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1. Introduction

Lower respiratory tract infections are one of the leading causes of global mor-
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bidity and mortality, especially among children under 5 years of age [1]. LRTIs
are the second most common cause of mortality among children in Egypt [2].
Lower respiratory tract infections (bronchitis, bronchiolitis and pneumonia) are
the cause of a considerable number of pediatric emergency room visits [3].

Imaging plays an important role in the detection, diagnosis and evaluation of
a wide range of respiratory diseases [4]. Pediatric radiology is a complex issue. A
wide variety of imaging modalities are used to help making an accurate and
timely diagnosis, thus enabling rapid treatment of the many different disease
entities found in the pediatric chest [5] [6].

Plain CXR remains the basis for chest assessment in childhood. It still plays a
central role in the diagnosis of respiratory disease [7]. However, plain chest ra-
diograph had several limitations; interpretation varies significantly among ob-
servers, it might result in unnecessary exposure of children to ionizing radia-
tions, increased medical costs, time spent, and potential complications due to
unnecessary medicine prescription [8] [9].

With the aim of avoiding excessive exposure of the children to radiation and to
overwhelm the previous obstacles, the performance of alternate (non-ionizing)
techniques has to be investigated [10]. Chest ultrasound is an appealing alterna-
tive as it is lacking ionizing radiation, is rapid to achieve, can be repeated with-
out difficulty and can be performed and explained by pediatricians [11]. Fur-
thermore, the new ultrasound machines are smaller in size and portable, making
bedside ultrasound testing possible. In addition, ultrasound is cheaper and more
easily available than CT and MRI, particularly in resource-limited countries [12].

Recent publications indicate that ultrasound plays a promising role in bedside
lung parenchymal assessment, which suggests that it can replace chest radio-

graphs [3].

2. Aim of the Work

Because LRTTs are very common, specifically in the pediatric age group, it is es-
sential to find a bedside diagnostic tool able to achieve and ultimately overcome
the efficacy of CXR in the diagnosis of these diseases, so the present study was
conducted to compare between the findings of chest X-ray and those of chest ul-

trasound among children with lower respiratory tract infections.

3. Subjects and Methods

This study is a case control study included 100 children aged 6 month to 6 years
with lower respiratory tract infections and 100 healthy age- and sex-matched
children (controls). Included children were recruited from Mansoura University
children hospital during the period from September 2020 to June 2021. Children
presented with symptoms and signs suggestive of lower respiratory tract infec-
tion including: respiratory distress (tachypnea, subcostal, intercostal retractions,
grunting or cyanosis), acute wheezes, prolonged fever, abnormal auscultatory

findings (wheezes, crepitations/crackles, differential breath sounds), or persis-
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tent cough. Patients with chronic lung diseases, hemodynamic instability, severe
neuromuscular disease, suspected congenital or acquired immunodeficiency or
with known congenital heart diseases were excluded.

The clinical diagnosis of bronchiolitis was done according to the guidelines of
the American Academy of Pediatrics as a set of clinical signs and symptoms that
occur in children under 2 years of age, including viral prodromal symptoms of
the upper respiratory tract followed by increased breathing effort and wheezing
[13]. Pneumonia was diagnosed when there is fever > 38.5°C together with chest
indrawing and a high respiratory rate [14]. Acute bronchitis was diagnosed when
there is cough, associated with different degrees of moist rales in both lungs, or
wheezing without evidence of pneumonia [15].

Radiological examination: Chest X-rays was performed in frontal view, ei-
ther in the antero-posterior lie down or in the postero-anterior upright view,
according to the age of the patient. Lateral radiographs were not routinely per-
formed to avoid unnecessary exposure to further radiation [16]. The following
chest X-ray abnormalities were reported [9]:
¢ Pleural effusion and pneumothorax.

e Interstitial infiltrates or increased interstitial markings.

¢ Lung hyperexpansion.

¢ Inflammatory infiltrate: include consolidation pneumonia or non-interstitial
infiltrates.

Sonographic examination: Chest ultrasound was done using SonoScape
machine (SonoScape SSI-8000 Guangdong, China). For performing of the chest
ultrasound, the chest is divided into three areas: front, back and sides. Each area
is scanned in the vertical and horizontal planes, up and down and inward, re-
spectively [10]. Ultrasound findings were classified according to the following
findings [17]:

e Small subpleural consolidations < 10 mm in diameter.

¢ Consolidations > 10 mm in diameter may be associated with air broncho-
gram: usually associated with pneumonia.

e Interstitial syndrome -B7 lines: increased B lines, the supposed B7 lines are
around 7 mm separately and usually <7 mm.

e Alveolar-interstitial syndrome -B3 lines: characterized by numerous B lines
at a space of around 3 mm. They denote the existence of fluid in the alveoli.

Ethical considerations: The study protocol was introduced, reviewed and
accepted by the institutional review board (IRB) of Faculty of Medicine for girls.
The study procedures were completed according to research ethics of declaration
of Helsinki.

Statistical Analysis: All analyses were completed by the Statistical Package for
Social Science (SPSS) version 23 for windows (IBM-SPSS Inc, Chicago, IL, USA).
Student “¢” test, or Mann Whitney “U” tests were used to analyze quantitative
data; while Chi square or Fisher exact tests were used to analyze qualitative data.

P-value < 0.05 was considered statistically significant.
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4. Results

Among the 100 patients with LRTI, 41 patients had pneumonia, 36% had bron-
chiolitis and 23% had bronchitis. The mean age of children in the case group was

34.2 + 11.5 months; most of studied children were males (58%) and rural resi-

dents (72%). Vital data and laboratory investigations of the studied cases were

shown in Table 1. Regarding clinical presentations, cough was the most frequent

symptom (100%), followed by nasal discharge (97%) and fever (92%). Respiratory
distress was reported in 65% of children (Table 2). Regarding CXR findings, the

Table 1. Demographic, vital data and laboratory findings among the study groups.

Case group Control group

(n = 100) (n=100) ‘et P
Age (months) 342 +11.5 36.1 +13.4 1.07 0.28
Sex Males 58 (58%) 53 (53%) 0.51 047
Females 42 (42%) 47 (47%)
Residence Etrlll;zln Zz EZSZ; 22 Egi:; 0.84 0.36
Temperature ("C) 38.12 £ 0.67 37.1+0.22 14.5 <0.001*
Heart rate (beat/min) 123.6 + 18.3 107.4 £ 12.5 7.3 <0.001*
Respiratory rate (cycle/min) 43.65+13.8 27.89 + 4.66 10.8  <0.001*
Total leukocytes 11.71 £ 2.40 7.45 +2.02 135  <0.001*
Neutrophils count 6.35+2.51 483 +1.23 543  <0.001*
Lymphocytes count 4.87 +1.25 3.12+£1.47 434  <0.001*
C-reactive protein 12 (4.5 -18) 2(1-3) 11.1 <0.001*
*: Significant.
Table 2. Clinical presentations of the case group.
Symptom* Value
Nasal discharge (n, %) 97 (97%)

Cough (n, %)

100 (100%)

Persistent cough (>2 weeks) (n, %) 11 (11%)
Fever (n, %) 92 (92%)
Wheezes (n, %) 46 (46%)
Respiratory distress (n, %) 65 (65%)
Decreased air entry (n, %) 74 (74%)
Crackles 52 (52%)
Prolonged expiration 52 (52%)
Wheezes (small) 47 (47%)
Ronchi (large) 42 (42%)
Bronchial breathing 15 (15%)
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most frequent finding among patients with pneumonia was consolidation (68%),
followed by interstitial infiltrates (20%), while interstitial infiltrates and lung
hyper-expansion were the main findings in bronchiolitis (50% and 20% respec-
tively), while the majority of children (82.5%) with acute bronchitis had normal
chest X-ray (Table 3). As for LUS, the most frequent finding among patients
with pneumonia was consolidation (75%), followed by numerous B3 lines and
pleural effusion (10%). The main findings in bronchiolitis were numerous B3
lines (39%) and increase B7 lines (interstitial syndrome; 25%), while the majority
of children with acute bronchitis (78%) had normal ultrasound findings (Table
4). Diagnostic performances of CXR and LUS were shown in Table 5. Lung ul-
trasound was more sensitive than chest X-ray for diagnosing pneumonia (97.6%
for LUS vs. 92.7% for CXR) and bronchiolitis (91.7%% for LUS vs. 77.8% for
CXR).

Table 3. Chest X-ray findings in relation to clinical diagnosis.

Pneumonia Bronchiolitis Bronchitis

(n=41) (n=36) (n=23) Lo
Consolidation, non-interstitial infiltrates 28 (68%) 3 (8.5%) 0 (0%) 31
Increased interstitial markings 8 (19.5%) 18 (50%) 2 (8.5%) 28
Lung hyper-expansion 0 (0%) 7 (19.5%) 2 (8.5%) 9
Pleural effusion 2 (5%) 0 (0%) 0 (0%) 2
Negative chest radiography 3 (7.5%) 8 (22%) 19 (82.5%) 30

Table 4. Lung ultrasound findings in relation to clinical diagnosis.
Pneumonia  Bronchiolitis  Bronchitis

(n = 41) (n=36) (=23 o
Consolidations > 10 mm 28 (68%) 1 (3%) 0 (0%) 29
Sub-pleural consolidations 3 (7.5%) 8 (22%) 2 (8.5%) 13
Numerous B3 lines 4 (10%) 14 (39%) 0 (0%) 18
Numerous B7 lines 1(2.5%) 9 (25%) 3 (13%) 13
Pleural effusion 4 (10%) 1 (3%) 0 (0%) 5
Negative lung ultrasound 1(2.5%) 3 (8%) 18 (78%) 22

Table 5. Diagnostic performance of chest X-ray and ultrasound in pneumonia and bron-

chiolitis.

Sensitivity Specificity =~ PPV NPV

Pneumonia 92.7% 95.6% 84.4% 98.1%
Chest X-ray
Bronchiolitis 77.8% 89.7% 66.7% 93.8%
Pneumonia 97.6% 95.9% 88.9% 99.1%
Chest ultrasound
Bronchiolitis 91.7% 95.9% 86.8% 97.5%
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5. Discussion

Diagnosis of respiratory tract infections is centered mainly on clinical assess-
ment; however, imaging studies are required in some cases. Lung ultrasound has
exceptional advantages: it can perform bedside examinations, avoid radiation
exposure, shorten the patient's stay in the emergency room, can be repeated in-
expensively during follow-up care and can be used without problems in re-
source-poor environments [18].

Regarding lung ultrasound findings among the case group, we found that the
most frequent finding was consolidation (42%) followed by numerous B lines
(31%). Negative ultrasound findings were observed in 22 % of cases.

Among studies that evaluated lung ultrasound in relation to LRTTs, there is a
great heterogeneity found across individual studies and a reliable reference stan-
dard is absent, which make a longitudinal comparison between different studies
very difficult. For example, Buonsenso et al. [19] reported that consolidation was
found among 91% of cases with acute LRTIs, while vertical deep artifacts (numer-
ous B lines) was reported among 72% of cases, and pleural effusion among 28%
of cases. However, they did not differentiate between B3 and B7 lines.

Another study by Ellington et al [20] observed normal ultrasound findings
among 36.5% of children presented with LRTIs, large consolidation was present
in 16.5%, small consolidations among 33%. They did not comment on the fre-
quency of B3 line, and had different methodological assessment regarding in-
terstitial syndromes.

Ultrasound is respected a maintainable type of technology for developing
countries, due to its relatively low cost, low maintenance and supply costs, por-
tability, and stability compared to other imaging modalities [21]. In addition to
its well-known benefits, ultrasound (especially LUS) can be easily learned by
various healthcare professionals (not just radiology) for quick assessment and
treatment in various settings. Ultrasound machines can be used by a single op-
erator, handheld device, and can provide diagnostic capabilities at a much lower
cost than other imaging tools such as CT or magnetic resonance imaging (MRI)
and are used in rural areas in low and mid-income Countries (LMIC), compared
to traditional radiology [22]. These properties make ultrasound an attractive op-
tion for clinical applications of developing countries for inpatient and outpatient
use.

Regarding the radiological and sonographic findings among children with
pneumonia, consolidation was the most frequent finding in both CXR and LUS.
Furthermore, the sensitivity of consolidation and overall positive findings on
LUS was more than CXR.

LUS is consistently used to diagnose pediatric pneumonia. Positive results for
pneumonia include these findings: lung consolidation, abnormalities of the
pleural line (increased thickness or irregularity), zones with sparse or confluent
B-lines, and pleural effusion [8].

Several studies had confirmed the role of LUS among children with pneumo-
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nia. Claes et al [10] studied the performance of chest ultrasound in pediatric
pneumonia. Ultrasound detected at least one area of consolidation in 98% of pa-
tients with positive X-rays. Ultrasound identified 91% of consolidations on
X-ray. Yadav ef al [23] found that LUS has high sensitivity (98.02%), specificity
(64.71%), PPV (94.29) and NPV (84.62) for diagnosing radiologically proven
CAP.

In contrast, Ellington et al [20] observed normal ultrasound findings among
79% of cases with pneumonia. However, in their findings they did not included
B3 lines (alveolar-interstitial syndrome) as abnormal finding that may explain
the low sensitivity.

In the study conducted by Biagi et al [24], CXR was positive for parenchymal
consolidation consistent with pneumonia in 98% cases. CXR showed a sensitivi-
ty of 96% and specificity of 87.1% in identifying children with bronchiolitis af-
fected by a concurrent bacterial pneumonia, with a PPV of 75% and a NPV of
98.2%. LUS had a sensitivity of 100% and a specificity of 83.9%; the PPV and
NNV were 71.4% and 100% respectively.

Among children with community-acquired pneumonia (CAP), Berce et al
[25] pneumonic infiltrates were detected on CXR in 76.7% of them, while LUS
detected multiple consolidations in 40.8% and bilateral consolidations in 28.6%
of them.

Bloise et al. [26] compared LUS to chest X-ray for the diagnosis of CAP in
children. Chest X-ray found unilateral consolidations in 75.6% of patients and
bilateral consolidations in 25%. Overall, LUS was able to confirm the diagnosis
of CAP in 97.5% of patients, showing the presence of single or multiple areas of
consolidation. LUS showed a sensitivity of 97% and a specificity of 96%.

A performed meta-analysis confirmed high sensitivity (96%) and specificity
(93%) of LUS for detecting pneumonia in children [27]. The accuracy of LUS for
the diagnosis of pneumonia has been confirmed worldwide, and there is interna-
tional agreement on this, including during the COVID-19 pandemic [28] [29].

A more recent systematic review and meta-analysis included 17 study and
2612 pooled cases found the sensitivity and specificity of LUS 94% and 93% re-
spectively. However, no agreement on reference standard was detected: nine
studies used chest X-rays, while four studies considered the clinical diagnosis
[30].

Regarding the radiological and sonographic findings among children with
bronchiolitis, interstitial infiltrates was the most frequent finding in CXR, while
numerous B lines was the main findings in LUS. Furthermore, the overall sensi-
tivity of LUS was more than CXR.

LUS findings have been described for acute viral bronchiolitis. LU signs in
bronchiolitis are non-homogenous lungs with pleural line abnormalities (pleural
line thickening and/or irregularities, smaller “subpleural” consolidations), areas
with multiple B-lines, and larger consolidations [31].

Varshney et al. [32] enrolled 94 children with respiratory tract infections and

wheeze. LUS was positive in 42% of patients (multiple B-lines was reported in
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80%, consolidation in 64% and pleural abnormalities in 23%). Jaszczolt ef al. [9]
compared diagnostic imaging findings in children with bronchiolitis. Chest
X-ray showed lesions in only 19% of cases, whereas ultrasound abnormalities
were found in 100% of patients. Supino et a/ [33] studied point-of-care lung ul-
trasound in infants with bronchiolitis in the pediatric emergency department.
The main findings on LUS examination were confluent lines B and subpleural
consolidation.

These findings, together with evidence from previous studies, will certainly
provide a solid foundation for the introduction of LUS in the guidelines for the
diagnosis and treatment of children's respiratory tract infections in the future.

Our study has limitations to consider. The chest CT scan gold is the standard
for diagnosing ALRTT; but the CT has not been carried out in this work because
its routine use is not ethical in children. Thus, ALRTI diagnosis for patients’ in-
clusion in the present study was made on a clinical basis following the available
guidelines. Thus, the stratification of patients according to the clinical diagnosis
cannot be 100% accurate. Moreover, the timing of ultrasound performance was
not the same across all the patients. Thus, we cannot recommend the optimal

timing as an indication in the application of LUS.

6. Conclusion

In general, lung ultrasound was more sensitive and specific than chest X-ray for
the diagnosis of both pneumonia and bronchiolitis. In contrast to chest X-ray,
lung ultrasound had more diversity of positive findings and can detect some
subtle findings presented as small consolidations and numerous B lines. Lung
ultrasound is used as an alternate or supportive for chest X-ray in the diagnosis

of pneumonia and bronchiolitis.
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