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Objectives. To comprehensively and quantitatively assess the process of lung liquid clearance using the lung ultrasound score. This
study is to evaluate the whole healthy lungs of neonates during the first 24 h. Methods. Lung ultrasound was performed in neonates
with no respiratory symptoms within 3 h after birth, and scans were then repeated at 6 hours and 24 hours, respectively. The entire
chest wall was divided into 12 regions. The lung ultrasound scores of the anterior, posterior, upper, and lower regions and sum of
all regions were calculated according to the ultrasound pattern of each region examined. Results. The total lung ultrasound score
decreased gradually during the first 24 h, with the total lung ultrasound score at 6 h being significantly lower than that at <3h
(P <0.05). At <3 h, B-lines were more abundant in the posterior chest than in the anterior chest (P < 0.001), and more B-lines were
observed in the lower chest than in the upper chest (P <0.001). At 6 h and 24 h, there were no significant differences among the
regions. Conclusion. Changes in the lung ultrasound score may quantitatively reflect the characteristics of different regions and

processes of lung liquid clearance during the first 24 h.

1. Introduction

The lungs are vital and vulnerable organs in neonates;
therefore, assessment of the lungs is a major concern of
neonatologists [1]. Traditional tools include computed to-
mography (CT) and chest radiographs, which both expose
neonates to potentially harmful radiation [2, 3]. Compared
with these modalities, lung ultrasound (LUS) is non-
irradiating and easily repeatable with no side effects and
provides accurate diagnostic information in real time [4, 5].

Lung ultrasound has been increasingly used to differ-
entiate and diagnose neonatal diseases causing respiratory
symptoms as a useful bedside diagnostic tool [6-16].
However, few studies have addressed the ultrasound findings
of normal lungs in neonates; in the most cases, these findings
have only been described qualitatively [17, 18]. To the best of
our knowledge, only one study has quantitatively monitored

lung liquid clearance in healthy neonates [19], but the results
may not be sufficiently comprehensive. The aim of this study
was to comprehensively and quantitatively assess lung liquid
clearance using the lung ultrasound score in neonates with
no lung disease during the first 24 h.

After birth, the neonate gas exchange transitions from
dependency on the placenta to dependency on the lungs, and
the process must involve airway liquid clearance and air
entry into the lungs [17, 18], which results in fluid accu-
mulation in the alveolar interstitial space and then generates
lung ultrasound vertical artifacts called B-lines [18, 20]. One
animal study showed a good correlation between lung liquid
evaluated using gravimetry and that evaluated using B-lines
by lung ultrasound [21], and another one noted that the
B-line score determined by LUS was quite valuable as a
semiquantitative index [22]. In addition, B-lines have been
found in both pathological and normal conditions at the
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lung surface [23, 24]. Therefore, it is reasonable to hy-
pothesize that changes in B-lines could be used to monitor
changes in the lung liquid in the healthy lungs of neonates.
The current study was designed to quantitatively estimate
scores according to the amounts of B-lines to characterize
the process of airway liquid clearance in neonates in the first
24h after birth.

2. Methods

2.1. Study Design. This was a prospective study of neonates.
The study was approved by the First Affiliated Hospital of
Harbin Medical University Human Research Ethics
Committee.

We studied neonates with no respiratory symptoms born
in the First Affiliated Hospital of Harbin Medical University
from May 2015 to September 2018. Informed written consent
was obtained from their parents. First lung ultrasound video
recordings of neonates were obtained no later than 3 hours
after birth, and scans were then repeated at 6 hours and 24
hours after birth, respectively. Neonates diagnosed pulmo-
nary diseases before discharge from hospital and neonates
with congenital heart disease were excluded from the study.

Epidemiological data were collected, including Apgar
scores, mode of delivery, sex, birth weight, gestational age,
and clinical diagnosis. According to delivery mode, the
neonates were divided into a cesarean section group and a
vaginal delivery group.

2.2. Lung Ultrasound. Serial LUS video recordings were
obtained using MyLab30, Esaote, Genova, Italy, with a 3- to
11-MHz linear transducer. As previously recommended
[25, 26], the chest wall was divided into 12 regions. We
delineated the anterior and posterior axillary lines as
practical landmarks that defined the anterior, lateral, and
posterior areas of both lungs (6 regions per side, Figure 1).
All 12 intercostal regions were examined extensively with the
neonates in a supine, lateral, and prone position, and one
video clip was obtained for each region. We collected these
stored videos from the machine.

Four ultrasound aeration patterns were defined: (1)
normal aeration (N): the presence of lung sliding with only
A-lines or fewer than three isolated B-lines; (2) moderate
aeration loss: interstitial syndrome, localized pulmonary
edema, defined by coalescent B-lines in less than 50% of the
intercostals space, multiple well-defined B-lines, or sub-
pleural consolidations (B1-lines); (3) severe aeration loss:
alveolar edema, defined by diffused coalescent B-lines oc-
cupying the whole intercostals spaces (B2-lines); and (4)
complete aeration loss (C): the presence of a tissue pattern
with or without air bronchogram (Figure 2). LUS scores
were correspondingly defined as follows: N=0, Bl=1,
B2=2, and C=3. We considered the worst ultrasound
abnormality detected as the characterizing region examined
[27]. The LUS scores of anterior, posterior, upper, and lower
regions and sum of all regions were calculated according to
the ultrasound pattern of each area examined. Two blinded
observers independently evaluated all recordings.
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FiGUre 1: Lung ultrasound regions. The anterior and posterior
axillary lines as practical landmarks define the anterior, lateral, and
posterior areas of both lungs.

2.3. Statistical Analysis. All statistical analyses were per-
formed using SAS 9.3 international standard statistical
programming software. The data were described by the
median and upper and lower quartiles, and the Wilcoxon
rank-sum test was used for the comparison of paired and
independent samples. An intraclass correlation coefficient
was used to calculate interrater reliability. Statistical sig-
nificance was defined as P <0.05.

3. Results

3.1. General Characteristics. Sixty-six neonates were en-
rolled, and we studied 2376 videos. The time of examinations
was 144.5 (102-163) min, 363 (352-381) min, and 26 (25-27)
hours after birth, respectively. B-lines were observed in most
neonates (59/66) within 3 h after birth and in 39/66 at 6h
and 30/66 at 24 h after birth. None of the neonates had any
region of complete aeration loss throughout the parenchyma
during the first 24 h. There were 34 cases of cesarean section
and 32 cases of vaginal delivery. The clinical data of 66
neonates are shown in Table 1.

3.2. Total Scores. The total lung ultrasound score decreased
gradually in neonates during the first 24 h (Table 2).

3.3. Regional Scores. At <3h, there were significant differ-
ences in the number of B-lines among the regions. B-lines
were more abundant in the posterior chest than in the
anterior chest (P <0.001; Figure 3(a)). There were signifi-
cantly more B-lines in the lower chest than in the upper chest
(P <0.001; Figure 3(b)).

At 6h and 24h, there was no significant difference
between the posterior and anterior chest and between the
upper and lower chest (Figure 3).

3.4. Scores by Delivery Mode. We also compared the B-line
score between neonates delivered vaginally and those de-
livered by cesarean section. There were nonsignificant dif-
ferences in the postnatal age at measurement, demographic
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FIGURE 2: Four ultrasound aeration patterns. (a) Normal aeration (N): the presence of lung sliding with only A-lines or fewer than three
isolated B-lines; (b) moderate aeration loss: interstitial syndrome, localized pulmonary edema, defined by coalescent B-lines in less than 50%
of the intercostals space, multiple well-defined B-lines, or subpleural consolidations; (c) severe aeration loss: alveolar edema, defined by
diffused coalescent B-lines occupying the whole intercostals spaces; (d) complete aeration loss (C): the presence of a tissue pattern with or

without air bronchogram.

TABLE 1: Patients’ clinical characteristics.

Variables

Gestational age (weeks days)
Birth weight (g)

Delivery mode

Patients(n = 66)
3871 (36"°-39%7)
3355 (2860-3640)

Cesarean section 34
Vaginal delivery 32
Gender, female/male 31/35
Apgar at 1 minute 8 (8-9)
Apgar at 5 minutes 9 (9-9)

TaBLE 2: Total lung ultrasound scores during the first 24 h.

Postnatal age at

measurement, h Median (upper and lower quartiles)

<3h 8 (7-11)
6h 2 (0-4)
24h 1(0-2)

data, and clinical characteristics between the two groups
(P>0.05). At <3h, there were significantly more B-lines in
neonates delivered by cesarean section than in those de-
livered vaginally (P < 0.001; Figure 4). At 6h and 24 h, there
were no significant differences in the amounts of B-lines
between the two groups.

3.5. Interrater Consistency. There was a good correlation
between the measurements of the two observers. (r=0.833 at
<3h, r=0.816 at 6h, and r=0.829 at 24h).

4. Discussion

In this study, we show a comprehensive quantitative as-
sessment of lung liquid clearance by the lung ultrasound
score in neonates without lung disease during the first 24 h.
Compared with another quantitative trial of healthy neo-
nates [19], our study examined the whole lungs, including
not only the anterior and lateral chest but also the posterior
chest. Moreover, our results show that B-lines were more
abundant in the posterior chest than in the anterior chest at

<3 h. Although there were less significant differences at 6 h
and 24 h, the B-line scores of the posterior chest were still
higher than those of the anterior chest. We consider that the
distribution of redundant liquid may be attributed to gravity.
Although our findings support the premise that the neonates
had healthy lungs, whether these results apply to newborns
with injured lungs remains to be studied. In fact, one study
has shown that ventilation in the prone position can result in
a gradient decrease in the gravity distribution of intratho-
racic pressure [28], and a review has shown that the prone
position can improve oxygenation in neonates undergoing
mechanical ventilation compared to the supine position
[29]. The results of current and previous studies suggest that
the posterior chest is an important part to study in airway
liquid clearance, the process of which requires compre-
hensive assessment.

We observed that the total lung ultrasound score, as
expected, decreased gradually in neonates without lung
disease during the first 24h. These results suggest that
changes in B-lines are consistent with the physiological
process of airway liquid clearance in neonates without lung
disease, which is also in agreement with previous research
[19].

In the current study, more B-lines were observed in the
lower chest than in the upper chest at <3h. A similar ob-
servation was reported by Laura Martelius, who suggested
that airway liquid clearance may occur later in the lower
lobes than in the upper lobes [19]. Others have shown that in
preterm rabbit pups, initiating ventilation at birth with 0
PEEP could result in the unequal distribution of air between
the upper and lower lobes, with a significantly greater
distribution of air toward the upper than the lower lobes at
functional residual capacity [30].

We found at <3 h, there were more B-lines in neonates
born by cesarean section than in those born vaginally. A
similar observation was reported by Laura et al. [31], who
demonstrated that vaginal delivery was associated with a
significantly lower lung liquid content than cesarean section
at 3 h after birth.

Our study had several limitations. First, the subjects of
our study were term infants and late preterm infants, so it is
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FIGURE 3: (a) Lung ultrasound scores at <3 h, 6h, and 24 h postnatally in the upper and lower chest. (b) Lung ultrasound scores in the

anterior and posterior chest at <3h, 6h, and 24h postnatally.
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FIGURE 4: Lung ultrasound scores at <3 h, 6 h, and 24 h postnatally
by delivery mode.

not known whether our results are applicable to other
gestational ages. In fact, most early preterm infants are
treated prophylactically with pulmonary surfactant after
birth, which makes it impossible to objectively observe the
process of airway liquid clearance. Second, although the
accuracy of the results increases with the inclusion of more
sectors, the analysis of more sectors is also more time
consuming and not quite suitable for clinical application.
Thus, we will seek a comprehensive and efficient method for
assessing lung liquid clearance. Third, in this study, the
examination time interval was slightly long, which may have

resulted in the exact cut-off time when lung liquid clearance
is achieved being missed. In future studies, we will increase
the examination frequency appropriately.

5. Conclusion

This was a comprehensive study using a 12-sector LUS
approach, to evaluate the airway liquid clearance of ne-
onates. Our results indicate that the lung ultrasound score
may be used to comprehensively and quantitatively
characterize different lung regions and the process of lung
liquid clearance of neonates in the first 24 h after birth.
Our study also creates a quantitative comparison for
future studies of predicting lung diseases such as neonatal
respiratory distress syndrome and transient tachypnea of
newborn. Lung ultrasound is a valuable tool for use in
neonates.
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