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Abstract  

Background:  Several neonatal chest conditions require  
Invasive mechanical ventilation, which is lifesaving for the  
critically ill neonates. Limiting the duration of airway intuba-
tion and mechanical ventilator support is crucial. Weaning  

from mechanical ventilation induces significant changes in  
lung aeration which can be easily detected by lung sonography.  

Aim of the Work:  Is to identify the role of pulmonary  
sonography in evaluation of the artificially ventilated neonates.  

Patients and Methods:  The study included 40 neonates  
suffering from peripheral diseases requiring mechanical  
ventilation. All patients had chest ultrasound studies after  
clinical assessment. Chest ultrasound was performed during  
the different modes of mechanical ventilation including  
Assisted Controlled Ventilation (AC), Synchronized Intermit-
tent Mechanical Ventilation (SIMV) and before extubation,  

follow-up the patients for 48 hours postextubation to assess  

if its failure occurred. Lung ultrasound was done using a  
standardized evaluation of lung aeration, i.e. Lung Ultrasound  
Score (LUS). Other traditional investigations including blood  
gases and chest X-ray were performed as well.  

Results:  LUS was significantly higher in the 10 patients  
with post extubation failure. A cut off value of LUS of >13  
was highly sensitive and specific for failure of switching from  
AC to SIMV mode and >6 prior to extubation was indicative  
of post extubation failure.  

Conclusion:  Chest ultrasound provides a rapid, non inva-
sive, objective and reliable tool for guiding the mechanical  
ventilation weaning process in neonates through the LUS with  
high confidence even when compared to other traditional  
indices as blood gases and respiratory mechanics. A cut off  
value of LUS of >13 was highly sensitive and specific for  
failure of switching from AC to SIMV mode and >6 prior to  
extubation was indicative of post extubation failure.  
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Introduction  

THE  incidence of pulmonary complications related  

to mechanical ventilation is an important issue  
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among critically ill patient. Reducing the duration  
of respiratory support is essential for minimizing  
these complications. The extubation of a patient  
marks the end of the weaning process. Unfortu-
nately, even after a successful spontaneous breath-
ing trial (SBT), approximately 30% of patients  
develop respiratory distress within 48h hours of  
extubation; this results in extubation failure and  

requires either therapeutic non-invasive ventilation  
or reintubation [1] . The loss of pulmonary aeration  
following extubation is a hallmark of extubation  
failure, leading to impaired gas exchange, pro-
longed mechanical ventilation, and increased mor-
bidity and mortality [2] .  

The amount of lung aeration loss can be quan-
tified via lung ultrasound during different clinical  
conditions including the weaning process. It is a  
non-invasive and radiation-free procedure, which  
can be performed quickly at the bedside and enables  
a dynamic assessment of lung aeration changes  
depending on ventilation conditions, as opposed  

to a chest X-ray. For many years, lungs were not  
considered accessible by ultrasound waves. How-
ever, the artifacts produced at the interface between  

lungs and fluids can be easily indentified by lung  
ultrasound [3] .  

Although chest radiography is routinely per-
formed, it has limited diagnostic performance, and  

lung computed tomography (CT) remains the ref-
erence methods. Ultrasonography can be used at  
the bedside and gained widespread acceptance  
even in unexpected situations such as tracheal  
intubation [4] .  

Lung aeration loss can be estimated by using  
a validated score called the Lung Ultrasound Score  
(LUS). As previously recommended, all of the  
intercostal spaces of the anterior, lateral and pos-
terior regions of both lungs (6 regions per side)  
are evaluated [5] .  
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Aim of the work:  Is to identify the role of  
pulmonary sonography in evaluation of the artifi-
cially ventilated neonates.  

Patients and Methods  

This observational study was carried out on a  
randomly selected 40 neonates on mechanical  

ventilation suffering from peripheral respiratory  

disease in the neonatal care unit of Tanta University  

Hospital during the period from June 2016 to  
December 2016.  

All patients were subjected to:  

A- Full history taking and thorough clinical exam-
ination.  

B- Investigations:  Complete blood count, C reactive  
protein (CRP), capillary blood gases, serum  
electrolytes (Na, K).  

C- Plain chest X-ray: Chest X-ray was performed  
after admission with the patient in supine posi-
tion as anteroposterior view using portable X-
ray device.  

D- Chest ultrasound:  It was performed by a single  
expert who was blind to the clinical and radio-
logical diagnosis. Lung ultrasound was done  
using the portable ultrasound device (SIEMENS  
ACUSON X300) using 12-MHz resolution and  
linear ultrasound transducer.  

The lung ultrasound was done three times max-
imum using lung ultrasound score (LUS). Firstly,  

at the time of intubation, then before switching  
from pressure controlled ventilation (PCV) mode  
to synchronized intermittent mechanical ventilation  

(SIMV) mode, lastly, before extubation. Follow-
up of the patient was done for 48 hours after  

extubation to assess post extubation failure.  

Lung ultrasound was done using a standardized  
evaluation of lung aeration (lung ultrasound score)  
by assessing the aeration for each hemi-thorax as  
follow:  

Upper and lower parts of anterior, lateral and  

posterior area of the lung (12 areas). For a given  
region of interest, each intercostal space was  

scanned and a number of points was allocated  

according to the most severe abnormality: Normal  

aeration (lung sliding with A-lines or less than two  

isolated B-lines; 0 point), moderate loss of aeration  

(3 or more separated B-lines; 1 point), severe loss  

of aeration (coalescent B-lines/curtain sign; 2  

points), and lung consolidation (3 points). The  

LUS was calculated as the sum of points and ranged  
between 0 and 36 points. This score is similar for  

full term and preterm neonates and can be applied  

for both.  

Results  

Table (1) shows that lung ultrasound score  

during A/C mode reveals significantly lower score  
in the success group compared to the failed group  

(p=0.007). LUS in success group was ranging from  
9 to 36 with mean 24.1 ±8.88 and the (LUS) lung  
ultrasound score in failed group was ranging from  

21 to 36 with mean 32.89 ±5.28.  

Table (1): Comparison between the LUS in success and failed  
extubation according to assisted controlled venti-
lation.  

Success  
extubation  

(n=20)  

AC mode:  
Min. – Max.  9.0–36.0  9.0–36.0  21.0–36.0  
Mean ±  SD.  26.83±8.86  24.10±8.88  32.89±5.28  34.00* 0.007*  
Median  30.0  26.0  36.0  

Table (2) show that the lung ultrasound score  
during AC mode was significantly higher in left  
lung than the right one (p=0.005).  

Table (2): Comparison between total lung ultrasound score  
in right and left lung according to assisted control-
led ventilation.  

AC  Right  Left  Z  p 
 

AU:  
Min. – Max.  0.0–3.0  1.0–3.0  2.601*  0.009*  
Mean ±  SD.  1.76±1.15  2.31 ±0.76  
Median  2.0  2.0  

AL:  
Min. – Max.  0.0–3.0  1.0–3.0  2.392*  0.017*  
Mean ±  SD.  1.79±1.05  2.17±0.89  
Median  2.0  2.0  

LU:  
Min. – Max.  0.0–3.0  0.0–3.0  1.155  0.248  
Mean ±  SD.  2.34±0.90  2.17±1.20  
Median  3.0  3.0  

LL:  
Min. – Max.  0.0–3.0  0.0–r3.0  0.378  0.705  
Mean ±  SD.  2.24±0.99  2.28±1.03  
Median  3.0  3.0  

PU:  
Min. – Max.  0.0–3.0  1.0–3.0  2.126*  0.003*  
Mean ±  SD.  2.28±1.07  2.62±0.68  
Median  3.0  3.0  

PL:  
Min. – Max.  0.0–3.0  1.0–3.0  1.933  0.053  
Mean ±  SD.  2.28±1.07  2.59±0.73  
Median  3.0  3.0  

Total:  
Min. – Max.  5.0–18.0  4.0–18.0  2.802*  0.005*  
Mean ±  SD.  12.69±4.78  14.14±4.41  
Median  14.0  16.0  

Total  
(n=29)  
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Table (3) shows that lung ultrasound score  

during SIMV mode reveals significantly lower  
score in the success group compared to the failed  
group (p<0.001). LUS in success group was ranging  
from 5 to 16 with mean 7.57 ±3.5 and the LUS in  
failed group was ranging from 13 to 20 with mean  

16.7±2.26.  

Table (3): Comparison between the LUS in success and failed  
extubation according to SIMV mode.  

Table (5) shows that lung ultrasound score  
before extubation reveals significantly lower score  

in the success group compared to the failed group  

(p<0.001). LUS in success group was ranging from  
0 to 6 with mean 3.23 ±3.66 and the LUS in failed  
group was ranging from 7 to 13 with mean  
8.7±2.54.  

Table (5): Comparison between the LUS in success and failed  
extubation according to before extubation.  

Total  
(n=40)  

Success  
extubation  

(n=30)  

Failed  
extubation  

(n=10)  
U  p 

 

Total  
(n=40)  

Success  
(n=3 0)  

Failed  
(n=10)  U  p 

 

       

SIMV mode:  

Min. – Max.  

Mean ±  SD.  

Median  

5.0–20.0  

9.85±5.13  

7.50  

5.0–16.0  

7.57±3.50  

6.0  

13.0–20.0  

16.70±2.26  

16.0  

15.50*  <0.001*  

Table (4) show that there is significant differ-
ence in lung ultrasound score between right and  
left lung during SIMV mode.  

Table (4): Comparison between total lung ultrasound score  
in right and left lung according to SIMV mode.  

AC  Right  Left  Z  p 
 

AU:  
Min. – Max.  0.0–2.0  0.0–2.0  2.829  0.005*  
Mean ±  SD.  0.83±0.81  1.15±0.66  
Median  1.0  1.0  

AL:  
Min. – Max.  0.0–2.0  0.0–2.0  0.677  0.499  
Mean ±  SD.  1.05±0.81  1.13±0.65  
Median  1.0  1.0  

LU:  
Min. – Max.  0.0–1.0  0.0–2.0  1.000  0.317  
Mean ±  SD.  0.30±0.46  0.38±0.59  
Median  0.0  0.0  

LL:  

Min. – Max.  0.0–1.0  0.0–2.0  0.302  0.763  
Mean ±  SD.  0.35±0.48  0.38±0.54  

Median  0.0  0.0  

PU:  
Min. – Max.  0.0–2.0  0.0–1.0  2.486*  0.013*  
Mean ±  SD.  0.65±0.58  0.40±0.50  
Median  1.0  0.0  

PL:  
Min. – Max.  0.0–2.0  0.0–2.0  1.303  0.193  
Mean ±  SD.  0.58±0.59  0.43±0.55  
Median  1.0  0.0  

Total:  
Min. – Max.  0.0–8.0  0.0–8.0  0.3 89  0.697  
Mean ±  SD.  3.75±1.90  3.85± 1.96  
Median  3.0  4.0  

Before extubation:  
Min. -– Max.  0.0–13.0  0.0–6.0  7.0–13.0  0.0*  <0.001*  
Mean ±  SD.  3.23±3.66  1.40±1.50  8.70±2.54  
Median  2.0  1.0  7.0  

Table (6) show that the lung ultrasound score  
before extubation is significantly higher in left  

lung than the right one (p=0.001).  

Table (6): Comparison between total lung ultrasound score  
in right and left lung according to before extubation.  

Before extubation  Right  Left  Z  p 
 

AU:  
Min. -– Max.  0.0–1.0  0.0–1.0  2.33 3*  0.020*  
Mean ±  SD.  0.23±0.42  0.05±0.22  
Median  0.0  0.0  

AL:  
Min. -– Max.  0.0–1.0  0.0–0.0  3.000*  0.003*  
Mean ±  SD.  0.23±0.42  0.0±0.0  
Median  0.0  0.0  

LU:  
Min. -– Max.  0.0–1.0  0.0–1.0  0.447  0.655  
Mean ±  SD.  0.10±0.30  0.08±0.27  
Median  0.0  0.0  

LL:  
Min. -– Max.  0.0–2.0  0.0–1.0  1.000  0.317  
Mean ±  SD.  0.13±0.40  0.05±0.22  
Median  0.0  0.0  

PU:  
Min. -– Max.  0.0–1.0  0.0–1.0  0.000  1.000  
Mean ±  SD.  0.05±0.22  0.05±0.22  
Median  0.0  0.0  

PL:  
Min. -– Max.  0.0–1.0  0.0–1.0  1.414  0.157  
Mean ±  SD.  0.23±0.42  0.13±0.33  
Median  0.0  0.0  

Total:  
Min. -– Max.  0.0–5.0  0.0–2.0  3.452  0.001  
Mean ±  SD.  0.95± 1.18  0.35±0.58  
Median  1.0  0.0  

Table (7) shows the cut off points, sensitivity  
and specificity of lung ultrasound score in different  

mechanical ventilation modes to predict the failed  

extubation cases, on SIMV mode the cut off point  

is >13 with sensitivity 90% and specificity 86.67%,  
before extubation the cut off point is >6 with  
sensitivity and specificity up to 100%.  
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Table (7): Agreement (sensitivity, specificity) for different parameters to predict failed cases.  

AUC  p 
 95% C.I  Cut off  Sensitivity  Specificity  PPV  NPV  

SIMV mode  0.944  <0.001*  0.867–1.022  >13  90.0  86.67  69.0  96.3  
Before extubation  1.000  <0.001*  1.0–  1.0  >6  100.0  100.0  100.0  100.0  

Table (8) and Fig. (2) show that all neonates  
included were subjected to plain X-ray chest after  
admission. Chest X-ray findings were suggestive  
of RDS grade 2 in 13 (32.5%), RDS grade3 in 5  
(12.5%), RDS grade 4 in 3 (7.5%), TTN in 15  
(37.5%), meconium in 3 (7.5%) and pneumonia in  
1 (2.5%).  

Table (8): Distribution of the studied cases according to X-
ray (n=40)  

No.  % 

X-ray:  
RDS grade 2  13  32.5  
RDS grade 3  5  12.5  
RDS grade 4  3  7.5  
TTN  15  37.5  
Meconium  3  7.5  
Pneumonia  1  2.5  

100-Specificity  

Fig. (1): ROC curve for different parameters to predict failed  
cases.  

TTN Mecon-  Pneum-
ium onia  

X-ray  

Fig. (2): Distribution of the studied cases according to X-ray  
(n=40).  

Discussion  

This study is an observational study evaluating  
the role of lung ultrasonography in weaning of  
mechanically ventilated neonates with peripheral  
respiratory diseases. It included 50 neonates 10 of  
them died and was discarded from the research  
due to failed weaning from the mechanical venti-
lation, the other 40 neonates were finally diagnosed  
as transient tachypnea of newborn (15 neonates),  
respiratory distress syndrome (21 neonates), meco-
nium aspiration (3 neonates) and congenital pneu-
monia (1 neonates). All of them were subjected to  

chest ultrasound by a single expert.  

In this study, LUS was significantly higher in  
failed group than in success group due to decreased  
lung aeration with mean±SD 24.1±8.88 in success  
group and mean±SD 32.89±5.28 in failed group,  
such values regarding patients on AC mode of  
mechanical ventilation. This is in agreement with  
Caltabeloti F et al who reported that failed extuba-
tion group showed high LUS on the contrary to  
the success extubation group that showed low LUS  
[6] . On SIMV mode of mechanical ventilation we  
found the same result as the success group showed  
statistically significant lower score than in failed  

group that is in accordance with Boles JM et al.,  
who reported the same result in their study [1] .  
Jubran A et al., found high LUS in failed extubation  

and the need for reintubation for this group [7] .  
Lung ultrasound score in success group was ranging  
from 5 to 16 with mean±SD 7.57±3.5 and in failed  
group was ranging from 13 to 20 with mean  
16.7±2.26.  

Lung ultrasound was done before extubation  
and lung ultrasound score (LUS) was calculated  
showing that there was statistically significant  
difference between both groups as there was a  
lower LUS in post extubation success group than  

the failed group, the range in success group was  
from 0 to 6 with mean±SD 1.4± 1.5 but in failed  
group the LUS was ranging from 7 to 13 with  
mean±SD 8.7±2.54. Soummer A et al., showed  
that the patient LUS increased indicating aeration  
loss and low LUS at the end of spontaneous breath-
ing trials is a predictive of extubation success. On  
the other hand, high LUS is a predictive of post  
extubation distress and extubation failure [6] . Also,  
Caltabeloti et al., reported in their study that LUS  
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less than 13 is associated with extubation success  

but post extubation failure occurs with LUS more  

than 17 [6] .  

In this study we found that the lung ultrasound  
score was significantly higher in left lung than  
right one and according to our best of knowledge  
we did not found any obvious or clear explanation,  

but according to the physiological and the anatom-
ical bases it may be due to the narrow diameter  

and the orifice of the left main bronchus in com-
parison to the right one [9]  which may affect the  
drainage of secretion from the left lung and subse-
quently affect its aeration. Another point of view  

explain that this is due to the position of the ne-
onates in the incubators whose position were on  

left lateral position to prevent aspiration [10]  this  
position may affect the good drainage of the secre-
tion from the left lung and leads to bad aeration  

of the left lung.  

According to different modes of mechanical  

ventilation (AC–SIMV) and before extubation we  

could predict the failed cases and we found that  

on AC mode the cut off point was >34 with sensi-
tivity 66.67% and specificity 90%, on SIMV mode  
the cut off point >13 with sensitivity 90% and  

specificity 86.67%, and before extubation the cut  
off point >6 with sensitivity and specificity up to  

100%.  

Conclusion:  

1- Lung ultrasound can be predict weaning success  

from the mechanical ventilation.  

2- Cut off point to switch the mechanical ventilator  
mode from AC to SIMV is <13.  

3- Cut off point to wean the patient from the me-
chanical ventilation is <6.  
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