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Abstract

Background: We aimed to test the hypothesis that using lung ultrasound (LUS) to assess the severity of transient tachypnea in
newborns can predict the mode of respiratory support that will be needed.
Methods: We conducted a prospective study on late-preterm and term infants at more than 34 weeks of gestation. LUS was per-
formed on admission by an investigator, and basic demographic data, LUS scores, respiratory mode and parameters were measured
after admission. A receiver operator curve was utilized to assess the ability to predict the respiratory mode that would be needed. A
correlation analysis was performed between the LUS scores and the artery blood gas results.
Results: The mean age at the first LUS examination was 1.22 ± 0.81 hours on admission. Significant differences (P < 0.05) were
revealed among the three groups in the left anterior area, right lateral area, left lateral area and total LUS scores. The LUS scores in
the NRS group were lower than those in the other groups. The infants with NIV and MV were more likely to have higher LUS scores
(P < 0.05). The LUS scores were negatively correlated with the PaO2 results (r = -0.25, P = 0.073), positively correlated with the PaCO2

results (r = 0.41, P = 0.003), and significantly correlated with SaO2 (r = 0.35, P = 0.015). LUS scores of > 6 (AUC = 0.85, P < 0.001) show
the requirement of respiratory support in newborns.
Conclusions: We conclude that LUS scores are correlated with the severity of transient tachypnea of the newborn and can predict
an infant’s required respiratory support.
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1. Background

Transient tachypnea of the newborn (TTN), also known
as newborn wet lung, is a benign, self-limited breathing
condition that can present in infants of any gestational
age (1). It is caused by a delay in the clearance of the fetal
lung fluid after birth, which leads to tachypnea (a respira-
tory rate greater than 60 breaths per minute) and respira-
tory distress (grunting, flaring of the nostrils, and inter-
costal retraction). The incidence of TTN is approximately
10% in late preterm infants and less than 5% in term in-
fants (2, 3). Although TTN is usually a self-limiting condi-
tion, malignant TTN can cause newborns to develop persis-
tent pulmonary hypertension or pneumothorax requiring
mechanical ventilation.

Lung ultrasound (LUS) is a very convenient, radiation-
free technique available at the bedside. It has been in-
creasingly applied in the diagnosis and management of
neonatal respiratory disorders, including respiratory dis-

tress syndrome (RDS), pneumonia, and pneumothorax (4,
5). Recently, LUS has been used for lung liquid clearance
management after NICU admission (6). A meta-analysis
showed that lung ultrasound is an extremely accurate di-
agnostic tool that may be a superior alternative to chest X-
rays in diagnosing TTN. Lung ultrasound (LUS) has a pooled
sensitivity of 0.98 and a specificity of 0.99 (7). According to
previous studies, the ultrasound finding of a severe type of
TTN primarily manifests as a compact B-line profile or even
“white lung”, and the mild type of TTN primarily manifests
as alveolar-interstitial syndrome (AIS).

In recent years, LUS has gained broader application, as
it has been used to predict that patients, from the popu-
lation of term and late preterm infants born by cesarean
section, with transient neonatal tachypnea or respiratory
distress syndrome will require an LUS check after NICU ad-
mission (8). Lung ultrasonography is becoming a point-of-
care method to guide respiratory support in critical care
infants. The LUS score correlates well with the oxygenation
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status in both term and preterm neonates, and it shows ac-
curacy in predicting surfactant administration in preterm
newborns (9).

However, only a few studies have been performed us-
ing LUS scores to assess the severity of TTN. Additionally,
there are few previous studies using the LUS to predict the
need for respiratory support in newborns with TTN.

2. Objectives

In this prospective study, we evaluated the clinical ca-
pability of LUS to predict the severity of TTN and any respi-
ratory support need.

3. Methods

3.1. Subjects

From July 2021 to September 2021, lung ultrasonogra-
phy was performed on neonates admitted to the Depart-
ment of Neonatology of the authors’ hospital. The inclu-
sion criteria, which were also the diagnostic criteria for
TTN, were as follows: (1) the infants showed clinical mani-
festations of respiratory distress, such as tachypnea (respi-
ratory rate > 60 breaths per minute), nasal flaring, grunt-
ing, and showing retractions beginning within 6 hours
of delivery (10); (2) infants without suspected pneumonia.
The diagnosis of pneumonia was as follows: an axilla tem-
perature of > 37.5°C or < 36.5°C, abnormal laboratory pa-
rameters (C-reactive protein (CRP) > 10 mg/L, leukocytosis
(white cell count > 20 × 109/L) or leucopenia (white cell
count < 5 × 109/L) (11), isolation of a pathogenic microor-
ganism in the airway aspirate; (3) LUS examination shows
alveolar-interstitial syndrome (AIS), no lung consolidation
and pleural effusion (10).

The exclusion criteria were as follows: (1) infants with
congenital heart disease, except PDA and patent foramen
ovale, confirmed by a cardiac ultrasound; (2) infants with
definite congenital lung disorders, including congenital
cystic adenomatoid malformation (CCAM), or pulmonary
sequestration; and (3) infants with RDS, pneumothorax
and pulmonary hemorrhage confirmed by chest radiogra-
phy and clinical manifestations.

This study was reviewed by the author’s hospital’s
ethics committee (No. 2021-7-28). Informed consent was
provided by each infant’s immediate family or guardian
prior to the examination. All methods were performed in
accordance with the Declaration of Helsinki.

3.2. Respiratory Support and Measurement

In our institution, infants who displayed clinical
symptoms of respiratory distress, including nasal flaring,
tachypnea, retractions, grunting and cyanosis, were trans-
ferred to the NICU. During the two hours after birth, ar-
terial blood gas, blood culture, and CRP were determined
using routine analytical methods. If retractions, grunt-
ing, hypercarbia (PaCO2 > 60 mm Hg), or hypoxia (SpO2

< 90%) (10) were evident, we commenced noninvasive ven-
tilation (NIV), including humidified high-flow oxygen de-
livered by nasal cannulae (HHHFNC) or nasal intermittent
positive pressure ventilation (NIPPV). High flow has gained
popularity because of its ease of use, reduced nasal injury,
and increased comfort. According to our NICU respiratory
support guidelines, term and late preterm infants who de-
velop mild respiratory distress will receive HHHFNC, while
neonates with significant respiratory distress will require
NIPPV. The degree of respiratory distress was evaluated by
a neonatologist and according to the clinical symptoms.

Treatment with HHHFNC is the preferred means of
noninvasive respiratory support, providing an initial gas
flow of 6 to 8 liters per minute using the Optiflow Junior de-
vice (Fisher and Paykel Healthcare). Neonatal-sized nasal
prongs were used to provide airway pressure. The percent-
age of inspired oxygen (FiO2) was altered to retain an oxy-
gen saturation level (SpO2) between 90% and 95% in late
preterm infants [born at 34 (0/7) - 36 (6/7) weeks gesta-
tion] and > 94% in term infants using a pulse oximeter (12)
(the PHILIPS IntelliVue MX550 Bedside Patient Monitoring
System, Germany). Newborns with continued respiratory
distress on HHHFNC required continuous oxyhemoglobin
saturation monitoring to assess the need for NIPPV, which
would be provided if the SpO2 was < 90% (10).

NIPPV respiratory support was delivered using the
”Fabian + NCPAP” evolution ventilator” (Hirzel, Switzer-
land) via nasal prongs. The ventilator was set with a posi-
tive peak inspiratory pressure (PIP) of 18 to 20 cm H2O until
we obtained good air entry, a positive end expiratory pres-
sure (PEEP) of 5 to 8 cm H2O, and a breath rate of 30 to 40
breaths per minute. We adjusted the FiO2 to maintain the
targeted oxygen saturation mentioned above. PIP was in-
creased in steps of 2 cm H2O each time until we obtained
good blood gas results, including pH: 7.35 - 7.45, PaO2: 60 -
80 mm Hg, and PaCO2: 35 - 45 mm Hg (13).

We defined HHHFNC and NIPPV failure as the infant re-
ceiving maximum support settings (a flow rate of 8 L/min
in the HHHFNC group or PEEP pressure of 7 cm H2O in the
NIPPV group) and having more than one of the following
criteria: (1) the development of respiratory acidosis (blood
gas showing a pH < 7.2 and PaCO2 > 60 mmHg on noninva-
sive ventilation); (2) hypoxemia (FiO2 requirement > 0.40
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to achieve the target oxygen saturation); (3) frequent de-
saturation (SpO2 ≤ 90%): ≥ 3 episodes per hour and not
responding to increased ventilator support settings (14-16).
In our clinical practice, we do not have a maximum value
for the PIP in term and late preterm infants. PIP is ad-
justed to achieve adequate chest expansion and equal and
good breath sounds. We used synchronized intermittent
mandatory ventilation (SIMV) as the mechanical ventila-
tion (MV) mode. The ventilator settings were adjusted ac-
cording to the infant’s oxygenation, chest wall movement,
breath sounds, and respiratory efforts along with arterial
blood gases.

3.3. Lung Ultrasounds

An Esaote ultrasonic diagnostic apparatus (My Lab
700) and linear array probe set at a frequency of 10 - 14
MHz were used. The infants were placed in prone, lateral
or supine positions. With the anterior and posterior axil-
lary lines as the boundary, each side of the lung was sepa-
rated into three different scan areas: the anterior, lateral
and posterior areas. Using the connection line between
the nipples, we divided each lung into upper and lower
parts, resulting in a total of 12 regions on either side of the
lungs. The probe was placed perpendicularly or parallel to
the ribs when scanning each lung area. Considering that
there is inter-observer variance in sonographers’ skills, the
ultrasound scans were performed by only one operator.

Lung ultrasound (LUS) was performed as soon as pos-
sible after NICU admission once the infant was stable. The
LUS score was calculated based upon the 6 LUS scanning ar-
eas for each side (4, 6): lung sliding signs with A line or a
small amount of B line, 0 points; more than three B lines,
spacing between B lines, no fusion, 1 point; confluent B-line
defined as the entire intercostal space filled with B-lines
and it is difficult to distinguish from each other between
two acoustic shadows of the ribs, 2 points; and compact B-
lines and this type of B-line may cause the acoustic shadow
of the ribs to disappear within the entire scanning zone, 3
points. Each region was rated with the most serious perfor-
mance. The LUS was the sum of the scores of each region,
and the highest score of the 12 segments was 36 points (Fig-
ure 1).

3.4. Data Collection

All data were obtained from clinical notes after official
approval was obtained from the hospital administration.
The requirements for patient consent was waived. The de-
mographic data, including gestational age, birth weight,
sex, mode of delivery, and ventilator settings, were doc-
umented. According to our institution’s routine guide-
lines, assessments of arterial blood gas (ABG) results were

performed 1 h after the ventilator support response (the
ABL90 FLEX PLUS blood gas analyzer, Radiometer Medical
ApS, Denmark). All data were anonymous and used only
for research purposes. We collected the LUS score within
1 hour of admission. We also collected the ventilator set-
ting [fraction of inspired oxygen (FiO2), mean airway pres-
sure (MAP), and positive end-expiratory pressure (PEEP)]
and oxygenation index (OI) calculated as follow:

OI =
MAP × FiO2 × 100

PaO2

3.5. Statistical Methods

All neonates were divided into two groups depending
on the ventilator required after enrollment: an NIV group
who received NIV, an MV group who received MV and an
NRS group who did not require respiratory support. Nor-
mally distributed data are expressed as the mean [standard
deviation (SD)]. Proportions are shown as numbers (per-
centages) and were compared using the chi-square test or
Fisher’s exact test. Multiple means were compared using
one-way analysis of variance (ANOVA), with the post hoc
least significant difference (LSD) method used to test for
differences between each pair of groups. One-way analy-
sis of variance (ANOVA) and LSD tests using 100 bootstrap
resampling results showed considerable variation. There-
fore, 10 items of data were randomly selected from the 100
replicates (1000 bootstrap resampling replicates). Analysis
of the correlation between the ABG results and LUS scores
was performed by computing Pearson’s correlation coeffi-
cient (r) and P value; the received operating characteristics
(ROC) curve was plotted to illustrate the accuracy in recog-
nizing patients with severe TTN. The statistical analysis was
performed using SPSS version 20.0 and Medcalc software
version 19.6.1. P values lower than 0.05 were regarded as
significant.

4. Results

4.1. Basic Demographic Data

There were a total of 51 patients who were eligible for
this study. Figure 2 describes the enrollment process. All
infants received immediate LUS checks within two hours
of enrollment as our study protocol described. Five in-
fants were excluded for various reasons: two infants clini-
cally developed RDS after enrollment, while three had con-
genital pneumonia after enrollment. Finally, we contin-
ued the study with 51 infants. All patients were weaned
from noninvasive ventilation, and none received surfac-
tant treatment. Among them, 17 (33.3%) were females, and
34 (66.7%) were males. The mean gestational age was 35.4
± 2.5 weeks, and the mean birth weight was 2.42±0.55 kg.
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Figure 1. A, Ultrasound score: 0 points, A line, a small amount of B line; B, Ultrasound score: 1 point, more than three B lines, space between B lines; C, Ultrasound score: 2
points, confluent B-line (B-line fusion) and some A lines are present; D, Ultrasound score: 3 points, compact B-lines, a white lung is present within each scanning zone, without
lung consolidation.

The three groups were comparable in demographic and
clinical characteristics. No significant differences were ob-
served between the two groups regarding the basic data.
The mean age at the first LUS examination was 1.22 ± 0.81
hours on admission. The period from birth to the ul-
trasound check showed a significant difference between
groups, and there was a longer period of time in the MV
group than in the NIV and NRS groups. The infants in the
MV group were in critical condition and needed extra care
(shown in Table 1).

4.2. LUS Score Comparison

Significant differences (P < 0.05) were revealed among
the three groups in the left anterior area, right lateral, left
lateral area and total LUS scores. The LUS scores in the NRS
group were lower than those in the other groups. Two-two
comparisons of all the means were performed using LSD
pairwise comparison methods by comparing the patients
with nonrespiratory patients. The infants with NIV and MV
were more likely to have a higher LUS score (P < 0.05), and
the LUS scores in the MV group were significantly higher
than that in the NIV group. Furthermore, the LUS scores be-
tween the HHHFNC and NIPPV groups were also compared.
The data showed significant differences between the two
groups in the left anterior, right posterior, left posterior ar-
eas and total ultrasound scores. Infants in the MV group
showed significantly higher LUS scores (shown in Tables 2
and 3).

4.3. Correlation Analysis

The lung ultrasound scores were negatively correlated
with the PaO2 results (r = -0.25, P = 0.073), positively corre-
lated with PaCO2 (r = 0.41, P = 0.003), and significantly cor-
related with SaO2 (r = 0.35, P = 0.015). A scatter plot of the
relationship is shown in Figure 3. Further correlation anal-
ysis showed that the LUS scores correlated moderately with
the oxygenation index (r = 0.54; P = 0.002) in the NIPPV

group and (r = 0.68; P = 0.207) in the MV group (shown in
Figure 4).

4.4. ROC Analysis

Received operating characteristics (ROC) analysis re-
vealed that an LUS score of 6 (AUC = 0.85, P < 0.001) can pre-
dict the need for respiratory support in TTN infants with a
sensitivity of 85.7%, a specificity of 81.8%, a positive predic-
tive value of 93.7%, and a negative predictive value of 64.3%.
LUS scores of 11 (AUC = 0.78, P < 0.001) predicted the need
for NIPPV support with a sensitivity of 80.0%, a specificity
of 78.3%, a positive predictive value of 84.2%, and a negative
predictive value of 56.2% (shown in Figure 5).

5. Discussion

We demonstrated a high level of diagnostic accuracy
using quantitative LUS scores for predicting the respira-
tory support needs of newborns with transient tachypnea.
An LUS can be used to accurately predict the different res-
piratory support needed. The higher the score, the more
powerful the support needed. These results were not influ-
enced by the GA within the age range of the enrolled pop-
ulation.

Transient tachypnea of the newborn (TTN) is the fre-
quent cause of respiratory distress syndrome in premature
newborns. In recent decades, the preterm birth rate has in-
creased, mostly due to a rise in late preterm births (17). A re-
cent study showed that more than half of infants with TTN
required respiratory support (18). Non-invasive or mechan-
ical ventilation respiratory support may be administered
to reduce respiratory distress during TTN. In addition, res-
piratory support might improve the clearance of lung liq-
uid, reducing the effort required to breathe and there-
fore reducing respiratory distress (1). The meta-analysis
showed insufficient evidence to establish the benefits and
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Table 1. Descriptive Characteristics of the Neonates with TTN in the no Respiratory Support Group and Different Respiratory Groups a

Variables NRS (N = 11) NIV (N = 35) MV (N = 5) Statistic P Value

Gestational age (weeks) 0.55 0.761 b

≥ 37 3 (27.3) 6 (17.1) 1 (20.0)

34 ~ 36+6 8 (72.7) 29 (82.9) 4 (80.0)

Birth weight (kg) 2.67 ± 0.60 2.34 ± 0.54 2.40 ± 0.39 1.61 0.211

Sex, male 10 (90.9) 20 (57.1) 4 (80.0) 4.74 0.094

Mode of delivery 0.85 0.652

C-section 3 (27.3) 15 (42.9) 2 (40.0)

Vaginal delivery 8 (72.7) 20 (57.1) 3 (60.0)

Apgar score (min)

1 9.7 ± 0.6 9.4 ± 0.9 10 ± 0 1.22 0.303

5 10 ± 0 9.7 ± 0.6 10 ± 0 1.63 0.206

10 10 ± 0 9.9 ± 0.5 10 ± 0 1.11 0.338

Time from birth to first LUS check 1.29 ± 0.72 1.05 ± 0.76 2.23 ± 0.39 b, c 5.82 0.005

Abbreviation: NRS, nonrespiratory support; NIV, noninvasive ventilation; MV, mechanical ventilation.
a Quantitative data are expressed as mean ± SD and qualitative data are expressed as No. (%).
bSignificantly different (P < 0.05) compared to the NIV group.
c Significantly different (P < 0.05) compared to the NRS group.

Table 2. Average Lung Ultrasound Score in the NRS, NIV and MV Groups a

LUS Score NRS (N = 11) NIV (N = 35) MV (N = 5) F Value P Value

Right anterior area 1 ± 0.8 1.7 ± 1.4 1.8 ± 0.8 1.42 0.252

Left anterior area 1 ± 0.9 2 ± 1.2 b 2.4 ± 1.1 b 3.96 0.026

Right lateral area 1 ± 0.9 2.2 ± 1.1 b 3.8 ± 0.4 b , c 12.88 < 0.001

Left lateral area 0.8 ± 0.8 2.3 ± 1.3 b 3.6 ± 0.5 b , c 11.11 < 0.001

Right Posterior area 1.3 ± 1.4 2.9 ± 1.8 b 4.4 ± 1.5 b 6.41 0.003

Left Posterior area 1 ± 1.6 3 ± 1.7 b 4.4 ± 1.5 b 8.48 0.001

Total ultrasound score 6.1 ± 3.7 14.1 ± 7 20.4 ± 4.4 10.78 < 0.001

a Values are expressed as mean ± SD.
b Significantly different (P < 0.05) compared to the NRS group.
c Significantly different (P < 0.05) compared to the NIV group.

Table 3. Average Lung Ultrasound Score in the HHHFNC and NIPPV Groups

LUS Score HHHFNC (N = 11) NIPPV (N = 23) t Value P Value

Right anterior area 1.4 ± 0.7 1.8 ± 1.6 0.91 0.371

Left anterior area 1.1 ± 0.8 2.5 ± 1.2 3.54 0.001

Right lateral area 1.6 ± 0.8 2.5 ± 1.2 2.10 0.044

Left lateral area 1.6 ± 1.7 2.6 ± 1 2.08 0.046

Right Posterior area 2 ± 1.5 3.5 ± 1.7 2.41 0.022

Left Posterior area 2 ± 1.5 3.4 ± 1.7 2.37 0.024

Total ultrasound score 9.7 ± 5.5 16.3 ± 6.8 2.79 0.009

aValues are expressed as mean ± SD.
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Figure 2. Flowchart showing the enrollment process. We identified 51 neonates with transient tachypnea of the newborn (TTN) after 34 weeks of gestation. LUS, lung ultra-
sound.

harms of noninvasive respiratory support in the manage-
ment of newborn transient tachypnea. Continuous posi-
tive airway pressure (CPAP) remains the most noninvasive
respiratory support in the NICU. In a meta-analysis includ-
ing preterm infants requiring respiratory support, NIPPV
proved to be more efficient than CPAP for reducing the
need for intubation (19). As a result, an increasing number
of doctors in our NICU favored NIPPV instead of CPAP in in-
fants with respiratory distress. Therefore, we did include
infants with CPAP respiratory support due to the limited
utilization.

Ultrasonography is a safe, inexpensive and accurate
diagnostic tool. It provides real-time, quick and mini-
mally invasive information without significant biological

hazards. Lung ultrasonography (LUS) has been success-
fully used to diagnose neonatal disease. A previous study
showed that the sensitivity and specificity of LUS for the
diagnosis of TTN were 76.7% and 100%, respectively. After
transfer to the NICU, this intervention can be conducted,
distinguishing it from other critical lung diseases and fa-
cilitating proper initial treatment. LUS has already be-
come a point-care tool for identifying respiratory illness
and providing intervention guides. However, these de-
scriptive findings are more qualitative in content. In re-
cent years, lung ultrasound has been widely used to diag-
nose neonatal lung diseases. B lines can reflect the degree
of pulmonary interstitial edema, but the utility of lung
ultrasound scores by counting the number of B-lines in
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the assessment of severity is controversial. Min Zhao pro-
posed using the neonatal LUS score to predict extravascu-
lar lung water, and the results showed that the lung ultra-
sound score can semiquantitatively evaluate the extravas-
cular lung water content (20).

The early-preterm neonate may suffer from various res-
piratory disorders due to different degrees of surfactant
insufficiency. With the current study, this population was
excluded because an LUS is more useful in infants (even
late-preterm infants) than in more mature neonates > 37
weeks’ GA. This is likely because of the homogeneity of the
preterm population, which is predominantly affected by
TTPN. Infants with RDS or pneumonia were excluded from
our study. Our aim was to verify whether an LUS was accu-
rate enough for predicting in the higher GAs.

According to the previous LUS scoring systems, there
are two methods of zoning, one that uses 12 zones and one
that uses 6 zones. The 12-zone score was selected for this
study. First, the infants in this study were late preterm ba-
bies, so the body surface area was limited. Second, previous
studies revealed that the upper and lower areas showed dif-
ferent LUS phenomena in TTN (21). Each side of the lung
was divided into three areas (anterior, lateral and poste-
rior), and every area was also divided into upper and lower
sections. Therefore, 12 zones were recorded. Each area was
assigned a score ranging from 0 to 3 (0 = normal lung pat-
tern with A line, lung sliding and less than three B lines,

3= extended consolidations, with poor lung aeration) (7).
However, this LUS scoring system was used to assess lung
aeration in neonates with RDS or bronchopulmonary dys-
plasia, so the authors did not assess posterior lung zones
(22). Unlike diffuse inflammatory lung diseases, such as
MAS or BPD, neonates with TTN always showed increases
in their extravascular lung water content. The LUS scan ex-
cluded lung consolidation, so the previous lung scoring
system was not useful in the assessment of TTN. We mod-
ified the previous LUS scoring systems because confluent
B-lines and compact B-lines are commonly observed in in-
fants with diffuse alveolar edema, and consolidation was
not observed. In another previous study, the posterior zone
was never scanned by the LUS protocol because the popula-
tion was almost all early-preterm infants (20). In this study,
the posterior zone was also scanned, providing more infor-
mation about LUS scores.

In this prospective study, every lung area was scanned
to assess the TTN severity of infants during NICU admission
using quantitative LUS scores. Several LUS findings were
utilized in the diagnosis of TTN in our study, such as con-
fluent B-line, double lung point, compact B-line and white
lung (7). Our study shows that LUS scores are correlated
with severe conditions of TTN. Neonates with higher LUS
scores required more advanced respiratory support. Li et
al. (6) revealed that the LUS score after birth decreased with
respiratory support. In comparison with the neonates in
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the control group, the LUS score of the TTN group was sig-
nificantly higher. Our study showed that affected neonates
with higher scores always developed respiratory distress
due to the accumulation of fluid in the lungs and needed
assisted respiratory support. It also displayed an early pos-
itive correlation between LUS scores and PaCO2 of the ABG
results and a negative correlation between PaO2, SaO2 and
the scores; however, the correlation was not significant
because the sample size was not adequate. Our study in-
dicated that infants with higher LUS scores experienced
severe TTN and needed appropriate respiratory support.
If the scores drastically increased, mechanical ventilation
should probably be provided. Another study showed that
LUS scores had a greater decrease after birth in the infants
that needed TTN in comparison with the control group. In
infants with TTN, the scores were significantly associated
with the respiratory severity scores (RSSs) (6). In another
study, quantitative ultrasound texture analysis of the fetal
lung was conducted. It could predict neonatal respiratory
morbidity in preterm infants, the accuracy of which was
almost 86.5%. Furthermore, its positive and negative likeli-
hood ratios were 6.5 and 0.3, respectively (23).

TTN is a neonatal disease related to multiple risk fac-
tors, and it is mainly attributed to fluid clearance failure
and epithelial Na+ channel abnormalities (1). Some infants
with hypoxemia and respiratory failure have increased the
need for ventilation support in the NICU (18). Several stud-
ies were conducted to identify some clues that may help
to predict the severity of the disease and need for different
respiratory support. Kahvecioglu et al. (18) demonstrated
that a positive correlation was found between the arterial
blood gas result (pH < 7.30), ratio of PaO2/% inspired O2 <
1.2 and the need for ventilator support. In our study, we re-
vealed that the LUS score was significantly correlated with
the severity of clinical respiratory conditions after admis-
sion. In this study, a new LUS scoring system was proposed.
The ROC analysis suggested that this new scoring system
could be better for evaluating the severity of TTN. Infants
with a higher LUS score (> 6 units) might be provided non-
invasive ventilation support; moreover, an LUS score over
11 units might be a good predictor of the need to provide
NIPPV ventilation. Because few infants were included in
the MV group, how to use the LUS score to predict mechan-
ical ventilation was not analyzed.

In this study, only one doctor conducted the LUS pro-
cedure, and different operators’ biases were minimized.
However, there are also some limitations in this research.
First, the sample size was smaller than that in other stud-
ies. For a more significant result, we need to include more
infants who meet the criteria. Second, the double-blind
condition was not conducted in this study, as the physician
who performed the LUS scan recognized the neonatal clin-

ical condition and mode of respiratory support. Nonethe-
less, if the operator had knowledge of the relevant clinical
data and respiratory modes, the LUS score was likely to be
misestimated by experimenter bias. Finally, TTN was diag-
nosed by typical clinical indications and the result of ultra-
sound scan and was not diagnosed pathologically, as it is
difficult to find rare conditions, such as alveolar capillary
dysplasia with misalignment of pulmonary veins, alveo-
lar growth disorders, etc., which are usually evaluated by
high-resolution CT.

LUS is a dynamic, point-of-care tool in addition to the
available tools that dramatically decrease neonates’ expo-
sure to radiation. It offers increased sensitivity in captur-
ing evidence of pulmonary edema and evaluating the clin-
ical effectiveness of follow-up. In this study, the LUS check
results on admission can reveal the respiratory conditions
of patients with TTN disease accurately. The LUS will be a
good predictor for the decision on the respiratory mode
needed.
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