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Abstract

Background: Neonatal Respiratory Distress Syndrome
(NRDS) or hyaline membrane disease result from surfactant
deficiency with subsequent alveolar instability and collapse
impeding the normal gas exchange. NRDS diagnosis is based
primary on clinical findings, laboratory tests and chest radi-
ography. Early diagnosis is crucial to start respiratory support
and surfactant replacement.

Aim of Work: Evaluate the efficacy of Lung Ultrasound
(LUS) in the diagnosis and follow-up of Neonatal Respiratory
Distress Syndrome (NRDS) in the premature neonates.

Patients and Methods: Evaluation of 68 preterm neonates
presented with respiratory distress and admitted in Neonatal
Intensive Care Unit (NICU) was done. The gestational age
ranged from 26 to 35 weeks (mean=30.24). The birth weight
ranged from 800gm to 2.950kg (mean=1.429kg). Forty-one
patients (60.3%) were males and 27 (39.7%) were females.
All patients were subjected portable Chest X-Ray (CXR)
within few hours of admission followed by bedside lung B-
mode ultrasound within 24 hours. Follow-up CXR and ultra-
sound were done on the 5th day to monitor response to treat-
ment.

Results: Lung ultrasound was able to diagnose RDS in
68/68 patients on the first day. In comparison with the CXR,
LUS had sensitivity, specificity, PPV and NPV of 100% in
diagnosing RDS. On 5t" day follow-up, LUS in comparison
to CXR as regard detection of persistence or clearance of
RDS had both specificity and PPV of 100% while sensitivity
and NPV were 90% and 90.2% respectively.

Conclusion: LUS is safe and non-invasive technique and
can be used as diagnostic tool in the diagnosis of RDS and
following-up the effect of treatment thus reducing number of
carried out X-ray.
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Introduction

NEONATAL Respiratory Distress Syndrome
(NRDS) or hyaline membrane disease result from
surfactant deficiency with subsequent alveolar
instability and collapse impeding the normal gas
exchange. NRDS is among the commonest causes
for admission to the Neonatal Intensive Care Unit
(NICU) and one of the leading causes of morbidity
in preterm neonates [1,2]. NRDS diagnosis is based
primary on clinical findings, laboratory tests and
chest radiography [1-3]. Early diagnosis is crucial
to start respiratory support and surfactant replace-
ment [2].

Chest radiography has been considered to be
the standard technique for diagnosing NRDS, and
the four-stage scale of RDS severity based on
radiographic findings correlates closely with the
actual disease severity [4]. Chest X-ray expose the
neonates to ionizing radiation and its latent side
effects. Follow-up imaging is conducted to monitor
the effect of therapy and detect complications if
any [2].

Recently, Lung Ultrasound (LUS) has emerged
as a diagnostic tool in the evaluation of many
neonatal diseases including RDS. Lack of contrain-
dications for ultrasound examination with no radi-
ation risk, low cost, done bedside and easy to
perform at NICU have contributed a lot to the
clinical and diagnostic utility of the method [5,6].

Ultrasound of normal lung produces horizontal
artifacts obscuring the view [2]. In NRDS, the
sonographic diagnosis depends upon absence of
these horizontal artifacts [7].
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Patients and M ethods

The study was carried out on 68 preterm ne-
onates. The study was carried out in the Kasr El-
Aini NICU between April 2015 and May 2016 and
it was approved by the Ethics Committee and the
institutional review board. The study included 68
preterm neonates <36 weeks delivered at Kasr El-
Aini Hospitals and admitted in NICU during the
lst 24 hours presenting with respiratory distress
and typical CXR abnormalities characteristic of
RDS. The gestational age ranged from 26 to 35
weeks (mean=30.24). The birth weight ranged from
800gm to 2.950kg (mean=1.429kg). 41/68 patients
were males (60.3%) and 27/68 were females
(39.7%). 23/68 (33.8%) were delivered vaginally
while 45/68 (66.2%) were delivered by cesarean
section.

Exclusion criteria;

* Preterm admitted in NICU for other cause than
respiratory distress e.g congenital anomalies,
neonatal sepsis and birth trauma.

* Preterm neonates suffering from respiratory dis-
tress after 24 hours of life.

» Neonates died from neonatal sepsis during the 5
days follow-up.

All patients were subjected to portable CXR
within few hours of admission followed by bedside
lung ultrasound within 24 hours. Follow-up CXR
and ultrasound were done on the 5th day to monitor
response to treatment.

Lung ultrasound was performed using Toshiba
Alpio ultrasound machine where transthoracic
approach in supine positions of the anterior (be-
tween the sternum and the anterior axillary line)
lung areasin craniocaudal direction was done for
all patients using high resolution linear probe (7.5
MHZz). Intercostal approach from lateral axillary
and posterior axillary lines for posterior lung area
was done.

Image analysis:

Portable chest X-ray is done in anteroposterior
view. X-ray findings were classified according to
severity into 4 stages [8] . Table (1).

Ultrasound examination was performed by
qualified radiologist:

With B-mode ultrasound normal lung demon-
strates the lung sliding sign and A-Lines. The lung
dliding sign; the pleura appears as a smooth, hori-
zontal echogenic moving line between therib

shadows (representing, the sliding of the visceral
over the parietal pleura) [9]. A-lines; are horizontal
artifacts appearing as parallel echogenic lines below
the pleura line [10,11] . Fig. (1).

By ultrasound; the lung was assessed for the
following according to Lichtenstein and Mauriat
[12] : 1) Absence of A-lines, 2) Pleural line abnor-
malities, 3) Bilateral compact B-lines Fig. (2) and
4) Sub-pleural consolidation.

Thus, NRDS isclassified into: Mild; when the
st three signs are present, while severe NRDS is
diagnosed when sub-pleural consolidation is found
in addition to the three signs.

B-lines: These are vertical ‘comet-tail' artifacts
extending from pleural line down through whole
screen. They appear as hyperechogenic, well de-
fined lines erasing A lines [13] . Fig. (3) B-lines
may coal esce producing homogenous echogenic
shadow (white lung image).

The whole LUS examinations took approxi-
mately 4-5 minutes. Ultrasound gel was kept warm
before the examinations to avoid neonate thermal
loss.

Follow-up CXR and LUS were done on the 5t
day to monitor response to treatment.

LUS findings were compared with CXR graphic
findings as standard radiological examination.

Pleural line thickening and irregularities are
the most common ultrasound observationsin RDS
patients [15] . Lung consolidation can be encountered
in RDS patients with the extent of the consolidation
varies with the grade of RDS [15].

Satistics:

Data were statistically described in terms of
mean, range and percentages when appropriate.
Accuracy was represented using the terms sensi-
tivity, specificity, positive predictive value and
negetive predictive value.

Table (1): Plain radiography staging of RDS.

Radiographic ) -

stage of RDS Chest X-ray findings

Stage | Fine homogenous ground glass shadowing
Stagelll Bilateral widespread air bronchogram

Stage 11 Confluent alveolar shadowing

Stage IV Alveolar shadowing obscuring cardiac border
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Fig. (1): Normal lung pattern. Longitudinal scan showing the
ribs, pleura line, and A-lines.

Pleural line

A-line

B-line

Fig. (2): B-lines project from the pleural line to the edge of
the screen erase A-lines [11].

Fig. (3): LUS showing a diffuse and compact pattern of B-
lines [14] .

Results

The study included 68 preterm neonates admit-
ted in NICU presenting by respiratory distress.
The gestational age ranged from 26 to 35 weeks
(mean=30.24). The birth weight ranged from 800gm
to 2.950kg (mean=1.429kg). 41/68 patients were
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males (60.3%) and 27/68 were females (39.7%).
23/68 (33.8%) were delivered vaginally while
45/68 (66.2%) were delivered by cesarean section.
59 out of 68 (86.8%) of the admitted patients
presented with moderate respiratory distress and
9 out of 68 (13.2%) presented with severe respira-
tory distress.

1st day of admission results:

The stages of NRDS diagnosed by chest radi-
ography at presentation are shown in (Table 2).

LUS within few hours of admission was able
to diagnose RDS in 68/68 patients (100%), by
demonstrating the three signs; absence of A-lines,
bilateral compact B-lines and abnormal pleural
line (thickened or blurred) Fig. (4).

Lung consolidation was seen in only 14/68
(20.6%) of the NRDS patients (Table 3).

Based upon these findings; 54 out of 68 (79.4%)
were diagnosed mild NRDS Fig. (5), while 14 out
of 68 (20.6%) were diagnosed as severe NRDS

Fig. (6).

The degree of NRDS as diagnosed by LUS
compared to CXR staging are shown in (Table 4).

Using lung consolidation in LUS as marker of
severity and comparing it the CXR stage; all con-
solidations (n=14/68) were always associated with
stage Il or IV NRDS by CXR and never seen with
gradel or Il RDSFig. (7) (Table5).

Fifth day results:

38 out of 68 (55.9%) patients showed clear
lung in both CXR and ultrasound with re-
appearance of the A-lines. 10 out of 68 (14.7%)
showed persistence of RDSin both CXR and LUS.
3/68 (4.4%) were positive for RDS on CXR but
not on LUS. 17 out of 68 (25%) developed new
opacities on CXR and had clinical and laboratory
data consistent with either pneumonia or pulmonary
hemorrhage. LUS scans detected new subpleural
consolidations with air bronchogram in all those
17 cases. In our study, we could not differentiate
between the origins of the consolidation stemming
from pneumonia (n=11/17) or pulmonary hemor-
rhage (n=6/17). LUS in comparison to CXR as
regard detection of persistence or clearance of RDS
on 5th day had both specificity and PPV of 100%
while sensitivity and NPV were 90% and 90.2%
respectively.

Based on its LUS features; those consolidations
are different from consolidations on day one where
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air bronchograms were absent and the size was pulmonary hemorrhage, one case developed pneu-

smaller. monia, two cases did not develop complications

but showed persistence of RDS. The remaining

The follow-up of the 14 patients with lung seven cases did not develop complications and were
consolidation on day one was; four cases developed negative for RDS in both modalities on day five.

Fig. (4): CXR (A) showing bilateral alveolar opacities, stage II. LUS (B) shows absent A-lines, thick pleural
line and B-lines.

Fig. (5): Mild RDS. CXR (A) showing stage I RDS with diffuse granular pattern. LUS (B,C) shows thick pleural line and
compact B-lines.

Fig. (6): Severe RDS. CXR (A) shows stage III with bilateral alveolar opacities. LUS (B) shows thick pleural
line and B-lines.
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Fig. (7): Severe RDS. CXR (A) showing bilateral alveolar opacities obscuring cardiac borders, stage IV. LUS
(B) showing subpleural consolidation with air bronchogram.

Table (2): Chest radiography stages at presentation.

Stage No %

I | 1.5
I 15 22.1
111 24 353
v 28 41.2

Table (3): Lung ultrasound stages at presentation.

Stages No %

Mild (with 3 signs of RDS) 54 794
Sever (with 3 signs of RDS + lung consolidation) 14 20.6

Table (4): Degree of RDS in the 1 st day of life as diagnosed

by CXR and LUS.
CXR on day one
Severe Mild Total
m Iv 1 II
LUS on day one:
* With 3 sign of RDS + lung 9 5 0 0 14
consolidation (severe).
» With 3 sign of RDS (mild). 15 23 1 15 54
Total 24 28 1 15 68

Table (5): Degree of RDS in the 1 st day of life as diagnosed
by LUS and CXR using consolidation as a marker

of severe RDS by LUS.
CXR
Severe RDS  Mild RDS Total
(111, V) (I, 10)

LUS:

Lung consolidation 14 0 14

Absent consolidation 38 16 54
Total 52 16 68

Discussion

Respiratory-Distress Syndrome (RDS) accounts
for high neonatal mortality and morbidity occurring
primarily in premature infants [16].

Chest X-ray being an essential tool in the diag-
nosis of pulmonary diseases in preterm and term
neonates; is frequently carried out in Neonatal
Intensive Care Units (NICU). Chest X-ray has
been the standard imaging tool for diagnosing RDS
[4] . CXR has also been used to monitor response
to treatment increasing the risk for long-term
adverse effects [17].

In recent years, LUS has been an emerging tool
in the evaluation of many neonatal diseases includ-
ing RDS. Lung ultrasound has many advantages
being; nonionizing, low-cost, done bedside, easy
to operate, and can be repeated several times with-
out the hazards radiation exposure. As regarding
diagnosing pulmonary disease, LUS has very high
accuracy and reliability [6].

The current study was a prospective study to
determine the efficacy of lung ultrasound in diag-
nosing NRDS and to monitor the response to ther-
apy. In comparison with the CXR; LUS had sensi-
tivity, specificity, PPV and NPV of 100% in
diagnosing RDS.

The results of this study are in concordance
with those of Copetti et al., [16] and Bober et al.,
[17]. The latter showed lesser specificity may be
related to the fact that they used transabdominal
approach, unlike our study where we only used
the transthoracic approach.
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Our results are in agreement with Lichtenstein
and Mauriat 2012 [12], who described the ultrasound
findings for NRDS; pleural line abnormalities,
absent A-lines, and bilateral compact B-lines. Lung
consolidation correlated with stages 111 and 1V
NRDS by CXR.

In concordance with results of Sartori et al.,
[10], we also found that lung consolidation was
found in severe NRDS (stages |11 and IV NRDS
by CXR).

WhileLiu et d., [15], stated that the lung con-
solidation is the most important indicator of RDS,
and it can be seen in all patients, however the
extent of the consolidation correlates with the grade
of RDS. In mild RDS (stage I1), consolidation is
usually focal and limited to the subpleural area
with or without air bronchograms. Compared to
severe RDS (stages |11 and V), the area of consol-
idation is extended with obvious air bronchograms.

Consistent with study by Liu et a., [15], LUS
was able to monitor response to therapy and suggest
re-expansion of the lungs, based on the re-
appearance of the A-lines.

Our study showed LUS in comparison to CXR
had both specificity and PPV of 100% while sen-
sitivity and NPV were 90% and 90.2% respectively
in following the response to treatment. These are
in concordance with those of Hosam El-Deen et
al., [18] and Pieper et al., [6].

In our study, 17/68 (25%) of cases developed
pulmonary complications of NRDS during the
course of the disease. They showed new opacities
on CXR and had clinical and laboratory data con-
sistent with either pneumonia or pulmonary hem-
orrhage. LUS scans detected new subpleural con-
solidations with air bronchogram in all those 17
cases with a positive predictive value of 100%,
which indicates the reliability of LUS findings.
These results are in agreement with those of Jovan
L., [19] and Smargiassi et a., [20] . The drawback
in our study, we could not differentiate between
pneumonia and hemorrhage.

While Volpicelli et d., [21] stated that although
LUSisaclinicaly useful tool for the diagnosis of
pneumonia, it does not rule out consolidations that
do not reach the pleura.

Conclusion:

LUS s safe and non-invasive technique and
can be used as diagnostic tool in the diagnosis of

RDS and following up the effect of treatment thus
reducing number of carried out X-ray.
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