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Abstract
Background Lungultarsound(LUS) is widely used to diagnose neonatal lung diseases, yet image patterns
on intrauterine to extrauterine stage(right after birth), of which impairment is well related to lung disease,
remains unclear.

Objectives To identify these image patterns that can distinguish healthy infants from infants with lung
disease.

Methods This is a nested case-control study in a top-ranking obstetrics hospital in China, between 1
January 2020 to 1 April 2020. Infants transferred to the NICU after birth who had LUS obtained at 0.5, 1,
2, 4, 6 hours time intervals were enrolled. Con�rmed by 3-day follow-up, case and control groups contains
22 patients and 473 healthy infants. Their GA ranges from 33.5 to 41.0 weeks. A newly designed protocol
was used to capture the LUS image. The image patterns and their variations were shown and categorized
as high and low-risk groups. The predictive value for healthy infants and patients were calculated.

Rsults Low-risk patterns, accompanied with no high-risk ones, typically appeared in healthy infants
(speci�city=86.4%, PPV=99.0%), whereas four high-risk patterns could be seen in both healthy infants
and patients (speci�city=62.4%, PPV=9.6%). High-risk patterns were more likely to be pathological signs
when appearing at the oxter and lower back and to be physiological signs when appearing at the
prothorax.

Conclusions  LUS is valid to differentiate healthy infants from potential patients shortly after birth.
Infants with low-risk patterns only are highly likely to be healthy, whereas infants with high-risk patterns
have a risk for respiratory issues but need prolonged monitoring to con�rm.

Introduction
Neonates’ lung transition stage(from intrauterine to extrauterine), the process of �uid clearance and
alveolar in�ation at the early stage after birth (de�ned as 6 hours in our research), is complicated, and its
impairment has been related to pulmonary diseases such as neonate respiratory distress (RDS) and
transient tachypnea of newborn (TTN)[1–3]. However, it is sometimes di�cult to distinguish healthy
infants from those with lung diseases at this stage, since they can both present nonspeci�c symptoms
such as short apnea, mild anhelation, and transient cyanosis.

Lung ultrasound (LUS) is widely used in neonate intensive care units (NICUs) worldwide. It is a valid
modality for the diagnosis of some neonate lung diseases, for example, RDS, TTN, and meconium
aspiration syndrome(MAS)[4–6]. Recently, many studies have begun to focus on predictive usefulness in
respiratory care. These researches assessed the predictive value of LUS score, and �nd it useful to predict
the need for surfactant[7], intubation[8], and ventilation[9] in neonates of variable GA. Nevertheless,
combined the published reports and our experience, when an infant has a low score(such as 3 ~ 4 scores
only have a speci�city of 25%[10]), current score system seems to be not enough effective to make a
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practical decision, especially in the neonates shortly after birth. This dilemma may cause by the lung �uid
clearance delay mentioned above, which may lead to confusion between actual physiological LUS
images and pathological ones(retrospective con�rmed). For example, in our pilot study, there were some
infants with pathological signs(such as "consolidation" and "dense B-line", which was regarded as signs
of MAS[11] and TTN[12])were veri�ed to be healthy later.

To make a quick and de�nite decision that whether a neonate with mild respiratory symptoms needs
further medical care at the early stage after birth, it’s essential to address the confusion mentioned above.
So we conducted this nested case-control study to describe these patterns (on the ground of our pilot
study, we grouped these patterns into high-risk and low-risk patterns, de�nition seen in the method) and
assessed the predictive value of them.

Materials And Methods
Study objectives and design This is a nested case-control study that comprised 495 neonates(473 infants
in control group and 22 infants with lung diseases in case group, con�rmed retrospectively) in the NICU
of the Obstetrics & Gynecology Hospital of Fudan University, Shanghai, China, from 1 January 2020 to 1
April 2020.

All infants delivered in the obstetric department were routinely transferred to NICU observation ward for
termporarily monitoring(no more than 6 hours) in case of potential diseases. During the study period,
these infants enrolled consequtively no matter they with or without respiratory symptoms and some of
them were excluded as following criteria: absence of complete and quali�ed clinic data or ultrasound
images; with cardiac issues that is diagnosed after admission to NICU. As our pilot studies showed that
some infants with previously considered pathological LUS image patterns(mentioned in the introduction)
were con�rmed to be healthy, we made every infant enrolled in this study received LUS inspection to
acquire all possible kinds of patterns in healthy infants. The images were collected with a newly designed
scanning protocol(seen as following) at a predetermined time (0.5 hours, 1 hour, 2 hours, 4 hours, or 6
hours after birth,).

Because the diagnosis of most respiratory diseases of neonates are based on CXR that generally might
be done only when infants have severe respiratory di�culty, determining healthy infants shortly after birth
is di�cult. So we adopted the nested case-control design that collecting data of all participants right �rst
and decided the case and control groups after all patients were diagnosed.

Scanning protocol Lung ultrasound was routinely performed at bedside using a Sparq Ultrasound System
(Philips Healthcare, Andover, MA) equipped with a 3–13 MHz linear array transducer and concurrently
reported using a reporting template within the ICU electronic patient record. To acquire a constant
(between different inspectors and different inspections) and comprehensive description of the neonates’
lungs, a new scanning protocol was designed and applied. We improved the conventional scanning
protocol[13] in which the probe scans continually over 6 lung regions to a new protocol in which the probe
scans at 20 predetermined points (shown in Fig. S1).
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De�ning RDS, TTN, congenital pneumonia, pneumothorax and healthy infants

RDS was de�ned in two ways: using a combination of chest radiography (Berlin-CXR)[14] and the PS
application threshold recommended by the European Consensus Guidelines[15].

TTN is a clinical diagnosis and is supported by �ndings from chest radiographs, such as increased lung
volumes with �at diaphragms and mild cardiomegaly [16].

Congenital pneumonia was diagnosed based on comprehensive evidence[17] from complete blood
counts, C-reactive proteins, cultures for main types of pathogens (listed in the reference), as well as
�ndings on CXR.

PTX was mainly con�rmed by clinical features, LUS, and closed thoracic drainage. LUS, which is believed
to have higher sensitivity than CRX[18, 19].

These diagnosis are made by the experienced neonatology specilist in this study team. To acquire the X-
ray evidence mentioned above, suspected patients were routinely inspected by a technician, and the
conclusions were drawn by a junior doctor and veri�ed by a senior doctor from the radiology department.

Healthy infants

After excluding the diseases mentioned above, infants were regarded as healthy and con�rmed on 3-day
follow-up. However, regarding mild TTN that can be a physiologic diagnosis needs no further medical
care and hard to differentiate, we classi�ed these infants into control group so that the conclusion of this
study is pratical.

Low-risk and high-risk image patterns

Previous studies have indicated that "A-line"[4], "small amounts, and a large amount of B-line"[20](de�ned
as "coalescence B line" in this reference) is normal patterns for neonates, and has regarded "compact B-
line", "dense B-line"(or de�ned as "white lung" in these references), "consolidation" as abnormal patterns[4,
2, 21, 12, 22]. However, in our pilot study, either supposed normal or abnormal patterns can be seen both
in healthy infants and patients. To make our conclusion, to which physicians can make a de�nite and
timely decision according, practical, we regarded the patterns as high-risk and low-risk instead of simply
naming as "normal" or "abnormal".

To clarify different B-line patterns(shown in Fig. 3) and its various signi�cance for lung diseases,
especially the "large amount of DB"(low risk) and "compact B-line"(high risk), "dense B-line"(high risk), we
characterized the low-risk patterns of B-lines(distributed B-lines) as"can be discriminated against each
other". This can be very useful when assessing neonates on dynamic LUS according to our experience.

Statistical analysis
Data was shown as frequencies or percentages and as the means and standard deviations or medians
and interquartile ranges according to distribution. Differences between the groups were compared by the
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chi-squared or Fisher’s exact test for categorical variables and Student’s t-test or Mann-Whitney U test for
continuous variables, depending on the distribution. Sensitivity, speci�city, LR, PPV and NPV were
calculated to evaluate the predictive value of LUS patterns. A nominal 2-sided probability value < 0.05
was considered to indicate statistical signi�cance. All of the calculations were performed using SPSS
23.0 (SPSS Inc. Chicago, IL).

Result
Participants and LUS images

During the 4-month study period, out of 504 NICU admissions, 495 infants were analyzed, 9 infants were
excluded for absence of data (shown in Fig. 1). The case group has 4 patients with RDS; 7 infants with
congenital pneumonia (3 infected by Escherichia coli; 2 infected by mycoplasma; 2 were not pathogen-
positive but recovered after application of antibiotics); and 8 infants with TTN or mild RDS (since they are
di�cult to differentiate) as well as PTX infants (con�rmed by CXR and closed thoracic drainage). The
control group consists of 473 infants con�rmed to be healthy retrospectively. Regarding baseline
characteristics, healthy infants contained more males (246, 52.0% vs 6, 27.3%, p = 0.02), whereas the
patient group had a higher proportion of preterm births (29, 6.1% vs 9, 45.5%, p < 0.00). In addition, the
patient group had relatively more LBW infants (11, 13.6% vs 3, 2.3%, p = 0.02). There was no signi�cant
difference between the two groups in terms of maternal age, gestational age, rate of meconium-stained
amniotic �uid (MSAF), or premature rupture of fetal membrane (PROM).

Four low-risk image patterns and four high-risk patterns
Eight image patterns were found in all infants(shown in Fig. 2, Table 2a), which can be categorized as
high-risk patterns and low-risk patterns(shown in Fig. 2).
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Table 1
Baseline charicaterics of healthy infants and patients

Characteristic Case group

(473 healthy infants)

Control group

(22 patients)

Diagnosis for admission Nomal RDS (4/22);

congenital pneumonia (7/22);

TTN or mild RDS(8/22)

PTX (3/101)

Maternal characteristics

Maternal age

(median ± a quater)

39 ± 9 38 ± 12

Advanced maternal age (n, %) † 343 (72.5%) 14 (63.6%)

GA (mean ± SD) 39.2 ± 1.4 38.1 ± 2.2

Delivery (n, %)

vaginal birth

C-section

Forceps delivery

271 (57.3%)

191 (40.4%)

11 (2.3%)

13 (59.1%)

8 (36.4%)

1 (4.5%)

Infants characteristics

Gender(male) (n, %) 246 (52.0%) 6 (27.3%)*

Preterm birth (n, %) 29 (6.1%) 19 (45.5%)*

Birth weight

(g, mean ± SD)

3338 ± 411 3174 ± 573

LBW‡ (n, %) 11 (2.3%) 3 (13.6%)*

MSAF (n, %)

No

I°

II°

III°

383 (88.2%)

11 (2.3%)

13 (2.7%)

32 (6.8%)

19 (86.4%)

1 (4.5%)

0 (0.0%)

2 (9.1%)

PROM (n, %) 88 (18.7%) 3 (13.6%)

PROM time to birth†    
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Characteristic Case group

(473 healthy infants)

Control group

(22 patients)

< 8 hours (n, %)

> 8 hours (%)

22 (4.7%)

66 (14.0%)

0 (0.0%)

3 (13.6%)

SD: standard deviation; LBW: low birth weight; PTX: pneumothorax;

TTN: transient tachypnea of newborn; RDS: respiratory distress;

MSAF: meconium-stained amniotic �uid;

PROM: premature rupture of fetal membranes

Preterm birth was de�ned as gestation age is smaller than 37 weeks.

† Advanced maternal age: maternal age is greater than 35 years.

‡ Low birth weight means the birth weight is lower than 2500 g.

† As our routine, the PROM time greater than 8 hours is a risk factor for infection of neonates, which
means a higher risk of pneumonia.

* there is a signi�cant difference (P < 0.05; Gender, Preterm birth, LBW are performed chi-squared test
since they are categorical variables).
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Table 2
a. LUS patterns in healthy ifants and lung diseases infants

LUS patterns Healthy infants Lung diseases

RDS TTN or mild RDS CP PTX Total

Only

low risk

295/473 0/4 2/8 0/7 1/3 3/22

Only

high risk

0/473 0/4 0/8 0/7 0/3 0/22

Both

low and high risk

178/473 4/4 6/8 7/7 2/3 19/22

Table 2b. Reliability of “Only low risk” pattern to predict healthy infants and patients

LUS patterns % LR PPV NPV

sensitivity speci�city positive negative

Only

low risk†

62.4 86.4 4.6 0.4 99.0% 9.6%

Both

low and high risk††

86.4 62.4 2.3 0.2 9.6% 99.0%

LUS: lung ultrasound; RDS: respiratory distress; TTN: transient tachypnea of newborn;

CP: congenital pneumonia; PTX: peumothorax; LR: likelihood ratio;

PPV: positive predictive value; NPV: negative predictive value

† When caculating sensitivtiy, speci�city, LR, PPV and NPV for healthy infants, the “true positive” is
de�ned as healthy infants with only low risk LUS image pattens and “true negative” in de�ned as
patints with both low and high risk patterns(due to no patient is with “only high-risk pattern”).

†† When caculating sensitivtiy, speci�city, LR, PPV and NPV for patients, the “true positive” is de�ned
as patints with both low and high risk patterns, and “true negative” in de�ned as healthy infants with
only low risk LUS image pattens.(due to no patient is with only “high-risk pattern”).

 

The pure existence (without any high-risk patterns) of the four low-risk patterns could only be seen
primarily in healthy infants (speci�city = 86.4%, PPV = 99.0%). However, the high-risk patterns could be
seen in both healthy infants and patients (speci�city = 62.4%, PPV = 9.6%; Table 2b).

In addition, when the high-risk patterns appeared in the lower back (positions 12, 14 and 18, and 20), they
were highly likely signs of RDS or TTN (12/12, Table S1). In contrast, when these theree patterns were
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detected only in the lower or upper part of the prothorax, they were likely to be normal signs. Besides, for
patients, some low-risk patterns also can be seen in some predetermined positions, such as upper of the
prothorax, lower prothorax, oxter, and lower back( Table S1).
LUS image patterns of transition in healthy infants at early stages after birth

The proportion of the patterns were constant generally at different times (0.5 h, 1 h, 2 h, 4 h, and 6 h after
birth) (p > 0.05 for each type of image between groups, Mann-Whitney U test), except for the patterns at 6
hours (shown in Fig. 3). Although it appeared that the 1-hour and 2-hour patterns showed more instances
of "small amount of DBs" than the 6-hour patterns, there was no signi�cant difference (p > 0.05, Mann-
Whitney U test). However, "irregular consolidation with DBs" appeared more frequently at the 6th hour
than at the 4th hour (p = 0.045, Mann-Whitney U test). High-risk patterns and low-risk patterns were not
signi�cantly different except at 0.5 hours compared with 4 hours. (6 h vs 0.5 h, p = 0.51; 4 h vs 0.5 h, p = 
0.042, Mann-Whitney U test).

Discussion
Findings and interpretation

This study has two clinically relevant �ndings. (1) The typical pathological patterns reported previously
("large amount of B-lines", "compact B lines", "dense B-lines", "irregular consolidation with DBs", and "mild
consolidation with air bronchograms") may also manifest in healthy neonates right after birth. This may
be because the delay lung �uid clearance that might leave some alveoli remaining unin�ated and full of
�uid, from which the "compact B line" and "consolidation" signs originate[23–25]. (2) The pure existence
of only the low-risk LUS patterns ("purely A-lines", small amount of B-lines", "moderate amount of B-lines",
and "large amount of B-lines") can be regarded as strong evidence of healthy lungs. The high-risk
patterns indicated potential lung diseases according to their position. Nevertheless, why the pattern
positions have various predictive value remains unclear.

Comparison with other studies

The lung passes through three distinct phases as it transitions from a liquid-�lled organ with low blood
�ow into the sole organ of oxygen exchange after birth[26]. Thus, LUS image patterns are dynamic and
complex, different from those in adults or neonates at later days after birth. A study described the
aeration and �uid clearance of neonate lungs during the �rst 10 min to 24 hours of life[20]. Their results
showed that patterns of "coalescence of B-lines" (similar to pattern D, E or F), "sharp pleural line with B-
lines", and "sharp pleural line only A-lines" normally exist in the neonatal lung. What is different and new
in our study is that consolidation (G and H) can also be found in infants con�rmed to be healthy later.
This may come from our new scanning protocol, which detects signals from the upper back (positions 11,
13 and 17, 19) where these "normal consolidation" patterns often exists. Combined with "consolidation"
often being regarded as a sign of pneumonia[22], our �ndings suggest the need of a prolonged monitor to
obtain harder evidence of pneumonia to prevent overdiagnosis.
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The full hyperechoic image of the lung �elds or "white lung" (corresponding to pattern E or F in Fig. 2)
indicated a failure of infants to adapt and can be a predictor of the need for respiratory support
(sensitivity 77.7%, speci�city 100%)[27]. However, in our study, this pattern was also seen in a large
proportion of healthy infants (178/473, Table 2). This difference originated from our more detailed
scanning protocol, which paid more attention to the upper back.

Brat and colleagues proposed a scoring system to forecast the need for respiratory treatment[10]. Their
system has a high NPV but a low PPV (93 vs. 20). This could lead to the same conclusion as ours that
LUS can predict healthy infants more effectively than lung diseases. However, what we think might need
to be improved is to capture images at more and speci�c points to ensure consistency of diagnosis, as
we did in this study.

Strengths and Limitations of our study: To our knowledge, this is the �rst study concerned with the
relation between scanning positions and different LUS image patterns. To shed light on this problem, we
improved the current scanning method to capture images at 20 predetermined points on the chest wall.
With this detailed protocol, we found that "consolidation" may be a physiological sign at upper back
positions. In addition, following the scanning protocol in order from position 1 to 20 (shown in �g. S1), an
LUS examination can be accomplished in approximately only 6 min and for 3 positions (supine position,
left lateral position, and right position). So the LUS can be a quick and safe screening method for every
infant with any respiratory di�culty after birth. Another advantage is the nested case-control design we
adopted: as some lung diseases are commonly diagnosed based on radiology evidence, it is di�cult to
con�rm healthy infants shortly after birth. To solve this problem, we collected LUS images from all
participants but did not analyze them until all patients were diagnosed.

Nevertheless, there are some limitations in our study. Most signi�cant is the potential bias of speci�city,
sensitivity, etc. As we enrolled neonates born in our hospital (an advanced obstetrics and gynecology
hospital in China) consecutively, the patients were only a small proportion of them, which may lead to
insu�cient patients for the case group. To address this problem, we are conducting further research
enrolling in more patients.

Conclusion
LUS is valid to differentiate healthy infants from potential patients shortly after birth. Infants with low-risk
patterns only are highly likely to be healthy, whereas infants with high-risk patterns have a risk for
respiratory issues but need prolonged monitoring to con�rm.

List Of Abbreviations
LUS: lung ultrasound; RDS: respiratory distress;

TTN: transient tachypnea of newborn; NICU: the neonatal intensive care unit;
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CP: congenital pneumonia; PTX: peumothorax;

CXR: chest X-ray;RR: respiratory rate

TcSO2: transcutaneous oxygen saturation; DB:distributed B-line

MAS: meconium aspiration syndrome; MSAF: meconium-stained amniotic �uid;

PROM: premature rupture of fetal membranes; SD: standard deviation

LR: likelihood ratio; PPV: positive predictive value;

NPV: negative predictive value

LBW:low birth weight;
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Figures

Figure 1

The participants �ow chart. NICU: neonatal intensive care unit; LUS: lung ultrasound; RDS: respiratory
distress; TTN: transient tachypnea of newborn PTX: pneumothorax
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Figure 2

The 8 types of LUS images that may appear in healthy infants. DB: distributed B-lines, which means
nearly every B- lines can be discriminated against each other clearly. (A) is mainly featured with pure A-
line; (B)(C)(D) are different kinds of B-line: (B) (small amount of B-line) is mainly characterized by
distributed B-lines(yellow dotted box in A). (C) (moderate amount of DB)has more distributed B-lines but
is not �lled with them in the whole �eld. (D) (large amount of DB) presents a great number of distributed
B-lines �lling the �eld, but still can be discriminated against. (E) shows that the B-lines fused, but
shadows of ribs can be seen(yellow dotted box in E). (F) is fused B-lines, and shadows of ribs can not be
seen. (G) represents consolidation companies with DB. (H) is a small area of consolidation with air
bronchograms.
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Figure 3

Variation of LUS images patterns shortly after birth. DB: distributed B-line. The ratio is calculated by
dividing the numbers of each pattern by all 20 images for each infant. These images are captured
according to the scanning protocol described in Fig. S1.
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