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Original Article

Diagnostic Value of Ultrasound in Detecting Causes of 
Pediatric Chest X-Ray Opacity

INTRODUCTION

Chest X-ray (CXR) is a routine intervention in children with respiratory complaints such as coughing, shortness of breath, 
and chest pain [1,2]. In this group of children, opacity is one of the more common CXR findings, which requires correct 
detection and decision-making by the medical practitioner [3,4]. In many cases, the pediatric CXR opacity is associated 
with pneumonia, and inappropriate diagnosis and misleading medications can result in high mortality [2,4,5]. Addition-
ally, in the absence of bacterial pneumonia, not only antibiotic administration can cause antibiotic resistance in the future, 
but also the chance of further diagnostic measures can disappear for the patient [6,7]. Interestingly, for those pediatric 
chest diseases that are well diagnosed with CXR, the interpretation of the position and nature of the area is sometimes 
problematic by increasing opacity [3]. Further, abnormal pediatric CXR opacities cannot be easily interpreted by various 
configurations of the normal thymus and mediastinal masses of children [3,5]. Also, the low sensitivity and positive pre-
dictive value (PPV) of the CXR in the detection of chest disorders have led to continuous efforts to find better diagnostic 
modalities [8,9]. Today, the thoracic computed tomography (CT) is considered to be the recommended diagnostic gold 
standard in children with suspected pneumonia, and to follow-up pediatric CXR opacities and masses [3,5]. Despite the 
high diagnostic accuracy of CT in detecting the cause of the chest opacity, some factors like high cost, high waiting times 
for imaging, and exposure to high-level radiation have made use of this imaging technique not welcome as the first line 
of radiological evaluations [10-13].

The ultrasound (US) has high performance in the diagnosis of abdominal disorder in children as a diagnostic tool in chest 
disorders, except for cases of pleural effusion. Despite this, it is often introduced as unusable or unimportant tool [13,14].

In the early years of introducing the US, ventilated lung and thoracic cavity were raised as a justification for the US inef-
ficiency in the diagnosis of pulmonary and mediastinal disorders [8]. However, technological advances in transducers and 
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OBJECTIVES: Computed tomography is considered as the diagnostic gold standard for following up the majority of pediatric chest X-ray 
(CXR) opacities. However, radiation, cost, and waiting times have led to search for diagnostic alternatives. This study was conducted to 
determine the diagnostic accuracy of the ultrasound (US) in detecting the causes of pediatric CXR opacities. 

MATERIALS AND METHODS: This study was conducted on the pediatric patients with CXR opacity referring to Dr. Sheikh Hospital 
in Mashhad, Iran during 2016-2017. After undergoing the US exam, the patients were followed to obtain the final diagnosis based on 
reference standard (RF). The accuracy of the US was calculated in detection of thoracic lesions. P value <0.05 was considered to be 
significant. 

RESULTS: The most common diagnostic cause of CXR opacity based on RF was pneumonia (n=46, 35-38%), thymus (n=37, 28-46%), 
bone and soft tissue mass (n=12, 9.23%), cystic lesions (n=11, 8.46%), and diaphragmatic lesions (n=10, 7.69%), as well as intrathoracic 
masses and empyema (n=7, 5.38%). In only four patients (3.07%), the final diagnosis based on RF was inconsistent with the US diagno-
sis. The diagnostic accuracy of the US was 100% in the diagnosis of bone and soft tissue masses, diaphragmatic lesions, empyema, and 
normal thymus, and the accuracy was 96.92% for pneumonia, and 99.23% for cystic lesions and intrathoracic masses.

CONCLUSION: Regarding the assessed diagnostic accuracy, the US can be a reliable diagnostic tool to differentiate the main cause of 
pediatric CXR opacity.

KEYWORDS: Chest ultrasound, diagnostic approach, pediatric lung disease
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color flow imaging along with the acquisition of new experi-
ences, approaches, and technologies in assessing thoracic ul-
trasonography over the past decade have revolutionized the 
US as one of the most useful tools in displaying the details 
of the pulmonary morphology, pleura, and mediastinal struc-
tures [3]. Moreover, the US application limited to pediatric 
pneumonia is on the rise in recent years [15,16]. Although 
different studies have introduced the US as an effective tool 
for the diagnosis of adult pulmonary and mediastinal prob-
lems, there are no further studies on children in order to re-
veal the US diagnostic accuracy in detecting chest lesions. 
Since the US is a rapid, easy-to-use in bedside, radiation-free, 
repeatable, and inexpensive method, determining the high 
diagnostic accuracy of the US in detecting pediatric chest 
lesions can help us to introduce the US as an appropriate 
alternative to CT.

Additionally, comparing US and CT makes it possible to de-
termine the diagnostic accuracy of the US in determining the 
chest disorders. The aim of this study was to evaluate the di-
agnostic accuracy of ultrasonography in detecting the cause 
of pediatric CXR opacity.

MATERIALS AND METHODS

This prospective study was conducted on pediatric patients 
with unusual mediastinal or peripheral CXR opacities refer-
ring to Dr. Sheikh Pediatric Hospital in Mashhad, Iran during 
September 2016 to September 2017. Since entire chest US 
is time consuming and non-precise, all conducted USs were 
targeted according to the position and characteristics of the 
CXR opacity.

The children less than 14 years old with unusual mediastinal 
or peripheral pulmonary and thoracic CXR opacity by a pe-
diatric pulmonologist as well as suspected to masses, locula-
tion, consolidation, or diaphragmatic lesions were included. 
The patients who were failed for any reason, such as the im-
possibility of following up, to pass the final diagnosis based 
on gold standard were excluded from the study. Given that 
the diagnostic value and accuracy of US in the diagnosis of 
pleural effusion have already been proven [17], the patients 
whose cause of CXR opacity only was the pleural effusion 
were also excluded from the study. Due to the US limitations 
in the imaging, the patients with central and minor pulmo-
nary opacities as well as the interstitial and peribronchovas-
cular opacities were also excluded.

According to a study by Esposito et al. [15] titled `Perfor-
mance of lung ultrasonography in children with community-
acquired pneumonia’, the sensitivity and specificity were 
98% and 94%, respectively, and the prevalence of up to 50% 
pneumonia in the pediatric CXR opacity, the sample size was 
calculated to be 130 members (with the PASS software).

Initially, the gender, age, position, and characteristics of the 
targeted chest US purposefully were recorded for the patients. 
The patients then followed up on routine diagnostic guide-
lines such as CT scan, biopsy, surgery, or empirical treatment 
until they completed the final diagnosis of opacity based on 
the gold standard.

The reference standard (RF) for final diagnosis of intratho-
racic masses including lymphoma, neuroblastoma, pleuro-
pulmonary blastoma (PPB), germ cell tumor, sequestration, 
and also bone and soft tissue masses including the subcu-
taneous collection, Ewing sarcoma, rhabdomyosarcoma, 
PNET, hemangioma was CT scan and the pathology results 
to the biopsy or surgical specimen. For cystic lesions in-
cluding hydatid cyst and bronchial cyst, the pathology re-
sults after surgical removal of lesion, and for diaphragm 
paralysis, eventration and diaphragmatic hernia, CT scan, 
and via surgical findings were considered as RF. Diagnostic 
confirmation of pneumonia was also performed based on 
the response to empirical antibiotic treatment in follow-up. 
The RF for empyema (loculated pleural effusion) was the 
results of needle aspiration and sometimes surgical findings. 
The RF for the diagnosis of normal thymus as the cause of 
opacity of upper mediastan or hemithorax in some patients 
undergoing CT scan, according to a physician’s prescription 
(possibly for other lesions), were CT scan as RF. In others 
without CT scan, due to the lack of other pathologic find-
ings in follow-up, thymus was considered as the ultimate 
diagnosis of opacity (outcome of the patient as RF). Confir-
mation of diagnosis with RF was done by people who were 
unaware of the ultrasonic findings.

In order to perform the chest US, the patients were usually 
placed in supine position for mediastinal and diaphragmat-
ic lesions, and lateral or oblique positions for chest, pleu-
ral, and peripheral pulmonary lesions. If the patient was 
suspected to free or loculated fluid, in order to differenti-
ate these two, it might be necessary for the patient to be 
in upright (sitting) position. This test was performed using 
an US system (H60 Samsung, South Korea) with linear or 
convex digital probes of 5–12 MHz. The US and final di-
agnosis were performed by an experienced radiologist with 
a minimum of 5-years experience in pediatric sonography. 
The radiologist who interpreted the US was unaware of the 
RF because it was performed after US. Therefore, this study 
had a double-blind design.

This study was observationally designed; and therefore, no 
invasive intervention was performed for the patients. Con-
sent form was completed for each patient after a full ex-
planation. The secrets of the patients were kept completely 
confidential until the end of the study, and the patients’ data 
were coded into the statistical software. This research proj-
ect was approved by the Ethics Committee of the Mashhad 
University of Medical Sciences (Research Project Code: 
950066).

Statistical Analysis

The continuous variables were expressed as mean ± SD, and 
the categorical variables as frequency and percentage. Sensi-
tivity, specificity, PPV, and negative predictive value (NPV) of 
the US in the detection of intrathoracic mass, bone and soft 
tissue mass, cystic lesions, diaphragmatic lesion, pneumonia, 
and empyema were calculated based on the related RF. The 
analytical software used in this study was Statistical Package 
for the Social Sciences Version 17 (SPSS Inc.; Chicago, IL, 
USA), and p value <0.05 was considered significant.
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RESULTS

The patients were 130 children (83 males and 47 females) 
with the mean age of 49.06±47.21 months (27 patients aged 
less than 1 year, and 103 aged more than 1 year) (Tables 1,2). 
The position of opacity was superior mediastinum in 24 pa-
tients (18.5%), right in 62 patients (47.7%), and left in 44 pa-
tients (33.8%) of the CXR opacity. Additionally, middle zone 
in 13 patients (10.0%), lower zone in 42 patients (32.3%), 
upper zone in 34 patients (26.2%), and entire opaque hemi-
thorax in 17 patients (13.1%) were the positions of CXR 
opacity (Table 3).

The most commonly final diagnoses related to the causes of 
CXR opacity was pneumonia and normal thymus with the fre-

quencies of 46 (35.38%) and 37 (28.46%), respectively. The 
bone and soft tissue mass in 12 patients (9.23%), the cystic 
lesions  in 11 patients (8.46%), the diaphragmatic lesions in 
10 patients (7.69%), and intrathoracic mass and empyema 
in seven patients (5.38%) were other detected causes of CXR 
opacity (Table 4).

Of the 130 patients examined, the final diagnosis based on RF 
was inconsistent with the US diagnosis only in four patients 
(3.07%); including two cases of pneumonia, one case of hy-
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Table 2. The prevalence of cases according to gender

Gender	 n (%)

Male	 83 (63.85)

Female	 47 (36.15)

Table 1. The prevalence of cases according to age

Age	 n (%)

0–1 years	 27 (20.77)

1–14 years	 103 (79.23)

Table 4. Frequency of the causes of pediatric chest X-ray 
opacity based on diagnostic gold standard

Causes of chest X-ray opacity	 n (%)

Pneumonia		  46 (35.38)

Thymus (normal)		  37 (28.46)

Loculated empyema		  7 (5.38)

Intrathoracic mass	 Lymphoma	 3 (2.30)

	 Neuroblastoma	 1 (0.76)

	 Pleuropulmonary blastoma	 1 (0.76)

	 Sequestration	 1 (0.76)

	 Germ cell tumor	 1 (0.76)

Bone and soft  
tissue mass	 Subcutaneous collection	 1 (0.76)

	 Ewing sarcoma	 6 (4.61)

	 Rhabdomyosarcoma	 1 (0.76)

	 PNET	 3 (2.30)

	 Hemangioma	 1 (0.76)

Cystic lesions 	 Hydatid cyst	 9 (6.92)

	 Bronchial cyst 	 2 (1.53)

Diaphragmatic  
lesions	 Diaphragmatic hernia	 5 (3.84)

	 Diaphragmatic palsy	 1 (0.76)

	 Eventration	 4 (3.07)

PNET: primitive neuroectodermal tumors

Table 3. Opacity zone distribution according to CXR

Zone of 	 Right hemithorax	 Left hemithorax 
opacity 	 n (%)	 n (%)

Upper zone	 19 (14.6)	 15 (11.5)

Middle zone	 8 (6.1)	 5 (3.8)

Lower zone	 24 (18.5)	 18(13.9)

Opaque hemithorax	 11 (8.5)	 6 (4.6)

Superior mediastinum	 24 (18.5)

CXR: chest X-ray

Table 5. Parameters related to the diagnostic accuracy of the ultrasound in detecting the causes of pediatric chest X-ray 
opacities

 Causes of chest X-ray 			   Positive predictive	 Negative predictive 
opacity,  (95% CI)	 Sensitivity	 Specificity	  value	  value 	 Accuracy

Pneumonia	 95.83	 97.56	 95.83	 97.56	 96.92 
	 (85.75–99.49)	 (91.47–99.70)	 (85.39–98.91)	 (91.15–99.36)	 (92.31–99.16)

Thymus	 100	 100	 100	 100	 100 
	 (90.51–100)	 (96.11–100)			   (97.20–100)

Bone and soft tissue mass	 100	 100	 100	 100	 100 
	 (73.54–100)	 (96.92–100)			   (97.20–100)

Empyema	 100	 100	 100	 100	 100 
	 (59.04–100)	 (97.05–100)			   (97.20–100)

Intrathoracic mass	 85.71	 100	 100	 99.19	 99.23 
	 (42.13–99.64)	 (97.05–100)		  (95.25–99.87)	 (95.79–99.98)

Cystic lesions	 90.91	 100	 100	 99.17	 99.23 
	 (58.72–99.77)	 (96.95–100)		  (94.84–99.87)	 (95.79–99.98)

Diaphragmatic lesions	 100	 100	 100	 100	 100 
	 (69.15–100)	 (96.97–100)			   (97.20–100)



datid cyst from the subgroup of cystic lesions, and one case 
of neuroblastoma from subgroup of intrathoracic masses.

The diagnostic accuracy of the US was 100% in the diagnosis of 
bone and soft tissue masses, diaphragmatic lesions, empyema, and 
normal thymus, and the accuracy was 96.92% for pneumonia, and 
99.23% for cystic lesions and intrathoracic masses (Table 5).

DISCUSSION

The aim of this study was to determine the diagnostic value 
of US in assessing the cause of pediatric CXR opacity. The 
results showed that the US can detect various causes of CXR 
opacity with sensitivity and specificity nearly 100% com-
pared with their equivalent diagnostic gold standards. The 
high sensitivity and specificity of the US indicates its proper 
position to roll out and roll in the disease. On the other hand, 
the PPV and the NPV of the US to detect the cause of pedi-
atric CXR opacity were close to 100% in all cases, hereby 
reflecting the high accuracy of the test in the detection of 
patient and healthy people based on the US reports.

This is the first study that examined the US diagnostic pow-
er in evaluating the cause of pediatric CXR opacity. There-
fore, its findings are of great importance. Most studies prior 
to our study have often expressed their experiences with 
the use of the US in detecting the cause of pediatric CXR 
opacity, and existing reports are also limited to the use of 
the US in the detection of the pediatric community-acquired 
pneumonia [9,18-20]. Several studies consistent with our 
study have shown that the US can be an invaluable and 
accurate alternative to CXR in detecting pediatric pneumo-
nia [9,18,19,21,22]. In line with our study, a recent study 
claimed that the US with sensitivity and NPV close to 100% 
is a valuable tool in examining pediatric pulmonary consoli-
dations [19]. Amatya et al. [23] also reported that bedside 
lung US in children has a higher sensitivity to CXR in de-
tecting pneumonia. In the meta-analysis performed on eight 
studies, it was shown that the sensitivity and specificity of the 
US in detecting pneumonia were 96% and 93%, respectively, 
very close to our findings, while these values were 96% and 
84% for the CXR [16]. Another meta-analysis (2018) reported 
that the US of pediatric pulmonary is associated with the sen-
sitivity and specificity of about 95% [24]. The difference in 
the diagnostic standard criteria of pneumonia, the age, body 
size, and chest of the children and the absence of certain 
standard techniques for the evaluation of the lung by the US 
seem to be possible reasons for a slight difference in the find-
ings of the studies [9,16,21,23]. However, it should be noted 
that the use of US in detecting pneumonia is accompanied 
by restrictions as well, such that the infection should be in 
the pleural level for the US detection of pneumonia, because 
the examination of central structures by the US is less pos-
sible due to the presence of barrier made by the pleural-lung 
interface [9]. Additionally, the consolidation should be in the 
intercostal window, meaning a small number of pneumonia 
cases (about 8% in adults) are undetectable by the US [25]. 
Further, it should not be forgotten that the US, especially in 
children, is highly dependent on the operator, and report-
edly has a strong ability to identify the characteristics of hilar 
and mediastinal opacities, the apex of lung, left lower lobe, 

and subcapsular regions [26]. However, various studies have 
shown that a short-term training course, even for a few days, 
can also dramatically improve the ability of the US to de-
tect pulmonary pneumonia compared to the CXR [18]. On 
the other hand, studies have shown that the ability of the US 
operators trained in the lung US for only 30 minutes was no 
different in detecting pneumonia with those who had more 
than two years of experience [27]. Therefore, it seems that 
the position of the US in detecting pediatric pneumonia can 
be considered beyond the CXR or an alternative (Figure 1).

What makes our study different from other studies is to pres-
ent the parameters of the diagnostic value of the US in de-
tecting other causes of pediatric CXR opacities, other than 
pneumonia. In our study, the diagnostic value of the US for 
bone and soft tissue mass, empyema intrathoracic mass, and 
cystic lesions and diaphragmatic lesions was also reported 
for the first time in the form of a pediatric study.

As expected, in our study, the thymus was one of the most 
prevalent causes of pediatric CXR opacity. The thymus is the 
most commonly occurring extracardiac mediastinal structure 
in the pediatric chest, which clearly appears in the pediatric 
CXR, although variations in size and position occasionally 
cause ambiguity and need more imaging [28,29], which also 
occurred in our study. The thymus was reportedly the cause 
of opacity in about 30% of children (Figure 2). This finding 
is important because it shows that if children are under the 
US since onset, the need for more imaging action and sub-
sequently the cost of treatment might be reduced up to 30%.

The intrathoracic masses, cystic lesions, diaphragmatic lesions, 
and bone and soft tissue masses were among the less common 
but diagnosed items in the US, with a frequency ranging from 
7.5% to 9%.The malignant disorders occupying the pleural 
space are much less common in children than in adults, but 
they can occur with Wilms’ tumor, neuroblastoma, leukemia, 
and sarcoma [29,30]. The primary pulmonary neoplasms are, 
of course, very rare in children. The pulmonary blastoma is 
one of the most commonly occurring pediatric pulmonary 
masses. It usually begins as a peripheral lesion, which often 
occurs with increasing size before clinical presentation [21]. In 
our study, we observed one sequestration, which is considered 
as one of the congenital lung parenchymal masses, which is 
seen in the US view as an echogenic homozygous structure 
with minor cystic lesions [31]. Intralobar sequestration is of-
ten found in the left lower lobes and extralobar sequestration 
in the lower left side of the chest, which is associated with 
recurrent infections or persistent radiographic opacity (29). 
In our study, the extralobar sequestration was observed at the 
top of the right diaphragm as a mass opacity, which had an 
echotexture specific to the sequestration in the US view (Fig-
ure 1). In our study, lymphoma was the cause of intrathoracic 
mass more than other diagnoses were. Anterior mediastinum 
is one of the most common conditions for a type of neoplasm, 
especially lymphoma [29]. The majority of children with lym-
phoma, especially Hodgkin’s lymphoma, have anterior medi-
astinal involvement [32]. Consideration of clinical symptoms 
of children, especially fever, weight loss, and respiratory com-
plaints, along with findings from the US suggesting lymphoma, 
such as discrete masses, nodular enlargement, or disseminated 
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thymic infiltration, can lead physicians to a better diagnosis 
[28,29]. In our study, three children were diagnosed with sus-
pected lymphoma during the US, which was confirmed by the 
diagnostic gold standard. In these three children, the relevant 
clinical manifestations along with the US findings, particularly 
conglomerate masses and heterogeneous thymic infiltration, 
greatly helped in diagnosis (Figure 2). In mediastinal germ cell 
tumors, the calcification areas within enlarged and infiltrative 
thymus were a clear diagnostic item (Figure 2).

In addition to intrathoracic masses, our diagnostic accuracy 
of the US in detecting cystic lesions was also reported to be 
99%. In 11 of the cases diagnosed with cystic lesions, in ad-
dition to the pulmonary hydatid cysts, two bronchial cystic 
lesions were detected using the US (Figure 2). However, the 

diagnosis of pulmonary cysts using US is a report that is rarely 
mentioned in previous studies [33,34], which may be due 
to the low prevalence of hydatid cysts in advanced societ-
ies and the central nature of bronchogenic cysts. Our study 
shows that the US can also detect these lesions due to the 
high prevalence of hydatid cyst in our society (developing 
countries). Based on our experience, the diagnosis of bron-
chogenic cysts with deep probe from the heart window and 
mediastinum, and the diagnosis of hydatid cysts with targeted 
chest US were performed taking into account the mass posi-
tion in the CXR. The presence of cystic lesions in the center 
of the pulmonary consolidation, which has a bilayer wall, 
is specific view of hydatid cyst. In most patients, due to the 
perforation of hydatid cysts in the presentation, the inner wall 
of the cysts is wrinkled and folded (Figure 3).
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Figure 1. a-d. The ultrasound images of lung lesions. (a) Pneumonic consolidation with hypoechoic necrotic area (thin arrow) in left lower 
lobe associated with para-pneumonic effusion (thick arrow). (b) Collapse consolidation of right upper lobe. Sonographic air bronchogram is 
not seen due to mucus plaque bronchial obstruction. (c) Echogenic lung with small cysts (multiple arrowhead) due to lung sequestration. (d) 
Calcified metastatic mass (arrow) in background of consolidation in patient with pulmonary metastatic osteosarcoma

a b c d

Figure 2. a-d. Normal thymus and associated lesions. (a) Bronchial cyst (between + markers) in posterior border of right lobe of thymus (arrow). 
(b) Small part of collapsed lobe (thin arrow) due to bronchial atresia adjacent to left lobe of normal hyperplastic thymus (thick arrow). (c,d) 
Thymus infiltration by lymphoma (c) and germ cell tumor (d)

a b c d

Figure 3. The ultrasonic views of some cases with simple and complicated hydatid cyst of lung



Among the bone and soft tissue masses in our study, the most 
common mass was related to Ewing sarcoma, in which half 
of the masses detected from the bone and soft tissue mass 
were associated with this malignancy. What contributed to 
the diagnosis of Ewing sarcoma in this study was the obser-
vation of the corrosion and irregularity of one or two ribs 
adjacent mainly to the intrathoracic mass.

The US is a valuable tool in diaphragm examination, which 
provides diagnosis of delineation of masses surrounding dia-
phragm, contour and hernia abnormalities, as well as move-
ments [35-37]. Congenital diaphragmatic hernia is usually 
located on the left diaphragm, and it is poorly detected by 
the CXR [29]. The eventration of the diaphragm is also the 
condition that occurs due to the congenital weak and thin 
central muscles or tendons, which is detected in the US with 
an intact hemidiaphragm [38,39]. In our study, the diaphrag-
matic lesions were detected in about 8% of the patients. The 
diagnostic consistency of the US with the diagnostic gold 
standard along with a diagnostic accuracy of 100% from the 
US showed the high ability of this imaging tool in detect-
ing hernia, palsy, and eventration. The liver and spleen have 
created the best window for diaphragm examination and its 
lesions. However, the use of the chest US in detecting the dia-
phragmatic lesions, especially congenital hernia, has already 
been confirmed, and our findings will only emphasize this 
finding [40,41].

Overall, it should be noted that although plain CXR is suffi-
cient for chest examination in many cases, sometimes further 
imaging is needed. Currently, CT scan and MRI provide ac-
ceptable images, but these techniques are limited by the need 
to prescribe sedative, high costs, and exposure to radiation, 
and sometimes contrast media. According to the findings of 
this study, the US usage seems to provide essential clinical 
information with high sensitivity and specificity without the 
need for sedation, the risks of radiation, and contrast media. 
Additionally, if the US is unable to show all the required in-
formation, it can be at least a guide to determine the most 
relevant and definitive next imaging needed for further ex-
amination [9,20,29]. Besides, the US can be a good guide for 
intervention, especially in children.

This study had several limitations. The first was the small 
sample size as some of the causes of opacity, so that about a 
few lesions were found to be in about seven patients, leading 
to not being able of fully generalizing the findings. Although 
the sensitivity of US in detecting the causes of pediatric CXR 
opacity was high, but non-restricted 95% confidence interval 
in this diagnostic parameter except for pneumonia and thy-
mus showed the small sample size and reduced power gen-
eralization of the results on the other causes of CXR opacities, 
highlighting the need for further studies in this area.

The other limitation of this study was the selection method 
of the patients. The results of this study are related to the 
pediatric patients with unusual mediastinal or peripheral tho-
racic opacities in CXR and suspected to masses, loculation, 
consolidation, or diaphragmatic lesions, but not the central 
and minor pulmonary opacities and peribronchovascular 
opacities with respect to the US restriction. Therefore, the 

generalization of the results to all chest opacity-related le-
sions is impossible.

Also, since the entire chest US is time consuming, all USs 
were conducted purposefully according to the position and 
characteristics of the CXR opacity.

Although our findings indicated that the purposeful diagnos-
tic accuracy of the US is high enough to detect empyema, 
intrathoracic mass, and bone and soft tissue mass, as well as 
diaphragmatic lesions and cystic lesions, further studies are 
needed to determine the best technical approaches for the 
US, and to confirm the findings of this study.

Considering the findings of this research as well as of other 
studies, the US can be used as an appropriate imaging modal-
ity for the diagnosis of pediatric thoracic opacities other than 
interstitial and peri-bronchovascular lesions.

As previously mentioned, various studies have shown that a 
short, even a few-days training, can enhance the ability to de-
tect pneumonia with the help of US. Therefore, holding special 
pediatric chest sonography training courses can promote the 
diagnosis of pneumonia and other lesions by radiologists, and 
serve as a substitute for more invasive imaging techniques.

According to our findings, the targeted chest US has a high po-
tential for rapid and accurate diagnosis of the causes of differ-
ent unusual thoracic opacities in pediatric patients, especially 
in the patients suspected to mediastinal or peripheral pulmo-
nary masses, loculation, consolidation, or diaphragmatic le-
sions. Considering the findings of this research and of other 
studies, the US can be used as an appropriate imaging inter-
vention for the differentiation of pediatric thoracic opacities 
other than interstitial and peri-bronchovascular lesions. Further 
studies are needed to determine the best diagnostic approach-
es in pediatric pulmonary opacities, especially compared with 
CT scan, and to confirm the findings of this study.

Ethics Committee Approval: Ethics committee approval was re-
ceived for this study from the ethics committee of Mashhad Univer-
sity of Medical Sciences (IR.MUMS.FM.REC1395.336) (decision no: 
1395.336, date: 2016/10/26).  

Informed Consent: Verbal informed consent was obtained from the 
parents of the patients patient who participated in this study.

Peer-review: Externally peer-reviewed

Author Contributions: Concept – S.A.A., S.J.S., D.F.; Design – A.L., 
S.L.; Supervision – S.A.A., S.J.S., A.L.; Resources – S.A.A., A.L., D.F.; 
Materials – S.J.S.; Data Collection and/or Processing – S.J.S., A.L.; 
Analysis and/or Interpretation – S.J.S., A.L.; Writing Manuscript – 
S.A.A., A.L., S.L.; Critical Review –S.A.A., S.J.S.; Other – S.L., A.L., D.F. 

Acknowledgment: The authors wish to thank the staff of radiology, 
surgery, pathology and pulmonary wards of Dr. Sheikh hospital for 
their kinds assistance and support to data collection.

Conflict of Interest: The authors have no conflicts of interest to declare. 

Financial Disclosure: This article has been adopted from a research 
project with the Grant number 950066 and a Specialty Thesis on Ra-

Turk Thorac J 2019; 20(3): 175-81

180



diology written by Dr. Ahmad Reza Lame with code of T4904, fund-
ed by the Deputy of Research. We acknowledge the financial support 
provided by Mashhad University of Medical Sciences (MUMS). 

References 

1.	 Renton J, Kincaid S, Ehrlich P. Should helical CT scanning of 
the thoracic cavity replace the conventional chest x-ray as a 
primary assessment tool in pediatric trauma? An efficacy and 
cost analysis. J Pediatr Surg 2003;38:793-7. [CrossRef]

2.	 Arthur R. Interpretation of the paediatric chest X-ray. Current 
Paediatrics 2003;13:438-47. [CrossRef]

3.	 Kim OH, Kim WS, Kim MJ, Jung JY, Suh JH. US in the Diagno-
sis of Pediatric Chest Diseases. Radiographics 2000;20:653-71. 
[CrossRef]

4.	 Arthur R. Interpretation of the paediatric chest X-ray. Paediatr 
Respir Rev 2000;1:41-50. [CrossRef]

5.	 Goh Y, Kapur J. Sonography of the Pediatric Chest. J Ultrasound 
Med 2016;35:1067-80. [CrossRef]

6.	 Posten S, Reed J. Pediatric Community Acquired Pneumonia. S 
D Med 2017;70:557-61.

7.	 Schuster JE, Newland JG. Old and New Infections of Childhood. 
Infect Dis Clin North Am 2018;32:xiii-xiv. [CrossRef]

8.	 Tomà P, Owens CM. Chest ultrasound in children: critical ap-
praisal. Pediatr Radiol 2013;43:1427-34. [CrossRef]

9.	 Principi N, Esposito A, Giannitto C, Esposito S. Lung ultrasonog-
raphy to diagnose community-acquired pneumonia in children. 
BMC Pulm Med 2017;17:212. [CrossRef]

10.	 Frush DP, Donnelly LF, Rosen NS. Computed tomography and 
radiation risks: what pediatric health care providers should 
know. Pediatrics 2003;112:951-7. [CrossRef]

11.	 Brenner DJ, Hall EJ. Computed tomography--an increasing 
source of radiation exposure. N Engl J Med 2007;357:2277-84. 
[CrossRef]

12.	 Nievelstein RA, van Dam IM, van der Molen AJ. Multidetector 
CT in children: current concepts and dose reduction strategies. 
Pediatr Radiol 2010;40:1324-44. [CrossRef]

13.	 Mong A, Epelman M, Darge K. Ultrasound of the pediatric 
chest. Pediatr Radiol 2012;42:1287-97. [CrossRef]

14.	 Riccabona M. Ultrasound of the chest in children (mediastinum 
excluded). Eur Radiol 2008;18:390-9. [CrossRef]

15.	 Esposito S, Papa SS, Borzani I, et al. Performance of lung ultra-
sonography in children with community-acquired pneumonia. 
Ital J Pediatr 2014;40:37. [CrossRef]

16.	 Pereda MA, Chavez MA, Hooper-Miele CC, et al. Lung ultra-
sound for the diagnosis of pneumonia in children: a meta-anal-
ysis. Pediatrics 2015;135:714-22. [CrossRef]

17.	 Grimberg A, Shigueoka DC, Atallah AN, et al. Diagnostic accu-
racy of sonography for pleural effusion: systematic review. Sao 
Paulo Med J 2010;128:90-5. [CrossRef]

18.	 Zhan C, Grundtvig N, Klug BH. Performance of Bedside Lung 
Ultrasound by a Pediatric Resident: A Useful Diagnostic Tool 
in Children With Suspected Pneumonia. Pediatr Emerg Care. 
2018;34:618-22.

19.	 Claes AS, Clapuyt P, Menten R, et al. Performance of chest ul-
trasound in pediatric pneumonia. Eur J Radiol 2017;88:82-7. 
[CrossRef]

20.	 Stadler JA, Andronikou S, Zar HJ. Lung ultrasound for the diag-
nosis of community-acquired pneumonia in children. Pediatr 
Radiol 2017;47:1412-9. [CrossRef]

21.	 Yilmaz HL, Özkaya AK, Sari Gökay SS, et al. Point-of-care lung 
ultrasound in children with community acquired pneumonia. 
Am J Emerg Med 2017;35:964-9. [CrossRef]

22.	 Iorio G, Capasso M, De Luca G, et al. Lung ultrasound in the 
diagnosis of pneumonia in children: proposal for a new diag-
nostic algorithm. PeerJ 2015;3:e1374. [CrossRef]

23.	 Amatya Y, Rupp J, Russell FM, et al. Diagnostic use of lung ultra-
sound compared to chest radiograph for suspected pneumonia in 
a resource-limited setting. Int J Emerg Med 2018;11:8. [CrossRef]

24.	 Xin H, Li J, Hu HY. Is Lung Ultrasound Useful for Diagnosing 
Pneumonia in Children?: A Meta-Analysis and Systematic Re-
view. Ultrasound Q 2018;34:3-10. [CrossRef]

25.	 Reissig A, Copetti R, Mathis G, et al. Lung ultrasound in the 
diagnosis and follow-up of community-acquired pneumonia: 
a prospective, multicenter, diagnostic accuracy study. Chest 
2012;142:965-72. [CrossRef]

26.	 Trinavarat P, Riccabona M. Potential of ultrasound in the pediat-
ric chest. Eur J Radiol 2014;83:1507-18. [CrossRef]

27.	 Bedetti G, Gargani L, Corbisiero A, et al. Evaluation of ultra-
sound lung comets by hand-held echocardiography. Cardiovas-
cular Ultrasound 2006;4:34. [CrossRef]

28.	 Coley BD. Pediatric chest ultrasound. Radiol Clin North Am 
2005;43:405-18. [CrossRef]

29.	 Coley BD. Chest sonography in children: current indications, 
techniques, and imaging findings. Radiol Clin North Am 
2011;49:825-46. [CrossRef]

30.	 Medford AR, Entwisle JJ. Indications for thoracic ultrasound 
in chest medicine: an observational study. Postgrad Med J 
2010;86:8-11. [CrossRef]

31.	 Dhingsa R, Coakley FV, Albanese CT, et al. Prenatal sonography 
and MR imaging of pulmonary sequestration. AJR Am J Roent-
genol 2003;180:433-7. [CrossRef]

32.	 MJ. S. Chest. In: Siegel MJ, editor. Pediatric sonography. Philadel-
phia: Lippincott Williams & Wilkins; 2002. p. 167-211.

33.	 Sfakianaki AK, Copel JA. Congenital cystic lesions of the lung: 
congenital cystic adenomatoid malformation and bronchopul-
monary sequestration. Rev Obstet Gynecol 2012;5:85-93.

34.	 Al-Salem AH, Matta H. Congenital Cystic Diseases of the Lung 
in Infant and Children: Our Experience with 64 Cases. J Pediatr 
Surg Special 2015;9:10-8.

35.	 Akinci D, Akhan O, Ozmen M, et al. Diaphragmatic mesothelial 
cysts in children: radiologic findings and percutaneous ethanol 
sclerotherapy. AJR Am J Roentgenol 2005;185:873-7. [CrossRef]

36.	 Gerscovich EO, Cronan M, McGahan JP, et al. Ultrasono-
graphic evaluation of diaphragmatic motion. J Ultrasound Med 
2001;20:597-604. [CrossRef]

37.	 Sanchez de Toledo J, Munoz R, Landsittel D, et al. Diagnosis 
of abnormal diaphragm motion after cardiothoracic surgery: 
ultrasound performed by a cardiac intensivist vs. fluoroscopy. 
Congenit Heart Dis 2010;5:565-72. [CrossRef]

38.	 Yazici M, Karaca İ, Arıkan A, et al. Congenital eventration of the 
diaphragm in children: 25 years’ experience in three pediatric 
surgery centers. Eur J Pediatr Surg 2003;13:298-301. [CrossRef]

39.	 Tiryaki T, Livanelioğlu Z, Atayurt H. Eventration of the dia-
phragm. Asian J Surg 2006;29:8-10. [CrossRef]

40.	 Adzick NS, Vacanti JP, Lillehei CW, et al. Fetal diaphragmatic 
hernia: ultrasound diagnosis and clinical outcome in 38 cases. J 
Pediatr Surg 1989;24:654-7. [CrossRef]

41.	 Benacerraf BR, Adzick NS. Fetal diaphragmatic hernia: ultra-
sound diagnosis and clinical outcome in 19 cases. Am J Obstet 
Gynecol 1987;156:573-6. [CrossRef]

Lameh et al. Ultrasound Value on Chest

181

https://doi.org/10.1016/jpsu.2003.50169
https://doi.org/10.1016/S0957-5839(03)00089-7
https://doi.org/10.1148/radiographics.20.3.g00ma05653
https://doi.org/10.1053/prrv.2000.0018
https://doi.org/10.7863/ultra.15.06006
https://doi.org/10.1016/S0891-5520(17)30117-4
https://doi.org/10.1007/s00247-013-2756-4
https://doi.org/10.1186/s12890-017-0561-9
https://doi.org/10.1542/peds.112.4.951
https://doi.org/10.1056/NEJMra072149
https://doi.org/10.1007/s00247-010-1714-7
https://doi.org/10.1007/s00247-012-2401-7
https://doi.org/10.1007/s00330-007-0754-3
https://doi.org/10.1186/1824-7288-40-37
https://doi.org/10.1542/peds.2014-2833
https://doi.org/10.1590/S1516-31802010000200009
https://doi.org/10.1016/j.ejrad.2016.12.032
https://doi.org/10.1007/s00247-017-3910-1
https://doi.org/10.1016/j.ajem.2017.01.065
https://doi.org/10.7717/peerj.1374
https://doi.org/10.1186/s12245-018-0170-2
https://doi.org/10.1097/RUQ.0000000000000330
https://doi.org/10.1378/chest.12-0364
https://doi.org/10.1016/j.ejrad.2014.04.011
https://doi.org/10.1186/1476-7120-4-34
https://doi.org/10.1016/j.rcl.2004.12.003
https://doi.org/10.1016/j.rcl.2011.06.008
https://doi.org/10.1136/pgmj.2009.081455
https://doi.org/10.2214/ajr.180.2.1800433
https://doi.org/10.2214/AJR.04.1590
https://doi.org/10.7863/jum.2001.20.6.597
https://doi.org/10.1111/j.1747-0803.2010.00431.x
https://doi.org/10.1055/s-2003-43573
https://doi.org/10.1016/S1015-9584(09)60285-2
https://doi.org/10.1016/S0022-3468(89)80713-4
https://doi.org/10.1016/0002-9378(87)90053-6

