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PICTORIAL ESSAY

Sonography of the Pediatric Chest

Yonggeng Goh, MBChB, FRCR, MMed, Jeevesh Kapur, MBBS, FRCR, MMed

Traditionally, pediatric chest diseases are evaluated with chest radiography. Due to
advancements in technology, the use of sonography has broadened. It has now become
an established radiation-free imaging tool that may supplement plain-film findings and,

in certain cases, the first-line modality for evaluation of the pediatric chest. This picto-
rial essay will demonstrate the diagnostic potential of sonography, review a spectrum of
pediatric chest conditions, and discuss their imaging features and clinical importance.
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and its superior acoustic windows have made sonography

the first-line investigation in evaluations for diaphragmatic,
pleural, and chest wall lediofimiaging of the lung parenchyma
has traditionally been ignored in the past because air and bony tho-
rax were considered obstacles to transmission of the ultrasonic beam.
However, improvements in technology have led to production of
higher-resolution transducers and technigues such as tissue harmonic
imaging, which lead to improved spatial resolution and deeper
tissue penetratid@onsequently, the use of sonography has broad-
ened, and it has become an established tool for imaging of the
parenchyma as a supplement to plain films, which are the mainstays
for most routine investigation.

Differentiation between pleural, mediastinal, and pulmonary
lesions in an area of increased opacity seen on chest radiography
can be particularly challenging in a pediatric fiatibese cases,
in which radiography shows equivocal findings, sonography is an
important complementary imaging modality that offers valuable addi-
tional information for clinical diagifosi addition, sonography
is also a favorable imaging tool, as it is radiation free and thus reduces
the radiation burden on patients who are receiving fdliowrisp.
pictorial essay, we will demonstrate examples and sonographic fea-
tures of parenchymal, pleural, mediastinal, and chest wall diseases in
more detail.

T he lack of superficial adipose tissue in the pediatric patient
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Technique However, there is some increasing evidence that

sonography may be of use in diagnosis of bronchiolitis,
The various sonographic approaches in children inglieler common lower respiratory tract illness. Bronchi-
supraclavicular, suprasternal, parasternal, interc@#talis diagnosed by a combination of history and clinical
subxiphoid, transdiaphragmatic, and transabdoraethination. Although sonography has not played a major
approachési?In our institution, we often use a higfele in the diagnostic workup of bronchiolitis, a few recent
frequency (9...17-MHz) linear transducer for chesstudie¥*'have shown that it can be a valuable tool in diag-
abnormalities. The linear transducer can also be useging this condition. Sonographic features in bronchioli-
assess the pleural space and mediastinum in youritg dhglude vertical artifacts known as «B-linesZ as well as
dren because of the unossified sternum. For assessiHgpisiral consolidations.
pleural space and mediastinum in older children, an inter-
costal or transabdominal approach is used. A curvifitelectasis
transducer is preferred, as it uses the liver and spit@ieatasis usually extends to reach the pleura and can be
acoustic windows to the diaphragm and lung basegenoon sonography (Figure 4). The distinction between
imagehe diaphragm, a subxiphoid approach is used in
our institution to visualize the right and left hemidi-

F|gure 1. Images from a 3-year-old child with pneumorfg.Sonogra-
aphragm excursions SImUItanGOUSIy Patients can b phy shows hepatization of the lung parenchyma with echogenic
tioned either supine or sitting depending on Clmbranchlng linear structures (air bronchograms3, Computed tomog-
scenarios. raphy shows the consolidation as well.

Color Doppler sonography can be used to eva
soft tissue, mediastinal, and lung masses, whereas
imaging can be used to assess diaphragmatic mov
and pleural sliding for evaluation of pneumdthorax.

Diseases Suitable for Sonography

The following sections list the applications of sonog
in pediatric chest conditions and their respective s
graphic features.

Consolidation
Consolidation from pneumonia causes the air-filled |
to be replaced by fluid (edema, exudate, pus, or bl&
The now airless lung has a similar echogenicity ang
texture as the liver, also known as shepatizationZ of t
parenchymieAir bronchogramsZ can also be $ho
(Figure 1). These sonographic air bronchograms are
as bright dotlike branching linear structures, represe
air in bronchi. Occasionally, the bronchial tree is filled
fluid rather than air. This state will manifest as a ¥
graphic fluid/mucous bronchogram, which is shown[;
branching pattern of anechoic/hypoechoic tubular s -{a
tures. The Doppler mode can help distinguish these | .iF
chograms from prominent ve$eisaddition, it also |{,§
shows the branching pattern of vessels in a consol
lung (Figure 2). Complications of pneumonia suc
necrosis may also be evigi@igure 3). All of the abov
features can only be seen provided that the disease
extends to areas accessible to ultrasound, such as t
wall and the diaphragm.
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pneumonia and atelectasis is difficult clifidallyever, ferentiating between a transudate or an exudate), the
it can be easily differentiated on sonography. In consméaification of pleural fluid as simple or complicated col-
tion, the lung volume is increased by fluid, and the bilentibns does play a major role in clinical manégethent.
retain their normal branching pattern. In atelectasisntkienple pleural effusions, the fluid seen on sonography
lung volume is decreased, and the bronchi may appe#s ovéfermly anechoic or hypoechoic, and it changes in

crowded:® shape with respiration or position (Figure 4). Echogenic
debris (Figure 5) may be visualized within the pleural effu-
Pleural Effusions sion in cases of exudates or hemathoamplicated

Sonography is very sensitive in detecting pleural effdkimhsdections may be multiloculated and show internal
Small effusions as little as 3 to 5 mL can be Yetécteskptations, also described as a *honeycombZ appearance
In addition, sonography can be used to characteriZEitjuee 6)The nature of the pleural fluid and the presence
nature of the pleural fluid. Although sonography doesrratitsence of septations are helpful in determining whether
always allow definitive specification of the disease (¢hediatient requires intervention (eg, drainage or thora-

Figure 2. Images from a 12-year-old child with right lower-lobe pneu- Figure 3. Images from a 3-year-old child with 10 days of fever: sono-

monia.A, Chest radiography shows right lower-lobe consolidatida, graphic and computed tomographic appearance of necrotizing pneu-

Doppler sonography shows the branching vessels in a consolidated monia.A, Sonography shows hepatization of the lung parenchyma with

lung (vascular bronchograms). hypoechoic areas within, suggestive of necrosiB, Computed tomog-
raphy shows the necrotic components within the consolidation.
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coscopy¥?--?Sonography is also particularly importanii@mly. Patients usually present with persistent or chronic
cases of follow-up for pleffakions, as it is a radiatiopneumonia. Radiologically, both sequestrations and
free alternative to radiography and also serves as a sajagealtal cystic adenomatoid malformations have similar

time guide for interventighs’ features as well. On plain radiographs, they are seen as
masslike opacities, particularly at the lung bases, which
Congenital Pulmonary Malformations mimic infection. Cross-sectional imaging (eg, computed

Sonography can be used for imaging congenitatgmibgraphy or magnetic resonance imaging) is generally
monary lesions that extend to the chest wall or diaplthagnvestigation of choice when evaluating congenital pul-
(eg, sequestrations and congenital cystic adenonratmidry malformations, as it provides full anatomic detalil
malformation£linically, both sequestrations and cdof characterization. However, sonography can also pro-
genital cystic adenomatoid malformations can presentidigrinformation to support a diag#fosis.

Figure 4. Simple right plleur.al effusion with atelectasis pf the adjacgnt Figure 6. Images from a 14-year-old child with feverChest radiogra-
lung parenchyma. Hepatization of the lung parenchyma is shown, which hpy, shows left lower-lobe consolidation and a small left pleural effusion.

appears triangularly shaped with no visible air bronchograms. The g ‘5onography shows a complicated multiloculated left pleural effusion.
diaphragm is labeled with arrowheads.

Diagnosis: left lower lobe pneumonia with a complicated left parap-
neumonic effusion. The patient eventually recovered well with antibi-
otics alone.
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There are 3 histologic patterns of congenital cgatidoe difficult to characterize on sonogt@ysys may
adenomatoid malformations: macrocystic, microcysti@lande present at times, suggesting a mixture of a congen-
a mixture of medium-sized cysts with solid compontitsystic adenomatoid malformation and sequestration.
Hence, depending on the subtype, congenital cystic ade-
nomatoid malformations can present as either honMdgdiastinum
neously solid lesions (microcystic) or as complex mésasse of sonography in evaluation of the mediastinum is
with cystic components (macrocystic or medium-siimeited. The posterior mediastinum is obscured by over-
cysts with solid componefit&(Figure 7). lying anatomic structures, making it difficult for transtho-

Sequestrations are usually seen as homogersmcssonography to characterize or evaluate posterior
echogenic masses with an identifiable systemic amedastinal masses. On the other hand, the anterior medi-
supply traced to the aorta (Figure 8). The drainingaginum is easily assessable, especially in young children,
(either to the systemic or pulmonary circulation), howegethe sternal ossification centers have not yet fused.

Figure 7. Images from a 13-year-old child with fever.Chest radiogra-
phy shows left lower-lobe consolidation. Changes persisted after 2
months despite treatment3, Computed tomography shows a fluid col-
lection/cyst with pockets of gas in the left lower lob8.and D, Sonog-
raphy shows a heterogeneous left lower-lobe mass. Linear echogenic
material within the mass represents gas. Differential diagnoses included
a lung abscess and an infected congenital malformation. The patient
eventually underwent left lower lobectomy. Histologic result: type 1 con-
genital cystic adenomatoid malformation with a superimposed lung
abscess.
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The most common reason for performing mediasii tumors are not commonly seen and are not discussed
nal sonography is to identify the normal thymus. Therthilyis essay.
mus is located in the superior mediastinum and is easily
identifiable on sonograptycan sometimes enlarge antumors
be confused with a mediastinal mass (Figure 9). Tha@maracic masses are usually detected on plain radiography.
mal thymus shows a homogeneous echo texture wittDifferentiation of the various tumors cannot be regularly
nal echogenic strands. It generally has smooth-defaméslsed on plain radiography or sonography. Patients will
margins and is hypovascular or nearly avascular onigaddly require contrast-enhanced computed tomography
Doppler imaging: or magnetic resonance imaging for further assessment,
Other anterior mediastinal masses such asst&ging, and surgical planning. Examples of thoracic masses/
atomas/germ cell tumors (Figure 10), thymomas, anduhyers in children are shown in Figures 11...14.

Figure 8. Images from a neonate with antenatal diagnosis of a left lung mfas€hest radiography shows a left lower-lobe ma8s.Computed
tomography shows the large left lower-lobe mass with vessels draining into the left inferior pulmonarZegid D, Sonography shows a hyperechoic
retrocardiac mass with blood vessels arising from the aorta running through it. Diagnosis: left intralobar sequestration.
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Chest Wall and Rib Fractures Figure 10. Images from a 12-year-old child presenting with chest pain.
Sonography is the primary modality in imaging chesA' Chest radiography sh_ows a large mass obscuring the right hemithg-
COI”IditiOﬂS, as superficial structures are easily aCCQSraX'B-’ Sonography cqnflrms the_ presence of a heterogeneous mass in
e ~the right lower hemithorax (diaphragm labeled by arrowhead),
ultrasound. Chest wall lumps can be difficult to dipgsitron emission tomography...computed tomography actually shows
guish cIinicaIIy and may require sonography for futhat the mass is mediastinal in origin. It is fluorodeoxyglucose avid. His-
differentiatiorBenign masses (eg, vascular and lympftologic result: malignant yolk sac tumor.
gitic tumors) haweharacteristic appearad®éq hese
masses usually present as asymptomatic chest wall lumps.
Aggressive chest wall lesions can be caused bpena
plastic disease or infectious/inflammatory disease. Pa—
usually present with a painful and palpable chest wall
Sonography is useful in determining the aggressive
ior of these lesions by showing abnormal destructi
thickening of the rib (Figure 15). The rib coméoisnly

Figure 9. Images from a premature neonate with a persistent large thy-
mus. A, Chest radiography shows a smoothly marginated right medi-
astinal massB, Sonography shows a homogeneous mediastinal mass
with internal echogenic strands, in keeping with a thymus. The right lobe
is larger than the left, accounting for the radiographic appearance.
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echogenic, and abnormalities will result in disruption oflthough sonography is not the primary modality for
this appearanti some cases, an adjacent mass mayaging rib fractures, it can show discontinuation of the
identified. Fluid around or adjacent to a bone is suggestier (Figure 16). Other features such as periosteal thick-
of osteomyelitis. Underlying abscesses, rib erosiognamgland hematoma may also be 3hown.

pleural effusions can also be identified.

Figure 11. Images from a 1-year-old boy presenting with cough and fe&eBonography shows a complex heterogeneous mass in the right hemo-
thorax (diaphragm labeled by arrowhead$}, Computed tomography shows calcification within the mass, which is situated predominantly in the right
paraspinal region. Histologic result: neuroblastoma.

Figure 12. 5-year-old girl with shortness of breath, Chest radiography shows an expanding left chest mass with contralateral mediastinaBshift.
Sonography shows a large heterogeneous mass with cystic components in the left hemithorax. Histologic result: pleuropulmonary blastoma.
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Diaphragm Congenital diaphragmatic hernias are usually diagnosed
Diaphragmatic motion or palsy can be easily evaluapedratally. The herniated abdominal content compresses/
sonography, as it is able to visualize both diaphragrdisjglades the lung, resulting in collapse/consolidation. Sonog-
allow assessment of motion symmetry using the M-raptg shows the presence of herniated bowel content adja-
(Figure 17). Diaphragmatic conditions can be classifishato the airless lung (Figure 19).
normal, diminished, absent, or paradoxical. A diaphrag-
matic excursion of greater than 4 mm is considered®netmothorax and Pneumomediastinum
mal. Normal symmetry is defined as a less thanSB0&graphy is not the primary imaging modality for pneu-
difference in the diaphragms on bottt-&ides. mothorax in our institution. However, it can be useful to
Diaphragmatic eventration is an abnormal elevasioognize the features of pneumothorax on sonography,
of the dome of the diaphragm as a result of failure casnpiseumothorax may present as an incidental finding or
cular development or part or all of the affected hesudietimes as a complication of an ultrasound-guided pro-
aphragn®In cases in which there is partial eventratigaure. The 3 signs of pneumothorax include A-lines
the diaphragm adopts a lobulated appearance, whigicunegd or horizontal lines parallel to the pleural line),
be seen on sonography (Figure 18). absence of B-lines (also known as scomet tailZ artifacts),

Figure 13. Images from a 3-year-old child with a known history of a Figure 14. Images from a 12-year-old girl with a history of osteosarcoma
malignant peripheral nerve sheath tumor presenting with shortness of presenting with shortness of breat&, Sonography shows a heteroge-
breath.A, Sonography shows an echogenic left lower-lobe mass sur- neous mass with hyperechoic elements within, some with posterior
rounded by a small left pleural effusion (diaphragm labeled by arrow- acoustic shadowing suggesting air or calcificatiorB, Computed
heads).B, Positron emission tomography confirms fluorodeoxyglucose tomography shows a large right calcified mass with a right pleural effu-
uptake in the left lower-lobe lesion. A separate but smaller lesion is sion. Diagnosis: osteosarcoma metastasis.

shown in the right lung. These were treated as metastases.
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Figure 15. Images from an 8-year-old girl presenting with a right chest wall masmd B, Chest radiography (frontal and lateral) shows a large
mass in the right chest wall with erosion of the right seventhGitlSonography confirms a large hypoechoic right seventh rib mdadsComputed
tomography shows a destructive mass involving the right seventh rib with evidence of chest wall invasion. Histologic finding: Ewing sarcoma.

Figure 16. Images from a 12-year-old boy presenting with a rib fracttir&Sonography shows the discontinuity of the rib cortex (arrowheads), in keep-
ing with a rib fractureB, Further scanning reveals a bony fracture fragment (arrowhead).

1076 J Ultrasound Med 2016; 35:1067...1080



Goh and Kapur,Sonography of the Pediatric Chest

Figure 17. Images from a 13-day-old neonate after heart surg8rynitial chest radiography shows symmetric diaphragm lev@sChest radiog-
raphy performed after extubation shows a raised left hemidiaphra@rand D, Sonography shows normal movement of the right diaphragm com-
pared to the left, which shows absent movement, in keeping with diaphragm paralysis.

Figure 18. Images from a 7-year-old boy with fev&y.Chest radiography shows right lower-zone opacity with a smooth superior maRjionog-
raphy shows a sreverse 3Z appearance of the right hemidiaphragm (labeled by arrowheads), in keeping with diaphragmatic eventration. No consol-
idation is shown.

J Ultrasound Med 2016; 35:1067...1080 1077
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and absence of lung sliding on real-time soriggfefShyThe diagnosis of pneumomediastinum is typically made
(Figure 20). M-mode imaging confirms the absence oblufrgntal chest radiography. In infants, mediastinal air typ-
sliding by showing multiple stralght lines. These havedadlgraccumulates beneath the thymus and elevates it from

described as the +bar codeZ sign or sstratospHérefsigneart, producing the sangel simngZThis pattern of

Figure 19. Images from a neonate with antenatal diagnosis of a congenital diaphragmatic h&kni@hest radiography shows opacification of both
lungs. A locule of gas lucency is shown over the left mid zdheSonography shows herniated bowel loops in the left chest.

Figure 20. Images from a 12-year-old child presenting with pneumoth-
orax.A, Sonography shows a smooth echogenic pleural line (arrow-
heads). Lung sliding was present on real-time sonographs,
Sonography shows the transition between the normal pleural line and
pneumothorax, demarcated by the dotted line. On the left, the normal
pleural line and lung sliding are showen. Comet tail artifacts (arrowhead)
are also shown. On the right, there is absence of lung sliding and comet
tail artifacts, in keeping with pneumothora&, M-mode imaging of the
pneumothorax segment shows multiple horizontal lines, in keeping with
absence of lung sliding. This appearance has been described as the
stratosphere or bar code sign.
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air collection is also shown on sonography, with the@rresonance imaging, it can provide useful information

seen as echogenic lines or pockets along the postéhiar may reduce the need for invasive or more expensive

lateral margins of the thyth{Egure 21). investigations. In summary, sonography should play a major

role in investigations of pediatric chest conditions.

Conclusions
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