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A B S T R A C T
Introduction: Paediatric pneumonia is the commonest cause of under five mortalities in India. The diagnosis is based on
clinical and characteristic radiographic findings. Chest X-Ray is commonly used as initial radiological investigation for the
diagnosis of pneumonia in children, which causes radiation exposure. The aim of our study was to replace chest ultrasound
as initial and primary modality of pneumonia as an alternative radiological investigation.
Material and Methods: We reviewed 200 cases of paediatric patients with respiratory signs and symptoms and clinically
diagnosed as pneumonia who were admitted from September 2017 to February 2018. We exempted cases of serious
pneumonia who were admitted at ICU. We perform independent lung ultrasound and chest X Ray of paediatric patients.
The final diagnosis was made on the basis of history and clinical findings, laboratory and radiological investigations.
Results: Our results show out of 200 confirmed cases of paediatric pneumonia X ray findings were positive in 192 patients
whereas lung ultrasound able to detect 196 patients. 8 patients were diagnosed false negative on x ray. 4 patients were
diagnosed false negative by lung ultrasound.
Conclusion: Lung ultrasound is valuable, valid and non-hazardous alternative diagnostic test for the diagnosis of pneumonia
in children and it must be used as initial first line radiological investigation in place of X rays to minimize radiation hazards
and improve diagnostic accuracy.
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INTRODUCTION
Pneumonia is the most common cause of mortality in
children under five years in India. Pneumonia accounts for
19% of the total number of deaths in children < 5 years
worldwide. Paediatric pneumonia has varying presentations
which generally depends on age of child. In a developing
country like India, the resources are limited, so paediatric
pneumonia remains a diagnostic challenge.
For diagnosis of pneumonia, clinical examination and
biochemical investigation alone provides minimal diagnostic
accuracy. Radiological examinations like chest X ray and lung
ultrasound is necessary to reach the final diagnosis. In current
scenario, chest X ray is the first radiological investigation
which is done in paediatric patients with breathlessness and
fever. However, it has limitations such as radiation exposure
at very young age, nonspecific, normal chest X ray can never
rule out the diagnosis of pneumonia when there is high
clinical suspicion.
Recently optional diagnostic tools are being developed
for the diagnosis of pneumonia. Lung ultrasound has
shown promising results in diagnosis of pneumonia and
quantification of its severity. Lung ultrasound is very safe
method with no risk of ionizing radiation. Ultrasound is

easily available, cheap and non-invasive method of diagnosis.
Now -a-days, Portable ultrasound machines are also available
for bedside examination. The aim of our study was to
replace chest ultrasound as initial and primary modality of
pneumonia as an alternative radiological investigation.

MATERIAL AND METHODS

This Retrospective comparative study was conducted on 200
patients from September 2017 to February 2018 (6 months)
in the department of Radio-diagnosis and Imaging, P.D.U.
Medical College and Civil hospital, Rajkot, Gujarat over a
period of six months from September 2017 to February 2018.
Total 200 patients were included in study who underwent
chest X Ray and lung ultrasound. Chest X ray was done
using 100 mAs Allengers MARS 4.2 radiography unit. Lung
ultrasound was done using Philips ultrasound system with
high frequency linear and low frequency convex probe.
Inclusion criteria
• Paediatric patients with fever and breathlessness
• Paediatric patients with clinical suspicion of pneumonia
Exclusion criteria
• Age more than 11 years
• Paediatric patients with no respiratory problems
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Methodology
Total 200 patients were analysed by chest x ray and lung
ultrasound. We took detailed history of each patients
regarding complaints, course, duration of illness and risk
factors. Consent for participation in the study was taken
from the patient's parents or guardian. Ethical clearance for
the study obtained from ethical committee at P.D.U. Medical
college, Rajkot. We did independent chest X ray and lung
ultrasound of each patient. Positive findings were recorded,
analysed and tabulated. The chest ultrasound was always
carried out by the same radiologist with a suitable probe. The
probe was placed perpendicular, oblique and parallel to the
rib in whole thorax with the patient in the supine position
and sitting position to scan the posterior thorax. Diagnosis
was made by the sonographic signs of pneumonia are the
presence of lung consolidation (hypoechoic area with air
sonogram) (Image 1), and presence of pleural effusion, the
presence of a sub pleural hypoechoic region with hyperechoic
spots of variable size, fluid sonograms, confluent B-lines,
superficial fluid alveologram, a vascular tree-shaped pattern.
The chest X-ray signs of pneumonia are the presence of
heterogeneous radio-opaque area with presence of multiple
radiolucent linear tracks which suggest air bronchogram
(Image 2) and it is the diagnostic sign of consolidation which
is essential to diagnose pneumonia with presence of other
related clinical features.

Figure-1: (a) shows longitudinal ultrasound scan of the lower
zone of right chest in B-mode ultrasound image shows pleural
effusion and hypo echoic area with air sonogram suggest
consolidation. (b) X-ray chest image shows heterogeneous
radio opacity with air bronchograms suggest consolidation
with blunting of right cost phrenic angle suggest pleural
effusion.

STATISTICAL ANALYSIS

Statistical analysis was done by comparing positive findings
in chest x ray and lung ultrasound in pediatric patients.
Results were analyzed and tabulated in Microsoft office
word.

RESULTS

Total 200 patients with the final diagnosis of pneumonia
were analysed. Patients age ranged from 2 months to 11 years.
The average hospital stay was around 8 ± 3 days without any
serious complication and ICU admission.
Our results show that out of 200confirmed cases of paediatric
Chest

X-Ray
X- Ray
Total
Positive
Negative
Ultrasound Positive
156
30
186
Ultrasound Negative
10
4
14
Total
166
44
200
Table-1: Radiological investigations in pneumonia positive
patients
Age

Only
ultrasound
positive

Only
Both
Total
chest
positive
X ray
positive
< 1 Month
4
0
28
32
1 Month to 1Year
5
3
40
48
1Year to 12Year
21
7
88
116
Total
30
10
156
196
Table-2: Age wise distribution of pediatric patients correlated
with chest x ray and lung ultrasound

Figure-2: (a) Longitudinal ultrasound scan of the lower zone
of left chest in B-mode ultrasound shows hypo echoic area
with air sonogram which suggest presence of consolidation.
(b) X-ray chest image shows normal appearance of visualized
lung parenchyma on both chest fields
pneumonia, X ray findings were positive in 166 patients
whereas lung ultrasound able to detect 186 patients. 30
patients were diagnosed false negative on X ray. 10 patients
were diagnosed false negative by lung ultrasound. X ray
shows sensitivity and specificity of 75% and 82% respectively.
Ultrasound shows sensitivity and specificity of 85% and 92%
respectively. (Table 1)
The presence of air bronchograms was found in 170 of the
200 pneumonias. The presence of air sonograms was found
in 186 of the 200 pneumonias. Maximum incidence and
detection rate of pneumonia is noted in 2 to 12year age
group. (table 2)

DISCUSSION

Pneumonia is the one of the important infectious causes
of illness in children in India and worldwide. In spite of
many treatment options such as various antibiotics and
pneumococcal vaccine, pneumonia remains most common
cause of morbidity and reason for hospital admission in
India.1,2
Pneumonia in children is mainly caused by bacteria, which
depends on age of presentation. Viruses may also cause
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pneumonia. Presentation of pneumonia vary according to
age but main clinical features are cough, breathing difficulty,
high grade fever and increased respiratory rate. In chronic
cases, it may present as lethargy, failure to thrive and weight
loss.3
Radiologically, there are two main investigational approaches
available. First one is X-ray chest and second one lung
ultrasound. X-ray chest is widely available and feasible
investigation. But it leads to ionizing radiation exposure and
it may also not useful in cases of small area of consolidation
such as < 1 cm. The absence of findings on Chest X-ray does
not rule out the absence of pneumonia (Figure 2). And in
many cases it may be falsely positive which leads to over use
of antibiotics.4-10
Recently lung ultrasound has shown promising results in
detection and staging of pneumonia. Lung ultrasound gives a
better idea of the state of the lungs in the analysis of pneumonia
because of the thin thoracic walls and large volume of the
lungs in children.11 By means of lung ultrasound, detection of
pleural effusion can be done as low as 15ml volume whereas
75 ml volume of fluid needed to be evident on chest x ray.
Lung ultrasound also provides useful information about
nature of pleural effusion. Lung ultrasound provides an idea
about quantity, nature, septations, and content of effusion.
With help of ultrasound it is easy to detect complication like
empyema earlier than before.12
Ultrasound can be conducted as a bedside investigation
which makes results instantly available. Only limitation
for lung ultrasound is expertise of operator. Chest x ray is
relatively easy to perform while detection and staging of
pneumonia by lung ultrasound needs experts hand and years
of practice.13,14
Our study shows that lung ultrasound is the best initial
investigation in paediatric patients for detecting and staging
the severity of pneumonia. As compared to conventional
approach where chest x ray is recommended as first line
investigation, lung ultrasound is more specific and sensitive
not only for early diagnosis but also enables us to detect
complication early without risk of ionizing radiation.15,16
Reissig et al suggest community acquired pneumonia may
be diagnosed and followed up by lung sonography (LUS), a
technique that shows excellent sensitivity and specificity that
is at least comparable with that of chest X-ray in two planes.
LUS may be performed with any abdomen-sonography
device. Therefore, LUS is a readily available diagnostic
tool that does not involve radiation exposure and has wide
applications especially in situations where X-ray is not
available and/or not applicable. An X-ray or CT of the chest
should be performed in cases of negative lung sonography
and if other differential diagnoses or complications are
suspected.16
Copetti et al concluded that Lung ultrasound is a simple and
reliable tool that can be used by the clinician in the case of
suspected pneumonia. It is as reliable as chest x ray, can be
easily repeated at the patient's bedside and carries no risk of
irradiation.2
Iuri et al shows out of 52 selected medical records community
acquired pneumonia diagnosis was confirmed in 29 (55.7%).
Chest x ray was positive in 25 cases, whereas lung ultrasound

detected pneumonia in 28 cases. Four patients with negative
Chest x ray were positive in ultrasound findings. Instead,
one patient with negative lung ultrasound was positive in
radiographic findings. The lung ultrasound sensitivity was
96.5% (95% CI [82.2%–99.9%]), specificity of 95.6% (95%
CI [78.0%–99.9%]), positive likelihood ratio of 22.2 (95%
CI [3.2–151.2]), and negative likelihood ratio of 0.04 (95%
CI [0.01–0.25]) for diagnosing pneumonia. Study proved
lung ultrasound can be considered as a valid alternative
diagnostic tool of community acquired pneumonia in
children and its use must be promoted as a first approach in
case of community acquired pneumonia.12

CONCLUSION

Lung ultrasound shows very good reliability and accuracy
in the diagnosis of pneumonia as the first line investigation.
So we recommended the lung ultrasound as the primary
radiological diagnostic tool even before chest x ray for
paediatric pneumonia.
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