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Abstract: Neonatal respiratory distress syndrome (NRDS) is a common critical disease in neonates. Early diagnosis and timely
treatment are crucial. Historically, X-ray imaging was the primary method for diagnosing NRDS. However, this method carries
radiation exposure risks, making it unsuitable for dynamic lung condition monitoring. In addition, neonates who are critically ill
require bedside imaging, but diagnostic delays are often unavoidable due to equipment transportation and positioning limitations.
These challenges have been resolved with the introduction of lung ultrasound (LUS) in neonatal intensive care. The diagnostic efficacy
and specificity of LUS for NRDS is superior to that of X-ray. The non-invasive, dynamic, and real-time benefits of LUS also allow for
real-time monitoring of lung changes throughout treatment for NRDS, yielding important insights for guiding therapy. In this paper,
we examine the ultrasonographic characteristics of NRDS and the recent progress in the application of ultrasound in the diagnosis and
treatment of NRDS while aiming to promote wider adoption of this method.
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Introduction

In clinical practice, neonatal respiratory distress syndrome (NRDS) is linked to a spectrum of etiological factors,
encompassing prematurity, gestational diabetes, and elective cesarean section. The onset of this syndrome occurs shortly
following birth and is attributed to an insufficiency in pulmonary surfactant (PS). Manifesting clinically with symptoms
such as tachypnea, grunting or nasal flaring, cyanosis, and the presence of the three concave signs, NRDS exhibits
a progressive and pathophysiological trajectory marked by the development of hyaline membranes. This condition
constitutes a substantial contributor to neonatal mortality. For a long time, bedside chest X-ray examination has been
considered the gold standard for diagnosing NRDS due to the inability of CT to perform bedside examination, but X-ray
examination has obvious limitations, manifested as: (1) Children with NRDS usually have severe dyspnea and need
mechanical ventilation, and lung ventilation/perfusion abnormalities usually occur in the back due to prolonged supine
and gravity effects, while bedside x-rays can only be performed in the supine position, which may mask back lesions due
to overlapping images, resulting in missed diagnosis. (2) Bedside radiography requires moving the machine and placing
the child in the appropriate position for radiography, which takes time and may delay diagnosis. In addition, moving
critically ill children may cause adverse events such as temperature fluctuations and displacement of tracheal tubes/
oxygen masks, which may aggravate the condition. (3) Bedside X-ray is difficult to complete the dynamic monitoring of
pulmonary disease changes, especially when the disease changes suddenly need to be checked, and its limitations are
more obvious. (4) Radiation damage is difficult to avoid completely, which has a potential high risk of DNA damage and
cancer. Because radiation damage is more sensitive to cells in the differentiation stage, it may cause greater potential
harm to newborns and premature infants in the rapid development stage. In particular, it is difficult to estimate the
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cumulative dose of primary and passive radiation damage during hospitalization for severely ill newborns and immature
premature infants in neonatal intensive care units (NICU) who are frequently exposed to radiation due to lung disease or
other medical conditions. Thus, the search for alternative methods has been ongoing. In 1990, Avni et al' reported for the
first time the application of pulmonary ultrasound in the diagnosis of NRDS, and claimed that ultrasound may replace
chest radiography. Since then, the neonatal lung ultrasound has been widely used. Ultrasound can accurately and easily
identify NRDS,? transient neonatal respiratory hypertrophy (TTN),’ meconium aspiration syndrome (MAS),* neonatal
pneumonia,” and pneumothorax.® Compared with X-ray, ultrasound has higher accuracy and specificity in diagnosing
a variety of neonatal lung diseases, including NRDS.” In 2020, the European Association of Paediatrics and Neonatal
Intensive Care published International Evidence-based Guidelines on point-of-care ultrasound for critically ill neonates
and children.® Pulmonary ultrasound is increasingly used in neonatal intensive care unit (NICU) due to its high specificity
and sensitivity in the diagnosis of lung lesions, real-time dynamic monitoring, no radiation and convenient operation. It
plays an important role in the diagnosis and treatment of NRDS. It can not only be used in the diagnosis and differential
diagnosis of NRDS but also can dynamically monitor the therapeutic effect of NRDS and guide treatment. In this paper,
the application of pulmonary ultrasound in NRDS in recent years is reviewed, by searching the keywords in EMBASE,
PubMed and Cochrane Central from 2015 to 2022. Duplicate literature and literature lacking exact data support for
ultrasound diagnosis of NRDS were excluded.

Common LUS Terminologies and Imaging Manifestations in NRDS

Pleural line

This is a strong echogenic reflection caused by the difference in acoustic impedance between the pleura and the lung
surface. It appears as a smooth, clear, and regular linear echo on ultrasound. Anomalies include a missing pleural line,
rough or blurred appearance, irregularities, or continuous interruptions.”

Lung sliding
During lung respiration, real-time ultrasonography reveals a horizontal relative sliding movement between the visceral and

parietal pleura when the ultrasound probe is scanned perpendicular to the ribs. This motion is known as “lung sliding”.’

A-line
When the ultrasound beam is perpendicular to the pleura, a strong echogenic linear reflection is produced. Located below

the pleural line and parallel to it, these reflections have equal spacing between them and appear similar to bamboo node
patterns. Their echoes gradually diminish from superficial to severe until they disappear.’

B-Line, Confluent B-Line, Alveolar-Interstitial Syndrome (AlIS)

B-line is a linear echogenic reflection that originates from the pleural line, is perpendicular to it, radiates outwards into
the deep lung field, and extends without attenuation to the edge of the scanning screen. Clinically, its presence indicates
an increase in the water content within the lung tissue. When densely packed B-lines are visible within an intercostal
space but the echogenicity of the ribs remains clear, such dense B-lines are referred to as confluent B-lines. If two or
more intercostal spaces within a scanning area exhibit confluent B-lines, the condition is known as AIS.’

Compact B-Line and “White Lung”
If excessively dense B-lines are present bilaterally in every lung field and the rib shadows have essentially disappeared,
this is referred to as a compact B-line. If each scanning area of both lungs reveals dense B-lines, the condition is known

as “white lung”.’

Lung Consolidation, Air Bronchogram Sign, and Lung pulse
Lung consolidation refers to lung tissue that appears hepatized (similar to the liver) on an ultrasound image. This may be
accompanied by the air bronchogram sign or fluid bronchogram sign. In severe cases, real-time ultrasonography may
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reveal a dynamic air bronchogram sign. Within the area of consolidation, the air bronchogram sign appears as a series of
echogenicities that are either dot-like or linear in shape. On real-time ultrasonography, the consolidated lung tissue can be
seen pulsating with the heartbeat when the extent of the lung consolidation is substantial and severe enough to be close to
the edge of the heart. This method is known as lung pulse.’

Shred sign
This ultrasonographic manifestation is known as the shred sign and occurs when the boundary between consolidated lung
tissue and aerated lung tissue is unclear.”

Lung point
As respiration continues, the lung point is the boundary where lung sliding is alternately seen and not seen on real-time
ultrasonography.’

Double Lung point
On the LUS image, a distinct boundary can be formed between the upper and lower lung fields due to variations in the
degree or nature of a lesion.’

Sandybeach Sign & Stratosphere sign

In M-mode ultrasonography, a distinctive ultrasound image resembling a sandybeach appears. This consists of a wavy
linear high echogenicity above the pleural line, the pleural line itself, and the uniform fine granular echoes produced by
lung sliding below the pleural line. This symbol is known as the sandybeach sign or seashore sign. When lung sliding
disappears, the granular dot-like echoes beneath the pleural line are replaced by a series of parallel lines known as the bar
code sign or barcode sign.’

Ground-Glass Opacity sign
The ground-glass sign is an ultrasound image that appears similar to frosted glass. It indicates mild lung consolidation in
which the air bronchogram sign is not yet pronounced.’

Snowflake sign
The snowflake sign is an ultrasound image resembling a snowflake. A distinct air bronchogram sign represents
consolidation of the lungs.’

Pleural effusion
Pleural effusion is a collection of fluid that can accumulate within the pleural cavity (the space between the lung and the
chest wall). On ultrasound imaging, pleural effusion is a dark area without echo.’

Neonatal NRDS LUS Examination and Diagnosis
LUS Examination Method

A linear array probe with a frequency of 9—14 MHz is used for LUS examinations of neonates. Examinations can be performed in
the supine, prone, and lateral positions, or the position can be selected based on the location of the lesion. To prevent missing any
sections of the lung during the examination, the lung is divided into anterior, lateral, and posterior zones based on the anterior
axillary line and posterior axillary line. This divides each lung into three regions, resulting in a total of six regions using the 6-zone
method. This results in a 12-zone method if further divisions are made at the level of the nipples on either side. Some clinicians
further divide it into 14 zones by adding the parasternal line and the midline at the back.” Due to the small body surface area and
lung volume of neonates, the 6-zone method is frequently used. The longitudinal scanning method (with the probe perpendicular
to the ribs) is the most common method, while transverse scanning (with the probe parallel to the intercostal spaces) can be used to
investigate focal lesions as a supplementary method."'”
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Normal and NRDS LUS Findings

In normal neonates, B-mode ultrasonography reveals that the pleural line and A-line of the lung are both smooth, clear, and
regular. Spaced equally and arranged in parallel, they form a “bamboo sign”. In M-mode ultrasonography, it presents as
a “sandybeach sign”, whereas in real-time ultrasonography, it manifests as the “lung sliding” sign. There is no evidence of
alveolar-interstitial syndrome, pleural effusion, or lung consolidation observed. A few B-lines may be seen after birth, but they
disappear completely within 3—7 days. In neonates delivered prematurely, the presence of B-lines may exhibit prolonged
persistence. The absence of pulmonary surfactant among newborns afflicted with NRDS leads to an elevation in alveolar
surface tension, culminating in alveolar collapse and the onset of pulmonary edema. On ultrasound, this appears as lung
consolidation with an air bronchogram sign, abnormal pleural lines, the absence of A-lines, double lung points, and alveolar-

interstitial syndrome changes in non-consolidated areas, along with pleural effusion.'*"!

NRDS LUS Diagnosis and Grading

Qualitative Diagnosis of NRDS Using LUS

In 1990, researchers first reported that the ultrasound image of neonates with NRDS revealed an echogenicity posterior to the
liver. This echogenicity was proposed as a diagnostic indicator for NRDS. With the continuous development of ultrasound
technology, its diagnostic advantages over X-ray for NRDS have become more evident. Researchers have recently found that

S.'213 When multiple ultrasound signs are present

ultrasound has a high sensitivity and specificity for diagnosing NRD
concurrently, the sensitivity and specificity can reach 100%. For instance, when lung consolidation, abnormalities in the
pleural line, and diffuse pulmonary edema coexist, or when lung consolidation, abnormalities in the pleural line, and absence
of the A-line coexist, the sensitivity and specificity for diagnosing NRDS are both 100%.'*'> Lung consolidation is an
essential sign for diagnosing NRDS, especially when distinguishing it from transient tachypnea of the newborn (TTN). In
severe cases, lung pulse may also be detected.'®!” An ultrasound may reveal that the degree and nature of lesions in both lungs
of a neonate with NRDS can be inconsistent. For example, one lung may exhibit consolidation while the other does not.
Similarly, different regions of the same lung can also display varying degrees and types of lesions, such as one region
exhibiting consolidation and another exhibiting edema or pleural effusion. This contradicts the traditional concept derived

from chest X-rays, which suggest that both lungs have a uniform ground-glass appearance.

Quantitative Diagnosis of NRDS Using LUS

Compared with other imaging tests, ultrasound relies more on the operator’s skill, understanding of the image, and
familiarity with the patient’s condition. The ultrasonic image features of NRDS are common, but also vary with the
course of the disease. When different doctors use ultrasound to judge the degree of disease, there is inevitably
subjectivity, which is not conducive to the formation of a unified diagnostic standard and curative effect evaluation
system. Therefore, some scholars put forward quantitative evaluation, namely ultrasonic scoring system. LUS scoring
system can help to determine the severity of the condition.'> This scoring system was used for the first time in neonates
in a 2015 prospective study conducted by the French researcher Brat.'” In their study, the lung was divided into six zones
using the 6-zone method. Based on the presence of A-line, B-line, and lung consolidation on the ultrasound, a score
ranging from 0 to 3 was assigned to each lung region (Table 1). The total score ranged between 0 and 18 points. This
scoring method was used to quantitatively assess the efficacy of exogenous PS on continuous positive airway pressure
(CPAP) in NRDS. When the LUS score was greater than 2 or 4, the probability of requiring PS increased from 21% to
39% in neonates >34 weeks of gestation and from 25% to 72% in those <34 weeks. In addition, for neonates with
a gestational age <34 weeks, a score >4 predicted a 100% sensitivity for the need for PS.

Table | Brat lung ultrasound scoring

0 Point I Point 2 Points 3 Points
Presence of Presence of 2 3 AIS with or without consolidation Widespread
only an “A-line” | well-spaced B-lines localized beneath the pleura consolidation
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Using the Brat scoring system to direct NRDS treatment, researchers in China refined the lung zoning and modified
the scoring for pulmonary edema ventilation conditions. Some researchers adopted a 12-zone division for the lungs,
assigning a value between 0 and 3 to each lung zone (Table 2). The total score ranged between 0 and 36 points. The
results suggested that a score of <10 could be used as a predictive value for successful extubation, with a sensitivity and
specificity of 95% and 82%, respectively.

Some scholars have adopted the 14-zone 70-point scoring system for the lung. Compared to the Brat scoring system,
this method emphasizes the extent of coalescent B-lines and includes an assessment of the pleural line. Each lung zone is
scored from 0 to 5 (Table 3). Observations at 12, 24, 48, and 72 hours after PS replacement therapy revealed that the lung
scores decreased gradually. Using a threshold of 40.5 to predict the risk of extubation failure, the sensitivity and
specificity were determined to be 92.31% and 93.88%, respectively. If the score exceeds 40.5, the risk of extubation
failure increases, suggesting immediate extubation is not advisable. In contrast, if the score is less than 40.5, it is advised
to extubate as soon as possible in order to reduce the duration of mechanical ventilation. The consistent view among
different ultrasound scoring systems is that the higher the score, the more severe the NRDS disease. The difference is that
each system has different number of lung partitions, including different sonovisual features, clinical features and
observation outcome indicators. However, the more partitions and the more indicators are included, the longer the
inspection time and the larger the scope, which has been questioned by some scholars.'®?° They noted that the scoring
systems require a thorough lung scan, which may not be suitable for critically ill patients. In addition, they noted that the
systems do not clearly specify how to score when coalescent B-lines occupy intercostal spaces that are not within the
scoring range, and that they tend to overlook the impact of the device, probe, and imaging method on A-line and B-lines.

As a result, Liu et al*!

believes that the clinical utility of such scoring systems is limited and does not warrant wider
application. In conclusion, in the diagnosis and monitoring of NRDS, it is still controversial whether the sound and image
characteristics are reliable or the scoring system is reliable. Both have advantages and disadvantages, but they are

susceptible to operator subjectivity, and more objective evaluation methods need to be explored.

Grading of NRDS Using LUS

Liu et al conducted a multicenter prospective study with 275 qualified cases.?' Based on clinical practice, they proposed
a practical and operable NRDS LUS grading system and developed a consensus among experts.'® This system assigns
a grade to RDS based on ultrasound manifestations and the incidence of severe complications. The grading is as follows:
Mild refers to lung consolidation that appears as a ground-glass sign on ultrasound imaging and can affect all lung fields
or only some intercostal spaces; moderate refers to lung consolidation on ultrasound imaging that appears as a snowflake
sign but has not yet affected all lung zones; severe refers to any one or more of the following criteria: 1) On ultrasound,
lung consolidation appears as a snowflake sign and has affected all lung zones; 2) The extent and range of lung
consolidation, regardless of severity, has resulted in serious complications like pulmonary hemorrhage, pneumothorax,

Table 2 [2-zone lung ultrasound scoring

0 Point I Point 2 Points 3 Points

Normal ventilation: Moderate reduction in lung ventilation with Severe reduction in lung ventilation: Alveolar Lung
Presence of A-line with | interstitial lung syndrome and localized pulmonary | edema (with merged B-lines occupying the entire | consolidation
occasional sporadic edema (with merged B-lines occupying < 50% of the | intercostal space when viewed in a cross-section)

B-lines intercostal space when viewed in a cross-section)

Table 3 [4-zone lung ultrasound scoring

0 Point I Point 2 Points 3 Points 4 Points 5 Points
Mainly A-line Presence of Dense, partially | Completely Abnormal pleural line with small Abnormal pleural line with
with sporadic scattered, non- confluent merged range (depth < | cm) subpleural lung | extensive (depth > | cm) lung
(< 3) B-lines confluent B-lines B-lines B-lines consolidation consolidation
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extensive atelectasis (affecting at least one lung zone), or persistent pulmonary hypertension. In comparison to chest
X-ray grading, LUS grading specifically includes complications. This is more advantageous for treatment selection and is
conducive to the proper management and enhanced prognosis of NRDS in its early stages. The method is simple and easy
to learn and can be used to make diagnosis and appropriate clinical decision quickly.

Ultrasound Monitoring in NRDS Treatment

Ultrasound plays a significant role in monitoring the treatment of NRDS as indicated by research. LUS has demonstrated
a high degree of dependability in monitoring the treatment with PSs and has advantages over chest X-rays. On
ultrasound, NRDS primarily manifesting as pulmonary edema may not necessarily be treated with PS, while NRDS
manifesting primarily as lung consolidation can be treated with PS.* De Martino et al studied 133 neonates with RDS on
continuous positive airway pressure (CPAP) therapy with a gestational age of < 30 weeks.?* PS therapy was administered
to these neonates based on the European guidelines.”> They recorded LUS scores using the Brat ultrasound scoring
system before the administration of PS and then analyzed the diagnostic accuracy of the ultrasound score in predicting
the need for PS therapy and the requirement for a second dose. In the study, 68 newborns received a single dose of PS,
and 19 newborns received two doses. When the LUS score was >6 or >8, the likelihood of requiring PS therapy increased
from 51% to 82% or 92%, respectively. The probability of needing a second dose of PS increased from 14% to 31%
when the ultrasound score was >10. Overall, the predictive accuracy for the requirement of PS therapy and a second dose

were 89% and 72%, respectively. Raschetti et al**

divided neonates with a gestational age of <32 weeks into two groups.
In the control group, neonates with a gestational age of <28"® weeks with a fraction of inspired oxygen (FiO,) of >0.3 or
those with a gestational age of >29 weeks with FiO, of >0.4, were administered PS within 72 hours of birth. PS therapy
was administered to patients diagnosed with RDS in the experimental group either when FiO, exceeded the mentioned
values or when the LUS score was above 8 (whichever occurred first). Comparing the timeliness of PS administration
between the two groups, a greater proportion of neonates in the experimental group received PS therapy within 3 hours of
birth, increasing from 71.4% to 90%. In addition, the maximum FiO, level was reached in the experimental group before
administering PS, which was reduced from 0.4 to 0.33. Combining ultrasound with oxygenation status enhances both the
accuracy and timeliness of predicting the need for PS, thereby reducing delays in optimal treatment times. In most infants
who were administered PS, ultrasound findings revealed a reduction or even disappearance of lung consolidation,
a decrease in B-lines, the return of lung sliding and A-lines, and a more regular pleural line.

Perri et al conducted a study on 56 neonates who were treated with CPAP.%°> The Brat ultrasound scoring system was
used to determine the early need for PS therapy, and the results were compared to chest X-rays. The results indicated that
LUS offers higher sensitivity and specificity than chest X-rays. Furthermore, LUS demonstrated a superior positive
predictive value (PPV) and negative predictive value (NPV). Zong et al noted in their research that there was a positive
correlation between LUS scores obtain prior to and after PS administration and chest X-ray grading.'> De Martino et al
used LUS scores to assess the efficacy of PS therapy and compared the results to those obtained from chest X-rays.**
Their findings pointed to a high level of consistency between the two methods.

In addition, the high sensitivity and specificity of LUS monitoring has proven useful for assessing extubation during
mechanical ventilation. Various studies have found that neonates who failed extubation demonstrated signs of pulmonary
edema and lung consolidation on LUS, even when pre-extubation chest X-rays revealed no obvious abnormalities. These
neonates could be successfully extubated after appropriate interventions such as positioning and patting, restricting fluid
intake, managing infections, and performing alveolar lavage.”® This highlights the importance of LUS in promptly
identifying the causes of extubation failure in neonates with NRDS.

LUS in Diagnosing Complications of NRDS

NRDS can have various complications like pneumothorax, pulmonary hemorrhage, pneumonia, and bronchopulmonary
dysplasia (BPD). Multiple studies have found that ultrasound has a significantly higher detection rate for the complica-
tions of NRDS than X-rays. This is consistent with the findings of Sawires et al, who determined that LUS is superior to
chest X-rays for detecting NRDS-related complications.*’
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Pneumothorax

Pneumothorax ultrasound manifestations include the absence of lung sliding, the presence of the pleural line and A-line, the
absence of the B-line, the presence of a lung point, and the bar code sign. In cases of extensive pneumothorax, however,
the lung point may not be visible.® In approximately 30% of pneumothorax cases, supine chest X-ray examinations miss the
diagnosis. Although this rate can be reduced with upright chest X-rays, supine imaging is the norm for neonates. LUS can
be performed in any position, and its diagnostic accuracy is significantly higher than that of chest X-rays, with high levels
of specificity and sensitivity. Abdalla et al conducted a prospective study on neonates suspected of having pneumothorax
and found that when three ultrasound signs were present simultancously—the absence of lung sliding, the bar code sign,
and the absence of B-line—the sensitivity, specificity, PPV, and NPV for diagnosing pneumothorax were all 100%,
consistent with the findings of Abdalla W et al.”® Moreover, a study revealed that individual ultrasound signs are also
useful in diagnosing neonatal pneumothorax.” Both, the absence of lung sliding and the bar code sign had a sensitivity,
specificity, and accuracy of 100%. The absence of B-line demonstrated 100% NPV, while the lung point revealed
a sensitivity of 90.3% and specificity of 100%.%’ Deng et al also reported that the absence of B-line, lack of lung sliding,
and the presence of a lung point have sensitivities of 100%, 100%, and 94%, respectively, with specificities all being
100%.° However, it is essential to note that relying on a single symptom may not yield accurate diagnoses. Conditions such
as pleural adhesions, subcutaneous emphysema, and lung bullae for instance, can also show the absence of lung sliding and
the bar code sign. In cases of extensive pneumothorax, a lung point may not be visible. Therefore, a comprehensive clinical
analysis should be combined with these symptoms. When pneumothorax is clinically suspected, a pneumothorax diagnostic
flowchart can help in making an accurate diagnosis.'°

Pulmonary Hemorrhage

The sensitivity of LUS in diagnosing neonatal pulmonary hemorrhage has been demonstrated to be quite high. The
shred sign, lung consolidation accompanied by the air bronchogram sign, and pleural effusion are the primary
ultrasound characteristics upon which a diagnosis of pulmonary hemorrhage is based. Ultrasonographic manifestations
of the primary lung disease may also include abnormalities in the pleural line, absence of the A-line, and AIS.'"** The
shred sign is the most prevalent ultrasonographic sign of pulmonary hemorrhage, among these, with a sensitivity of
91.2% and a specificity of 100% for diagnosing neonatal pulmonary hemorrhage.*® Ultrasonographic manifestations
are proportional to the severity of pulmonary hemorrhage. In cases of mild hemorrhage, the shred sign may be
predominant, while in cases of severe hemorrhage, the shred sign may be observed at the periphery of the consolida-
tion zone.’® The range of lung consolidation accompanied with the air bronchogram sign correlates with the severity
of the hemorrhage. Mild hemorrhages may only exhibit a localized consolidation just beneath the pleura, whereas
more severe hemorrhages typically present with a larger consolidation area. The extent and range of consolidation
may not be a direct manifestation of pulmonary hemorrhage as they are primarily associated with the underlying
disease.’' However, it is important to note that while LUS has a high sensitivity for pulmonary hemorrhage, it lacks
specificity. Similar ultrasonographic patterns can also be observed in other lung diseases.* In cases where pulmonary
hemorrhage is suspected, it is crucial to combine ultrasound findings with clinical manifestations for an accurate
diagnosis.

Bronchopulmonary Dysplasia (BPD)

The ultrasonographic characteristics of BPD consist of pleural thickness, a coarse pleural line, diffuse AIS, post-
diaphragmatic hyperechoic appearance, sub-diaphragmatic small cysts, and a rough diaphragmatic muscle. Among
these, a coarse pleural sign is sensitive, while the presence of small cysts and a rough diaphragmatic muscle are highly
specific indicators. Moreover, AIS is more prevalent in infants diagnosed with moderate and severe bronchopulmonary
dysplasia.>® Liu et al reported that infants having “alveolar interstitial syndrome” within three days of birth and “shred
sign” at 28 days post-birth are ultrasound characteristics that have predictive value for BPD.>® The sensitivity and
specificity for these signs are 81.25% and 51.02% for AIS, and 31.25% and 97.96% for the “shred sign”, respectively. In
their prospective study, Hansmann and Alonso-Ojembarrena, suggested that a LUS score of >5 within two weeks post-
birth in extremely low birth weight infants can predict the onset of BPD.>*** A score of >4 at four weeks post-birth can
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predict moderate to severe BPD, with a sensitivity and specificity of 74% and 100% for the former, and 100% and 80%
for the latter. Furthermore, Liu et al conducted LUS examinations on patients clinically diagnosed with BPD and oxygen
dependence for more than two months.> They discovered that some of the patients had other conditions like atelectasis
and pneumonia, indicating that LUS can be beneficial in clarifying the cause and management of the disease, particularly
in patients diagnosed with BPD based solely on the duration of their oxygen dependence.

Although the advantages of ultrasound in the diagnosis, treatment effect and complication monitoring of NRDS have
been confirmed by a large number of literatures, it still has limitations. For example: (1) Operators in different regions
have not undergone unified training, and the performance of ultrasonic equipment used is different, which leads to the
bias of inspection results, which is not conducive to the development of multi-center research; (2) Both ultrasound
scoring and characterization of characteristic ultrasound images are subjective and may require more objective methods
to evaluate them.

In conclusion, a large number of clinical practices have proved that X-ray radiography, which used to be the gold
standard for the diagnosis of NRDS, has many shortcomings, including missed diagnosis and misdiagnosis due to the
limitation of the position of radiography; the inability to dynamically monitor lung lesions due to radiation damage; the
risk of aggravating the disease due to moving children during the imaging. The application of pulmonary ultrasound in
the diagnosis and treatment of NRDS has better solved the above problems and provided us with a new understanding of
the disease, which has greatly reduced the rate of missed diagnosis and misdiagnosis of NRDS and its complications,
promoted the improvement of treatment strategies, such as the rational use of pulmonary surfactant and the reasonable
application of invasive/non-invasive ventilation, etc., and improved the prognosis of children. Such as reducing the
incidence of ventilator-associated pneumonia, bronchopulmonary dysplasia and so on. However, the difference of
ultrasonic equipment performance, the difference of operator technology, and the difference of interpretation standards
for ultrasonic results can affect the accuracy and comparability of inspection results. Therefore, the standardized training
of ultrasound operators and the establishment of more objective results evaluation criteria will be more conducive to the
promotion of the technology, so as to benefit more newborns.
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