1097/MD.0000000000023671
http://www.ncbi.nlm.nih.gov/pubmed/33327356
http://doi.org/10.1136/archdischild-2017-314496
http://doi.org/10.11152/mu-1027
http://doi.org/10.1007/s00247-017-3910-1
http://www.ncbi.nlm.nih.gov/pubmed/29043420
http://doi.org/10.1002/jcu.22657
http://www.ncbi.nlm.nih.gov/pubmed/30393878
http://doi.org/10.1007/s12098-017-2333-1
http://doi.org/10.1097/MEJ.0000000000000418
http://doi.org/10.1007/s40477-018-0306-5
http://doi.org/10.1038/s41598-019-54499-y
http://doi.org/10.1002/jcu.22951
http://www.ncbi.nlm.nih.gov/pubmed/33196108
http://doi.org/10.1002/jum.15147
http://doi.org/10.1002/ppul.24426
http://www.ncbi.nlm.nih.gov/pubmed/31264383
http://doi.org/10.1002/jum.14269
http://www.ncbi.nlm.nih.gov/pubmed/28626910
http://doi.org/10.1007/s00247-016-3711-y
http://doi.org/10.1056/NEJMra1413456
http://www.ncbi.nlm.nih.gov/pubmed/26735994
http://doi.org/10.3390/ijms18081717
http://www.ncbi.nlm.nih.gov/pubmed/28783078
http://doi.org/10.1542/peds.2014-2742
http://www.ncbi.nlm.nih.gov/pubmed/25349312
https://www1.health.nsw.gov.au/pds/ActivePDSDocuments/GL2018_001.pdf
http://doi.org/10.1186/s12890-018-0750-1
http://doi.org/10.1002/ppul.24974
http://doi.org/10.1007/s00431-019-03431-7
http://doi.org/10.1007/s12098-019-03030-2
http://doi.org/10.1186/cc13016
http://www.ncbi.nlm.nih.gov/pubmed/24060427
http://doi.org/10.1016/j.jpeds.2016.04.018
http://www.ncbi.nlm.nih.gov/pubmed/27189678

Diagnostics 2021, 11, 1783 12 of 13

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

Liu,J.; Chi, J.-H.; Ren, X.-L.; Li, J.; Chen, Y.-].; Lu, Z.-L,; Liu, Y.; Fu, W.; Xia, R.-M. Lung ultrasonography to diagnose pneumothorax
of the newborn. Am. J. Emerg. Med. 2017, 35, 1298-1302. [CrossRef]

Vasquez, D.G.; Berg, G.M,; Srour, S.G.; Ali, K. Lung ultrasound for detecting pneumothorax in injured children: Preliminary
experience at a community-based Level II pediatric trauma center. Pediatr. Radiol. 2020, 50, 329-337. [CrossRef] [PubMed]
Angi, A; Papa, S.S.; Di Pillo, S.; Chiarelli, F; Attanasi, M. A 17-Year-Old Male Subject with Chest Pain, Worsening Dyspnea, and a
Rare Complication. Chest 2020, 158, e257—-262. [CrossRef] [PubMed]

Heuvelings, C.C.; Bélard, S.; Andronikou, S.; Lederman, H.; Moodley, H.; Grobusch, M.P; Zar, H.]. Chest ultrasound compared to
chest X-ray for pediatric pulmonary tuberculosis. Pediatr. Pulmonol. 2019, 54, 1914-1920. [CrossRef]

Bélard, S.; Heuvelings, C.C.; Heller, T.; Grobusch, M.P.; Zar, H.]J. Point-of-Care Ultrasound for Pulmonary and Extra-Pulmonary
Tuberculosis in Children. Pediatr. Infect. Dis. ]. 2019, 38, e110. [CrossRef]

Daswani, D.D.; Shah, V.P; Avner, ].R.; Manwani, D.G.; Kurian, J.; Rabiner, J.E. Accuracy of Point-of-care Lung Ultrasonography
for Diagnosis of Acute Chest Syndrome in Pediatric Patients with Sickle Cell Disease and Fever. Acad. Emerg. Med. 2016, 23,
932-940. [CrossRef] [PubMed]

Giorno, E.; Preto-Zamperlini, M.; Weerdenburg, K,; Ferraz, L.D.S.; Leite, M.M.; Farhat, S.C.L.; Schvartsman, C. Point-Of-Care
Ultrasound for Lung Assessment in Patients with Severe Scoliosis and Chest Deformities: An Emergency Department Case Series.
J. Emerg. Med. 2020, 58, 775-780. [CrossRef] [PubMed]

De Rose, C.; Valentini, P.; Curatola, A.; Morello, R.; Musolino, A.M.; Piastra, M.; Buonsenso, D. Lung Ultrasound in Congenital
Cardiac Abnormality: ALCAPA. Indian . Pediatr. 2021, 88, 161-164. [CrossRef] [PubMed]

Dankoff, S.; Li, P; Shapiro, A.; Varshney, T.; Dubrovsky, A.S. Point of care lung ultrasound of children with acute asthma
exacerbations in the pediatric ED. Am. J. Emerg. Med. 2017, 35, 615-622. [CrossRef] [PubMed]

Urbankowska, E.; Urbankowski, T.; Drobczyniski, L.; Griese, M.; Lange, J.; Brzewski, M.; Kulus, M.; Krenke, K. Lung ultrasound—
A new diagnostic modality in persistent tachypnea of infancy. Pediatr. Pulmonol. 2020, 55, 1028-1036. [CrossRef]

Ullmann, N.; D’Andrea, M.L.; Gioachin, A.; Papia, B.; Testa, M.B.C.; Cherchi, C.; Bock, C.; Toma, P,; Cutrera, R. Lung ultrasound:
A useful additional tool in clinician’s hands to identify pulmonary atelectasis in children with neuromuscular disease. Pediatr.
Pulmonol. 2020, 55, 1490-1494. [CrossRef]

Peixoto, A.O.; Al Marson, F; Dertkigil, S.S.; Dertkigil, R.P.; Souza, T.H.; Fraga, A.M.; Ribeiro, A.E,; Toro, A.A.; Ribeiro, ].D. The
Use of Ultrasound as a Tool to Evaluate Pulmonary Disease in Cystic Fibrosis. Respir. Care 2020, 65, 293-303. [CrossRef]
Strzelczuk-Judka, L.; Wojsyk-Banaszak, I.; Zakrzewska, A.; Joficzyk-Potoczna, K. Diagnostic value of chest ultrasound in
children with cystic fibrosis—Pilot study. PLoS ONE 2019, 14, e0215786. [CrossRef]

Zu, Z.Y,; Jiang, M.D.; Xu, PP.,; Chen, W.; Ni, Q.Q.; Lu, G.M.; Zhang, L.J. Coronavirus disease 2019 (COVID-19): A perspective
from China. Radiology 2020, 296, E15-E25. [CrossRef]

Xie, X.; Zhong, Z.; Zhao, W.; Zheng, C.; Wang, F.; Liu, J. Chest CT for typical coronavirus disease 2019 (COVID-19) pneumonia:
Relationship to negative RT-PCR testing. Radiology 2020, 296, E41-E45. [CrossRef]

Caro-Dominguez, P.; Shelmerdine, S.C.; Toso, S.; Secinaro, A.; Toma, P.; Damasio, M.B.; Navallas, M.; Riaza-Martin, L.; Gomez-
Pastrana, D.; Mahani, M.G.; et al. Thoracic imaging of coronavirus disease 2019 (COVID-19) in children: A series of 91 cases.
Pediatr. Radiol. 2020, 50, 1354-1368. [CrossRef]

Buonsenso, D.; Piano, A.; Raffaelli, F; Bonadia, N.; Donati, K.D.G.; Franceschi, F. Point-of-care lung ultrasound findings in novel
coronavirus disease-19 pnemoniae: A case report and potential applications during COVID-19 outbreak. Eur. Rev. Med. Pharmacol.
Sci. 2020, 24, 2776-2780. [PubMed]

Guitart, C.; Suarez, R.; Girona, M.; Bobillo-Perez, S.; Hernandez, L.; Balaguer, M.; Cambra, EJ.; Jordan, I. Lung ultrasound findings
in pediatric patients with COVID-19. Eur. |. Nucl. Med. Mol. Imaging 2020, 180, 1117-1123. [CrossRef] [PubMed]

Li, W,; Fu, M;; Qian, C; Liu, X.; Zeng, L.; Peng, X.; Hong, Y.; Zhou, H.; Yuan, L. Quantitative assessment of COVID-19 pneumonia
in neonates using lung ultrasound score. Pediatr. Pulmonol. 2021, 56, 1419-1426. [CrossRef] [PubMed]

Hizal, M.; Aykac, K.; Yayla, B.C.C,; Yilmaz, A.; Altun, D.; Akkaya, H.E.; Bayhan, G.I.; Kurt, A.N.C.; Karakaya, J.; Ozsurekci,
Y.; et al. Diagnostic value of lung ultrasonography in children with COVID-19. Pediatr. Pulmonol. 2021, 56, 1018-1025. [CrossRef]
Gregori, G.; Sacchetti, R. Lung ultrasound in outpatient approach to children with suspected COVID 19. Ital. . Pediatr. 2020, 46,
1-4. [CrossRef]

Tiire, E.; Korkmaz, M.E,; Aksoy, ED.; Demirbas, B.C.; Menekse, B.; Ciftci, M.; Korkmaz, M. Point-of-care lung ultrasound findings
in the pediatric emergency clinic during the COVID-19 pandemic. J. Clin. Ultrasound 2020, 49, 85-90. [CrossRef]

Sainz, T.; Udaondo, C.; Méndez-Echevarria, A.; Calvo, C. Lung Ultrasound for Evaluation of COVID-19 in Children. Arch. De
Bronconeumol. 2021, 57, 94. [CrossRef]

Scheier, E.; Guri, A ; Balla, U. Lung ultrasound cannot be used to screen for Covid-19 in children. Eur. Rev. Med. Pharmacol. Sci.
2020, 24, 4623-4624. [CrossRef]

Musolino, A.M.; Supino, M.C.; Buonsenso, D.; Papa, R.E.; Chiurchit, S.; Magistrelli, A.; Barbieri, M.A.; Raponi, M.; D’Argenio, P;
Villani, A.; et al. Lung ultrasound in the diagnosis and monitoring of 30 children with coronavirus disease 2019. Pediatr. Pulmonol.
2021, 56, 1045-1052. [CrossRef]

Kharasch, S.; Duggan, N.M.; Cohen, A.R.; Shokoohi, H. Lung Ultrasound in Children with Respiratory Tract Infections: Viral,
Bacterial or COVID-19? A Narrative Review. Open Access Emerg. Med. 2020, 12, 275-285. [CrossRef] [PubMed]


http://doi.org/10.1016/j.ajem.2017.04.001
http://doi.org/10.1007/s00247-019-04509-y
http://www.ncbi.nlm.nih.gov/pubmed/31473787
http://doi.org/10.1016/j.chest.2019.11.062
http://www.ncbi.nlm.nih.gov/pubmed/33160548
http://doi.org/10.1002/ppul.24500
http://doi.org/10.1097/INF.0000000000002243
http://doi.org/10.1111/acem.13002
http://www.ncbi.nlm.nih.gov/pubmed/27155438
http://doi.org/10.1016/j.jemermed.2020.02.009
http://www.ncbi.nlm.nih.gov/pubmed/32247661
http://doi.org/10.1007/s12098-020-03208-z
http://www.ncbi.nlm.nih.gov/pubmed/32048221
http://doi.org/10.1016/j.ajem.2016.12.057
http://www.ncbi.nlm.nih.gov/pubmed/28063721
http://doi.org/10.1002/ppul.24654
http://doi.org/10.1002/ppul.24760
http://doi.org/10.4187/respcare.07038
http://doi.org/10.1371/journal.pone.0215786
http://doi.org/10.1148/radiol.2020200490
http://doi.org/10.1148/radiol.2020200343
http://doi.org/10.1007/s00247-020-04747-5
http://www.ncbi.nlm.nih.gov/pubmed/32196627
http://doi.org/10.1007/s00431-020-03839-6
http://www.ncbi.nlm.nih.gov/pubmed/33089388
http://doi.org/10.1002/ppul.25325
http://www.ncbi.nlm.nih.gov/pubmed/33713586
http://doi.org/10.1002/ppul.25127
http://doi.org/10.1186/s13052-020-00938-w
http://doi.org/10.1002/jcu.22947
http://doi.org/10.1016/j.arbres.2020.10.013
http://doi.org/10.26355/eurrev_202005_21145
http://doi.org/10.1002/ppul.25255
http://doi.org/10.2147/OAEM.S238702
http://www.ncbi.nlm.nih.gov/pubmed/33116963

Diagnostics 2021, 11, 1783 13 of 13

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

Musolino, A.M.; Boccuzzi, E.; Supino, M.C.; Scialanga, B.; De Sanctis, F.; Buonsenso, D.; Sinibaldi, S.; Toma, P. Point-of-care lung
ultrasound in the diagnosis and monitoring of paediatric patients with spontaneous pneumothorax in SARS-CoV-2 infection. J.
Paediatr. Child Health 2021, 57, 604-606. [CrossRef] [PubMed]

Rubin, G.D.; Ryerson, C.J.; Haramati, L.B.; Sverzellati, N.; Kanne, ].P.; Raoof, S.; Schluger, N.-W.; Volpi, A.; Yim, J.-J.; Martin,
LB.; et al. The Role of Chest Imaging in Patient Management During the COVID-19 Pandemic: A Multinational Consensus
Statement from the Fleischner Society. Chest 2020, 158, 106-116. [CrossRef] [PubMed]

Ord, H.L.; Griksaitis, M.]. Fifteen-minute consultation: Using point of care ultrasound to assess children with respiratory failure.
Arch. Dis. Child. Educ. Pr. Ed. 2019, 104, 2-10. [CrossRef]

Harel-Sterling, M.; Diallo, M.; Rn, S.S.; Maxim, T.; Tessaro, M. Emergency Department Resource Use in Pediatric Pneumonia:
Point-of-Care Lung Ultrasonography versus Chest Radiography. J. Ultrasound Med. 2019, 38, 407—414. [CrossRef]

Singh, Y.; Tissot, C.; Fraga, M.V,; Yousef, N.; Cortes, R.G.; Lopez, ].; Sanchez-De-Toledo, J.; Brierley, J.; Mayordomo-Colunga, J.;
Raffaj, D.; et al. International evidence-based guidelines on Point of Care Ultrasound (POCUS) for critically ill neonates and
children issued by the POCUS Working Group of the European Society of Paediatric and Neonatal Intensive Care (ESPNIC). Crit.
Care 2020, 24, 65. [CrossRef]

Hopkins, A.; Doniger, S.J. Point-of-Care Ultrasound for the Pediatric Hospitalist’s Practice. Hosp. Pediatr. 2019, 9, 707-718.
[CrossRef]

Denina, M.; Scolfaro, C.; Silvestro, E.; Pruccoli, G.; Mignone, F.; Zoppo, M.; Ramenghi, U.; Garazzino, S. Lung Ultrasound in
Children with COVID-19. Pediatrics 2020, 146, €20201157. [CrossRef]

Sperandeo, M.; Quarato, C.M.I; Frongillo, E.; Tinti, M.G.; Carpagnano, E. Ultrasound lung surface: Basic considerations of
ultrasound physics. Australas. |. Ultrasound Med. 2019, 22, 225-226. [CrossRef]

Frongillo, E.; Rea, G.; Tinti, M.G.; Sperandeo, M. Limitations of Focused Assessment with Sonography in Trauma (FAST) Protocols
in Transthoracic US. Radiology 2017, 285, 693-694. [CrossRef]

Volpicelli, G.; Elbarbary, M.; Blaivas, M.; Lichtenstein, D.A.; Mathis, G.; Kirkpatrick, A.W.; Melniker, L.; Gargani, L.; Noble, V.E.;
Via, G.; et al. International evidence-based recommendations for point-of-care lung ultrasound. Intensive Care Med. 2012, 38,
577-591. [CrossRef] [PubMed]

Lovrenski, J. Pediatric lung ultrasound cons—Are they really strong enough? Pediatr. Radiol. 2020, 50, 321-322. [CrossRef]
[PubMed]

Elemraid, M.A.; Muller, M.; Spencer, D.A.; Rushton, S.P.; Gorton, R.; Thomas, M.E,; Eastham, K.M.; Hampton, F.; Gennery, A.R.;
Clark, J.E.; et al. Accuracy of the Interpretation of Chest Radiographs for the Diagnosis of Paediatric Pneumonia. PLoS ONE 2014,
9, €106051. [CrossRef]

Neuman, M.L; Lee, E.Y.; Bixby, S.; Diperna, S.; Hellinger, J.; Markowitz, R.; Servaes, S.; Monuteaux, M.C.; Shah, S.S. Variability in
the interpretation of chest radiographs for the diagnosis of pneumonia in children. . Hosp. Med. 2012, 7, 294-298. [CrossRef]

de Souza, T.H.; Nadal, ].A.H.; Peixoto, A.O.; Pereira, R.M.; Giatti, M.P,; Soub, A.C.S.; Brandao, M. Lung ultrasound in children
with pneumonia: Interoperator agreement on specific thoracic regions. Eur. J. Nucl. Med. Mol. Imaging 2019, 178, 1369-1377.
[CrossRef] [PubMed]

Chen, A.E. Point-of-care lung ultrasonography for pneumonia in children: Does size really matter? Arch. Dis. Child. 2019, 104,
2-3. [CrossRef]

Pervaiz, F.; Hossen, S.; Chavez, M.A.; Miele, C.H.; Moulton, L.H.; McCollum, E.D.; Roy, A.D.; Chowdhury, N.H.; Ahmed, S.;
Begum, N.; et al. Training and standardization of general practitioners in the use of lung ultrasound for the diagnosis of pediatric
pneumonia. Pediatr. Pulmonol. 2019, 54, 1753-1759. [CrossRef]

Tsou, P; Chen, K.P.; Wang, Y.; Fishe, ].; Gillon, ].; Lee, C.-C.; Deanehan, J.K.; Kuo, P,; Yu, D.T.Y. Diagnostic Accuracy of Lung
Ultrasound Performed by Novice Versus Advanced Sonographers for Pneumonia in Children: A Systematic Review and
Meta-analysis. Acad. Emerg. Med. 2019, 26, 1074-1088. [CrossRef]

Buonsenso, D.; Musolino, A.M.; Gatto, A.; Lazzareschi, I.; Curatola, A.; Valentini, P. Lung ultrasound in infants with bronchiolitis.
BMC Pulm. Med. 2019, 19, 159. [CrossRef] [PubMed]

Ellington, L.E.; Gilman, R.H.; Chavez, M.A_; Pervaiz, F; Marin-concha, J.; Compen-chang, P; Riedel, S.; Rodriguez, S.]J.; Gaydos,
C.; May, E.A; et al. Lung ultrasound as a diagnostic tool for radiographically-confirmed pneumonia in low resource settings.
Respir. Med. 2017, 128, 57-64. [CrossRef]


http://doi.org/10.1111/jpc.15410
http://www.ncbi.nlm.nih.gov/pubmed/33655654
http://doi.org/10.1016/j.chest.2020.04.003
http://www.ncbi.nlm.nih.gov/pubmed/32275978
http://doi.org/10.1136/archdischild-2017-313795
http://doi.org/10.1002/jum.14703
http://doi.org/10.1186/s13054-020-2787-9
http://doi.org/10.1542/hpeds.2018-0118
http://doi.org/10.1542/peds.2020-1157
http://doi.org/10.1002/ajum.12139
http://doi.org/10.1148/radiol.2017171692
http://doi.org/10.1007/s00134-012-2513-4
http://www.ncbi.nlm.nih.gov/pubmed/22392031
http://doi.org/10.1007/s00247-019-04554-7
http://www.ncbi.nlm.nih.gov/pubmed/32065268
http://doi.org/10.1371/journal.pone.0106051
http://doi.org/10.1002/jhm.955
http://doi.org/10.1007/s00431-019-03428-2
http://www.ncbi.nlm.nih.gov/pubmed/31312938
http://doi.org/10.1136/archdischild-2018-315196
http://doi.org/10.1002/ppul.24477
http://doi.org/10.1111/acem.13818
http://doi.org/10.1186/s12890-019-0925-4
http://www.ncbi.nlm.nih.gov/pubmed/31445523
http://doi.org/10.1016/j.rmed.2017.05.007

	Introduction 
	Materials and Methods 
	LUS in Neonatal Diseases 
	LUS in Pneumonia 
	LUS in Bronchiolitis, Pneumothorax and Other Paediatric Respiratory Diseases 
	LUS in COVID-19 
	Strengths and Limits of LUS in Children 
	Future Perspectives 
	References

