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Clinical applications of Lung Ultrasound in children in
Pediatric Emergency Setting: a lesson from a child with
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Abstract. Background and aim: Rheumatic Heart Disease (RHD) often evolves in congestive heart failure
with development of pulmonary edema after a asymptomatic, latent phase. In the last years, Lung Ultrasound
(LUS) has gained a primary role in the diagnosis and management of pleuropulmonary disorders, also in
pediatric practice, and in the diagnosis and follow-up of pulmonary edema through qualitative analysis of
ultrasound B-lines. Aim of this case report is to keep high clinicians’ attention to the diagnosis of Rheumatic
Heart Disease also in high-income countries and to deepen the role and importance of lung ultrasound in
clinical practice, in diagnosis and follow-up of pediatric lung diseases, especially in emergency settings as
happened in our case. Methods: We present the case of a 14-year-old Italian boy from a medium-low socio-
economic and cultural class Italian family, who was diagnosed with severe and advanced stage RHD, which
had remained undiagnosed until then. Resu/ts and Conclusions: In the diagnostic process of our case, LUS
played a fundamental role because it quickly directed us, contextually to the clinical and anamnestic evalu-
ation, towards the right diagnosis, in a Pediatric Emergency Department. In clinical practice, the only LUS
findings and the only qualitative analysis of the B-lines, have note made clinicians able to make a clear char-
acterization yet. Thus, the study of cardiovascular function, laboratory parameters, anamnestic and clinical
data continue to be useful tools in order to assist LUS in the diagnostic processes of lung diseases, as in our
case. (www.actabiomedica.it)
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Introduction

Rheumatic Heart Disease (RHD), a sequela of
Rheumatic Fever (RF) affecting the heart valve sys-
tem, often evolves in congestive heart failure after a
asymptomatic, latent phase (silent) (1,2).

Almost eradicated in high-income countries
(HICs) (1), the disease persists in the middle and low-
income countries (MICs and LICs) (1). Incidence
rates in these countries still reach epidemic levels with

a disproportion of the disease burden even within the
same country (3).

The current enormous refugee crisis worldwide
and especially in Europe represents a paradigmatic
translational shift (1). Many migrants experience lack
of access and continuity to health care. This makes par-
ticularly challenging to detect and manage asympto-
matic, early stage RHD, which could prevent excessive
RH-related morbidity and mortality. The few reports
in literature describing the ‘RHD and migrants’ topic
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refer to advanced-stage, severe, symptomatic RHD in
need of cardiac surgery (1).

Although the greatest burden is currently found
in MICs and LICs and in migrant and refugee popu-
lations in HICs [1], sporadic cases of ARF and espe-
cially RHD continue to be observed in wealthy nations
even in populations that do not belong to the migrants
and / or refugees (4).

The 2015 Jones Criteria identified the ARF inci-
dence cut-off <2 of 100 000 school-aged children per
year (3). Although Italy is classified as a high-income
country, the incidence of ARF is above this threshold
value (4).

We present the case of a 14-year-old Italian boy,
who was diagnosed with severe and advanced stage
Rheumatic Heart Disease, which had remained undi-
agnosed until then.

In particular, an aspect we want to investigate
with this report is the fundamental role played by
lung ultrasound (LUS) quickly directing us, contextu-
ally to the clinical and anamnestic evaluation, towards
the right diagnosis, in a Pediatric Emergency Depart-
ment (PED).

Case Report

The recent clinical history of our patient began
on 15th August 2020 with the appearance of vomiting
and coughing, therefore he was conducted by the treat-
ing pediatrician who found a right basal hypophonesis
on chest auscultation. The physician prescribed a chest
radiograph (Fig. 1). The suspicion was that of a right
basal pleuropneumonia, so that antibiotic therapy
was started. However, due to radiographic evidence
of increased cardiac shadow, the boy was transferred
to the PED of another hospital where the following
tests were performed: - blood tests showing a slight
increase in inflammation indices, - COVID19 naso-
pharyngeal swab and serological test for COVID19
resulted negative; - echocardiogram which showed a
severe aortic and mitral steno-insufficiency with a Pul-
monary Artery Pressure (PAP) of at least 75 mmHg
with considerable dilation of the left cardiac cavities.

In consideration of the complexity of the clini-
cal situation, on 25th August 2020 he was then

transferred to our PED with a diagnosis of “right basal
pleuropneumonia with a new finding of heart disease
characterized by aortic and mitral steno-insufliciency
of severe degree”.

At the clinical evaluation in our PED, the patient
was in good cardiovascular and oxygenation compen-
sation conditions. LUS was performed at the same
time as the clinical evaluation.

According to what was reported by the pedia-
trician colleagues of the other hospital and accord-
ing to the chest X-ray, it was expected to find a
pulmonary ultrasound picture of pleuropneumonia.
Far from it, LUS findings (Fig. 2,3,4) did not show
an inflammatory picture but a picture of pulmonary
imbibition of moderate degree or an ultrasound sep-
tal pattern of early cardiogenic pulmonary edema
(CPE) (5). The subpleural consolidation found on
chest X-ray had the ultrasound characteristics of
atelectasis and not of an inflammatory type consoli-
dation and the pleural effusion could also be of car-
diogenic nature (6).

While performing LUS, the patient’s clinical his-
tory was deepened. It was reported that four years ear-
lier the patient had presented an episode of arthritis of
the ankle and knee joints with edema and pain during
active mobilization. Following this episode, which was
treated with betamethasone and in correspondence

Figure 1. Chest digital radiography shows a non-specific
HyperLucency area in the right basal lung consisting of con-
solidation associated with ipsilateral pleural effusion and an

enlarged cardiac shadow.



Acta Biomed 2021; Vol. 92, N. 3: €2021209

Figure 2. Grayscale lung ultrasound examination (linear probe, 12 MHz, and the small parts preset)
shows the presence of separated vertical artifacts with a gravitational course (associated with a linear
pleural line and a regular pleural sliding) diffuse on all the explored fields and present on each inter-
costal space explored and in particular in the basal fields bilaterally: Septal Pattern of early CPE [5].
Figures A and B show the SIS ultrasound pattern of the upper right and left fields respectively; those
C and D show that of the right and left lower / basal fields respectively. The pleural line is regular
(arrowhead). B-lines (arrows) are separated, laser like artefacts, with gravitational course spreading
from the pleural line to the bottom of the screen and they show an internal sequence of alternating
horizontal bands. CPE, cardiogenic pulmonary edemaj; SIS, sonographic interstitial syndrome.

with which no other diagnostic tests were performed,
a reduced exercise capacity remained.

At this point, therefore, on the basis of the cur-
rent and remote clinical history and the result of the
lung ultrasound, the diagnostic hypothesis was com-
pletely changed. We were presumably facing a boy
with undiagnosed and untreated Rheumatic Heart
Disease which had gone into worsening causing severe
valvulopathy and initial cardiac decompensation with
appearance pulmonary sub edema.

Additionally, we found -a prolonged PR interval;
-a high pro-BNP value (12335pg/mL) that confirmed

the volumetric overload of the left sections, which was

also compatible with pulmonary imbibition (7) and -a
high Antistreptolysin O (ASO) titer.

Therefore, the finding of all these results made it
possible to make the diagnosis of rheumatic disease in
accordance with the Jones criteria (3).

Discussion

In pediatric, the role of LUS has been debated for
years. LUS has been underutilized, until the recent past,
for lung evaluation. The bony thorax and the presence
of air within the lungs were thought to interfere with
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Figure 3. Grayscale lung ultrasound examination (linear probe,
12 MHz, and the small parts preset) shows, on the basal pos-
terior-lateral fields on the right, an anechoic pleural effusion
(asterisk) that extends to the lower apex of the clavicle and is
about 3.5 cm in maximum depth. It is appeared like an anechoic
space between the parietal (arrow) and visceral pleura (arrow-
head) below which lung appears atelectatic.

the transmission of ultrasound waves. It now has been
know that ultrasonography is well-suited to the pedi-
atric chest because most children do not have much
subcutaneous fat. The pediatric chest wall is only par-
tially ossified, providing additional acoustic windows
that are not available in older children or adults. The
relatively non-ossified pediatric thorax and the thymus
provide adequate acoustic windows for the evaluation
of the anterio chest and mediastinum. Nonossified
sternal cartilage and nonossified costal cartilage appear
relatively hypoechoic on US. These structures gradu-
ally ossify with aging, decreasing acoustic access (6,8).

Opver the years, the applications of lung ultrasound
have changed and the main indications of LUS in chil-
dren have expanded, even if the use of LUS limits must
always be kept in mind: the need for contact between
the affected lung and the pleural surface; the need to
find an adequate acoustic window; acoustic phenom-
ena are not always directly convertible into images of
the human body as direct biomarkers; the inability of
the LUS to assess the relationship of the lungs with

Figure 4. Grayscale lung ultrasound examination (linear
probe, 12 MHz, and the small parts preset) shows, on the basal
posterior-lateral fields on the right, within the pleural effusion
(asterisks), a consolidation (arrowheads) with static air bronco-
grams (punctate) and parallels between di them (arrows) as per
atelectasis [6,8,10].

the rib cage and other organs of the mediastinum; the
need to have clinical and laboratory data available as
an aid to diagnosis (6,8-10).

Despite this, in the last years, LUS has gained
a primary role in the diagnosis and management of
pleuropulmonary disorders, also in pediatric practice
(8-10) when used by experienced hands.

LUS is a non-invasive, non-ionizing radiation
tool and a rapid, affordable, point-of-care imaging
modality that allow both real-time diagnosis and
follow-up of respiratory diseases (8-10). LUS results
are immediately available to the clinician, especially
in emergency conditions who can therefore immedi-
ately orient himself towards a diagnosis so that a quick
therapeutic decision can be made, as our case also
demonstrates.

LUS may be better than chest radiography in the
diagnosis of community-acquired pneumonia [8-10],
can define the etiology of pneumonia (10) and many
studies have described and validated LUS scores
(based mainly on vertical artifacts and subpleural con-
solidations) in neonatal respiratory disorders (7-9) and
bronchiolitis (11).
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Observing the ultrasound images of our patient
(Figure 2), it is clear that we are dealing with a pic-
ture of a sonographic interstitial syndrome (SIS): the
presence of multiple focal, patched or diffuse verti-
cal artifacts (B-lines) fanning out from the lung wall
interface (5). Ultrasound picture common to various
respiratory diseases (5,9,11). To define its nature and
possible origin, having always in mind the knowledge
of the patient’s clinical background, not having many
pediatric studies on interpretation of LUS vertical arti-
facts available, especially as regards the differentiation
between edema / fibrosis diseases of origin pulmonary
and cardiogenic edema, it is necessary to refer to the
studies performed on adults (5,7,9).

In the presence of edema, ARDS, interstitial lung
diseases, non-consolidative pneumonia and contusions,
part of the lung volume which was originally occupied
by air, may be replaced with water, connective, cells,
hyaline membrane or edematous tissue, ultimately
creating acoustic traps for the US beam containing a
medium that is physically (in terms of acoustic imped-
ance) very different to its surroundings (air) (5,7,12).

Therefore, the ultrasound imaging of SIS is an arte-
factual piece of information, whereas consolidations pro-
duce real anatomical images when the superficial lung is
nearly completely (or completely) free of air (5, 12).

Therefore, B-lines, in their variable appearances,
indicate a loss of peripheral lung aeration (without tis-
sue consolidation) due to interstitial disease or simply
to lung deflation without histologic changes (5,7,12).

However, B-lines, in absence of an analysis of
their appearance, cannot easily differentiate the cause.

Soldati et al (5,7,12) demonstrated on physi-
cal models that B-lines are heterogeneous entities in
terms of aggregation and visual structure, whose nature
is linked to the superficial histologic characteristics of
the lung.

Therefore, the vertical artifacts generated from a
fibrotic or inflammatory lung (ARDS) have a differ-
ent look from those generated by cardiogenic edema
(CPE) (5,7,12).

Thickened (but anatomically intact) secondary
interlobular septa may act as acoustic traps where spe-
cific frequencies give rise to separated, uniform, bright
and long B-lines, without spared areas (septal pattern,

see Fig. 2), especially in early CPE (5,12).

In ARDS subpleural random peri and intralobular
distortion may explain the appearance of acoustically
permissive irregular channels, different arrangements
of B-lines, pleural irregularities, consolidations, inho-
mogeneous isolated air spaces and inhomogeneous
edema (5,12).

In practical terms, these knowledges allowed us to
identify a septal-type ultrasound pattern of SIS, distin-
guishing it from the inflammatory type: SIS with bright,
long, separated, modulated B-lines arising from a normal
pleural line is strongly predictive of early CPE (Fig. 2).

Finally, we want to discuss the role of chest X-ray
played in our case diagnostic path. It has been certainly
essential to show us “a red flag” that, otherwise, we
would not have identified with the LUS: the increased
cardiac shadow (Fig. 1).

As for the detection and characterization of lung
disease, in the first place, with the chest X-ray, it was
not able to identify cardiogenic pulmonary edema. The
findings of several studies performed on adult patients,
suggest that LUS is as specific and more sensitive than
CXR in the identification of CPE (7).

Secondly, the radiograph showed a consolidation
associated with pleural effusion without character-
izing their nature but assuming that it was overall a
picture of inflammatory / infectious origin. As dem-
onstrated by several studies (8-11) and as understood
by our experience with this case, LUS was able to dif-
ferentiate between a consolidation of an inflammatory
nature (which normally presents dynamic and / or
fluid bronchograms) from a consolidation of an atelec-
tasis nature (6,8,10) (Fig. 4). Furthermore, thanks to
LUS it was possible to define not only the extent of
the pleural effusion, but also its transudative and non-
inflammatory/exudative nature (6,8,10) (Fig. 3).

Conclusion

In conclusion, we want to report this case — to
keep high attention to a diagnosis whose rarity is per-
haps overestimated in our high-income countries (4)
and — to underline once again the importance of ultra-
sound in the diagnostic path and follow-up of pedi-
atric pulmonary pathologies, especially in emergency
settings as in our case.
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Pending the development of specific studies on
pediatric patients and of new software that, with the
help of artificial intelligence can obtain qualitative
information from US echo, we must rely on knowledge
from studies performed on adult patients. Therefore, at
the moment, in clinical practice, the only LUS findings
and the only qualitative analysis of the B-lines, have not
made clinicians able to make a clear characterization
yet. Thus, the study of cardiovascular function, labora-
tory parameters, anamnestic and clinical data continue
to be useful tools to assist the LUS in the diagnostic
processes of lung diseases, as was the case in our case.

Abbreviations: RHD: Rheumatic Heart Disease; RF: Rheumat-
ic Fever; HICs: high income countries; MICs and LICs: middle
and low income countries; LUS: lung ultrasound; PED: Pediatric
Emergency Department; PAP: Pulmonary Artery Pressure; ASO:
Antistreptolysin O; CPE: cardiogenic pulmonary edema; SIS: so-
nographic interstitial syndrome; CXR: chest X-ray.
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