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Keywords Abstract

Aim: To evaluate the accuracy of lung ultrasound in diagnosing and differentiating transient
tachypnea of the newborn and respiratory distress syndrome in preterm neonates. Material
and methods: This was a single-center study. From January 2020 to June 2021. A total of 100
preterm neonates, admitted to the neonatal intensive care unit with symptoms of respira-

respiratory distress
syndrome (RDS);
transient tachypnea
of the newborn

(TTN); tory distress within six hours of birth, including 50 diagnosed with transient tachypnea of
lung ultrasonography the newborn and 50 with respiratory distress syndrome on the basis of clinical examination,
(LUS); laboratory testing, chest X-rays, were recruited in the study. Lung ultrasound was performed

in each neonate by a senior radiologist who was blinded to the clinical diagnosis. Lung ultra-
sound findings in both conditions were analyzed and compared. Results: Pulmonary edema
manifesting as alveolar-interstitial syndrome, double lung point sign and less commonly as
white out lungs in the absence of consolidation has 100% sensitivity and specificity in diag-
nosing transient tachypnea of the newborn. A combination of three signs of consolidation
with air or fluid bronchograms, white out lungs and absent spared areas has 100% sensitivity
and specificity for diagnosing respiratory distress syndrome. Double lung point sign was seen
only in infants suffering from transient tachypnea of the newborn and consolidation with
air or fluid bronchograms only in cases of respiratory distress syndrome. Conclusion: Lung
ultrasound can accurately diagnose and reliably differentiate transient tachypnea of the new-
born and respiratory distress syndrome in preterm neonates. It has advantages that cannot
I Dbe replicated by chest radiography. Lung ultrasound may be used as an initial screening tool.

neonatal intensive
care unit (NICU)

Introduction

Transient tachypnea of the newborn (TTN), also referred
to as “wet lung”, is one of the most common causes of neo-
natal dyspnea. It is a benign disorder caused by delayed
clearance of lung fluid. Even severe cases respond well
to continuous positive airway pressure (CPAP), and most
improve rapidly within 24 hours?.

Respiratory distress syndrome (RDS), arises at or shortly
after birth (<24 hours) and its severity increases in the first
48 hours. It is a manifestation of surfactant deficiency. RDS
and its associated complications are the most common
causes of neonatal morbidity®*.

Both conditions are common in preterm infants. The inci-
dence of TTN in preterm neonates is 10%", and approxi-
mately four out of five cases of RDS occur in the prema-
turely born (<37 weeks)®. Patients with TTN also present
with respiratory distress in early stages, hence it is difficult
to distinguish it from RDS™ Moreover, chest X-ray (CXR)
has poor sensitivity and specificity to detect pulmonary
edema, which is the main pathological manifestation of
TTN. This is due to the ability of X-rays to detect increased
alveolar aeration, while failing to demonstrate the intersti-
tial involvement that ultrasound does®. According to the
literature, the agreement between clinicians and radiolo-
gists is only 48% when diagnosing TTN, while it is 95%
when diagnosing RDS®.
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CXR has considerable intra and inter observer variability, and
exposes patients to the risk of ionizing radiation!?. Neonates,
due to their small size, closer proximity of radiosensitive
organs, and the presence of rapidly dividing cells, which can-
not repair mutated DNA, are more susceptible to the damag-
ing effects of radiation, approximately 6-9 times more than in
60-year-olds. With neonates undergoing multiple CXR exami-
nations during their stay in the NICU, efforts have been made
to identify a safer alternative diagnostic test!!12.

Hence the need for an alternative diagnostic tool to diag-
nose and differentiate TTN and RDS. In recent times, lung
ultrasound (LUS) is emerging as a promising tool to diag-
nose respiratory diseases in neonates. It is accurate, non-
ionizing, easy to operate, and can be performed at bedside,
especially in emergency intensive settings.

Methods

This was a single-center study. From January 2020 to June
2021, a total 100 preterm neonates admitted to the neonatal
intensive care unit (NICU) with symptoms of respiratory dis-
tress within six hours of birth, including 50 diagnosed with TTN
and 50 with RDS on basis of clinical examination, laboratory
testing, and chest X-ray (AP and lateral views), were recruited
in the study. LUS was performed in each neonate by a senior
radiologist who was blinded to the clinical diagnosis. The LUS
findings in RDS and TTN were analyzed and compared.

Ethical statement and approval

Prior approval for pursuing this study was obtained from
an institutional ethical committee. A written informed
consent was sought from each participant’s parent after
explaining the purpose of study.

Equipment

Sonograms were obtained by using a real-time Mindray —
USG machine and 7.5MHz linear transducer.

Technique

The enrolled patients were scanned in six anatomic lung
zones by transthoracic approach: bilateral anterior (para-
sternal line to anterior axillary line), lateral (anterior axillary
line to posterior axillary line), and posterior (posterior axillary
line to paravertebral line) lung zones in sagittal planes, with
patients in the supine or lateral recumbent position. The ultra-
sound findings were recorded in the hard drive as images.

Ultrasound indices used in this study
* A-lines (Fig. 1) are reverberation artifacts arising from

the pleural line and are seen as a series of parallel and
equidistant lines beyond the pleural line®.

‘“'*_:., Pleural

Line

Fig. 1. USG appearance of normal lung —which appears hypoechoic
with visible pleural and A-lines. Curvilinear echogenic ribs
are also seen, casting posterior acoustic shadowing

 B-lines project from the pleural line to the edge of the
screen and move synchronously with respiration. The
presence of B-lines is caused by the alveolar gas-liquid
interface. They are ring down artifacts!'41©.

e White out lungs: defined as the presence of compact
B-lines in six areas without horizontal reverberation®.
They appear as 3-mm apart confluent lines and represent
alveolar edema®?.

* The alveolar-interstitial syndrome is the presence of more
than three B-lines in every examined area or the pres-
ence of white lung areas. They are visible as echogenic
ring down artifacts that are 7 mm apart arising from the
pleural line and are representative of edema involving
interlobular septa'?.

* Lung consolidation: defined as areas of hepatiza-
tion (tissue pattern) with the presence of air or fluid
bronchograms®!?.

¢ Pleural effusion: defined as anechoic-dependent collec-
tions limited by the diaphragm and the pleura®.

* Double lung point (DLP) sign: arises due to a difference
in the severity or nature of pathology in different areas
of the lung. A clear difference is observable in the lon-
gitudinal scan between the upper lung fields, with fewer
compact B-lines and lower lung fields with more compact
lung fields; this sharp cut-off point between the upper and
lower lung fields is known as the double lung point".

Results

The mean gestational age in RDS patients was 31.32 = 2.4
weeks and 33.00 = 1.6 weeks in TTN patients. The mean
birth weight was 1,511 = 049 grams in the RDS group,
and 2,030 = 510 grams in the TTN group. In our study, we
found that the gestational age and birth weight were lower
in preterm infants with RDS than in infants with TTN. This
was in accordance with the findings of the study performed
by Liu S et al. in 200519,
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Tab. 1. General information about patients in the two groups

Neonate GA (weeks) wBellrgtj:t Gender cs
group (GMS) (M/F) (n)
RDS (n=50)| 313+24 1511 + 049 28/22 32
TTN(n=50)| 33016 2030+510 31/19 33
GA - gestational age; CS - caesarean section; M — males; F - females;
n - number

Sex distribution in the RDS group was males 52% and females
48%, and in the TTN group it was males 66% and females 34%.
These findings were in accord with the studies conducted by
Mlay and Maitji who found that RDS was more common in
males than females"”, and by Costa et al. who showed that TTN
was more prevalent in males than females®?.

The number of caesarean sections in the RDS group was
32 (64%), and in the TTN group it was 33 (66%) (Tab. 1).
In our study, the incidence of TTN and RDS was higher
in newborns delivered by caesarean section. This was in
accordance with the studies done by Levine et al. who
found that newborns delivered by caesarean section have
an increased incidence of respiratory disorders compared
to those delivered vaginally®?, and in agreement with the
study done by Chandrasekhar, who found TTN to be signifi-
cantly increased among caesarean deliveries??.

The Downes score in the RDS group was <4 in 2 (4%), and
4-7 in 37 (96%) neonates. The Downes score in the TTN
group was <4 in 28 (56%), and 4-7 in 22 (44%) subjects.
A score of >7 was not seen in any of the groups. The Downes
score has good correlation with physiological parameters
such as arterial pH and blood-gas as well as mortality.

Ultrasound findings in RDS

The findings are summarized in Tab. 2. The most consistent
finding in the RDS group was lung consolidation with air
or fluid bronchograms. It was seen in every (100%) neonate
with RDS and has 100% sensitivity, specificity, and positive
predictive value in diagnosing RDS. In most cases, consolida-
tions were seen in the sub-pleural location (Fig. 2), and only in
a few cases a larger area of consolidations was seen. Absent
A-lines and white out lungs (Fig. 3) were seen in 44 (88%) of
RDS infants and has 88% sensitivity and 94% specificity in

Tab. 2. USG findings in the RDS group

- . Observations

LUS findings in RDS — —

Sensitivity | Specificity | PPV NPV
Con59l|dat|on with air 100% 100% 100% | 100%
or fluid bronchograms
White out lungs (severe
alveolar-interstitial 88.0% 94.0% 93.6% | 88.7%
syndrome)/Absent A-lines
Absence of spared areas 100% 94.0% 94.3% | 100%
Pleural line abnormalities 100% 0% 50% -
Pleural effusion 18.0% 90.0% 64.2% | 52.3%
PPV - positive predictive value; NPV - negative predictive value

ub-pleural

5
Consolidation

Fig. 2. Area of subpleural consolidation with air bronchograms

Compact B-Lines

Fig. 3. White out lung arising from 3-mm apart confluent B-lines
and represents alveolar edema

diagnosing RDS. There were no spared areas, with findings
seen consistently in both lung fields. The absence of a spared
area has 100% sensitivity and 94% specificity in diagnosing
RDS. Pleural line abnormality in form of thickening or irregu-
larity was seen in all (100%) cases of RDS. However, double
lung point sign was not seen in any RDS patients.

Ultrasound findings in TTN

The findings are summarized in Tab. 3.

The most consistent feature in the TTN group was pulmo-
nary edema manifesting as alveolar-interstitial syndrome

(Fig. 4), double lung point sign (Fig. 5) and less commonly
as lung white out lungs. Alveolar-interstitial syndrome and
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Tab. 3. USG findings in the TTN group

- . Observations

LUS findings in TTN . .

Sensitivity | Specificity| PPV | NPV
Double lung point 94.00% 100% | 100% | 94.3%
(DLP) sign
Alveolar-interstitial 94.0% 38.0% 88.7% | 93.6%
syndrome
Pleural line abnormalities 100% 0% 50% -
Absent A-lines/ 5 5 o o
White out lungs 6.00% 0% 5.7% 0%
Pleural effusion 10.0% 82.0% 35.7% | 47.7%
PPV - positive predictive value; NPV - negative predictive value

Ty

Interstitial B-Lines

Fig. 4. Alveolar-interstitial syndrome, characterized by abnormal B-
lines which are echogenic ring down artifacts, and are 7 mm

apart arising from the pleural line and are representative of

edema involving interlobular septa

Dbl Lung Point

enor Lung Fiekds Infenor Lumg Flelds
Fig. 5. Double lung point sign, a sharp cutoff point arising due to
more compact B-lines in lower and less compact B-lines in

upper lung fields

DLP were both observed in 47 (94%) patients. The presence
of DLP has a sensitivity of 94%, specificity and positive
predictive value of 100% in diagnosing TTN. The presence
of alveolar-interstitial syndrome has 94% sensitivity and
88% specificity in diagnosing TTN. In severe cases, white
out lungs with complete A-line disappearance without DLP
were seen, and observed in only 3 (6%) TTN patients.

Pleural line abnormalities were found in all the cases
(100%) of TTN. The ultrasound features were inconsistent
both between the two lung fields and within different zones
in a single lung field. However, no lung consolidation was
found in any of the patients.

Discussion

TTN and RDS are the most common causes of neonatal
dyspnea and are more prevalent in preterm infants.

DLP was seen only in infants suffering from TTN, and
was not observed in any RDS cases. In the course of TTN,
the mechanism of fluid clearance, which in the newborn
period takes place largely through capillaries, is impaired.
Since lung mass is predominant in the lower pulmonary
fields with respect to the apices, alveolar and interstitial
fluid is also represented there. It is possible that in those
areas increased capillary recruitment occurs in order to
remove the excess liquid, which generates imbibition of the
interlobular septa. The presence of compact B-lines is the
result of a greater amount of water in the lower lung fields,
while the less compact B-lines present in the upper areas
are related to a milder interstitial syndrome leading to the
formation of DLP@?. Its presence has 94% sensitivity, and
100% specificity and positive predictive value in diagnosing
TTN, while its presence rules out RDS. Previous research
results have indicated that the sensitivity of DLP for the
diagnosis of TTN is 100%"°. In our study, three cases of
severe TTN demonstrated white out lungs, hence DLP was
not seen, resulting in disagreement. However, neither was
consolidation seen in these cases. The presence of consoli-
dation has 100% negative predictive value for TTN.

Thus, the presence of pulmonary edema manifesting as alve-
olar-interstitial syndrome, double lung point sign and less
commonly as white out lungs in the absence of consolidation
has 100% sensitivity and specificity in diagnosing TTN.

Consolidation with air or fluid bronchograms was seen
only in infants suffering from RDS and was not observed
in any TTN cases. Its presence has 100% sensitivity, speci-
ficity, and positive predictive value in diagnosing RDS.
Consolidations were asymmetrically distributed and seen
more often in posterior zones. This could have resulted
from the continuous supine position of neonates in NICU.

White out lungs, which implies severe alveolar-interstitial
syndrome, associated with complete A-line disappearance,
was seen in 88% of RDS infants and only in 6% of TTN
patients. The absence of spared areas was seen in 100% of
RDS and only 6% of TTN infants. This 6% of TTN patients
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Tab. 4. Distribution of ultrasound findings in the two groups

—— RDS group | TTN group
Ultrasound findings (n=50) (n=50) p value
Consolidation with air or fluid 50 (100%) 0 <0.001*
bronchograms
Double lung point sign 0 (0%) 43 (86%) <0.001*
White out lungs (severe
alveolar-interstitial 44 (88%) 3 (6%) <0.001*
syndrome)/Absent A-lines
Interstitial syndrome 06 (12%) 47 (94%) <0.001*
Absence of spared areas 50 (100%) 3(6%) <0.001*
Pleural effu.swn - unilateral/ 09 (18%) 05 (10%) 50.05%*
bilateral
Pleural line abnormalities 50 (100%) | 50 (100%) >0.05%*
* Not significant at p value <0.05
** Significant at p value <0.001

had white out lungs, which is the severe manifestation of
pulmonary edema.

Thus, a combination of three signs of consolidation with air
or fluid bronchograms, white out lungs and absent spared
areas has 100% sensitivity and specificity for diagnosing RDS.
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