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Point-of-care lung ultrasound (LUS) is increasingly applied in the neonatal intensive
care unit (NICU). Diagnostic applications for LUS in the NICU contain the diagnosis of
many common neonatal pulmonary diseases (such as Respiratory distress syndrome,
Transient tachypnea of the newborn, Meconium aspiration syndrome, Pneumonia,
Pneumothorax, and Pleural effusion) which have been validated. In addition to being
employed as a diagnostic tool in the classical sense of the term, recent studies
have shown that the number and type of artifacts are associated with lung aeration.
Based on this theory, over the last few years, LUS has also been used as a semi-
quantitative method or as a “functional” tool. Scores have been proposed to monitor the
progress of neonatal lung diseases and to decide whether or not to perform a specific
treatment. The semi-quantitative LUS scores (LUSs) have been developed to predict
the demand for surfactant therapy, the need of respiratory support and the progress of
bronchopulmonary dysplasia. Given their ease of use, accuracy and lack of invasiveness,
the use of LUSs is increasing in clinical practice. Therefore, this manuscript will review
the application of LUSs in neonatal lung diseases.
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INTRODUCTION

Lung ultrasound (LUS) has been increasingly used for the assessment of neonatal illness, and a
LUS guideline has been proposed to facilitate standardization of this tool (1). Owing to the small
chest size and the absence of obesity and heavy musculature, LUS easily and quickly recognizes the
neonatal lung. LUS is performed at the bedside and can be performed quickly, facilitating prompt
diagnosis and intervention and providing real-time information on pulmonary diseases. Studies
have demonstrated high interobserver agreement among clinicians trained in LUS (2, 3). Moreover,
LUS is known to have a steep learning curve and is easy to learn (4). LUS significantly improves the
diagnosis and differential diagnosis of various neonatal respiratory diseases (5, 6). Importantly,
chest X-ray (CXR) examinations in the NICU were significantly reduced. Additionally, LUS is
known to have a higher diagnostic accuracy than CXR (7-9).

It is extensively known that qualitative LUS has been adopted for diagnosing common neonatal
pulmonary diseases. With the development of LUS, semi-quantitative scoring systems have since
been developed to assess lung aeration dynamically and guide clinical therapy. LUS has now moved
on from qualitative diagnosis, spreading to semi-quantitative evaluation of lung illness. To calculate
a pulmonary ultrasound score, the chest is first divided into different areas, and to standardize the
scanning protocol, the chest surface was divided into three regions by the anterior and posterior
axillary lines as boundaries (Figure 1): anterior region (from parasternal to anterior axillary line;),
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FIGURE 1 | The chest surface was divided into three regions by the anterior and posterior axillary lines as boundaries: anterior region (from parasternal to anterior
axillary line), lateral region (from anterior to posterior axillary line), and posterior region (from posterior axillary to paravertebral line).

lateral region (from anterior to posterior axillary line) and
posterior region (from posterior axillary to paravertebral line).
Subsequently, a number is assigned for each area according to the
ultrasound findings. The scores are mainly based on the number
of B lines and/or sub-pleural consolidation. In addition, this
variable is based on the type of score used. The sum of the scores
of all areas provides an overall score, allowing the assessment
of the severity of the neonatal lung disease in a given subject.
Moreover, it allows objective comparisons with other infants. The
neonatal score was first described by Brat et al. (3). Each lung
has been divided into three areas (upper anterior, lower anterior,
and lateral) and a score from 0 to 3 for each area: 0 defined by
the presence of the only A-lines; (1), defined as the presence of
>3 well-spaced B-lines; (2), defined as the presence of crowded
and coalescent B-lines with or without consolidations limited
to the subpleural space; and (3), extended consolidations. The
sum of the individual scores represents the infant’s overall score.
Therefore, score has values from 0 (completely normal) to 18. At
present, most researches refer to Brat’s partitioning and scoring
system while some people have also proposed different strategies
(Table 1). This manuscript will review the application of LUSs in
neonatal lung diseases.

THE LUSS IN NEONATAL RESPIRATORY
DISTRESS SYNDROME

Neonatal respiratory distress syndrome (RDS) is characterized by
respiratory distress (RD) exacerbated progressively after birth. It
is a common condition that mainly affects premature neonates
and is caused by surfactant deficiency and dysfunction, which
results in alveolar collapse and decreased lung aeration (28, 29).
A certain degree of surfactant damage is possible in severe
or long-lasting transient tachypnea of newborn (TTN) (30).
Extremely preterm neonates benefit the most from optimized
and timely surfactant administration because they are at a higher

risk of long-term respiratory sequelae and may require repeated
surfactant treatment (30-32). Early surfactant administration
within the first 2 h of life reduces the risk of death, air leaks, and
bronchopulmonary dysplasia (BPD) (33).

Lung aeration can usually be assessed using CXR, which
provides a static assessment of lung aeration and therefore cannot
be used to monitor lung recruitment during interventions.
Repeated CXR exams are largely limited by the negative effects
of ionizing radiation, to which neonates are thought to be more
susceptible (34). However, the LUS guideline is already available
to diagnose neonatal lung diseases (1). LUS is highly sensitive and
specific for the diagnosis of RDS, performing better than CXR. A
systematic review found LUS to have a sensitivity and specificity
of 97 and 91%, respectively, which were higher than the clinical
diagnosis or CXR results (7).

In addition to being used as a diagnostic tool, LUSs has been
proposed to monitor the progress of disease, to decide whether
to perform a specific treatment, assess the severity of RDS,
and evaluate the prognosis. LUSs is a non-invasive technique
with a significant link to oxygenation status and prediction
of non-invasive ventilation failure (3, 35). A multicenter study
provided evidence that a significant correlation between LUSs
and the oxygen saturation/inspired oxygen ratio persists during
the infant’s NICU stay (10).

According to European guidelines, surfactant replacement
should be performed when oxygen requirements are increasing
and when FiO, > 0.30 on CPAP pressure of at least 6cm
H,O (36). However, arbitrary thresholds of FiO, might not
accurately reveal the oxygenation status, and FiO, requirements
may be slow to increase, thus delaying surfactant administration
after the best time frame for optimal efficacy. The predictive
utility of the LUSs regarding the need for surfactant therapy is
linked to the earlier presence of ultrasound findings typical of
RDS compared to detectable clinical features. This would make
it possible to carry out therapy with exogenous surfactant in
newborns who will later develop the clinical features required by
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TABLE 1 | Summary of included studies of LUSs evaluating neonatal lung diseases.

Study LUS areas LUS scan LUS score LUS equipment
Brat et al. (3) Three areas in each lung Both transverse and A O- to 3-point score was given: A linear probe (12-18MHz;
(upperanterior, longitudinal scans. Patterns 0, defined by the presence of the GELogigE9; GEHealthcare).
loweranterior, and lateral) were photographed during only A-lines; 1, defined as the
a longitudinal scan. presence of >3 well-spaced
B-lines; 2, defined as the
presence of crowded and
coalescent B-Lines with or
without consolidations limited to
the subpleural space; and 3,
extended consolidations
Perri et al. (9) As per Brat et al. (3) As per Brat et al. (3) 0, only A-lines; 1, A-lines in the Alinear probe (12 MHz, a LOGIQ

Raimondi (10)

De Martino et al. (11)

Perri et al. (12)
Pang et al. (13)

Raschetti et al. (14)

Rodriguez-Fanjul et al.

(15)

Gregorio-Hernandez
et al. (16)

Vardar et al. (17)

Alonso-Ojembarrena et

al. (18)

Abdelmawala et al. (19)

As per Brat et al. (3)

As per Brat et al. (3)

As per Brat et al. (3)

Six areas in each lung
(upper and lower areas of
anterior, posterior, and
lateral sections).

As per Brat et al. (3)

Three areas in each lung
(anterior, lateral and
posterior)

As per Brat et al. (3)

As per Brat et al. (3)

As per Brat et al. (3)

As per Brat et al. (3)

As per Brat et al. (3)

As per Brat et al. (3)

As per Brat et al. (3)
As per Brat et al. (3)

As per Brat et al. (3)

Longitudinal scans

As per Brat et al. (3)

Longitudinal and transverse
scan

Longitudinal scans

As per Brat et al. (3)

upper part of the lung and
coalescent B-lines in the lower
part of the lung or at least 3
B-lines; 2, crowded and
coalescent B lines with or
without consolidations limited to
sub-pleural space; 3, extended
consolidation

As per Brat et al. (3)

As per Brat et al. (3)

As per Perri et al. (9)
As per Brat et al. (3)

As per Brat et al. (3)

As per Brat et al. (3)

A: A-lines: normal lung aireation,
normal pleural line (=1 point). B:
B-lines: vertically oriented
artifacts indicating interstitial
syndrome, they erase A-lines (If
> 3=2 points). C: White lung:
multiple and coalescent B-lines
with thickened pleural line,
severe interstitial syndrome, with
or without small subpleural
consolidations (3 points)

As per Brat et al. (3)

As per Brat et al. (3)

A 0- to 3-point score was given:
(1) 0, normal lung aeration; (2) 1,
separated B lines;. (3) 2,
Coalescent B lines and thick
pleura; (4) 3, the same as (3) with
subpleural air bronchogram

E9 General Electrics ultrasound
machine).

A linear or microlinear probe
(10-15 MHz)

Microlinear hockey stick probe
(15 MHz, CX50; Philips
Healthcare, Eindhoven,
Netherlands).

As per Perri et al. (9)
A linear probe (>7.5 MHz,

Voluson S8, GE Healthcare,
Waukesha, WI, USA)

A micro-linear, hockey stick
probe (15 MHz, CX50; Philips
Healthcare, Eindhoven, The
Netherlands)

A linear probe (12 MHz, Sonosite
Edge )

A high-frequency hockey-stick
probe (15 MHz, Philips CX50
ultrasound scanner)

A linear probe (>7.5MHz)

A linear probe (8-15 MHz,
Sonoscape Medical Corp.,
Shenzhen, China)

L14 linear transducer (Zonare
Ultrasound-SP; Mountain view,
CA).

(Continued)
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TABLE 1 | Continued

Study LUS areas LUS scan

LUS score LUS equipment

Oulego-Erroz et al. (20) Four zones in each lung
(upper anterior, lower
anterolateral, lower
posterolateral, and lower

posterior)

As per Brat et al. (3)

Loi B etal. (21). As per Brat et al.
Additionally, an extended
score (5 per side) including
the upper posterior and

lower posterior areas

As per Brat et al. (3)

Aldecoa-Bilbao et al. Three areas in each lung

(22). (mid-clavicular line, anterior
axillary line, and posterior
axillary line).
Liu et al. (23). 6-region (upper anterior, Both transverse and

lower anterior, and lateral),
10-region (upper anterior,
lower anterior, lateral, and
upper posterior and lower
posterior), and 12-region
(upper anterior, lower
anterior, upper lateral, lower
lateral, upper posterior, and
lower posterior).

longitudinal scans.

Alonso-Ojembarrena
etal. (24)

As per Brat et al.
Additionally, posterior field
was also added.

Longitudinal scans

Four areas: anterior (left),
anterior (right), posterior
(left) and posterior (right)

Szymanski et al. (25)
scans.

Eltomey et al. (26) Six areas in each lung Each Transversal scans.
hemithorax (upper anterior,

lower anterior, upper lateral,

lower lateral, upper

posterior, and lower

posterior)

El Amrousy et al. (27) As per Brat et al. (3) As per Brat et al. (3)

Longitudinal orientation

Transversal and longitudinal

As per Brat et al. (3). A linear-array probe (L25x,

Sonosite, Fuijifim Japan)

As per Brat et al. (3) A hockey stick micro-linear (15
MHz);a broadband linear (10

MHz) probe

As per Brat et al. (3) A linear probe (13-5MHz,

Siemens Acuson X300)

As per Brat et al. (3) A linear probe (9.0 MHz, M7

Series, Mindray)

As per Brat et al. (3) A linear probe (8-15 MHz

Sonoscape Medical Corp.,
Shenzhen, China)

A linear probe (12-5 MHz,

Phillips HD 11 scanner)

Five-grade scale, 0, Normal lung;
1, Blines; 2, “White lung”; 3,
“White lung” and fluid
alveologram; 4, “White lung” and
consolidations

A 0O- to 3-point score was given:
0, normal aeration; 1, >3
separated B-lines; 2, coalescent
B-lines or curtain sign; 3, lung
consolidation was present

Alinear probe (6-12MHz, the
Siemens Acuson X300
ultrasound machine, Germany)

As per Brat et al. (3) A linear probe (12-MHz,

SIEMENS ACUSON X300)

current treatment guidelines (36). In 2015, Brat et al. published
the first study to test the ability of LUSs to predict the need
for exogenous surfactant therapy in neonates with RDS (3).
In this study, 130 neonates were enrolled, and each lung was
divided into three areas (upper anterior, lower anterior, and
lateral). For each lung area, a 0-3 point score was given. LUS
was performed as soon as possible after admission to the NICU
and before administration of surfactant. Surfactant protocol
was based on European guidelines. Significant correlations were
found between LUSs and oxygenation indices, indicating lung
aeration. The authors found that LUSs performed better in more
preterm infants. In infants with gestational age (GA) <34 weeks,
the area under the curve (AUC) was 0.93 with a 95% confidence
interval (CI) of 0.86-0.99 and in infants with GA >34 weeks,
the AUC was 0.71 (95% CI: 0.54-0.90). The LUSs showed good
reliability to predict surfactant administration in preterm babies
with GA <34 weeks who were treated with continuous positive

airway pressure (CPAP) from birth. The LUSs help to correctly
identify babies who need exogenous surfactant therapy and give
them surfactant as early as possible without waiting for further
oxygenation worsening. Similarly, De Martino et al. published a
prospective study on the predictive accuracy of LUS regarding
the need for exogenous surfactant therapy in infants with GA
<30 weeks (11). Scans of the anterior and lateral chest walls
were performed. The result suggested that LUSs is significantly
correlated with the oxygenation index even after adjustment
for GA. The AUC in the global population was 0.94 (95% CI:
0.90-0.98), with excellent performance in both subgroups of
infants with GA > or <28 weeks, with values of 0.98 and 0.93,
respectively. However, the need for a second dose of surfactant
was predicted with less accuracy, with an AUC of 0.80 (95%
CIL: 0.72-0.89). Perri et al. compared LUSs and CXR scores to
predict surfactant administration early in newborns with RDS
in a prospective study (9), and 56 newborns with a mean GA
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of 31 weeks were enrolled. LUSs showed a higher AUC than X-
ray scores in the early recognition of infants with RDS requiring
surfactant treatment. Along this line, the author also explored
the change in LUSs 2 h after surfactant administration (12). They
found that LUSs 2 h after surfactant administration can be useful
in identifying patients who will need a second treatment. In
particular, a score >7 showed a sensitivity of 94% and a specificity
of 60%. Pang et al. scanned 12 areas (upper and lower areas of
anterior, posterior, and lateral sections) of neonates with RDS
and found that the LUSs increased with RDS severity (13). The
LUSs for RDS vs. non-RDS showed 80.2% sensitivity and 100%
specificity using a cut-off of 21.5 (Area under the ROC curve,
AUC = 0.938; P < 0.001). The LUSs for severe vs. mild/moderate
RDS showed 73.1% sensitivity and 95.7% specificity using a cut-
off of 25.5 (AUC = 0.944; P < 0.001). Based on these results, a
quality improvement project on echography-guided surfactant
THERapy (ESTHER) was recently carried out by Raschetti et
al. (14). They found that the ESTHER method increased the
number of neonates receiving surfactant within the first 3 h oflife,
reduced the peak FiO; before surfactant replacement, decreased
the duration of invasive ventilation, and increased ventilator-free
days. The global need for surfactant did not significantly change.
Rodriguez-Fanjul et al. conducted a randomized trial and found
that the ultrasound group received surfactant earlier (1h of life
vs. 6h, p < 0.001), with lower FiO; (25 vs. 30%, p = 0.016) and
lower CO; (48 vs. 54, p = 0.011) (15). After surfactant treatment,
newborns in the ultrasound group presented a greater SpO, and
SpO,/FiO; ratio. LUSs lead to reduced oxygen exposure early in
life and better oxygenation after treatment. Gregorio-Hernandez
et al. conducted a prospective study with newborns <35 weeks
who needed noninvasive ventilation at birth (16). LUSs in the
surfactant group were significantly higher than those in the
no surfactant group. The ROC curve for surfactant treatment
showed an AUC of 0.97 (95% CI 0.92-1). Vardar et al. conducted
a prospective double-blind study (17). Neonates <34 weeks with
clinical and radiological signs of RDS were evaluated with a six-
area LUS examination in the first 2h of life for the need for
surfactant therapy. LUSs showed a significant correlation with
the need for total surfactant doses. A cutoff LUSs of 4 predicted
the need for surfactant with 96% sensitivity and 100% specificity
(AUC: 1.00; 95% CI: 0.97-1.00). A meta-analysis also confirmed
the accuracy of LUSs to guide surfactant replacement, and infants
with LUSs >5-6 were at significantly increased risk of surfactant
treatment compared with infants with LUSs <5-6 (37). Another
systematic review is underway to test the accuracy of LUSs in
the first day of life to predict surfactant treatment in preterm
neonates (38).

These studies are paving the way for new applications of
LUS, not only as an imaging technique but also as a functional
tool. According to the above researches, from the perspective
of zoning, the majority of studies conformed to the strategy of
Brat et al. (Table 1) (exclusively scan the anterior and lateral
chest in the supine position). Only one study adopts the 12-area
strategy, including the posterior sections. And the result did not
show more advantages (13). From the perspective of scoring, the
majority of studies still follow the method proposed by Brat et al.
(3). Only three of them use different scoring methods while they

are still based on Brat et al. (3). Therefore, for neonatal RDS, the
value of this scoring strategy has been confirmed.

THE LUSS IN NEONATAL BPD

BPD is one of the most common complications of prematurity
affecting lung function and quality of life, accompanied by
neurodevelopmental injury and retinopathy of prematurity (39,
40). Despite significant advances in neonatal care, the incidence
of BPD has not decreased over the past decade (39). Researchers
reported that new BPD is a chronic lung disease in surfactant-
treated extremely low birth weight infants due to disruption of
lung development with decreased septation, alveolar hypoplasia,
and dysregulated development of pulmonary vasculature (41).
BPD is diagnosed at 36 weeks of postmenstrual age (PMA), and
a window of opportunity to provide some early management
strategies is often missed. Some researchers have proposed
that this window of opportunity encompasses the first 7-15
days of postnatal life, a concept that was supported by data
from recent trials (42). According to data from the Neonatal
Research Network, the prediction of BPD in the first 3 days
of life (DOL) is mostly determined by GA, and from the
7th—28th DOL, the influence of other factors reflecting postnatal
lung injury, such as ventilator support, increases (43). Hence,
finding early biomarkers of developing BPD is needed to stratify
individual risk soon after birth and implement preventive and
therapeutic strategies when they can still alter the pathologic
process (44). Detecting early markers of BPD is challenging,
and biochemical, clinical, and radiological markers are currently
being investigated, but most have either not shown sufficient
accuracy or are not available in daily practice (45-48). Recent
studies confirm that LUS has been shown to be very sensitive
in assessing lung aeration in different settings (49). Loss of
lung aeration early in postnatal life could be a biomarker of
developing BPD.

LUS is increasingly recognized as a useful tool in preterm
infants with BPD. Many studies have proved that LUSs in the
early days after birth is a predictor of BPD (18-24, 50). A
prospective study in infants with GA<34 weeks showed that
LUSs in the first day of life did not predict the development of
BPD (17). In another prospective study by Alonso-Ojembarrena
et al. (18) 59 very low birth weight infants and/or GA <32 weeks
were included. Six lung zones (upper anterior, lower anterior, and
lateral; posterior lung zones were not evaluated) were scanned,
and lung aeration was classified using the scoring system as the
preceding study (3). LUS was performed on the Ist and 3rd
DOL; postnatal weeks 1, 2, 3, and 4; and 36 weeks of PMA.
They found higher LUSs from 1 week to 36 PMA in infants
who developed BPD of any grade. LUSs in the 1st and 2nd
weeks were moderately and highly predictive of any grade BPD,
respectively. In a retrospective study of 27 infants born <30
weeks of GA, Abdelmawala et al. performed eight-zone LUS at
a median postnatal age at the time of LUS studies of 5 (2-8)
weeks and found that a LUSs of 6 had a remarkable performance
in predicting BPD (19). However, in this study, LUS was not
performed at a predefined time point; it was spread over a wide
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interval of postnatal age, and the authors did not assess posterior
lung zones. Similar to other inflammatory lung diseases, such
as bronchiolitis and acute RDS, dependent lung zones are the
most affected. In preterm infants who develop BPD, the posterior
lung fields are generally less aerated (20). Some researchers have
incorporated the scanning of posterior lung fields based on the
assumption that assessment of the dependent distribution of lung
aeration may add to the predictive capability of the LUSs (15).
Aldecoa-Bilbao et al. performed LUS at admission, at 7th, and
28th DOL with a standardized protocol (6 zones: anterior, lateral,
and posterior fields) in a prospective observational study (22).
They found that mean LUSs were significantly higher in patients
with BPD at 7th and 28th DOL than those without BPD. LUSs
at 7th DOL showed an AUC = 0.87 (0.79-0.94), p < 0.001 to
predict NICHD 2001-BPD with a cutoff point >8, an AUC = 0.80
(0.70-0.90), p < 0.001 to predict Jensen 2019-BPD with a cutoff
point >9. In this line, a prospective study was conducted by Liu
et al,, (23) and three different protocols (the classical 6-region,
10-region, and 12-region) were adopted. LUS was performed
on the 1st, 2nd, and 3rd DOL and then once every 3 days
until the 15th DOL. Every echogram was analyzed and graded
from 0-3 points as described by Brat et al. (3). The 6-region
(upper anterior, lower anterior, and lateral), 10-region (upper
anterior, lower anterior, lateral, and upper posterior and lower
posterior), and 12-region (upper anterior, lower anterior, upper
lateral, lower lateral, upper posterior, and lower posterior) scores
were calculated. Researchers found that the 12-region and 10-
region LUS scoring protocols were superior to the 6-region LUS
scoring protocol. There was no statistically significant difference
between the 10-region and 12-region protocols. The best LUS
timing to predict the presence of BPD was from the 9th to 15th
DOL. Similar results were also published by Gao et al. (50). A
recent prospective study by Oulego-Erroz et al. (20) enrolled 42
infants with GA <32 weeks. The scanning protocol included the
assessment of four lung zones in each lung (upper anterior, lower
anterolateral, lower posterolateral, and lower posterior). A LUSs
was calculated on the 7th DOL and repeated on the 28th DOL.
The results showed that infants in the moderate-severe BPD
group (sBPD) had higher LUSs on the 7th and 28th DOL than
infants in the non-sBPD group. The LUSs on the 7th DOL had
an AUC of 0.94 (95% CI 0.87-1) for the diagnosis of sBPD at
36 weeks of PMA (optimal cutoff of >8 points: sensitivity 93%,
specificity 91%). The assessment of posterior lung zones appeared
to be important to improve diagnostic accuracy. However, late
LUS had a worse predictive value for sBPD diagnosis than early
LUS. Similarly, Loi B et al. conducted a multicenter study, and
147 neonates were included with GA <31 weeks (21). LUS was
performed on the Ist, 7th, 14th, 28th DOL, and at 36 weeks
PMA. LUS was scanned over 6 chest areas (three per side).
LUSs were calculated and correlated with simultaneous blood
gases and work of breathing score. The results showed that LUSs
significantly correlated with oxygenation indicators and work
of breathing at any time point. GA-adjusted LUSs significantly
predicted BPD on the 7th and 14th DOL. Another multicenter
study scanned the mid-clavicular, anterior, and posterior axillary
lines of both hemithoraces (10). The results showed that in
infants 25 Gao 30 weeks GA, the LUS at 7 DOL predicted BPD

with an AUC of 0.82 (95% CI: 0.71 Gao 93). The 25 Gao 27 week
group had an AUC of 0.5, whereas the 28 Gao 30 week group had
an AUC of 0.89, which suggested an interaction between LUS and
GA. In a recent multicenter study with 298 infants born before
32 weeks of GA (24), Alonso-Ojembarrena et al. adopted two
LUSs protocols, one involving anterolateral lung fields (LUSs-
al) and the other adding posterior fields (LUSs-p) at birth, the
3rd DOL, the 7th DOL, the 14th DOL, and the 21st DOL. The
results suggested that both LUSs-p and LUSs-al showed a similar
moderate diagnostic accuracy to predict msBPD on the 3rd DOL,
7th DOL, and 21st DOL. The LUSs-p was slightly more accurate
at 14th DOL. A recent meta-analysis of seven studies showed that
LUSs could accurately predict BPD and moderate-to-severe BPD
at 7 and 14 days of life in preterm infants of gestational age <32
weeks. In addition, the diagnostic accuracy of LUSs and extended
LUSs did not differ at any timepoint (51).

Six studies adopt the extended scanning strategy, including the
posterior sections [42 Gao 47]. Three of the studies compared
classic LUSs with extended LUSs, and there exists no conclusive
evidence that extended LUSs are superior to classic LUSs
in terms of diagnostic accuracy (22, 50, 52). This must be
further investigated in future studies. Differences in the LUS
predictive power between investigations may be attributable
to the study design, population, and LUS scanning protocol.
LUS has a significant correlation with GA, and the initial
LUS was significantly higher in less mature infants (3). Above
all, these findings suggest that the LUS may be useful as an
early marker of BPD with the advantages of being safe and
easy to perform, non-invasive, not painful, and not involving
ionizing radiation.

THE LUSS IN NEONATAL RESPIRATORY
SUPPORT

LUS has been correlated with multiple indices of oxygenation
and lung injury, and high LUSs are accurate at predicting the
need for respiratory support in term and preterm neonates
(3, 11, 52-55). Although CXR is widely used traditionally, it
has a poor correlation with lung function, (52) and when a
direct comparison has been attempted, CXR was often found to
perform worse than LUS (9, 53).

In an original study by Raimondi et al., LUS could predict
the need for respiratory support in neonates; however, they
used a proposed LUS pattern grade, which they described as
not semi-quantitative LUSs (52). Later, the author conducted a
study that enrolled 54 infants. After a 2-h nasal ventilation trial,
LUS could predict the need for intubation, largely outperforming
conventional radiology, and the bilateral type 1 lung profile
had a sensitivity of 88.9%, specifically 100% (35). Accordingly,
Pang et al. divided each lung into six areas (upper and lower
areas of anterior, posterior, and lateral sections). For each lung
area, a 0-3 point score was given (13). The author found that
LUSs for predicting mechanical ventilation (MV) showed 81.3%
sensitivity and 88.8% specificity using a cutoff of 25.5 (AUC =
0.912; P < 0.001). Later, Szymanski et al. proposed modified
LUSs in neonates, which include posterior instead of lateral lung
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fields, and a 5-grade rating scale instead of a 4-grade rating scale
(25). Seventy preterm infants <32 weeks GA and birth weight
<1,500 g were scanned. Assessments were performed within 24 h
of birth (LUS 0) and on Days 2, 3, 5, 7, 10, 14, 21, and 28.
The results suggested that LUSs significantly correlated with
SpO,/FiO, (Spearman rho =- 0.635; p < 0.0001). Significant
predictors of ventilation requirements on DOL 3 were LUS 0
(p < 0.016) and birth weight (p < 0.001). LUS 0 had high
reliability in prognosing invasive ventilation on DOL 3 (AUC
= 0.845; 95% CI: 0.738-0.951; p < 0.001) (25). Abushady
et al. also found that patients who underwent LUSs guided
recruitment maneuver achieved earlier lowest FiO,, shorter O,
dependency, shortening the duration of invasive ventilation,
and marked decrease in lung inflammation (56). A prospective
double-blind study was conducted in infants with a GA <34
weeks with RDS by evaluation with LUS and CXR on admission
(17). A significant correlation was observed between high LUSs
shortly after birth and PEEP levels. A significantly higher LUSs
was observed in patients with CPAP failure. LUSs accurately
predicted CPAP failure (AUC = 0.804; 95% CI: 0.673-0.935; p
= 0.001). However, there was no correlation observed between
LUSs and CPAP days.

Invasive ventilation is a lifesaving solution for critically ill
neonates. Prolonged MV is associated with increased pulmonary
complications, mortality, morbidity, and neurodevelopmental
disability in neonates (57, 58). Limiting the duration of invasive
ventilation and early weaning is important for minimizing these
complications. However, premature infant weaning is associated
with extubation failure (EF), which can cause poor outcomes
(59). EF is common in the NICU and approximately 24-42%
of neonates in previous studies (59-61). A prolonged duration
of MV was also recognized as a risk factor for EF (62). Until
now, the process of weaning from MV has remained a challenge
and inexact (59-61). Therefore, choosing the optimal time for
weaning and predicting EF is of great clinical significance. LUS
was reported to predict weaning success and post-extubation
failure in several studies in adults (63, 64). In addition, few
studies have been carried out in neonates. The loss of pulmonary
aeration following extubation can predict EF as it represents loss
of lung volume for gas exchange (65). Lung aeration loss can
be evaluated by LUSs (66). LUS enables a dynamic assessment
of lung aeration changes, unlike CXR. In a prospective study
including 40 neonates with different causes of RD needing MV
regardless of their GA. LUS was performed at least three times,
at admission, before switching MV mode, and before weaning.
Six areas per hemithorax (anterior, lateral, and posterior; each
area was divided into two, superior and inferior) were scanned.
Patients successfully weaned from SIMV showed significantly
lower scores than those who failed. ROC analysis reported that
LUS showed a sensitivity of 87.5% and a specificity of 100%
to predict weaning success at a score of six (26). In a recent
prospective trial, EI Amrousy et al. assessed three chest areas
for each lung: the upper anterior, the lower anterior and the
lateral, with a total of six areas in both lungs. This study
included 80 consecutive neonates on MV suffering from different
pulmonary diseases. All patients underwent LUS just before

extubation and 6h after extubation. In this study, LUSs before
and after extubation were significantly higher in neonates with
EF than in those with weaning success. Post-extubation LUS
had a sensitivity of 89% and a specificity of 90% to predict
weaning success in neonates at a cutoff point <6 (27). The
results for LUS agreed with previously reported results in adults
(66, 67). Moreover, neonates with EF had significantly lower GA
and lower weight compared to those with succeeded extubation.
This was consistent with the results of other investigators
(60, 68).

OTHER APPLICATIONS OF LUSS

In addition to the applications above, a prospective study
showed that using three-point LUS can predict admission to
the NICU for TTN or RDS in term- and late-preterm infants
(69). A 12-region scan protocol was adopted to assess the
process of lung liquid clearance during the first 24h. The
LUSs at 6h were significantly lower than those at <3h, and
within 3 h, B-lines were more abundant in the posterior chest
and lower chest (70). Alonso-Ojembarrena et al. detected that
diuretic responders showed lower LUSs, and that respiratory
support decreased after diuretics in preterm infants before 32
weeks (71). Zhao et al. investigated LUSs in the assessment of
pulmonary edema in low-weight neonates with patent ductus
arteriosus (PDA) and found a significant difference in LUSs
and aortic root ratio to left atrium (AO/LA) (72). Yu et al
assessed the lung water content by LUSs in very low-weight
preterm neonates with persistent PDA. The LUSs and LA/AO
ratio in the PDA group were higher than those in the control
group, and the ROC results showed that LUSs had moderate
accuracy for predicting hemodynamic changes in PDA (AUC
=0.741; 95% CI: 0.621-0.839) (73). After congenital cardiac
surgery, Kaskinen et al. showed that LUSs in the assessment of
postoperative extravascular lung water can predict the length of
MYV and ICU stay, and it had less interobserver variability than
CXR (74). Similarly, a prospective study by Girona-Alarcén et
al. (75) showed a significant correlation between higher lung
ultrasonography in cardiac surgery (LUCAS) score prior to
surgery and longer MV, and high LUCAS score after surgery
correlated with longer cardiopulmonary bypass time, inotropic
support, and FiO, need. In addition, LUSs significantly correlated
with histological injury score and with several inflammatory
markers (54, 76). Recent research has even demonstrated that
LUSs is significantly higher in COVID-19 newborns than in
controls (77).

CONCLUSION

Above all, LUSs has been widely applied in various
scenarios in neonates. As a semi-quantitative evaluation

method, LUSs can predict clinical intervention at an
early stage and show advantages over conventional
examination. In spite of slight variations in the
used scoring systems, the results are all concordant
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and present the conclusions

of LUSs.

same regarding the use

AUTHOR CONTRIBUTIONS

All those listed authors contributed to the preparation of the
manuscript. The preliminary draft of the review was prepared
by HZ, BL, YE YL, PH, and HS. JZ, ZH, and CY critically
revised the draft manuscript. All authors read and approved the
final manuscript.

REFERENCES

1. Singh Y, Tissot C, Fraga MV, Yousef N, Cortes RG, Lopez J, 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. doi: 10.1186/513054-020-2787-9

2. Brusa G, Savoia M, Vergine M, Bon A, Copetti R, Cattarossi L. neonatal
lung sonography: interobserver agreement between physician interpreters
with varying levels of experience. | Ultrasound Med. (2015) 34:1549-
54. doi: 10.7863/ultra.15.14.08016

3. Brat R, Yousef N, Klifa R, Reynaud S, Shankar Aguilera S, et al. Lung
ultrasonography score to evaluate oxygenation and surfactant need in
neonates treated with continuous positive airway pressure. JAMA Pediatr.
(2015) 169:e151797. doi: 10.1001/jamapediatrics.2015.1797

4. Bedetti G, Gargani L, Corbisiero A, Frassi F Poggianti E, Mottola G.
Evaluation of ultrasound lung comets by hand-held echocardiography.
Cardiovasc Ultrasound. (2006). 4:34. doi: 10.1186/1476-7120-4-34

5. Ma HR, Liu J, Yan WK. Accuracy and reliability of lung ultrasound
to diagnose transient tachypnoea of the newborn: evidence from a
meta-analysis and systematic review. Am ] Perinatol. (2020) 1617:1-
6. doi: 10.1055/s-0040-1721134

6. Ma H, Yan W, Liu J. Diagnostic value of lung ultrasound for neonatal
respiratory distress syndrome: a meta-analysis and systematic review. Med
Ultrason. (2020) 22:325-33. doi: 10.11152/mu-2485

7. Hiles M, Culpan AM, Watts C, Munyombwe T, Wolstenhulme S. Neonatal
respiratory distress syndrome: chest X-ray or lung ultrasound? Sys Rev Ultra.
(2017) 25:80-91. doi: 10.1177/1742271X16689374

8. Liu J, Lovrenski J, Ye Hlaing A, Kurepa D. Neonatal lung diseases: lung
ultrasound or chest x-ray. J] Matern Fetal Neonatal Med. (2021) 34:1177-
82. doi: 10.1080/14767058.2019.1623198

9. Perri A, Riccardi R, Iannotta R, Di Molfetta DV, Arena R, Vento G, et
al. Lung ultrasonography score vs. chest X-ray score to predict surfactant
administration in newborns with respiratory distress syndrome. Pediatr
Pulmonol. (2018) 53:1231-6. doi: 10.1002/ppul.24076

10. Raimondi E Migliaro E Corsini I, Meneghin F, Dolce P, Pierri L, et al.
Lung ultrasound score progress in neonatal respiratory distress syndrome.
Pediatrics. (2021) 147:€2020030528. doi: 10.1542/peds.2020-030528

11. De Martino L, Yousef N, Ben-Ammar R, Raimondi F, Shankar-Aguilera S, De
Luca D. Lung ultrasound score predicts surfactant need in extremely preterm
neonates. Pediatrics. (2018) 142:e20180463. doi: 10.1542/peds.2018-0463

12. Perri A, Tana M, Riccardi R, Iannotta R, Giordano L, Rubortone SA,
et al. Neonatal lung ultrasonography score after surfactant in preterm
infants: a prospective observational study. Pediatr Pulmonol. (2020) 55:116-
21. doi: 10.1002/ppul.24566

13. Pang H, Zhang B, Shi ], Zang J, Qiu L. Diagnostic value of lung ultrasound in
evaluating the severity of neonatal respiratory distress syndrome. Eur ] Radiol.
(2019) 116:186-91. doi: 10.1016/j.ejrad.2019.05.004

14. Raschetti R, Yousef N, Vigo G, Marseglia G, Centorrino R, Ben-Ammar
R, et al. Echography-guided surfactant therapy to improve timeliness of
surfactant replacement: a quality improvement project. J Pediatr. (2019)
212:137-43.el. doi: 10.1016/j.jpeds.2019.04.020

FUNDING

This work was Supported by Shenzhen Fund for
Guangdong Provincial Highlevel Clinical Key Specialties
(No. SZGSP009) and Sanming Project of Medicine in
Shenzhen (SZSM201612045).

ACKNOWLEDGMENTS

The authors thank the staff who participated in this study.

15. Rodriguez-Fanjul ], Jordan I, Balaguer M, Batista-Mufioz A, Ramon M,
Bobillo-Perez S. Early surfactant replacement guided by lung ultrasound in
preterm newborns with RDS: the ULTRASURF randomised controlled trial.
Eur ] Pediatr. (2020) 179:1913-20. doi: 10.1007/s00431-020-03744-y

16. Gregorio-Hernandez R, Arriaga-Redondo M, Pérez-Pérez A, Ramos-Navarro
C, Sanchez-Luna M. Lung ultrasound in preterm infants with respiratory
distress: experience in a neonatal intensive care unit. Eur J Pediatr. (2020)
179:81-9. doi: 10.1007/s00431-019-03470-0

17. Vardar G, Karadag N, Karatekin G. The role of lung ultrasound as
an early diagnostic tool for need of surfactant therapy in preterm
infants with respiratory distress syndrome. Am ] Perinatol. (2020)
16:207. doi: 10.1055/s-0040-1714207

18. Alonso-Ojembarrena A, Lubian-Lopez SP. Lung ultrasound score as early
predictor of bronchopulmonary dysplasia in very low birth weight infants.
Pediatr Pulmonol. (2019) 54:1404-9. doi: 10.1002/ppul.24410

19. Abdelmawla M, Louis D, Narvey M, Elsayed Y. A lung ultrasound severity
score predicts chronic lung disease in preterm infants. Am ] Perinatol. (2019)
36:1357-61. doi: 10.1055/s-0038-1676975

20. Oulego-Erroz I, Alonso-Quintela P, Terroba-Seara S, Jiménez-Gonzilez
A, Rodriguez-Blanco S. Early assessment of lung aeration using an
ultrasound score as a biomarker of developing bronchopulmonary
dysplasia: a prospective observational study. ] Perinatol. (2021)
41:62-8. doi: 10.1038/s41372-020-0724-z

21. Loi B, Vigo G, Baraldi E, Raimondi F Carnielli VP, Mosca F et
al. Lung Ultrasound to monitor extremely preterm infants and
predict bronchopulmonary dysplasia. a multicenter longitudinal
cohort study. Am ] Respir Crit Care Med. (2021) 203:1398-
409. doi: 10.1164/rccm.202008-31310C

22. Aldecoa-Bilbao V, Velilla M, Teresa-Palacio M, Esponera CB, Barbero
AH, Sin-Soler M, et al. Lung ultrasound in bronchopulmonary dysplasia:
patterns and predictors in very preterm infants. Neonatology. (2021) 118:537-
45. doi: 10.1159/000517585

23. LiuX, Lv X, Jin D, Li H, Wu H. Lung ultrasound predicts the development of
bronchopulmonary dysplasia: a prospective observational diagnostic accuracy
study. Eur ] Pediatr. (2021) 180:2781-9. doi: 10.1007/s00431-021-04021-2

24. Alonso-Ojembarrena A, Serna-Guerediaga I, Aldecoa-Bilbao V, Gregorio-
Herndndez R, Alonso-Quintela P, Concheiro-Guisan A, et al. The predictive
value of lung ultrasound scores in developing bronchopulmonary dysplasia:
a prospective multicenter diagnostic accuracy study. Chest. (2021) 160:1006-
16. doi: 10.1016/j.chest.2021.02.066

25. Szymanski P, Kruczek P, Hozejowski R, Wais P. Modified lung ultrasound
score predicts ventilation requirements in neonatal respiratory distress
syndrome. BMC Pediatr. (2021) 21:17. doi: 10.1186/s12887-020-02485-z

26. Eltomey MA, Shehata AH, Nassar MA, Elmashad AM. Can lung ultrasound
assist in the decision of weaning mechanically ventilated neonates? Egypt |
Radiol Nucl Med. (2019) 50:47. doi: 10.1186/s43055-019-0055-2

27. El Amrousy D, Elgendy M, Eltomey M, Elmashad AE. Value of lung
ultrasonography to predict weaning success in ventilated neonates. Pediatr
Pulmonol. (2020) 55:2452-6. doi: 10.1002/ppul.24934

28. Agrons GA, Courtney SE, Stocker JT, Markowitz RI. From the archives of the
AFIP: lung disease in premature neonates: radiologic-pathologic correlation.
Radiographics. (2005) 25:1047-73. doi: 10.1148/rg.254055019

Frontiers in Pediatrics | www.frontiersin.org

May 2022 | Volume 10 | Article 791664


https://doi.org/10.1186/s13054-020-2787-9
https://doi.org/10.7863/ultra.15.14.08016
https://doi.org/10.1001/jamapediatrics.2015.1797
https://doi.org/10.1186/1476-7120-4-34
https://doi.org/10.1055/s-0040-1721134
https://doi.org/10.11152/mu-2485
https://doi.org/10.1177/1742271X16689374
https://doi.org/10.1080/14767058.2019.1623198
https://doi.org/10.1002/ppul.24076
https://doi.org/10.1542/peds.2020-030528
https://doi.org/10.1542/peds.2018-0463
https://doi.org/10.1002/ppul.24566
https://doi.org/10.1016/j.ejrad.2019.05.004
https://doi.org/10.1016/j.jpeds.2019.04.020
https://doi.org/10.1007/s00431-020-03744-y
https://doi.org/10.1007/s00431-019-03470-0
https://doi.org/10.1055/s-0040-1714207
https://doi.org/10.1002/ppul.24410
https://doi.org/10.1055/s-0038-1676975
https://doi.org/10.1038/s41372-020-0724-z
https://doi.org/10.1164/rccm.202008-3131OC
https://doi.org/10.1159/000517585
https://doi.org/10.1007/s00431-021-04021-2
https://doi.org/10.1016/j.chest.2021.02.066
https://doi.org/10.1186/s12887-020-02485-z
https://doi.org/10.1186/s43055-019-0055-2
https://doi.org/10.1002/ppul.24934
https://doi.org/10.1148/rg.254055019
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org
https://www.frontiersin.org/journals/pediatrics#articles

Zong et al. Lung Ultrasound Score in Neonatology
29. Liszewski MC, Stanescu AL, Phillips GS, Lee EY. Respiratory distress 47. Rivera L, Siddaiah R, Oji-Mmuo C, Silveyra GR, Silveyra P. Biomarkers for
in neonates: underlying causes and current imaging assessment. bronchopulmonary dysplasia in the preterm infant. Front Pediatr. (2016)
Radiol Clin North Am. (2017) 55:629-44. doi: 10.1016/j.rcl.2017. 4:33. doi: 10.3389/fped.2016.00033
02.006 48. Kim HR, Kim JY, Yun B, Lee B, Choi CW, Kim BI. Interstitial pneumonia
30. Machado LU, Fiori HH, Baldisserotto M, Ramos Garcia PC, Vieira AC, Fiori pattern on day 7 chest radiograph predicts bronchopulmonary dysplasia in
RM. Surfactant deficiency in transient tachypnea of the newborn. J Pediatr. preterm infants. BMC Pediatr. (2017) 17:125. doi: 10.1186/s12887-017-0881-1
(2011) 159:750-4. doi: 10.1016/j.jpeds.2011.04.023 49. Mojoli F Bouhemad B, Mongodi S, Lichtenstein D. Lung ultrasound
31. Walsh MC, Bell EF, Kandefer S, Saha S, Carlo WA. D’angio CT, et al. Neonatal for critically ill patients. Am ] Respir Crit Care Med. (2019) 199:701-
outcomes of moderately preterm infants compared to extremely preterm 14. doi: 10.1164/rccm.201802-0236CI
infants. Pediatr Res. (2017) 82:297-304. doi: 10.1038/pr.2017.46 50. Gao S, Xiao T, Ju R, Ma R, Zhang X, Dong W. The application value of lung
32. Cogo PE, Facco M, Simonato M, De Luca D, De Terlizi F Rizzotti ultrasound findings in preterm infants with bronchopulmonary dysplasia.
U, et al. Pharmacokinetics and clinical predictors of surfactant redosing Transl Pediatr. (2020) 9:93-100. doi: 10.21037/tp.2020.03.14
in respiratory distress syndrome. Intensive Care Med. (2011) 37:510- 51. Pezza L, Alonso-Ojembarrena A, Elsayed Y, Yousef N, Vedovelli L, Raimondi
7. doi: 10.1007/s00134-010-2091-2 E et al. Meta-analysis of lung ultrasound scores for early prediction
33. Bahadue FL, Soll R. Early vs. delayed selective surfactant treatment for of bronchopulmonary dysplasia. Ann Am Thorac Soc. (2022) 19:659-
neonatal respiratory distress syndrome. Cochrane Database Syst Rev. (2012) 67. doi: 10.1513/AnnalsATS.202107-8220C
14:CD001456. doi: 10.1002/14651858.CD001456.pub2 52. Raimondi E Migliaro F Sodano A, Umbaldo A, Romano A, Vallone G, et al.
34. Hall EJ. Lessons we have learned from our children: cancer Can neonatal lung ultrasound monitor fluid clearance and predict the need of
risks from diagnostic radiology. Pediatr Radiol. (2002) 32:700- respiratory support? Crit Care. (2012) 16:R220. doi: 10.1186/cc11865
6. doi: 10.1007/s00247-002-0774-8 53. Rodriguez-Fanjul ], Balcells C, Aldecoa-Bilbao V, Moreno J, Iriondo M. Lung
35. Raimondi F, Migliaro E Sodano A, Ferrara T, Lama S, Vallone G, et al. ultrasound as a predictor of mechanical ventilation in neonates older than 32
Use of neonatal chest ultrasound to predict non-invasive ventilation failure. weeks. Neonatology. (2016) 110:198-203. doi: 10.1159/000445932
Pediatrics. (2014) 134:e1089-94. doi: 10.1542/peds.2013-3924 54. Elsayed YN, Hinton M, Graham R, Dakshinamurti S. Lung
36. Sweet DG, Carnielli V, Greisen G, Hallman M, Ozek E, Te Pas ultrasound predicts histological lung injury in a neonatal model
A, et al. European consensus guidelines on the management of of acute respiratory distress syndrome. Pediatr Pulmonol. (2020)
respiratory distress syndrome - 2019 update. Neonatology. (2019) 55:2913-23. doi: 10.1002/ppul.24993
115:432-50. doi: 10.1159/000499361 55. Raimondi E Migliaro F, Verdoliva L, Gragnaniello D, Poggi G, Kosova
37. Razak A, Faden M. Neonatal lung ultrasonography to evaluate R, et al. Visual assessment vs. computer-assisted gray scale analysis in the
need for surfactant or mechanical ventilation: a systematic review ultrasound evaluation of neonatal respiratory status. PLoS ONE. (2018)
and meta-analysis. Arch Dis Child Fetal Neonatal Ed. (2020) 13:€0202397. doi: 10.1371/journal.pone.0202397
105:164-71. doi: 10.1136/archdischild-2019-316832 56. Abushady NM, Awad HAS, Kamel DR, Fouda EM, Ahmed NT, Dawoud
38. Capasso L, Pacella D, Migliaro F, De Luca D, Raimondi F. Can lung ultrasound MO. Role of lung ultrasound in the assessment of recruitment maneuvers
score accurately predict the need for surfactant replacement in preterm in ventilated preterm neonates with respiratory distress syndrome and its
neonates? A systematic review and meta-analysis protocol. PLoS ONE. (2021). correlation with tracheal IL-6 levels: a randomized controlled trial. ] Neonatal
16:0255332. doi: 10.1371/journal.pone.0255332 Perinatal Med. (2021) 14:369-74. doi: 10.3233/NPM-200605
39. Lui K, Lee SK, Kusuda S, Adams M, Vento M, Reichman B, et al. 57. Miller JD, Carlo WA. Pulmonary complications of mechanical ventilation in
International network for evaluation of outcomes (iNeo) of neonates neonates. Clin Perinatol. (2008) 35:273-81, x-xi. doi: 10.1016/j.clp.2007.11.004
Investigators. trends in outcomes for neonates born very preterm and very 58. Walsh MC, Morris BH, Wrage LA, Vohr BR, Poole WK, Tyson JE, et al.
low birth weight in 11 high-income countries. J Pediatr. (2019) 215:32- Extremely low birthweight neonates with protracted ventilation: mortality
40. doi: 10.1016/j.jpeds.2019.08.020 and 18-month neurodevelopmental outcomes. J Pediatr. (2005) 146:798-
40. Cheong JLY, Doyle LW. An wupdate on pulmonary and 804. doi: 10.1016/j.jpeds.2005.01.047
neurodevelopmental ~ outcomes  of  bronchopulmonary  dysplasia. 59. Gupta D, Greenberg RG, Natarajan G, Jani S, Sharma A, Cotten M,
Semin  Perinatol.  (2018)  42:478-84. doi:  10.1053/j.semperi.2018. et al. Respiratory setback associated with extubation failure in extremely
09.013 preterm infants. Pediatr Pulmonol. (2021) 56:2081-6. doi: 10.1002/ppul.
41. Ibrahim J, Bhandari V. The definition of bronchopulmonary 25387
dysplasia: an evolving dilemma. Pediatr Res. (2018) 84:586- 60. Chawla S, Natarajan G, Shankaran S, Carper B, Brion LP, Keszler
8. doi: 10.1038/s41390-018-0167-9 M, et al. Markers of successful extubation in extremely preterm
42. Onland W, Cools F, Kroon A, Rademaker K, Merkus MP, Dijk PH, et infants, and morbidity after failed extubation. ] Pediatr. (2017)
al. Effect of hydrocortisone therapy initiated 7 to 14 days after birth 189:113-19.€2. doi: 10.1016/j.jpeds.2017.04.050
on mortality or bronchopulmonary dysplasia among very preterm infants 61. Gupta D, Greenberg RG, Sharma A, Natarajan G, Cotten M, Thomas R, et al.
receiving mechanical ventilation: a randomized clinical trial. JAMA. (2019) A predictive model for extubation readiness in extremely preterm infants. J
321:354-63. doi: 10.1001/jama.2018.21443 Perinatol. (2019) 39:1663-9. doi: 10.1038/s41372-019-0475-x
43. Laughon MM, Langer JC, Bose CL, Smith PB, Ambalavanan N. Kennedy 62. El Amrousy D, Elkashlan M, Elshmaa N, Ragab A. Ultrasound-
KA, et al. Prediction of bronchopulmonary dysplasia by postnatal age in guided laryngeal air column width difference as a new predictor
extremely premature infants. Am ] Respir Crit Care Med. (2011) 183:1715- for postextubation stridor in children. Crit Care Med. (2018)
22. doi: 10.1164/rccm.201101-00550C 46:€496-501. doi: 10.1097/CCM.0000000000003068
44. Alvarez-Fuente M, Moreno L, Lopez-Ortego P, Arruza L, Avila-Alvarez 63. Shoaeir M, Noeam K, Mahrous A, Alaa A. Lung aeration loss as a predictor of
A, Muro M, et al. Exploring clinical, echocardiographic and molecular reintubation using lung ultrasound in mechanically ventilated patients. Biolife.
biomarkers to predict bronchopulmonary dysplasia. PLoS ONE. (2019) (2016) 3:514-20.
14:e0213210. doi: 10.1371/journal.pone.0213210 64. Osman AM, Hashim RM. Diaphragmatic and lung ultrasound application as
45. Alvarez-Fuente M, Moreno L, Mitchell JA, Reiss IK, Lopez P, Elorza D, et new predictive indices for the weaning process in ICU patients. Egypt ] Radiol
al. Preventing bronchopulmonary dysplasia: new tools for an old challenge. Nucl Med. (2017) 48:61-6. doi: 10.1016/j.ejrnm.2017.01.005
Pediatr Res. (2019) 85:432-41. doi: 10.1038/s41390-018-0228-0 65. Caltabeloti FP, Rouby JJ. Lung ultrasound: a wuseful tool in
46. Forster K, Sass S, Ehrhardt H, Mous DS, Rottier RJ, Oak P, et al. the weaning process? Rev Bras Ter Intensiva. (2016) 28:5-
Early Identification of bronchopulmonary dysplasia using novel biomarkers 7. doi: 10.5935/0103-507X.20160002
by proteomic screening. Am ] Respir Crit Care Med. (2018) 197:1076- 66. Soummer A, Perbet S, Brisson H, Arbelot C, Constantin JM, Lu Q, et al.

80. doi: 10.1164/rccm.201706-1218LE

Ultrasound assessment of lung aeration loss during a successful weaning

Frontiers in Pediatrics | www.frontiersin.org

May 2022 | Volume 10 | Article 791664


https://doi.org/10.1016/j.rcl.2017.02.006
https://doi.org/10.1016/j.jpeds.2011.04.023
https://doi.org/10.1038/pr.2017.46
https://doi.org/10.1007/s00134-010-2091-2
https://doi.org/10.1002/14651858.CD001456.pub2
https://doi.org/10.1007/s00247-002-0774-8
https://doi.org/10.1542/peds.2013-3924
https://doi.org/10.1159/000499361
https://doi.org/10.1136/archdischild-2019-316832
https://doi.org/10.1371/journal.pone.0255332
https://doi.org/10.1016/j.jpeds.2019.08.020
https://doi.org/10.1053/j.semperi.2018.09.013
https://doi.org/10.1038/s41390-018-0167-9
https://doi.org/10.1001/jama.2018.21443
https://doi.org/10.1164/rccm.201101-0055OC
https://doi.org/10.1371/journal.pone.0213210
https://doi.org/10.1038/s41390-018-0228-0
https://doi.org/10.1164/rccm.201706-1218LE
https://doi.org/10.3389/fped.2016.00033
https://doi.org/10.1186/s12887-017-0881-1
https://doi.org/10.1164/rccm.201802-0236CI
https://doi.org/10.21037/tp.2020.03.14
https://doi.org/10.1513/AnnalsATS.202107-822OC
https://doi.org/10.1186/cc11865
https://doi.org/10.1159/000445932
https://doi.org/10.1002/ppul.24993
https://doi.org/10.1371/journal.pone.0202397
https://doi.org/10.3233/NPM-200605
https://doi.org/10.1016/j.clp.2007.11.004
https://doi.org/10.1016/j.jpeds.2005.01.047
https://doi.org/10.1002/ppul.25387
https://doi.org/10.1016/j.jpeds.2017.04.050
https://doi.org/10.1038/s41372-019-0475-x
https://doi.org/10.1097/CCM.0000000000003068
https://doi.org/10.1016/j.ejrnm.2017.01.005
https://doi.org/10.5935/0103-507X.20160002
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org
https://www.frontiersin.org/journals/pediatrics#articles

Zong et al.

Lung Ultrasound Score in Neonatology

67.

68.

69.

70.

71.

72.

73.

74.

trial predicts postextubation distress*. Crit Care Med. (2012) 40:2064-
72. doi: 10.1097/CCM.0b013e31824e68ae

Tenza-Lozano E, Llamas-Alvarez A, Jaimez-Navarro E, Fernandez-
Sénchez J. Lung and diaphragm ultrasound as predictors of success
in weaning from mechanical ventilation. Crit Ultrasound J. (2018)
10:12. doi: 10.1186/513089-018-0094-3

Kavvadia V, Greenough A, Dimitriou G. Prediction of extubation
failure in preterm neonates. Eur ] Pediatr. (2000) 159:227-
31. doi: 10.1007/s004310050059

Poerio A, Galletti S, Baldazzi M, Martini S, Rollo A, Spinedi S, et al.
Lung ultrasound features predict admission to the neonatal intensive care
unit in infants with transient neonatal tachypnoea or respiratory distress
syndrome born by caesarean section. Eur ] Pediatr. (2021) 180:869-
76. doi: 10.1007/s00431-020-03789-z

Guo BB, Wang KK, Xie L, Liu XJ, Chen XY, Zhang F, et al. Comprehensive
quantitative assessment of lung liquid clearance by lung ultrasound score in
neonates with no lung disease during the first 24 h. Biomed Res Int. (2020)
2020:6598348. doi: 10.1155/2020/6598348

Alonso-Ojembarrena A, Lechuga-Sancho AM, Morales-Arandojo P, Acunas-
Soto S, Lopez-de-Francisco R, Lubidn-Lopez SP. Lung ultrasound score and
diuretics in preterm infants born before 32 weeks: A pilot study Pediatr
Pulmonol. (2020) 55:3312-8. doi: 10.1002/ppul.25098

Zhao M, Huang XM, Niu L, Ni WX, Zhang ZQ. Lung ultrasound
score predicts the extravascular lung water content in low-birth-
weight neonates with patent ductus arteriosus. Med Sci Monit. (2020)
26:€921671. doi: 10.12659/MSM.921671

Yu LE Xu CK, Zhao M, Niu L, Huang XM, Zhang ZQ. Bedside
cardiopulmonary ultrasonography evaluates lung water content in very low-
weight preterm neonates with patent ductus arteriosus. World J Clin Cases.
(2021) 9:1827-34. doi: 10.12998/wjcc.v9.i8.1827

Kaskinen AK, Martelius L, Kirjavainen T, Rautiainen P, Andersson S, Pitkdnen
OM. Assessment of extravascular lung water by ultrasound after congenital
cardiac surgery. Pediatr Pulmonol. (2017) 52:345-52. doi: 10.1002/ppul.23531

75. Girona-Alarcon M, Cuaresma-Gonzélez A, Rodriguez-Fanjul ], Bobillo-Perez
S, Inarejos E. Sanchez-de-Toledo J, et al. LUCAS (lung ultrasonography
in cardiac surgery) score to monitor pulmonary edema after congenital
cardiac surgery in children. ] Matern Fetal Neonatal Med. (2020) 26:1-
6. doi: 10.1080/14767058.2020.1743660
N, Vigo G, Shankar-Aguilera S,
Semiquantitative ~ ultrasound  assessment  of  lung  aeration
with  lung tissue  inflammation.  Ultrasound — Med
(2020) 46:1258-62. doi: 10.1016/j.ultrasmedbio.2020.

76. Yousef De Luca D.
correlates
Biol.
01.018
Li W, Fu M, Qian C, Liu X, Zeng L, Peng X, et al. Quantitative
assessment of COVID-19 pneumonia in neonates using lung ultrasound

Pediatr ~ Pulmonol.  (2021) 56:1419-26. doi:  10.1002/ppul.

77.

score.
25325

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Zong, Huang, Zhao, Lin, Fu, Lin, Huang, Sun and Yang. This is an
open-access article distributed under the terms of the Creative Commons Attribution
License (CC BY). The use, distribution or reproduction in other forums is permitted,
provided the original author(s) and the copyright owner(s) are credited and that the
original publication in this journal is cited, in accordance with accepted academic
practice. No use, distribution or reproduction is permitted which does not comply
with these terms.

Frontiers in Pediatrics | www.frontiersin.org

10

May 2022 | Volume 10 | Article 791664


https://doi.org/10.1097/CCM.0b013e31824e68ae
https://doi.org/10.1186/s13089-018-0094-3
https://doi.org/10.1007/s004310050059
https://doi.org/10.1007/s00431-020-03789-z
https://doi.org/10.1155/2020/6598348
https://doi.org/10.1002/ppul.25098
https://doi.org/10.12659/MSM.921671
https://doi.org/10.12998/wjcc.v9.i8.1827
https://doi.org/10.1002/ppul.23531
https://doi.org/10.1080/14767058.2020.1743660
https://doi.org/10.1016/j.ultrasmedbio.2020.01.018
https://doi.org/10.1002/ppul.25325
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org
https://www.frontiersin.org/journals/pediatrics#articles

	The Value of Lung Ultrasound Score in Neonatology
	Introduction
	The LUSs in Neonatal Respiratory Distress Syndrome
	The LUSs in Neonatal BPD
	The LUSs in Neonatal Respiratory Support
	Other Applications of LUSs
	Conclusion
	Author Contributions
	Funding
	Acknowledgments
	References


