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ABSTRACT

Background: Pneumonia is a major cause of childhood mortality and morbidity worldwide. Chest radiography has
been used as a modality for diagnosing but has the disadvantage of radiation exposure and inter-observer variability.
Hence studies have explored the possibility of using lung ultrasound in the diagnosis of pneumonia. To assess lung
ultrasound (LUS) findings in childhood pneumonia and to correlate lung ultrasound findings with clinical findings.
Methods: 210 children between 2 months to 5 years admitted in the hospital with diagnosis of pneumonia were
enrolled in the study. They underwent LUS within 24 hours of admission and the results were analysed.

Results: Out of the 210 patients enrolled in the study, 41 (19.5%) had positive LUS findings. However, LUS findings
correlated well with clinical findings in cases with very severe pneumonia.

Conclusions: This study showed that lung ultrasound cannot be used a sole diagnostic tool in childhood pneumonia,
but it has a valuable role in detection of complications. Lung ultrasound will require more training for detection of

early indicators of pneumonia.
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INTRODUCTION

Pneumonia is a major cause of childhood morbidity and
mortality worldwide. This is even more so in the
developing countries and in under-five years of age.
Acute respiratory infections (ARI) may cause
inflammation of respiratory tract anywhere from nose to
alveoli, with a wide range of combination of symptoms
and signs. Pneumonia accounts for an estimated 1.2
million (18%) total deaths annually.

The diagnosis of pneumonia is made clinically by
symptoms such as tachypnea, fever, lethargy, cyanosis
according to ARI control programme (Table 1). Chest
radiographs should be obtained in all patients hospitalised
for management of community acquired pneumonia to
document the presence, size, and character of
parenchymal infiltrates and identify complications of
pneumonia that may lead to interventions beyond

antimicrobial agents and supportive medical therapy.?
Chest radiography has its own set of disadvantages -
exposure to radiation (even though plain radiographs
have small amounts of radiation dose exposure about
0.01-1.5 mSv, children are more susceptible to non-
deterministic stochastic effects of radiation than adults,
difficulty in acquiring both postero-anterior and latero-
lateral projections in critically ill patients.®#

CT chest, which is considered gold standard in diagnosis
of pneumonia is expensive, impractical in critically ill
and has higher radiation exposure than chest X-ray. Also,
it is not easily available in resource poor setting.

Lung ultrasound has been long used in the diagnosis of
pleural effusion and pneumothorax. It is less expensive,
more user friendly, easy to transport and has no exposure
to radiation. In view of increasing awareness of exposure
to radiation and also minimal use of chest ultrasound for
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the diagnosis, this study was conducted to know the
findings of lung ultrasound in childhood pneumonia and
its use as a preferential mode for diagnosis of childhood
pneumonia.

Objectives of the study is to assess lung ultrasound
findings in childhood pneumonia and to correlate lung
ultrasound findings with clinical findings

METHODS

This was a prospective observational study conducted
from November 2017 to May 2019 at a tertiary care
centre in south India, involving patients admitted between
2 months to 5 years of age with a diagnosis of
pneumonia. Clinical data were collected in predesigned
proforma. Patients were investigated and treated as per
standard protocol. Lung ultrasound was done in 24 hours
and the results were analysed.

Inclusion criteria

e  Parents willing to give written informed consent

e Children between the ages of 2 months to 5 years.

e Children with signs and symptoms suggesting
pneumonia according to ARI control programme.

Exclusion criteria

e  Children who are on ventilator.
e Children with major cardiac and lung anomalies.

The children coming to the hospital with symptoms
suggestive of pneumonia according to ARI control
programme were admitted (Table 1). Demographic data
was collected and clinical evaluation was done. Within
24 hours of admission, lung ultrasound was done by a
radiologist.

Table 1: ARI control programme.

Pneumonia

Fast breathing

No chest indrawing
Child feeding well

No pneumonia
No fast breathing
No chest indrawing
Child feeding well

Treated at home with oral
cotrimoxazole for 2 days and
reassessed. If symptoms
improved then antibiotic
continued for 5 more days

Treat at home

The ultrasound was done using a curvilinear probe with
transducer frequency of 6-13 MHz in Fujifilm Sonosite
machine manufactured by ELPAC Electronics. Each
hemithorax was divided into anterior, lateral and
posterior zones and subdivided into upper and lower
halves. Each zone was then scanned along anatomical
lines: parasternal, mid-clavicular, anterior axillary, mid-
axillary,  posterior  axillary,  mid-scapular  and
paravertebral. The lung was visualised through the
intercostal window and the probe was rotated both
perpendicular and parallel to the ribs and moved from
one intercostal space to the next, usually in a caudal
direction from the apices to the costophrenic angles. If an
area of pathology is visualised, a focused assessment of
that area is done. The patient was examined in both
supine and sitting position, as sitting position would
provide better assessment of lateral and posterior areas of
chest.> The presence of hepatization, B-lines and air

Requires
hospitalization

Severe pneumonia Vry severe disease
Fast breathing
Chest indrawing
No central cyanosis
Child able to drink

Not feeding well

Convulsions

Abnormally sleepy/difficult to wake
Stridor in a calm child
Wheezing/grunting

Severe chest indrawing

Central cyanosis

Apnoea

Requires hospitalization

bronchograms were considered to be suggestive of
pneumonia.

Method of statistical analysis

The following methods of statistical analysis have been
used in this study. The Excel and SPSS (SPSS Inc,
Chicago v 18.5) software packages were used for data
entry and analysis respectively. The results were
averaged (meanzstandard deviation) for each parameter
for continuous data in Table and Figure. Proportions were
compared using Chi-square test of significance.

RESULTS
During the study period, a total of 321 cases were

admitted with pneumonia out of which 44 children were
intubated at admission and 67 children had pre-existing
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cardiac illness and were excluded from the study and
hence 210 cases were included in this study and the

Table 3: Symptoms and vitals at admission.

results obtained are as follows (Figure 1). | Parameter ~ Frequency (n)  Percentage
Cough 210 100
Fever 209 99.5
Total cases of pneumonia)l Hurried breathing 209 99.5
admitted duning the study Chest indrawing 161 76.7
period= 321 Lethargy 69 32.8
Refusal of feeds 31 14.8
Tachycardia 80 38
E=xcluded from the study Tachypnea 206 98.1
Ventilated children=44 SpO2 <90% 160 76.2

Children with cardiac
illness=67

Included in the study =
210

Figure 1: Case selection algorithm.

According to the data, the majority of the population
belonged to the age group of 2-12 months (n=153,
72.8%) which shows that the majority of the patients
being affected with pneumonia are infants. In this study,
males formed the major chunk (n=137, 65.2%) and the
females accounted for 34.8% of the population. In this
study authors observed that, 57.1% (n=120) were
immunized according to the national immunization
schedule up to their chronological age. 37.1% (n=78)
were not completely immunized and 5.8% (n=12) were
unimmunized (Table 2).

Table 2: Demographic data of the study population.

Percentage

Parameter

2-12 months 153 72.8
1-3 years 48 22.9
3-5 years 9 4.3
Sex

Males 137 65.2
Females 73 34.8
Immunisation status

Complete 120 57.1
Incomplete 78 37.1
Unimmunised 12 5.8

All the cases included in this study had cough as a
presenting symptom. Next common complaints were
fever and hurried breathing (99.5%). 98.1% of this
patients had abnormal respiratory rate with respect to
their age. 76.2% of this study population presented with
oxygen saturation below 90%. 38% had tachycardia
(Table 3).

The cases were categorised into different types according
to ARI control programme. In this study, the most
common was Severe pneumonia accounting for 66.2%
(n=139). 23.8% (n=50) presented with very severe
pneumonia and 10% (n=21) presented with pneumonia.
In this study, 10% (n=21) had pneumonia, 66.2% (n=139)
had severe pneumonia and 23.8% (n=50) had very severe
pneumonia (Table 4).

Table 4: Types of pneumonia according to ARI
control programme.

| Parameter _Frequency  Percentage
Pneumonia 21 10
Severe pneumonia 139 66.2
Very severe pneumonia 50 23.8

These cases were subjected to lung ultrasound to
determine the changes seen in childhood pneumonia. Out
of this 19.5% (n=41) showed abnormalities on lung
ultrasound. Out of 21 pneumonia cases, only 1 (4.8%)
had ultrasound changes. In case of severe pneumonia, 20
(14.4%) cases had ultrasound changes. In case of very
severe pneumonia, 20 (40%) cases had ultrasound
changes (Table 5). The predominant ultrasound change
seen was consolidation, present in 19.5% of cases (Table
6). Ultrasound, however did detect the presence of pleural
effusion, even minimal, before the onset of clinical
features in 11.9% (n=25) of the cases.

Table 5: Percentage of lus abnormal in different types
of pneumonia.

Ultrasound feature on

| Diagnosis admission
Normal Abnormal
Pneumonia 20 1 21
95.2% 4.8% 100.0%
Severe 119 20 139
Pneumonia 85.6% 14.4% 100.0%
Very Severe 30 20 50
Pneumonia 60.0% 40.0% 100.0%
Total 169 41 210
80.5% 19.5% 100.0%
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Table 6: Distribution of lus findings.

LUS findings Number Percentage

Consolidation 41 19.5%

Pleural effusion 25 11.9%

Empyema 3 1.4%
DISCUSSION

Pneumonia is the leading cause of death in children. But
confirmation of a clinically suspected diagnosis, either to
guide management or for consistent case definition in
epidemiological and  vaccine  studies, remains
problematic. Chest radiography is generally considered
the first-line standard-of-care imaging modality to
investigate  suspected  pneumonia, with  alveolar
consolidation or interstitial infiltrates considered
diagnostic for bacterial pneumonia.5*? However, chest
radiography cannot be considered a diagnostic gold
standard as a result of wide inter- and intraobserver
variability when interpreting results, differing radiologic
manifestations of pneumonia and possible lack of
sensitivity and specificity.>!2 Due to the potentially
harmful effects of radiation exposure, some clinical
guidelines advise against the routine use of chest
radiography in uncomplicated acute lower respiratory
infections in childhood populations.t®** More recently,
due to its potential to decrease radiation exposure, there
has been a renewed interest in the use of lung US as a
first-line imaging modality for the diagnosis of
pneumonia, especially in children.

Normally, in lung ultrasound, the chest wall appears as
sequences of echogenic soft tissue layers, denoting the
layers of muscles and the fascia planes.'® The ribs appear
on transverse scans as curvilinear structures with
posterior acoustic shadowing beneath the chest wall soft
tissue. With a high resolution linear probe, the visceral
and parietal pleura describes as two echogenic lines under
the ribs.®® A hyperechoic and sliding line, moving
forward and backward with respiration, notes 0.5cm
underneath the rib line, and mentions as the “pleural
line”. A-lines are hyperechoic lines running parallel to
the pleural line that are, in fact, reverberation artefacts of
the pleural line. B-lines (which are alternatively referred
to as lung comets or comet-tail artefacts) are hyperechoic
lines arising from and running perpendicular to the pleura
up to the deep edge of the image, without fading, and
obliterating the A-lines where they cross. The origin of
B-lines is from arbitrary air-fluid interfaces produced in
the lung parenchyma by adjacent fluid and air-filled
structures such as alveolar air and interstitium, which
become increasingly dense with a corresponding increase
in extravascular lung water or decrease in aeration.'® On a
macroscopic level, B-lines correlate with thickened
interlobular septae or ground-glass appearance identified
on computed tomography (CT).1"'® The ultrasound
changes in pneumonia include: a) loss of pleural line
echogenicity over the area of consolidation and the
absence of A-lines within the area, b) increased B-lines

surrounding the area of consolidation, c) B-lines often
arising from the deep edge of the consolidation rather
than from the pleura and d) sonographic air
bronchograms seen as multiple hyperechoic punctate or
lenticular specs within the area of consolidation or
branching tree-like structures depending on the plane at
which they are cut by the ultrasound beam. Large
consolidations tend to have a characteristic liver-like
appearance, referred to as hepatization. Atelectasis or
lung collapse has a similar appearance to consolidation.*®
2L The standard look of pleural effusion is an anechoic
fluid in between the both layers of pleura.’® In pleural
effusion, there is a sustained appearance of the vertebral
bodies from the abdomen into the thoracic cavity, which
is not normally visualised.®® The sign of presence of air in
the pleural space (Pneumothorax) is the “Barcode sign”
or “Stratosphere sign” on M-mode. The air will produce
only the horizontal lines throughout the image (Figure
2)_22

Figure 2: Stratosphere sign in pneumothorax.

The present study was undertaken to study the lung
ultrasound findings in childhood pneumonia as a useful
diagnostic tool for early detection of childhood
pneumonia.

When compared to other studies, this study also showed
higher incidence of pneumonia in infancy. The studies
also showed higher incidence in males as compared to
females.?®?* These studies also had higher cases with
complete immunisation.?32°

With respect to categories of pneumonia, like this study,
there was higher incidence of severe pneumonia.?®?®

This study showed that only 40% of the study subjects
had changes in lung ultrasound, even when the child had
clinical findings suggestive of severe disease. This was in
contrast to studies which showed higher sensitivity and
specificity of lung ultrasound in detection of features of
pneumonia.?’?® The reason for lower incidence of lung
ultrasound changes in this study could be attributed to
inability of the ultrasound is able to pick up changes in
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lung parenchyma near to the pleural surface and changes
deep within the lung parenchyma. In the study conducted
by Tirdia et al, they found 93.5% had subpleural
consolidation by lung ultrasound and 35.9% had B-
lines.*® In this study, the lung ultrasound had picked up
consolidation which was closer to the pleural surface and
hence the high sensitivity reported. This study also had
included age groups up to 18 years with a mean age
group of 3 years which has high incidence of bacterial
pneumonia which usually presents with consolidation. In
the meta-analysis conducted by Pereda et al they found
that lung ultrasonography had a sensitivity of 96% and
specificity of 93% with positive and negative likelihood
ratios of 15.3 and 0.06 respectively, but, there was no
direct comparisons between the clinical presentation and
lung ultrasound which resulted in heterogeneity of results
reported.®

Limitations of ultrasound in pneumonia include the
following:

e Ultrasound is time consuming with a median time of
10 minutes with no difference between the
experienced and novice operators.323

e To identify pneumonia by lung ultrasonography, a
consolidation needs to reach the pleura and be within
an intercostal window.3*

e Atelectasis may present as small consolidation and
be misinterpreted as pneumonia by lung ultrasound.3*

e [|nability of the ultrasound to demonstrate certain
features routinely assessed by chest radiography
including hyperinflation, cardiac size and shape as
well as airway position, size and patency.?!

It is possible that ultrasound lung examination in children
especially  for  pneumonia, pneumothorax, and
consolidation is under stressed with most of the attention
and time spent on x-ray, CT, MRI and ultrasound of
abdomen.

A major feasibility concern is the learning curve and
training requirements for clinicians to perform and
interpret lung ultrasound in children. A recent study
showed that ultrasound performed well in the hands of
general practitioners after they received individualised
training over a 7-day period from an expert radiologist.?
Adequate training should not be underestimated and there
is indeed a learning curve to confidently perform and
interpret lung US scans. Supervised training and quality
assurance by logging and reviewing scans with an
experienced operator is therefore advised as part of any
training program. It is imperative from authors
observation that structured training for post graduate
residents in critical care setting as well as radiology
residents is the need of hour to make use of what is
probably going to be a non-invasive, less expensive, and
least at risk modality to diagnose childhood pulmonary
diseases.

Limitations of this study was that lung ultrasound was not
compared against any standardised reference diagnostic
modality, the study was conducted in a single centre and
the study was conducted without prior individualised
training.

CONCLUSION

This study concluded that in case of very severe
pneumonia, ultrasound could detect changes in the lung
parenchyma as compared to pneumonia and severe
pneumonia. As there are increasing reports regarding the
utility of ultra sound in the diagnosis of pneumonia and
it’s complications due to its advantages over chest x-ray
or CT, it may become the next line investigation of
choice prior to x-ray chest and CT. Hence, there is a need
for structured training of critical care clinicians and
radiology residents.
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