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Abstract

Introduction: The diagnosis of pneumonia is usually made based on clinical
manifestations and chest X-ray. The use of ultrasound in detecting pulmo-
nary diseases in general, and especially consolidation syndrome has been
demonstrated. The objective of this study was to determine the accuracy of
thoracic ultrasound compared to chest X-ray in the diagnosis of infectious
pneumonia in children. Methods: Children between 0 to 15 years were in-

cluded in our study. The lung ultrasound results obtained were compared
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into the Epilnfo 3.5.4 software and analyzed with the Epilnfo 3.5.4 and
IBMSPSS Statistics version 20.0 softwares. Microsoft Office Excel 2016 was
used to produce Charts. Continuous quantitative variables were presented.
Cohen’s Kappa concordance test was applied with confidence interval of 95%.
Results: 52 children were enrolled in the study. In imaging, the dominant
sign was consolidation syndrome (75.0%) of cases by chest radiography, and
in 78.8% of cases by lung ultrasound (p < 0.05). The chest radiograph was
identified pleural effusion in 5 cases whereas lung ultrasound was identified
in 6 cases. 3 patients with apparently normal chest X-rays had pulmonary ul-
trasounds suggestive of pneumonia. The degree of agreement between chest
X-ray and lung ultrasound in detecting lesions compatible with pneumonia
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was satisfactory (kappa: 0.784) and excellent in the detection of pleural effu-
sion (0.898). Conclusion: Our study demonstrated that lung echography is a
non-ionizing and reliable tool in the diagnosis of childhood’s pneumonia.
Keywords

Lung Ultrasound, Chest X-Ray, Pneumonia, Children, Yaoundé, Cameroon

1. Introduction

Pneumonia is a major cause of infant mortality worldwide. The diagnosis is
usually based on the clinical presentations and findings on conventional chest
X-rays. The use of ultrasound scan to detect pulmonary diseases in general and
particularly consolidation syndromes had been demonstrated. In Africa, few ar-
ticles on its efficiency to detect pneumonia in children are published. The aim of
this study was to determine the precision with which thoracic ultrasound scan

can diagnose pneumonia in children relative to conventional chest X-rays.

2. Materials and Method

It was a cross-sectional, analytic study conducted in the Pediatric and Radiology
Departments of the Yaoundé Gyneco-Obstetric and Pediatric Hospital (YGOPH),
and the Mother-and-Child Centre (MCC) of the Chantal Biya’s Foundation. The
study was conducted for eight months, between the periods from October 2017
to May 2018.

Included in our study were children between 0 to 15 years old, who were ei-
ther received at the out-patients consultations or admitted at the Pediatric de-
partments of the YGOPH and the MCC of the Chantal Biya’s Foundation with a
clinical diagnosis of pneumonia that warrants radiologic confirmation, and for
whom parents and guidance consented.

Due to the fact that we never had portable radiologic and ultrasound appara-
tuses to carrying bed-side scans, children with unstable vital signs were excluded
from our study since they couldn’t be displaced.

Children who were received at the out-patients or admitted with respiratory
signs and symptoms caused by another lung disorders besides pneumonia were
excluded from our study.

We study many variables: The socio-demographic variable (age and sex), the
clinicals variables as respiratory sign, biologicals variables (hemogramm, C-reactive
protein, hemocultur, pleural effusion), imaging variable as chest X-ray sign and
ultrason finding.

Our procedure involved a consecutive non-exhaustive sampling based on the
selection criteria during the period of data collection, and we used the central
tendency comparism analysis. Our data were introduced into the Epilnfo 3.5.4
software and analyzed with the Epilnfo 3.5.4 and IBMSPSS Statistics version 20.0
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softwares. Microsoft Office Excel 2016 was used to produce Charts. Continuous
quantitative variables were presented as means + standard deviations or medians
(interquartile intervals), and categorical variables presented as portions (propor-
tions in percentages). Cohen’s Kappa concordance test was applied with confi-

dence interval of 95%.

3. Results
3.1. Demographic, Clinical and Biologic Findings

Our sample size consisted of 52 patients, with 34 males (65.4%) and 18 females
(34.6%). The minimum age was 1 month and the maximum age was 23 month.
The most represented age bracket was that between 2 to 24 months.

The prevalent clinical symptoms were fever 52 (100.0%), cough 50 (96.2%)
and breathlessness 47 (90.4%) with 55.8% having moderate respiratory distress.
In 76.9% of cases, chest expansion was reduced, vocal transmission were in-
creased in 55.8% of cases, dullness or subtle dullness in 92.3% of cases and
breath sounds reduced in 82.7%. The most perceived added breath sounds were
fine crackles with a frequency of 75.0%.

In terms of biochemistry, leukocytosis was the most frequent findings in full
blood counts (94.2%). Ninety-two point three percent (92.3%) of cases presented
with an elevated C-reactive protein levels, 9.6% of children did blood culture and
pleural fluid analysis test. Forty percent (40.0%) of the blood culture test con-
ducted were sterile. Le most isolated germ in both the blood culture and pleural

fluid analysis was Mycobacterium Tuberculosis.

3.2. Characteristic Findings on Imaging

3.2.1. Categories of Patients Based on Conventional X-Rays Findings
According to the 52 patients who did the thoracic X-ray, 39 (75.0%) of them
presented the consolidation syndrome while, 11 (21.1%) where normal. See Ta-
ble 1.

3.2.2. Categories of Patients Based on Ultrasound Scan Findings
41 (78.8%) patients over 52 presented an alveolar syndrome at the chest ultra-

sonography. See Table 2.

Table 1. Categories of patients based on conventional X-rays findings.

Chest X-rays findings Frequency and percentage (%)
Normal 11 (21.1%)
Consolidation syndrome 39 (75.0%)
Interstitial syndrome 8 (15.4%)
Alveolo-interstitial syndrome 8 (15.4%)
Pleural syndrome 5 (9.6%)
Thickening of bronchial walls 4(7.7%)
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Table 2. Categories of patients based on ultrasound scan findings.

Ultrasound findings Frequency and percentage (%)
Normal 11 (21.1%)
Alveolar syndrome 41 (78.8%)
Interstitial syndrome 8 (15.4%)
Alveolo-interstitial syndrome 8 (15.4%)
Pleural syndrome 6 (11.5%)
Pleural irregularity 20 (38.5%)
Average duration in minutes (+standard deviation) 8.5 (£2)

3.3. Correlation between Conventional X-Rays and Ultrasound
Scan

3.3.1. Correlation between the Two Modalities in Detecting Alveolar
Syndrome

Of the 52 children with suspected pneumonia at admission, 41 of them had

findings that were comparable with those on lung ultrasonography. Standard

chest radiographs confirmed pneumonia in 39 patients. There was a satisfactory

degree of concordance between the standard X-rays and pulmonary ultrasound

in detecting lesions comparable with pneumonia (Kappa: 0.784). See Table 3.

3.3.2. Correlation between the Two Modalities in Detecting Pleural
Effusion

Six children presented with fluid pleural effusion at the ultrasound scan against 5
in chest X-rays, for which concordance is 0.898 between the two modalities

(Table 4).

4. Discussion
4.1. Limitations of our Study

This study presents some shortcomings. Firstly, thoracic Computerized Tomo-
graphy which is the gold standard imaging modality for diagnosing pneumonia
was not used to compare findings on Chest X-rays and Ultrasound. This is be-
cause of the very high risk of radiation in CT scan with 300 to 400x that com-
pared to conventional chest X-rays. Moreover, CT scan is expensive than X-rays
[1].

Secondly, the same operator conducted the pulmonary ultrasound. Different
findings could be gotten from a more or less experienced operator. Nonetheless,
according to the “International Laison Committee for Pulmonary Ultrasono-
graphy”, the pattern of experience increases relatively rapidly and simple with
respect to other ultrasound modalities [2]. Shah ef al compared chest Ultra-
sound interpretations from inexperienced and experienced pediatricians and
found out that there was improved performance linked to experience, however
without demonstrating a statistically significant difference between the two cat-

egories of operators [3].
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Table 3. Correlation between the two modalities in detecting alveolar syndrome.

Chest Ultrasonography

Standard

Chest X-rays Positive Negative Total Sen (%) Sp (%) PPV (%) MPV (%) Kappa P value

Positive 38 1 39 974 769 92.7 90.9 0.784 0.000
Négative 3 10 13
Total 41 11 52

Table 4. Correlation between the two modalities in detecting pleural effusion.

Chest Ultrasonography (Fluid pleural effusion)

Standard chest

anxa:ay: ®Y PL  Yes No Total Se(%) Sp(%) PPV (%) NPV (%) Kappa Pvalue
Yes 5 0 5 1000 979 83 1000 09 0.0
No 1 46 47

Total 6 46 52

Thirdly, although the duration to perform the workups was reasonable
enough (48 h), it wasn’t optimal. This could be justified by the fact that the same
operator had to shuffle between the two sites of recruitment and performing the
workups dependent on their availability.

Fourthly, ours sample size was small. This can be justified by the very limited
time for our study. Boursiani ef al conducted a similar study with a sample size
of 69 children over a period of 13 months [4]. Ianello ef al conducted a study

with a sample size of 84 children over a period of 15 months [5].

4.2. Demographic and Clinical Characteristics

Our pool consisted of 65.4% boys. The average age was 14 months; the most
represented age bracket was between 2 to 24 months giving 48.1% of patients.
These results are similar to those reported by Omran et al. [6] who had 60.0%
boys, the most represented age bracket was between 2 years. Tirdia et a/ in their
study had 65.5% boys and the average age children was 36 months [7]. The most
present symptoms were fever (100.0%), cough (96.2%), and breathlessness
(90.4%). The most frequent signs were tachypnea (92.3%), dullness (92.3%) and
reduced tactile fremitus (80.2%). These results are similar to those reported by
Yadav et al. who found 100.0%, 72.8%, 100.0% and 68.6% for fever, cough,

breathlessness and tachypnea respectively [8].

4.3. Biological Characteristics

94.2% of children had leukocytosis with 92.3% having a positive CRP test. These
results were close to that obtained by Zayat et al with 91.1% for positive CRP
test [9]. 90.4% of patients never did blood culture tests. This can be explained by

the high level of automedication, since doctors prescribed blood cultures only to
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patients with declining clinical conditions despite good drug compliance or, in
cases of pleural effusion. Amongst the 9.6% of patients who did blood culture
tests, 40.0% were sterile. So many factors could explain this relatively high level
of sterile blood cultures especially the site of sample collection, and the condi-
tions under sample collection. Given the financial challenges of parents, it is
usually difficult to perform several blood cultures. In a study with 168 patients
diagnosed of pneumonia, Wubbel et a/. had all sterile blood cultures [10]. The
most encountered germs in blood cultures and pleural effusion analysis was
Mpycobacterium Tuberculosis. These findings contradict the epidemiologic ex-
pectations whereby the primary causal germ of pneumonia in children is Strep-
tococcus Pneumoniae. This can be explained by the fact that an empirical anti-
biotic therapy targeting common germs are usually commenced at the moment
pneumonia is clinically suspected without blood culture test. Only in cases of
treatment resistance to these antibiotic therapy that blood cultures and pleural
fluid analysis is done if they were prescribed, reason for the low rate of these
workups relative to the sample population. Given that Mycobacterium Tubercu-
losis is not sensitive to classical drugs, the tendency for these tests to be positive
is then high.

4.4. Conventional Chest X-Rays

Amongst the 52 children in our study, consolidation syndrome was detected in
39 patients giving 75.0%. These results are close to those reported by Caiulo et al.
who had 79.4% of pneumonia detected by standard chest X-rays [11]. Tirdia et
al. had 76.9% of alveolar syndrome detected by chest X-rays [7]. These findings
were higher than that gotten by Boursiani ef al. in their study where-in standard
chest X-rays demonstrated a consolidation syndrome in 33.3% of cases [4]. This
difference can be due to the delay in consultations that is generally common in
areas were the population is impoverished, added to the fact that there is a delay

in appearance of radiographic signs with respect to the beginning of the diseases.

4.5. Chest Ultrasonography

In our study, thoracic ultrasound permitted us to detect consolidation syndrome
in 78.8% of children with suspected pneumonia. The diagnostic performance of
chest ultrasound in our study involved: Sensitivity (Se) of 97.4%, Specificity (Sp)
of 76.9%, Positive Predictive Value (PPV) of 92.7%, Negative Predictive Value
(NPV) of 90.9%. Similar findings had been reported by other authors. According
to Yadav et al chest ultrasound had a sensitivity of 98.0% and specificity of
64.7% for diagnosing acute community pneumonia in children [8]. The high
sensitivity of chest ultrasound in detecting consolidation syndrome is of great
value in clinical practice especially in the context of patient management with
antibiotics, given that the syndrome is usually related to pneumonia caused by
bacteria, while interstitial syndrome is linked to atypical bacteria or viruses.

On the contrary, we had a specificity of 76.9%. Some studies reported similar
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findings, such as that of Ambroggio et a/. [12] who had a specificity of 75.0%
while comparing thoracic ultrasound with standard chest X-rays and CT scan in
detecting consolidation syndrome. However, a good number of studies got
higher specificities varying between 86.0 and 97.5% [4] [7] [13] [14] [15] [16].
This could be due to the fact that the selection criteria, which involved entry di-
agnosis based on clinical signs wasn’t specific, and the clinical evolution as well
as exit diagnosis were never considered as judgment criteria together with the
standard chest X-rays at the end of the study.

Thoracic ultrasound identified 6 cases of pleural effusion as against 5 for the
standard chest X-rays, giving a sensitivity of 100.0%, 97.9%, 83.3%, and 100.0%.
Hence, chest ultrasonography is an excellent tool to exclude fluid presence.
These results were in line with those defined by the study from Yilmaz ef al. in
which conventional X-rays identified 4 cases of pleural effusion as against 5 in
ultrasound [17]. While comparing thoracic ultrasound and standard X-rays to
thoracic CT scan in detecting pleural effusion, sensitivity and specificity ob-
tained were 80.0% and 78.0% respectively for ultrasound; 60.0% and 92.0% for
X-rays [12].

The average duration taken to realize a thoracic ultrasound was 8.5 minutes.
This indicates that this modality is applicable in daily practice. Other studies
demonstrated similar average test performance durations [11] [18] [19]. Shale et
al. Reported an average performing duration of 8 minutes for inexperienced ul-
trasound operators (<25 ultrasound scans before the study) and 7 minutes for

experienced operators (=25 ultrasound scans before the study).

4.6. Diagnostic Correlation with Thoracic X-Rays and Ultrasound

Chest ultrasound detected 3 cases of pneumonia non-visualized by the chest
X-rays. This may be due to the fact that standard chest does not detect small
consolidations (<1 cm) as well as early consolidations. Among the positive
X-rays, a local lesion for pneumonia at the scapular area was not detected by the
ultrasound scan. This could be explained by the difficulty of the chest echogra-
phy to exploit the scapular region. The same challenge had been highlighted by
other authors [20].

The concordance level between the two modalities was satisfactory (Kappa
coefficient 0.784) for the diagnosis of pneumonia, and excellent (Kappa coeffi-
cient 0.898) for the detection of pleural effusion. In Urbankowsa’s study [21],
analysis of the concordance level demonstrated an excellent global concordance
between thoracic ultrasound and X-rays in terms of pneumonia diagnosis (Co-
hen Kappa coefficient of 0.89). Such a good concordance indicates that in ap-
plying chest ultrasound, diagnosis will remain high while reducing children’s
exposure to ionizing radiations. In a case-control clinical trial conducted by
Jones et al, in children with clinical suspicion of pneumonia, the use of chest ul-
trasound before the chest X-rays in a group of children reduced the use of chest

X-rays 38.8% relative to the control group. Amongst children who benefited
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from the chest ultrasound only, no missed pneumonia diagnosis nor undesirable
findings was mentioned, indicating that it could be applicable to substitute chest
X-rays with chest ultrasonography while evaluating children with clinically sus-

pected pneumonia [22].

5. Conclusion

At the end of our study, we could conclude that thoracic ultrasound is an appli-
cable imaging modality in our context especially at the emergency services and
health facilities without a radiographic apparatus. So chest ultrasound could be
used as an alternative to chest X-rays and even used as a first choice test with

aim to reduce child’s exposure to ionizing radiations.
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