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Lung ultrasonography (LUS) is a well-established tech-
nique in adult critical care, but remains insufficiently rec-
ognized in children and infants. The purpose of this short
review is to describe the rapidly growing field of point-of-
care LUS in critically ill and injured children.

LUS interpretation is based on the analysis of dynamic
artifacts, mostly related to the air—fluid ratio and lung
density. All LUS patterns originate from the pleural
line because LUS, as a surface technique, is not able to
detect consolidation in the deep lung far from the sur-
face. Although not scientifically demonstrated, because
of their small lung volume, children—and specifically
infants—may be more suitable for in-depth analysis of
the lung parenchyma and identification of deep alveo-
lar consolidations, atelectasis and interstitial infiltrates.
Similarly, the use of linear probes in infants and curvilin-
ear probes in older children is preferred. LUS semiology
is well characterized and identifies normal lung patterns
(e.g., batwing sign, pleural lign, seashore sign, A-lines),
interstitial syndrome/pulmonary edema (e.g., B-lines),
lung consolidation (e.g., tissue-like sign, tree-like and lin-
ear dynamic air bronchograms, shred sign, lung pulse)
and pleural effusion (e.g., fluid, PLAPS [posterolateral
alveolar and/or pleural syndrome] point, quad sign) [1].
LUS can be easily performed by clinicians at the bedside,
and recent data suggest that the use of this radiation-
free point-of-care ultrasonography (POCUS) technique
reduces both cumulative radiation and number of chest
X-rays (CXR) [2, 3]. In a controlled study including 191
children, Jones et al. showed that LUS could replace CXR
for diagnosis of community-acquired pneumonia (CAP).
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The authors demonstrated a significant (38%) reduction
in CXR, with no missed CAP diagnosis by either expe-
rienced or novice ultrasonologists [4]. In critically ill
adults, LUS has shown diagnostic accuracy comparable
to CXR (using CT scan as gold standard). Based on these
clinically meaningful experiences, a panel of experts pro-
vided evidence-based recommendations for the use of
bedside LUS for adults in emergency and critical care
settings [5]. The POCUS working group of the European
Society of Paediatric and Neonatal Intensive Care (ESP-
NIC) is currently establishing practice and educational
recommendations, providing specific guidelines for LUS
use in neonatal and pediatric intensive care.

Although the LUS technique is currently recognized
for use early in the initial evaluation of the severely ill or
injured child, it has been shown to be suitable for point-
of-care diagnostic and therapeutic intervention in several
pulmonary conditions.

1. Community-acquired and  ventilator-associated
(VAP) pneumonia. LUS semiology of pneumonia is
characterized by dynamic tree-like or linear bronch-
ograms associated with tissue-like sign, shred sign,
and lung pulse (Fig. 1). A recent meta-analysis evalu-
ating LUS in pediatric CAP showed pooled sensitiv-
ity and specificity for CAP diagnosis of 96% and 93%,
respectively, with an area under the receiver oper-
ating curve of 0.98 [6]. Reliability was found to be
higher in the hands of expert users, although studies
provided evidence of good diagnostic accuracy when
performed by a novice. The prevalence of pneumonia
without pleural involvement in children is unknown
and may impact the accuracy of LUS diagnosis.
Unlike studies in adults, no pediatric LUS studies
have focused on VAP diagnosis and treatment moni-
toring.


http://orcid.org/0000-0001-5423-5532
http://crossmark.crossref.org/dialog/?doi=10.1007/s00134-018-5356-9&domain=pdf

509

Fig. 1 A 4-month-old boy with malignant pertussis-related acute respiratory distress syndrome (ARDS) on high-frequency oscillatory ventilation
and veno-arterial extracorporeal life support (ECLS). a Chest X-ray showing bilateral diffuse opacities and bronchograms suggestive of pneumonia.
On LUS, whole left lung in transverse view (b) demonstrated diffuse subpleural tissue-like consolidation (hash), with dynamic tree-like and linear
(degree sign) bronchograms, along with pleural effusion (asterisk). Lung recruitment obtained with an increase in continuous distending pres-
sure from 10 cm H,0 (c) to 20 cm H,O (d) induced the reappearance of confluent B lines (double hash) instead of poorly delineated (shred sign)
subpleural condensations (hash), suggesting posterior lobe reaeration. PL pleural line

2. Acute viral bronchiolitis. A patchwork of LUS pat- bronchiolitis hospitalized in pediatric wards, sug-

terns is described, including alveolar consolidation,
atelectasis, interstitial infiltrate and peribronchial
thickening, with multiple sliding B lines in the most
severe cases [7, 8]. Although frequently found on
CXR, static pulmonary overdistension is not identifi-
able with a single LUS exam, and may need dynamic
evaluation of reaeration, such as during optimal posi-
tive end-expiratory pressure (PEEP) setup during
non-invasive ventilation. The study performed by
Caiulo et al. in infants with acute severe and mod-
erate viral bronchiolitis showed that LUS was more
likely to identify lung abnormalities than CXR [7].
Interestingly, a weak correlation exists between sub-
pleural lung consolidation, identified by LUS, and
severity score or oxygen requirement in infants with

gesting that some LUS artifacts may have prognostic
value [8]. In a recent single-center prospective study
involving 47 infants with acute viral bronchiolitis
admitted to the intensive care unit, we showed that
the severity of bronchiolitis did not correlate with
LUS-based score, but with the number of affected
intercostal spaces [9].

. Acute respiratory distress syndrome (ARDS) and

atelectasis. Lung dependent atelectasis is frequently
involved in intrapulmonary shunt-related hypoxemia,
a major concern in critically ill children. Atelecta-
sis is typically identified by LUS as bright echogenic
branching, roughly parallel to the lung surface. Focal
B lines (vertical, laser-like lines erasing A lines) can
be found in the dependent lung area. A recent con-
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trolled study showed good agreement between mag-
netic resonance imaging and LUS in children with
anesthesia-induced atelectasis [10]. In adults, LUS
was shown to differentiate focal and diffuse ARDS
[11]. In addition, LUS has been tested for diagnos-
ing ARDS in settings where CXR is unavailable, and
the so-called Kigali modification of the Berlin ARDS
definition was proposed [12]. The typical LUS semi-
ology of ARDS is characterized by B lines, spared
areas, pleural thickening and subpleural consolida-
tion [11]. The B-line pattern does not allow differ-
entiation between interstitial infiltrates and cardio-
genic lung edema, and cardiac US is needed to help
in differentiating the two conditions. LUS is likely to
display similar findings in ARDS in both infants and
children, and may offer opportunities for diagnosing
additional and deeper lesions due to the broader US
window in younger patients. Among other scenarios,
LUS can be employed for assessing alveolar recruit-
ment strategies using optimal driving pressure (as
shown in Fig. 1) and may represent an exciting new
field of research. LUS assessment of PEEP-induced
recruitment was previously validated using reaera-
tion scores and CT scans as reference in adults with
ARDS [13, 14]. Although no specific studies on LUS
diagnosis of pediatric or neonatal ARDS have been
published, we recently showed that LUS-based scores
were able to predict the need for surfactant replace-
ment therapy in a prospective study involving 133
extremely preterm infants [15].

4. Pneumothorax and chest drainage. LUS is a widely
accepted method for the diagnosis of pneumothorax
and for performing US-guided chest drainage. The
detection of a lung point that corresponds to the loss
of pleural sliding definitively confirms pneumothorax
diagnosis. In a recent prospective multicenter study
in neonates, LUS demonstrated sensitivity, speci-
ficity, and positive and negative predictive values of
100% in the diagnosis of pneumothorax. The LUS
was performed in acutely desaturating patients in an
average of 5 min (compared to 12 min for CXR) [16].
A meta-analysis of adult studies showed that LUS
had higher diagnostic accuracy than conventional
radiology for the diagnosis of pneumothorax [17].

In summary, the pace of clinical research in the field
of pediatric LUS has accelerated over the past few years,
and similar to the use of LUS in adults, the technique is
quickly becoming a standard of care in the management
of pulmonary-related conditions in critically ill or injured
children. The time has come to investigate the incorpora-
tion of LUS into diagnostic and treatment algorithms for

various lung diseases encountered in pediatric and neo-
natal intensive care.
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