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Introduction

Lower respiratory tract infections (LRTIs) are one of 

the leading causes of mortality and morbidity in children 

worldwide (1). Chest radiography (CR) is the standard 

diagnostic method in children with LRTI and it is frequently 

used. This situation causes potential complications due to 

ionizing radiation exposure, a loss of time, and unnecessary 

antibiotic use in children. Therefore, in recent years, many 

quality improvement methods suggest limiting the use of 

X-rays in pediatric patients (2).

With the application of bedside lung ultrasonography 

(US) in the pediatric emergency department, we propose a 

faster, cost-efficient, repeatable, portable, and radiation-

free method for diagnosis. A pediatric resident who had 
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no previous US experience performed lung US after a 
six-hour online US training course. We aimed to compare 
the diagnostic accuracy between CR and ultrasonographic 
evaluations of lungs in patients with a preliminary diagnosis 
of LRTI.

US has significant advantages over CR and computed 
tomography (CT), such as real-time imaging, accessibility, 
its portability and suitability for bedside use, the elimination 
of radiation exposure, and the fact that it does not require 
the use of contrast materials (3). With the developments in 
US technology and increased scientific evidence in recent 
years, the use of   lung US has gradually expanded. US has 
been called “the visual stethoscope of the 21st century” (4). 
US has been accepted as a good bedside “gold standard” 
method in critically ill patients (5). The upper and lower 
points on both hemithorax and the posterolateral alveolar/
pleural syndrome points are evaluated by using the 
Bedside Lung Ultrasound in Emergency (BLUE) protocol, 
which is a method for diagnosing acute respiratory failure 
(5). The BLUE protocol algorithm defines normal lung, 
pleural effusion, consolidation, interstitial syndrome, 
and pneumothorax conditions. In this protocol, it is 
recommended to evaluate critical lung pathologies by 
considering gravity, assessing the pleural line, determining 
lung sliding findings from the standard points, interpreting 
artifacts, and considering that many essential pathologies 
of the lungs are superficial (5-7).

Materials and Methods
This study was designed as a single-center, prospective 

methodological study. The families of the patients’ who 
participated were informed about the research and agreed 
to sign consent forms. Those patients diagnosed with 
LRTI and who were scheduled to have chest X-ray by 
the pediatric emergency physician were included in this 
study. Sixty-two patients (0-18 years) were admitted to the 
pediatric emergency department between 10/1/2020 and 
4/1/2021. Out of these 62 patients, eight were excluded 
because of their chronic lung diseases, and four were 
excluded because they chose not to participate. Therefore, 
50 patients prospectively participated in our study. Lung 
US was performed by a medical doctor who had graduated 
from a 6-year medical school and was a 3rd year pediatric 
resident (pediatric residency is a four-year program in our 
country, Turkey), and who had received six hours of online 
US training but had no previous US experience. The six-
hours training course consisted of four hours of theoretical 
and two hours of practical training.

In terms of the standardization of ultrasonographic 
evaluation, the BLUE protocol was used. Lung US imaging 
was performed from the BLUE points in both hemithorax 
for each patient. The inclusion criteria were being aged 
between 0-18 years, having a clinical diagnosis of LRTI (The 
American Academy of Pediatrics criteria were taken as 
the basis for the clinical diagnosis), and a signed patient 
consent form. The exclusion criteria were specified as 
follows: The presence of a chronic lung disease (asthma, 
cystic fibrosis, bronchiectasis) and/or morbid obesity. All 
sonographic examinations were performed using a standard 
US device (Mindray DC-60 Expwith X-Insight) with a linear 
13-3 and a convex 6-2 probe. The US images obtained 
by using the BLUE protocol were recorded. The patients’ 
ages, gender, underlying diseases, complaints, physical 
examinations and laboratory findings, clinical diagnoses, 
and respiratory support status were recorded on a study 
form. US evaluation was performed by a pediatric resident 
regardless of other imaging tests; the presence of lung 
consolidation, subpleural consolidation, pleural effusion, 
A-lines, and B-lines were examined. In addition, specific 
accompanying sonographic findings were noted on the 
study form. The pediatric resident who performed lung 
US did not see the results of the CR. The CR was taken 
after the lung US. The CR images of the patients were 
evaluated by the radiology physician independently and 
without knowledge of the different imaging methods and 
the US results available in the system. Ethical approval was 
received from the Ethics Committee of Manisa Celal Bayar 
University Medical Faculty of Health Sciences (decision no: 
108, date: 21.09.2020). The study protocol conforms to the 
ethical guidelines of the 1975 Declaration of Helsinki.

Statistical Analysis

The Statistical Package for the Social Sciences version 
22.0 package program was used for the data analysis. 
Numbers and percentages are specified as descriptive 
statistical data (mean, standard deviation, minimum, 
maximum, median). Minimum and maximum values are 
specified as categorical variables, and mean values   are given 
for numerical variables. The McNemar-Bowker chi-squared 
test was used to analyze categorical variables and evaluate 
diagnostic accuracy, and Kappa statistics were calculated. 
A value of p<0.05 was considered statistically significant in 
all analyses. 

Results
Of the 62 patients evaluated in our study, four declined 

to participate, and eight were excluded from the study 
due to their underlying chronic diseases. Fifty patients 
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were included in the final analysis. The clinical diagnosis 
was pneumonia in 35 (70%) patients and bronchiolitis in 
15 (30%) patients (Figure 1) (The criteria of the American 
Academy of Pediatrics were taken as a basis for the clinical 
diagnoses).

The mean age of the patients was 63.6 months 
(3-204 months) with a male predominance (54%). The 
most frequent symptom on admission was cough (54%), 
followed by dyspnea (46%), fever (44%), rhinorrhea 
(26%), and fatigue (20%) (Table I). Physical examination 
revealed rales (52%), rhonchus (42%), tachypnea (28%), 
retraction (28%), and tachycardia (22%). The mean 
values  of the laboratory parameters were as follow; 
white blood cell: 12,270 /mm3, absolute neutrophil count: 
7,810 /mm3, absolute lymphocyte count: 3,450 /mm3, 
hemoglobin: 11.8 g/dL, platelet: 299,000/mm3, C-reactive 
protein (CRP): 17.19 mg/L, procalcitonin: 6.35 ng/mL, and 
lactate: 1.74 mmol/L. The most common oxygen therapy 
methods were simple mask (16%) and high-flow nasal 

cannula oxygen therapy (16%), followed by mechanical 
ventilation (6%) and non-invasive ventilation (2%). The 
remaining thirty (60%) patients did not require oxygen 
(Table I).

The US revealed infiltration in 46% of the patients, 
hyperinflation in 4%, and no abnormality in 50%. CR 
showed infiltration in 40% of the patients, hyperinflation 
in 2% of the patients, and normality in 58%. US findings 
were inconsistent in 5 patients (4 infiltrations, one 
hyperinflation), whereas no abnormality was detected 
via CR. CR revealed infiltration in 1 patient, whereas US 
showed no pathological finding.

A statistically significant correlation was found 
between US and CR [Kappa value 0.772, 95% confidence 
interval (0.590-0.925) (p=0.000)]. The sensitivity of 
the US was 95%, its specificity was 85.7%, its positive 
predictive value was 82.6%, and its negative predictive 
value was 96% when the patients with hyperinflation 
were excluded and CR was accepted as the gold standard 
(Table II).

Discussion
One of the most appropriate definitions for the 

diagnosis of pneumonia in primary health care settings in 
children is the definition of the World Health Organization 
(WHO). The WHO defines pneumonia as the clinical 
picture, with fever not associated with another cause, and 
accompanying tachypnea, cough, and respiratory distress. 
The purpose of this definition is to facilitate access to life-
saving antibiotics in underdeveloped countries with a very 
high incidence of pneumonia, however, it is not a specific 
definition (8).

In our study, the complaints of the cases were cough 
which was the most common (54%), dyspnea (46%), fever 

Table Ⅰ. Patient demographics and clinical information

Patient characteristics  n (%)*

Age (mean) (min.-max., 
±SD) 5.38 (0.25-17.0) (±5.26)

Male 27 (54)

Complaints on admission

Fever 22 (44)

Cough 27 (54)

Dyspnea 23 (46)

Rhinorrhea 13 (26)

Fatigue 10 (20)

Physical examination findings

Rales 26 (52)

Rhoncus 21 (42)

Tachypnea 14 (28)

Retraction 14 (28)

Tachycardia 11 (22)

O2 therapy methods

Room air 30 (60)

Simple mask 8 (16)

HFNC 8 (16)

NIV 1 (2)

MV 3 (6)

*Unless otherwise specified
min.-max.: Minimum-maximum, SD: Standard deviation, NIV: Non-invasive 
ventilation, MV: Mechanical ventilation, HFNC: High-flow nasal cannula

Table Ⅱ. Sensitivity, specificity, positive predictive value, 
and negative predictive value of lung ultrasonography 
vs chest radiography in diagnosing LRTI. The two patients 
with hyperinflation in US imaging were excluded and CR was 
accepted as the gold standard (n=48)

US Se 
(%)

Sp 
(%)

PPV 
(%)

NPV 
(%)

CR Negative Positive (95% 
CI*)

(95% 
CI*)

(95% 
CI*)

(95% 
CI*)

Negative 24 4 95 85.7 82.6 96

Positive 1 19 (75.13-
99.87)

(67.33-
95.97)

(65.59-
92.21)

(77.93-
99.39)

*CI: Confidence interval, Se: Sensitivity, Sp: Specificity, PPV: Positive predictive 
value, NPV: Negative predictive value, US: Ultrasonography, CR: Chest 
radiography, LRTI: Lower respiratory tract infection
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(38 °C and above) (44%), rhinorrhea (26%), and fatigue 
(20%). Compared to the literature, the rates of admission 
with fever and cough were found less commonly in our 
study (9-11). This difference may be due to the inclusion 
of all LRTI cases clinically diagnosed with pneumonia and 
bronchiolitis in our study. In addition, unlike other studies, 
outpatients were included in this study.

The most common findings were rales, rhonchus, 
tachypnea, retraction, and tachycardia. In our study, similar 
to the literature, the elevation of acute phase reactants 
such as CRP and procalcitonin correlated with the physical 
examinations and imaging findings of those patients 
with suspected bacterial pneumonia (12-15). Respiratory 
support requirement was less common in our study when 
compared to the literature (10,16,17). This lower rate could 
be due to our study’s inclusion of outpatients.

In our study, 3 cases (6%) with a pleural effusion of 
15 mm or more were detected via US, whereas they were 
evaluated as normal by CR. The US was performed by an 
experienced radiologist who confirmed the presence of 
effusion. US was found to be more sensitive than CR in 
detecting effusion. Esposito et al. (18) conducted a study 
comparing the diagnostic values of US and CR; US was 
found to be more effective in detecting pleural effusion, 
which supports our results. The findings of this study 
confirm that lung US is an imaging technique which 
is almost as reliable as CR in identifying lung lesions 
diagnostic for LRTI and they show that it is even more 
effective than CR in diagnosing pleural effusion. When 
CR is accepted as the gold standard, the sensitivity of 
lung US was 95%, and its specificity was 85.7%. In the 
study conducted by Reissig et al. (19), infiltration, air 
bronchogram, pleural effusion, and pleural irregularities 
were detected by lung US. It was shown that the diagnosis 
of pneumonia was made with a sensitivity of 93.4% and 
a specificity of 97.7% (19). A meta-analysis by Pereda et 
al. (20) evaluated the accuracy of US in the diagnosis of 
pneumonia in pediatric patients and it showed that US was 
successful in diagnosing pneumonia with 96% sensitivity 
and 93% specificity.

Copetti and Cattarossi (21) compared the diagnostic 
values of CR and US in 79 children with pneumonia, and US 
detected pneumonia in 60 out of 79 patients. In contrast, 
positive CR findings were observed in only 53 patients. CT 
confirmed the diagnosis of pneumonia in 4 patients found 
to be negative on CR and positive on US (21). Esposito et 
al. (18) compared the diagnostic values of US and CR and 
showed that US had 98% sensitivity and 95% specificity 

(19). The sensitivity rate in our study was consistent 
with results in the literature, and the specificity rate was 
slightly lower (19-21). This result occurred because four 
false-positive cases were detected in the US evaluation 
when CR was taken as the reference test. However, pleural 
effusion was detected sonographically in 3 out of 4 cases 
where the US detected pathology, but CR was evaluated 
as normal. This was confirmed when an experienced 
radiologist performed the US.

Adult studies suggest performing thorax CT if US 
detects any abnormality, even if CR is normal. Parlamento 
et al. (22) evaluated adult patients who were positive in US 
and negative in CR; CT confirmed the positive US results. 
In the diagnosis of pneumonia, US has been assessed to 
be a fast, reliable, non-invasive bedside technique. Since 
CR and US are not the gold standards in adult patients, 
their sensitivity and specificity could not be specified as CT 
cannot be applied to every patient, although it is the gold 
standard (22). We try to avoid radiation exposure in the 
pediatric age group. Therefore, we did not perform CT to 
confirm the diagnoses.

Study Limitations

The most important limitation of our study was the 
low number of patients. Our study, which was carried out 
during the COVID-19 pandemic, was affected by reduced 
admissions to the pediatric emergency department. 
In addition, the increased use of personal protective 
equipment and isolation methods, such as the closure of 
schools during the pandemic period, reduced the frequency 
of admissions to the pediatric emergency service due to 
LRTI. Another limitation of our study was that, as in other 
studies evaluating the role of lung US in diagnosing LRTI in 
children, thoracic CT could not be performed ethically on 
pediatric cases. Therefore, no comparison with CT, which is 
reliable in diagnosis, could be made.

Conclusion
Our study demonstrated that lung US can be used 

instead of CR in the diagnosis and follow-up of pediatric 
LRTI. This study, carried out after a six-hour online lung 
US course by a pediatric resident who had no previous 
US experience, showed that the diagnostic accuracy 
between US evaluation and CR, even with just six hours 
of training, was significantly consistent. As a result of a 
literature review, we determined that this was the first 
study conducted by a pediatric resident after an online 
lung US training course. 
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