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Lung ultrasound in pediatric radiology - cons
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Abstract
In the 1990s, intensivists suggested a new type of sonography: lung ultrasound, based on artefacts that receive information even
from physical acoustic phenomena not directly convertible into images of the human body. They compared the artefacts from the
lung zones with no acoustic window with various computed tomography (CT) patterns. They used and still use US as a tool to
evaluate patients bedside, i.e. monitoring of lung recruitment. They included Lung ultrasound in what was termed POCUS
(Point-of-Care Ultrasound). Lung ultrasound has been progressively extended to paediatrics in general. The most appealing
novelty has been the diagnosis of pneumothorax. Lung ultrasound was developed as a support tool for critical patients.
Extrapolation with mass diffusion, in the absence of appropriate training, has led to misunderstandings and dangerous therapeutic
diagnostic drifts.
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Introduction

Application of lung ultrasound in everyday clinical practice
has gone through several phases during the last 50 years.
Some of the first papers highlighting Lung ultrasound poten-
tials in detecting cases of pneumonia were published in the
1970s [1].

The pioneers

The first articles dealt with the study of the thorax in all its
components, from the mediastinum to the diaphragm. A
Medline query of articles from January 1975 to December
1985 (“thorax”[MeSH Terms] OR “thorax”[All Fields] OR
“chest”[All Fields]) AND (“ultrasonography”[MeSH Terms]
OR “ultrasonography”[All Fields] OR “sonography”[All
Fields])) NOT (“echocardiography”[MeSH Terms] OR
“echocardiography”[All Fields]) AND (“1975/01/
01”[PDAT]: “1985/12/31”[PDAT]) identifies 75 publications.
The authors had already identified the limits and indications
that would have been set for many years thereafter. Air and

bones were insurmountable obstacles; the study of the lesions
was possible only in the presence of an acoustic window, such
as the thymus [2, 3]. In 1975, Skolnick et al. [4] described the
artefacts from acoustic reverberations, such as echogenic lines
that arise at regular intervals from the surface between tissue
and air that act as a strong reflector (presently referred to as A-
lines). According to Avruch and Cooperberg [5], tiny columns
of fluid between gas and air bubbles were responsible for the
formation of ring-down artefacts, described as vertical sharply
defined structures that do not decrease their brightness with
depth (presently the B-lines). The latter were considered find-
ings related to a resonance effect when US beam stroked a
group of air bubbles.

The stable period

In the second half of the 1980s, Avni first published the diag-
nosis by US of hyaline membrane disease, emphasizing that
retrohepatic ring-down artefact in newborns was pathogno-
monic for hyaline membrane disease and allowed an immedi-
ate diagnosis. The persistence of the pattern could be a useful
criterion for the prognosis evaluation [6]. We have been using
this sign since 1992 [7], but without actually understanding its
potential.

A PubMed query of articles from January 1986 to December
1995 ((“thorax”[MeSH Terms] OR “thorax”[All Fields] OR
“chest”[All Fields]) AND (“ultrasonography”[MeSH Terms]
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OR “ultrasonography”[All Fields] OR “sonography”[All
Fields])) NOT (“echocardiography”[MeSH Terms] OR
“echocardiography”[All Fields]) AND ((“1986/01/01”[PDAT]:
“1995/12/31”[PDAT]) AND (“infant”[MeSH Terms] OR
“child”[MeSH Terms] OR “adolescent”[MeSH Terms])) detect-
ed 52 publications concerning chest sonography in children.

The new wave

In the 1990s, no radiologist would have thought that
Daniel Lichtenstein’s findings would have caused such
radical changes in chest imaging. Lichtenstein is the
founde r o f the Le Ce rc l e de s Echog raph i s t e s
d’Urgence et de Réanimation Francophones (CEURF,
Group of French-speaking ultrasound users in emergen-
cy and resuscitation services), which aims to develop
critical care US. The group defines it as a holistic ap-
proach, based on simple units (grey scale), one univer-
sal microconvex probe for whole body, and an approach
centred on the main vital organ, the lung. Lichtenstein
suggested a new type of sonography, Lung ultrasound,
based on artefacts that receive information even from
the physical acoustic phenomena not directly convert-
ible into images of the human body [8–11]. He com-
pared the artefacts from the lung zones with no acoustic
window with various CT patterns. The experience from
the adult critical care unit was translated into the neo-
natal intensive care unit and paediatric emergency unit
by Copetti and Catarossi, two intensivists of northeast
Italy who were followers of Lichtenstein’s ideas [12,
13]. They reevaluated the classic US pattern in which
the essential requirement for using US was the presence
of an open acoustic window, such as in consolidation
and atelectasis [14]. They included Lung ultrasound
within the Point-of-Care Ultrasound (POCUS). The
next step was the enthusiastic acceptance of the new
method, especially by clinicians, who emphasized the
role of Lung ultrasound as an “all-in-one” approach,
often rejecting integration with conventional imaging.
Lung ultrasound is considered, by a widespread
current of thought, a new imaging procedure in itself,
and not a complement to the clinic, although it is also
based on non-morphological data.

Since that period, according to Lichtenstein [15], there was
a real explosion of the number of publications on this topic. A
PubMed query focused on Lung ultrasound in neonatal respi-
ratory distress assessment retrieved 375 articles over the past
decade. Regarding the diagnosis of pneumonia, Pereda et al.
[16], using the keywords paediatric age (<18 years), lung ul-
trasound, and pneumonia, found 1,475 studies published be-
fore July 2014. The metanalysis of Balk et al. [17] focused on
the keywords paediatric age, lung ultrasound and pneumonia
counted 784 articles published before August 2017.

Current status

Paradoxically, lung ultrasound provides better results with old
machines without a lag phase between acquisition and recon-
struction and with natural (“unfiltered”) views. In fact, har-
monics and compound filters remove lung artefacts [18].

A- and B-lines

The main innovation is the old ring-down artefacts renamed
B-lines [5]. Visualization of B-lines may vary by changing the
technical adjustments, machines and probes [19]. They de-
pend on transducer type, shape, size, frequency, focus, imag-
ing techniques, e.g. tissue harmonic imaging, pre- and post-
processing, etc. Advanced techniques, such as compound fil-
ters, should be turned off whenever possible. Lichtenstein [20]
tried a new classification and remains rigid about his position,
which is that (a) three B-lines between two ribs are called
septal rockets, expressing thickened subpleural septa, and (b)
twofold, up to 10- to 12-fold artefacts are called glass rockets,
the equivalent of CT ground-glass opacities, indicating a se-
vere interstitial syndrome. However, these interpretations are
not sufficient to explain daily clinical practice. B-lines are
evident during expiration in the incompletely expanded pos-
terior basal segments of the healthy newborns/infants.
Martelius et al. [21], using CT as the reference standard, sug-
gests that B-lines are highly nonspecific in children and can-
not be used as a sign of the pathological processes of lung
parenchyma. This is partially true because, especially in the
neonatal intensive care unit (NICU), they are significant but
are visible in both expiration and inspiration. Soldati et al. [22]
emphasized that B-lines are signals due to pathological mod-
ifications (such as oedema or interstitial lung disease) or to
functional states (as partial atelectasis) that alter the alveolar
volume and arrangement in the plane immediately below the
pleura.

Consolidation/atelectasis

Kim et al. [23, 24] described the sonographic pattern of atel-
ectasis the air bronchogram detected may become crowded
and run parallel. They also defined the different patterns of
the parapneumonic effusions: simple (with or without debris),
complicated (septated or multiloculated fluid collection),
fibrothorax (very thick, echogenic rinds of pleural plaque).
Enriquez et al. [25] emphasised the role of colour Doppler to
differentiate vessels from fluid bronchograms, identifying nor-
mal pulmonary arteries by their characteristic polyphasic
(mainly quadriphasic) pattern depicted with spectral
Doppler. The goal was to distinguish pneumonia from pleural
effusion or tumours. They also classified lung consolidation
into three groups: well-vascularized pneumonia, poorly
vascularized pneumonia without necrotic areas and poorly
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vascularized pneumonia with necrotic areas. Copetti and
Cattarossi [14] had the idea of combining Lichtenstein’s sys-
tematic approach implemented for intensive care [20] with the
research of anything really visible in children through an
acoustic window: Theoretically, the majority of consolidations
or atelectasis were evident. Therefore, in their opinion, chest
radiography had become obsolete [26, 27].

Chest infection (traditional approach)

Opinions on whether to do chest radiography are the most
diverse [28–32]. Additionally, radiologic terminology is con-
founding [29, 33, 34]. Comparing selected studies on the
agreement for paediatric chest radiographs has kappa<0.6
[33]. Reported sensitivities range from 71% to 87% and spec-
ificities from 90% to 98%. The low accuracy is a greater
problem perhaps than the low radiant dose. Despite these
limits and recommendations, respiratory tract infections re-
main the most common indication for thoracic imaging [35].
The main problem for clinicians is that, even though the
guidelines promote a clinical diagnosis, the signs and symp-
toms of lower respiratory tract infections are relatively non-
specific [33, 36, 37]. Lung ultrasound has been shown to be
even more reliable than auscultation in detecting paediatric
airspace disease, especially for lesions <30 mm [36].
Nevertheless, it does not mean that Lung ultrasound can re-
place auscultation in everyday diagnostic practice.

Lung ultrasound and community-acquired
pneumonia

The diagnostic elements, unfortunately, went beyond the
direct visualization of a lung without air and crowding of
vessels and bronchi. In different ways, the various authors
also included sub-centimetre echogenic areas, focal B-lines
and pleural line abnormalities. The pleural line is an artefact
generated by differences in the acoustic impedance of two
adjacent tissues. According to Lichtenstein, a thickened,
irregular pleural line corresponds to trace consolidations,
but it is also typical of interstitial syndrome and is present
in newborns with respiratory distress syndrome [38]. The
attempt to automate the diagnosis by metaphors created a
series of contradictions that have weakened the technique
that had an intrinsic validity of support. It was probably
better to link the interpretation to the knowledge of physics
and anatomy without pretending to teach a complex matter
in a few hours. However, there is a wide range of parenchy-
mal findings depending on the phase of the pneumonia evo-
lution, such as confluent B-lines, subpleural hypoechoic
areas without air bronchogram (hepatization) or with adja-
cent B-lines, and subpleural hypoechoic areas smaller than
5 mm. Crowding of vessels and bronchi, which separates
atelectasis from consolidation, is quite rarely seen.

Lichtenstein et al. [39] distinguishes atelectasis from con-
solidation: A positive “dynamic air bronchogram”with cen-
trifugal progression of the air bronchogram signal in inspi-
ration suggests alveolar consolidation instead of bronchial
occlusion with subsequent lung collapse and atelectasis,
reporting specificity of 94%, positive predictive value
(PPV) of 97%, sensitivity of 61% and negative predictive
value (NPV) of 43%. However, their study only refers to
resorptive atelectasis in patients mechanically ventilated.
They also describe the abolished lung sliding associated
with lung pulse. These signs are detectable also in atelecta-
sis caused by foreign bodies. Much more difficult is the
differential diagnosis for infectious disease in acute patients
because they often coexist. Fluid bronchograms are also
common inside consolidations. Two main meta-analyses
seem to conclude that Lung ultrasound has a good accuracy,
sensitivity of 96% (95% confidence interval [CI] 94–97%),
specificity of 93% (95 CI: 90–96%), and positive and neg-
ative likelihood ratios of 15.3 (95% CI: 6.6–35.3) and 0.06
(95% CI:0.03–0.11), respectively [16, 17]. The same au-
thors recognized the limits of the articles included in the
meta-analysis (the same limits are also evident in the new
studies). In general, the articles on the topic present several
biases: selection bias, index test bias, reference test bias,
incorporation bias, spectrum bias, reader bias, etc. [26, 27,
40–43]. The meta-analysis of Balk et al. [17] reports 12
studies including 1,510 patients. Lung ultrasound has a sen-
sitivity of 95.5% (95% confidence interval 93.6–97.1) and
specificity of 95.3% (91.1–98.3%). Out of the 12 articles, 4
are the same reported by Pereda et al. [16]. Balk et al. [17]
highlighted the same biases by adding interesting consider-
ations. The most worrying point is the attempt to perform
the differential diagnosis on the nature of the pathogenic
microorganisms [44–46]. Small hypoechoic areas,
misinterpreted as consolidation and, consequently, as a sign
of bacterial infection in infants and false interstitial pneu-
monia (defined by the presence of B-lines), represent the
most serious intrinsic errors [26, 27, 42]. The subpleural
hypoechoic areas are almost always focal zones of
subsegmental atelectasis and not consolidations [34]. If the
authors considered those areas consolidations (i.e. bacterial
pneumonia), as it can be deduced from the conclusions, they
administered antibiotic unnecessarily. The pattern of bronchi-
olitis described by Caiulo et al. [47] shows small hypoechoic
areas as a sign associated with compact B-lines and pleural
line abnormalities. These signs are compatible with the path-
ological pattern of infections in the first two years of life. B-
lines and pleural anomalies are likely to be related to intersti-
tial oedema and underinflation. A recent article reports a mod-
erate inter-rater agreement of Lung ultrasound in the diagnosis
of pneumonia [48]. The kappa values relative to the individual
signs are: B-lines 0.59, pleural effusion 0.44, consolidation
0.46, composite for pneumonia 0.58. In Gravel’s study, the
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median length of time to perform Lung ultrasound study was
9 min, while Pereda et al. [16] reports 10 min. Gravel found a
difference in reliability when lung POCUS was performed by
expert sonographers versus inexperienced sonographers, with
a moderate agreement among the experts and a fair agreement
among the less experienced.

One of the most valuable aspects of Lung ultrasound is the
possibility to follow up the course of pneumonia in a completely
safe way. It should therefore be considered in those patients with
round pneumonia, collapse or persisting symptoms.
Nevertheless, it is essential to keep in mind that Lung ultrasound
findings often persist days or even weeks after all symptoms
subside, which might lead to antibiotics overuse. Besides being
the technique of choice to characterize pleural effusions, Lung
ultrasound enables detection of the early stages of necrotizing
pneumonia by revealing minor areas of necrosis, which cannot
be seen on chest radiographs [23, 25]. Lung ultrasound could
reduce the number of chest CT scans and chest radiographs in
children with necrotizing pneumonia. Awide experience in pae-
diatric radiology is necessary, given the difficulty in the differen-
tial diagnosis between abscess and cavitary necrosis. A typical
pitfall is to interpret the fluid inside the abscess as a pleural
effusion. Of course, chest CTshould be employed in complicated
cases and when the clinical course of the disease is not improv-
ing. Concerning the possible use of contrast-enhanced US
(CEUS) [49], we know that the perfusion pattern of the consol-
idated lung on CEUS does not change the outcome [50]. The
same should apply for CEUS. It is hard to see what US contrast
adds beyond what may be visualised with Doppler US.

Neonatal lung diseases

Lung ultrasound may detect congenital lung malformations
[43]. Lung ultrasound is becoming a useful tool in neonatal
intensive care with a variety of patterns, including respira-
tory distress syndrome, transient tachypnea of the newborn,
meconium aspiration syndrome, neonatal pneumonia,
pneumothorax, and bronchopulmonary dysplasia. In 2007,
Copetti and Cattarossi [12] described the Lung ultrasound
pattern of transient tachypnea of the neonate. The following
year he published the pattern of respiratory distress syn-
drome [13, 51]. The latter represents the summation of col-
lapsed alveoli, transudation of fluid in the interstitium by
increased capillary permeability and aerial distension of in-
numerable bronchioles, which have greater compliance
compared to the surfactant-deficient lung. Consequently,
B-lines are compact, diffuse and symmetrically distributed
in both lungs: the Lung ultrasound white lung pattern. The
pleural line is irregular and coarse. Multiple subpleural
hypoechoic areas, generally small, are present mainly in
the posterior and lateral scans [13]. In full-term newborns,
the most common aeration disorder is transient tachypnea.
The double lung point sign seems to be specific to this

condition. All children show, at the first US examination,
very compact B-lines in the lower lung areas, while in the
upper areas B-lines are present but are not so compact [12].
Certainly, the more echogenic (white) appearance, the
greater the alteration to the lung surface. A more recent
article including the same authors [52] reports a PPV of
91.6% and an NPV of 97.1% for respiratory distress syn-
drome; a PPVof 96.5% and an NPVof 93.4% for transient
tachypnea of the neonate. The authors also describe cases of
transient without double lung point and emphasize the ir-
regularity of the pleural line as a characterizing feature of
the respiratory distress syndrome. However, integration
with chest radiographs is still necessary, particularly for a
panoramic view of the thorax, for lines, tubes, wires and air
leak phenomena, leading to a combination rather than a
contrast between chest radiographs and Lung ultrasound.
Moreover, pneumomediastinum remains a challenging di-
agnosis for Lung ultrasound, as well as for interstitial em-
physema [53, 54].

Pneumothorax

The major US criterion for a diagnosis of pneumothorax is
the absence of the lung sliding sign with a reported sensi-
tivity of 95.3%, a specificity of 91%, an NPVof 100% and a
PPVof 87% [55]. However, the absence of respiratory lung
movements can also be noticed in patients with any type of
hyperinflation, such as asthma, foreign body aspiration or
severe emphysema [56]. It is also a finding in extensive
pleuropneumonias. The lung point sign can be a useful pa-
rameter, showing a sensitivity of 66% and a specificity of
100% [57]. M-mode can be practical in detecting the pres-
ence or absence of lung sliding sign, especially for less
experienced operators. In M-mode, the absence of motion
results in a static pattern of horizontal lines (stratosphere
sign), which replaces the seashore sign. In M-mode, super-
imposed short vertical scatter bands reveal transmission of
normal cardiac pulsation, the lung pulse [58]. The absence
of this sign further contributes to the diagnosis [15]. Lung
ultrasound is also highly efficient in detecting complete re-
expansion of the lungs after pneumothorax drainage [55].
Ianniello et al. [59] report an overall sensitivity of 77%.
Analyzing the first 2 years of experience separately, sensi-
tivity was 74% during the first year and 80.5% during the
second (gold standard: CT). Specificity was 99.8%, PPV
was 98.5%, NPV was 97% and accuracy was 97.2%. This
study emphasizes a crucial point: The main drawback in the
application of Lung ultrasound is the need for experience,
particularly in the detection of pneumothorax. Press et al.
[60] report a sensitivity of 18.7% after a 2-month training of
helicopter emergency medical service providers. In general,
mainly in newborns, Lung ultrasound accuracy is good, as it
also allows to diagnose hydropneumothorax [61–63].
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Pleural effusion with the collapsed lung can be observed at
US cross section during the expiratory phase, while A-lines
are evident at the same cross section in the inspiratory
phase, appearing as the curtains closing, hence the name
curtain sign [64].

Discussion

After the first phase of relative interest, radiologists have pro-
gressively abandoned the thoracic US. The improvement of
conventional radiology with the introduction of digitalization,
the quality of CT and also the use of magnetic resonance
imaging have diverted the attention from the technique that
provided the worst morphological quality. Over the years, US
has become a tool for the physician who specializes in the care
of critically ill patients. The intensivists and, in general, pedi-
atric emergency medicine physicians, having only one tech-
nique available and considering the difficulties of interpreting
bedside chest radiographs, were persuaded to expand the in-
dications for sonography. Therefore, POCUS has become an
integral part of emergency medicine practice. The approach
includes cardiac examinations, intravascular volume assess-
ment, abdominal examinations, assessment for skull fractures,
vascular access, etc. [65, 66]. The habit of learning through a
practical approach (similar to that of the pediatric or adult
basic life support concepts) led to the development of semiot-
ics based on simple signs in order to have an immediate ap-
proach acquired in a short time through metaphorical names
based on an apparent relationship of similarity between the
images. Unfortunately, US is a complex technique that in-
volves knowledge and experience, as well as a global radio-
logic culture that includes the physical properties of the tech-
niques. The diagnosis by US of pneumothorax is probably the
technique of choice in emergency, but literature shows that it
works best if the operators have been properly trained [59].
The contribution to the diagnosis of pneumonia is closely
related to the sonographic/radiologic culture of the operators
[17]. Lung ultrasound is a three-dimensional technique but
covers about 70% of the lung surface, does not scan the central
airways, does not evaluate hila and does not detect pathologies
not adherent to the pleura. Therefore, it cannot be considered
self-sufficient and all-in-one. Lung ultrasound allows a prac-
tical assessment that can hardly be measured in terms of ac-
curacy. With good sense, it can complement the clinical ap-
proach. It can also add information, in terms of conspicuity, to
the chest radiograph.

Another problem is the quality of the literature on the topic.
Fewer than 10% of the articles on lung ultrasonography, in the
last 10 years, have been published in radiologic journals. This
has entailed nonspecialist peer review. As has been pointed
out, the quality of the revisions in radiologic journals on topics
concerning radiology is higher [67]. In my opinion, the

pediatric radiologist can/must use Lung ultrasound in a proper
way and within the context of radiologic science. The prob-
lems of managing appropriateness and the cost of investiga-
tions remain, since we evaluated that bedside US requires a
medical time for the examination about three times longer.
Lung ultrasound takes an average of about 10 min for a radi-
ologist and about 30 min at bedside. We calculated that the
cost of US bedside is about three times the cost of a similar
scan within the department of radiology. From a clinical point
of view, according to the literature and frequently observed in
everyday experience, the highest risk is undoubtedly repre-
sented by a mono-modality malpractice with many false pos-
itives for bacterial pneumonia, with a considerable increase in
antibiotic treatment, mainly caused by small hypoechoic areas
not representing consolidation, but micro-atelectasis frequent
in bronchiolitis and asthma. We should also consider the risk
of false negatives if patterns characterized only by B-lines are
interpreted as positively viral, while they can hide a consoli-
dation that does not reach the pleura.

Conclusion

Lung US was developed as a support tool for critical patients.
The extrapolation of this fast technique from intensive care,
where it is used in close correlation with clinical data and
resuscitation practices, to daily routine investigation of lung
diseases, in the absence of appropriate training, has led to
misunderstandings and dangerous therapeutic diagnostic
drifts. What can be useful in intensive care in expert hands
can cause damage in other contexts.
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