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Diagnostic imaging of the pedi-
atric chest patient differs vastly 
from that of the adult patient. 

Both common and rare entities may 
manifest differently in younger chil-
dren than in adults. Additionally, the 
sort of pathology encountered in pedi-
atric patients also varies. Identifying the 
range of pediatric thoracic abnormal-
ities on various diagnostic modalities 
is essential to providing optimal care 
for our pediatric patients. Referring 
clinicians look to radiologists to pro-
vide diagnoses that will direct clinical 
decision-making. With these aims, this 
review will cover the “must-know” 
congenital and acquired lesions in the 
pediatric chest.

Congenital parenchymal lesions
While congenital lung lesions may 

not be routinely encountered in daily 
imaging, they are common consider-
ations in diagnostic pediatric radiology. 
Early recognition is crucial to prevent 
misdiagnosis and mismanagement.

Congenital thoracic lesions are 
thought to originate from disturbances 
during the embryogenesis of lung and 
airway development. The imaging ap-
pearances of these lesions often demon-
strates significant overlap. In fact, even 
on histopathologic analysis, these le-
sions may share similar characteristics, 

as some are truly hybrid entities. In cur-
rent radiologic and pathologic analyses, 
congenital lung lesions are regarded as 
a continuous spectrum of developmen-
tal abnormalities, from cystic airway 
lesions to mixed cystic airway/vascular 
lesions to purely vascular lesions. 

As our understanding evolves, so do 
the nomenclature and classification of 
these entities. Under this umbrella, the 
most commonly described congenital 
chest lesions are congenital pulmonary 
airway malformations (CPAM), bron-
chopulmonary sequestrations (BPS), 
bronchogenic cysts, and congenital lobar 
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overinflation (CLO). Among these, 
CPAM and BPS most commonly pres-
ent as hybrid lesions. These lesions are 
now routinely detected on fetal ultra-
sounds and are often identified prior to 
birth. While the appearance of congenial 
lung masses on fetal imaging is beyond 
the scope of this paper, most of these 
entities present as hyperechoic, space 
occupying masses, which shift the medi-

astinal contents away from the involved 
hemithorax on fetal sonography.

Congenital pulmonary airway 
malformations 

Formerly termed congenital cystic 
adenomatoid malformation, this lesion 
is now more aptly called congenital pul-
monary airway malformation (CPAM) 
to encompass the gamut of histological 

appearances. CPAM is the most com-
monly encountered congenital cystic 
lesion,1 thought to result from abnor-
mal branching of immature bronchi-
oles during lung development. The 
incidence is likely underestimated at 1 
in 25,000 to 1 in 35,000 live births.2  

CPAMs are hamartomatous anoma-
lies that communicate with the tracheo-
bronchial tree.3 Histologically, these 
lesions look like terminal bronchioles 
lined with respiratory epithelium, lack-
ing cartilage or bronchial glands.1 The 
exact insult causing this abnormality 
and the precise timing of its develop-
ment are unknown; it may form any-
where between 5-22 weeks gestation. 
Pure, non-hybrid, CPAMs have normal 
arterial and venous connections to the 
pulmonary circulation. Hybrid CPAMs 
that occur concomitantly with abnormal 
vascular connections feeding or drain-
ing the lung lesions may occur along-
side additional abnormalities, including 
congenital heart disease and neural tube 
defects. Not surprisingly, patients with 
these additional associations have a 
higher incidence of stillborn birth.4 

CPAMs may contain larger cysts 
greater than 2 cm, smaller cysts between 
0.5 and 2 cm, or microcysts, which may 
create the appearance of a solid mass on 
imaging. The vast majority of these le-
sions are solitary, with a lower lobe pre-
dilection.5 When bilateral CPAMs are 
present, there is a higher risk of congen-
ital high airway obstruction syndrome 
(CHAOS).5 CPAMs often present with 
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FIGURE 1. 4-month-old male infant with respiratory distress. (A) AP supine chest x-ray demonstrates hyperexpanded right hemothorax with 
underlying cystic, lucent lesions causing flattening of the right hemidiaphragm and leftward mediastinal shift. There is mild compressive atel-
ectasis of the left lung. Axial (B) and coronal (C) CT images in lung window demonstrating a large multicystic lesion in right lower lobe with one 
large cyst and several smaller cysts occupying right hemithorax. There is mass effect on the mediastinum and left lung alongside left lower lobe 
subsegmental atelectasis. Findings are compatible with congenital pulmonary airway malformation (CPAM).

FIGURE 2. 1-year-old female with abnormal chest radiograph. Contrast-enhanced CT (CECT) 
of the chest in soft-tissue mediastinal windows demonstrates a soft-tissue lesion in left lower 
lobe (*) supplied by an anomalous feeding vessel (arrowhead) arising from the celiac axis 
(long arrow), compatible with bronchopulmonary sequestration (BPS).
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respiratory symptoms including tachy-
pnea, retractions, and cyanosis within 
first month of life.4,5 6 Fewer than 10% 
present after one year of age.5 Later 
presentations include recurrent or per-
sistent pneumonia (most common), 
lung abscess, pneumothorax, reactive 
airway disease or, rarely, malignant 
transformation. Some CPAMs may re-
gress, especially the microcystic type.2 

On radiographs, CPAMs are hy-
perlucent and multicystic, with occa-
sional solid components. Large lesions 
may cause lung hyperexpansion with 
mediastinal shift or flattening of the 
hemidiaphragm (Figure 1). Air-fluid 
levels may be seen secondary to resid-
ual fluid in the initial postnatal period. 
In older patients, air-fluid levels typi-
cally reflect the sequelae of resolving 
infection. When older patients present 
with infected CPAMs, it is import-
ant to differentiate these lesions from 
necrotizing pneumonia, with findings 
including hyperexpanded lungs and a 
lack of air bronchograms favoring an 
infected CPAM. Computed tomogra-
phy angiography (CTA) is essential in 
distinguishing these lesions from other 
congenital lung lesions, as the presence 
of a systemic feeding vessel may herald 
a hybrid lesion or sequestration. This 
vessel must be recognized prior to sur-
gical intervention. 

Treatment of CPAMs involves sur-
gical resection, either via lobectomy or 
segmental resection, if multiple lesions 
are present.2 Early surgery prevents in-
fection and reduces the rarer risk of ma-
lignancy, which has been identified as 
early as 13 months of age.7 Associated 
malignancies include embryonal rhab-
domyosarcoma, pleuropulmonary blas-
toma and bronchoalveolar carcinoma.8-10 

Bronchopulmonary 
sequestrations

Bronchopulmonary sequestrations 
(BPS) are composed of nonfunctioning 
pulmonary tissue that lacks communi-
cation with the tracheobronchial tree, 
possibly originating from a supernumer-
ary lung bud.5 These lesions character-
istically have a systemic arterial supply 
arising from vessels including the thora-
coabdominal aorta, splanchnic vessels, 
or rarely, coronary arteries (Figure 2). 
Sequestrations may be asymptomatic or 
present with respiratory distress, infec-
tion, feeding difficulties or even, rarely, 
congestive heart failure.11

There are two commonly described 
subtypes of BPS: extralobar and intralo-
bar (Table 1). Extralobar sequestrations 
are discrete and invested in their own 
separate pleura. They are typically lo-
cated in the left lower chest, but can be 
also be within or below diaphragm. Typ-
ically, these lesions demonstrate sys-
temic venous drainage to the superior 
vena cava or azygos veins. In some case, 
extralobar sequestrations may be associ-
ated with other congenital abnormalities, 
including congenital diaphragmatic her-
nias and CPAMs.5  Intralobar sequestra-
tions are closely associated with adjacent 
lung, demonstrate pulmonary venous 
drainage, and are generally isolated 
without other associations. This subtype 
presents in later childhood.

Sequestrations may sometimes be vis-
ible in neonatal period via ultrasound, as 
well-defined, homogeneous, isoechoic 
masses. Color Doppler may demonstrate 
the pathognomonic systemic blood sup-
ply. Presence of concurrent cysts may 
suggest a hybrid lesion. The two sub-
types of sequestration cannot be reliably 
distinguished on imaging unless a pleu-

ral effusion surrounds the extralobar se-
questration or if the sequestration occurs 
in upper abdomen and is, by definition, 
extralobar. An upper abdominal extralo-
bar sequestration must be distinguished 
from a suprarenal neuroblastoma, 
which lacks systemic arterial supply and 
demonstrates metaiodobenzylguanidine 
(MIBG) uptake on nuclear scintigraphy. 

On CT scans, sequestrations may 
be homogeneous or heterogeneous 
masses, sometimes with cystic changes. 
Characteristically, these are solid le-
sions surrounded by peripheral emphy-
sematous changes. MRI/MRA chest 
may also be performed to assess these 
lesions. However, CT is generally pre-
ferred due to better resolution of lung 
parenchymal findings. 

Some sequestrations regress postna-
tally, but symptomatic infants are man-
aged surgically.2 Asymptomatic lesions 
are should be adequately characterized 
by cross-sectional imaging to define the 
feeding vessel then electively resected 
in order to minimize risk of infection or 
hemorrhage. 

Congenital lobar overinflation 
Congenital lobar overinflation 

(CLO) was previously termed “congen-
ital lobar emphysema”—a misnomer, 
since these lesions lack the destruction 
of alveolar walls that typically denotes 
‘emphysema’. Typically, CLO affects a 
single lobe of the lung, although multi-
ple lobes or segments within a lobe may 
be affected. In decreasing frequency, 
the most commonly affected lobes are: 
left upper, right middle and right upper 
lobes.12 CLO arises due to narrowing of 
the airway lumen, followed by subse-
quent obstruction from various etiolo-
gies such as endobronchial lesions (e.g. 

Table 1. Subtypes and characteristics of bronchopulmonary sequestrations.
 Type of Sequestration Age of Presentation Blood supply Associated Anomalies
 Intralobar Older child Systemic arterial supply
   Pulmonary venous drainage Rare
 Extralobar Younger child Systemic arterial supply
   Usually systemic venous drainage  Often, particularly CDH & CPAM*
*CDH = congenital diaphragmatic hernia and CPAM = congenital pulmonary airway malformation
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mucosal webs), extrinsic compression 
from vascular anomalies or congenital 
deficiency of bronchial cartilage and en-
suing bronchomalacia.13 The obstructed 
region becomes hyperinflated from 
collateral drift through check-valve 
mechanism at the level of the bronchus, 
with a greater amount of air entering on 
inspiration than exiting on expiration. 
CLO is sometimes associated with con-
genital heart disease, namely, patent 
ductus arteriosus (PDA) and ventricular 
septal defect (VSD).12

Diagnosis is made via radiogra-
phy and computed tomography (CT). 
CLOs tend to be symptomatic lesions, 
presenting with respiratory distress in 
early life. At birth, these lesions may 
be may be fluid-filled and radiopaque. 
As fluid is reabsorbed, lesions may first 

demonstrate interstitial reticulation and, 
finally, become hyperlucent once sig-
nificant air trapping occurs. There may 
be associated mass effect with contra-
lateral atelectasis, flattening of hemid-
iaphgram and increased rib spacing in 
affected lobe (Figure 3). Vessels will 
be attenuated, and CLO must be differ-
entiated from pneumothoraces which 
demonstrate a pleural line and lack 
bronchovascular markings. Most le-
sions are treated via lobectomy to allow 
normal lung development and symp-
tomatic relief.14 

Bronchial atresia
Unlike the previously described tho-

racic abnormalities, bronchial atresia is 
rarely detected prenatally. Most often, 
these are discovered due to recurrent 

symptoms or identified incidentally. 
Bronchial atresia occurs due to obliter-
ation of a focal segment of bronchus, 
with normal development of the more 
distal lung.15 Most commonly, this af-
fects bronchial structures at the level of 
the segmental/subsegmental bronchus.15 
If bronchial atresia occurs centrally, at 
the level of the mainstem bronchus, it is 
usually lethal in utero or the immediate 
postnatal period. 

Peripheral bronchial atresias present 
in older children due to recurrent infec-
tions. Radiographs may demonstrate an 
overinflated portion of lung. A broncho-
cele may be identified distal to the atretic 
bronchus, appearing as a fluid-filled, 
tubular, branching structure, finding 
which is considered pathognomonic for 
bronchial atresias. Symptomatic atresias 
that serve as a nidus for recurrent infec-
tions are surgically removed. Incidental, 
asymptomatic atresias may not require 
intervention. 

Vascular rings
Vascular rings arise from the per-

sistence of embryonic aortic arches. 

Double aortic arch
Double aortic arches account for 

roughly 50% of symptomatic vascular 
rings.16 These vascular abnormalities 
occur when both the right and left fourth 
embryonic aortic arches persist, encir-
cling both the trachea and esophagus. 

A

A

B

B

FIGURE 3. Infant female with respiratory distress. (A) Chest x-ray performed at 1 month-20 days of age demonstrates hyper-expanded right 
middle lung (arrow) with associated widening of the intercostal rib spaces. There is associated mild shift of the heart towards the left hemithorax. 
(B) This chest CECT was performed at 6 months of age. Axial slice in lung windows demonstrates a hyperaerated right middle lobe with mild 
compressive atelectasis of right lower lobe and atelectasis in left lower lobe. Findings are compatible with congenital lobar overinflation (CLO).

FIGURE 4. 1 month-19-day-old infant male with feeding diffi-
culty. (A) Lateral projection from barium swallow demonstrates 
posterior indentation on the esophagus (arrow). (B) MRI/MRA 
of the chest. Axial MRA shows the classic “four vessel sign” of 
double aortic arch. The right aortic arch is dominant (arrow) and 
is seen more rostral in positioning than the left arch. Findings are 
compatible with a double aortic arch.
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While both arches may be patent, a seg-
ment of one arch may also be hypoplas-
tic or atretric. Most patients demonstrate 
dominant right aortic arches, which  
are larger and rostral to the left arch (Fig-
ure 4). 

Characteristically, tracheal compres-
sion from the vascular ring produces 
inspiratory stridor that worsens during 
food ingestion. Associated tracheoma-
lacia may worsen these symptoms. On 
fluoroscopic barium swallow studies, 
bilateral indentations may be visible on 
the upper esophagus, with additional 
compression along the posterior esoph-
ageal wall. Cross-sectional imaging 
findings include the “four vessel sign,” 
created when each arch gives rise to its 
ipsilateral subclavian and common ca-
rotid arteries. Treatment involves surgi-
cal ligation of the smaller arch. 

Right aortic arch
A right aortic arch reflects persistence 

of the right fourth embryonic arch. A 
right arch will cross over the right main-
stem bronchus. The location of the de-
scending aorta is variable; along either 
the right or left posterior mediastinum 
(Figure 5). Two main subtypes of right 
aortic arch are: a right aortic arch with ab-
errant left subclavian artery (RLSCA) or 
a right arch with mirror-branch type pat-
tern. The RLSCA subtype is asymptom-
atic in up to 95% of cases. A complete 
ring is only formed if a left ligamentum 
arteriosum is present, which may cause 
respiratory symptoms.16 The aberrant 
left subclavian artery may have aneurys-
mal dilatation at its origin, arising from 
a remnant of the left dorsal aortic root. 
This is termed the “diverticulum of Kom-
merell”. If vascular rings are symptom-
atic, they are treated by transection of the 
ligamentum arteriosum. 

The right aortic arch with mirror 
branching is the second-most common 
right aortic arch branching pattern and 
reflects a mirror image of the left aortic 
arch.17 Without a true vascular ring, this 
branching pattern is largely asymptom-
atic. However, it is notable for a high as-
sociation with congenital heart disease, 
including Tetralogy of Fallot and truncus 
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FIGURE 5. 16-year-old female with cough. (A) Coned-down view of the trachea on frontal 
chest x-ray demonstrates a leftward deviation of the trachea (arrow). Two axial (B, C) and a 
coronal (D) CECT scans in soft tissue mediastinal windows at the level of aortic arch demon-
strate right aortic arch (arrowhead) that during its courses into becoming the descending aorta 
lies posterior to the trachea (curved arrow). On coronal (D) view, there is leftward deviation of 
the trachea at the level of the arch (arrow), as seen on chest x-ray, due to the right-sided arch. 
CT also demonstrated an aberrant left subclavian artery (not shown). Findings are compatible 
with a right aortic arch with aberrant left subclavian artery.

FIGURE 6. 6-month-old infant female with stridor. Axial CECT through the chest in soft-tissue 
mediastinal windows demonstrates a left pulmonary artery (arrow) arising from the right main 
pulmonary artery (black *) and coursing behind the trachea (white *). Findings are compatible 
with anomalous origin of left pulmonary artery, or “pulmonary sling.”
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arteriosus. The first branch of the mirror 
arch is the left brachiocephalic artery, 
followed by the right common carotid 
artery and the right subclavian artery.

Left aortic arch with aberrant 
right subclavian artery 

The left aortic arch with aberrant right 
subclavian artery (LRSCA) is the most 

common congenital aortic arch anom-
aly, occurring in roughly 1 of every 200 
people.17 Since this vascular branching 
pattern is not associated with respiratory 
compromise, it is typically identified in-
cidentally. When symptomatic, it is usu-
ally due to mass effect on the posterior 
esophagus causing “dysphagia lusoria” 
or difficulty swallowing. Chest x-rays 

may be normal or demonstrate subtle 
mediastinal widening. If a barium swal-
low is performed, an oblique region of 
mass effect may be seen along the course 
of the aberrant vessel as it compresses 
the posterior esophagus, extending supe-
riorly from left to right. In symptomatic 
patients, surgical ligation of right ductus 
may be performed. 

FIGURE 7. 12-year-old male with chest pressure while lying down.  (A) PA radiograph of the chest shows abnormal widening of the mediasti-
num, particularly along the right anterior mediastinum. (B) Lateral chest radiograph confirms presence of abnormal soft tissue in the anterior 
mediastinum which obliterates the retrosternal clear space (black arrow). Axial (C) and coronal (D) images from chest CECT in soft-tissue medi-
astinal windows demonstrates a circumscribed heterogeneous lesion arising from right anterior mediastinum with central macroscopic fat (*) 
surrounding low (cystic) density and an outer rind of soft tissue. The lesion causes mass effect on the other mediastinal structures, in particular 
the right heart with narrowing of the SVC. There are a few scattered foci of right pleural soft tissue/fluid due to rupture of the mediastinal mass, 
which occurred in the interim between radiography and chest CT. The mass was pathologically confirmed as a mature teratoma.
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Anomalous origin of left 
pulmonary artery

Commonly termed “pulmonary 
sling,” this anomaly occurs when the 
left main pulmonary artery arises from 
the right main pulmonary artery rather 
than from the pulmonary trunk (Fig-
ure 6). The anomalous pulmonary ar-
tery traverses between the trachea and 
esophagus, producing mass effect along 
the anterior esophagus and the poste-
rior trachea. Patients with this anomaly 
are often symptomatic, presenting with 
stridor, hypoxia, and often asymmetric 
lung aeration. There may be concomi-
tant tracheal rings or tracheomalacia. 

Mediastinal masses
Pediatric mediastinal masses are best 

approached by considering the types of 
masses that may occur in each mediasti-
nal compartment. 

Anterior mediastinum
The most common anterior medi-

astinal mass in children is lymphoma. 
Lymphomas are further classified 
into Hodgkin’s lymphoma (HL) and 
non-Hodgkin’s lymphoma (NHL). Both 
may present with nonspecific symptoms 
associated with mass effect on the me-
diastinal structures, including cough, 
dyspnea, dysphagia, SVC syndrome or 
hemoptysis. Lymphoma may also man-
ifest with additional “B symptoms:” 
fever, night sweats, and weight loss. 

At imaging, both HL and NHL can 
present as an enlarged conglomeration 
of intrathoracic lymph nodes. Roughly 
85% of HL present within intrathoracic 
involvement, usually as an anterior me-
diastinal mass. On chest radiography, 
this may appear as mediastinal widen-
ing, displacement of the trachea, and 
loss of the retrosternal clear space. Less 
commonly, HL will present with pulmo-
nary nodules, consolidation and pleural 
effusions.16 In contrast, only about 50% 
of NHL demonstrates enlarged intratho-
racic lymph nodes. Pulmonary findings 
in NHL are more diverse and may range 
from pulmonary nodules (which may 
cavitate), consolidation to interstitial 
thickening. Cross-sectional CT imaging 
of chest and body is essential for stag-
ing. Treatment generally involves che-
motherapy and/or radiation, which may 
be started urgently in cases of airway or 
vascular compromise. 

Intrathoracic germ cell tumors (GCT) 
arise following the arrested migration 
of primitive germ cells that remain in 
the anterior mediastinum rather than 
descending into the gonads. These tu-
mors share similarities with primary tu-
mors arising from the ovaries and testes. 
GCTs account for approximately 20% 
of pediatric mediastinal tumors.18,19 Ap-
proximately 15% are malignant, which 
portends poor prognosis.20 

Teratomas represent a subtype of 
GCT, comprising approximately 60% 

of all mediastinal germ cell tumors. If a 
child presents with calcified mediasti-
nal mass, this is assumed to represent a 
teratoma until proven otherwise. Ter-
atomas may be mature and benign or 
immature with malignant potential; 
imaging alone may not be able to deter-
mine whether a teratoma is malignant 
or benign. Cross-sectional imaging will 
often demonstrate a mass comprised of 
various densities, including fat, fluid and 
calcification. The presence of fat is virtu-
ally diagnostic of a teratoma (Figure 7). 

GCT and teratomas are usually as-
ymptomatic until they are large, at 
which point they may cause respiratory 
distress and compromise the airway. 
Once they are detected in the mediasti-
num, the pelvis should also be assessed 
to exclude a primary gonadal tumor. 
Since malignant teratomas are often 
quite large, patients may require preop-
erative chemotherapy prior to surgical 
resection.18,20

Thymomas are infrequent in the pe-
diatric population comprising only 
1-2% of mediastinal masses in chil-
dren.16 As in adults, thymomas many 
present with paraneoplastic syndromes 
including myasthenia gravis, hypogam-
maglobulinemia or red cell aplasia.

Middle mediastinum
The most common middle medi-

astinal masses in children are foregut 
duplication cysts. Mediastinal foregut 
duplication cysts are further classified 
into bronchogenic, esophageal and 
neurenteric cysts. 

Bronchogenic cysts arise due to ab-
normal lung budding during ventral 
foregut development during the first 
trimester.16 Most arise near the carina 
and right paratracheal region (Figure 8), 
though up to 20% are contained within 
lung parenchyma. Histologic examina-
tion reveals respiratory epithelial lining. 

Esophageal duplication cysts result 
from abnormal development of the pos-
terior portion of the embryonic foregut. 
These often present with dysphagia 
and are commonly associated with the 
upper third of the esophagus. In rare 
cases, migration with the lung bud may 

FIGURE 8. 18-month-old with abnormal chest 
x-ray. Axial T2 (A), T1 precontrast (B), and T1 
postcontrast with fat-sat (C) MR images at the 
level of thoracic inlet demonstrate a T2 hyper-
intense, T1 hypointense, nonenhancing lesion 
posterior to the trachea in the upper mediasti-
num (arrows). There is no association with the 
adjacent vertebral body or extension into the 
neural foramen. This was pathologically con-
firmed to be a bronchogenic cyst.
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FIGURE 9. 5-month-old male with left-sided 
Horner syndrome. Axial T1 precontrast (A), 
axial T2 (B), coronal T1 precontrast with fat 
sat (C), and coronal T1 post-contrast with fat 
sat (D, demonstrate a multilobulated mass 
(arrows)with heterogeneous enhancement in 
left lung apex and left supraclavicular region 
that encases the brachial plexus and narrows 
the left subclavian and left vertebral arteries. 
There is perineural spread, not well depicted 
on these select images. Anterior (E) and pos-
terior (F) whole-body planar projections from 
24-hour metaiodobenzylguanidine (MIBG) 
scan demonstrate increased uptake at the 
base of the left skull (arrowhead), left upper 
chest (straight arrow), patchy liver metasta-
ses (curved arrow) and mild uptake in proxi-
mal right thigh (hollow circle). The mass was 
biopsy-proven neuroblastoma.
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lead to an intraparenchymal location. 
Histology reveals gut epithelia includ-
ing submucosal and muscular layers. 

Although neurenteric cysts are usu-
ally found in the posterior mediastinum, 
these lesions are typically classified 
with other foregut cysts and will be 
briefly covered here. Neurenteric cysts 
result when the neural crest and gastro-
intestinal tract fail to separate. These 

cysts may be associated with osseous 
abnormalities of the adjacent spine and 
will contain both GI and neural histo-
logic elements. 

On imaging, each of the foregut cysts 
appears as a fluid-filled, well-circum-
scribed round or oval mass. CT may 
demonstrate a lesion of water attenu-
ation or slightly higher, depending on 
the amount of internal proteinaceous 

contents. No intralesional enhancement 
is seen, though peripheral enhancement 
may be present in the setting of infec-
tion/inflammation. Treatment is gen-
erally surgical resection, especially for 
symptomatic lesions. 

Diffuse middle mediastinal adenopa-
thy is generally due to lymphoma. How-
ever, unilaterally enlarged hilar lymph 
nodes are suggestive of infections, 

FIGURE 11. 11-month-old infant male with multiple bruises and conjunctival hemorrhages. (A) AP chest radiograph demonstrates multiple wor-
risome rib fractures including: fracture of posterior left 9th rib (thick arrow), subtle fracture of the posterior right 9th rib (thin arrow), fractures of 
anterior left 6th and 7th ribs (hollow circle) and fractures of the anterior right 5th and 6th ribs (hollow square). (B) Coned-down radiograph of the 
left shoulder demonstrates a fracture through the left acromion (thick arrow) and left proximal humeral metaphysis (thin arrow). The right proxi-
mal humeral metaphysis was also fractured, but not included in this image. Findings are compatible with non-accidental trauma (NAT).

A B

FIGURE 10. 7-year-old male with cough and fever. (A) PA radiograph shows abnormal rounded opacity in left mid-lung near the left hilum 
(arrow).(B) On lateral view, this projects into left upper lobe, above the major fissure and projects over the heart (arrow). Patient received outpa-
tient antibiotic treatment for pneumonia. Follow-up chest radiograph 6 weeks later was clear. Findings are compatible with round pneumonia.

A B
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particularly, tuberculosis. Metastatic 
mediastinal adenopathy can also be con-
sidered in the correct clinical setting. If 
lymph nodes are calcified, osteosarcoma 
or treated lymphoma should be on the 
differential. 

Posterior mediastinum
As discussed above, neurenteric cysts 

should be strongly considered when a 
cystic mass is encountered in the poste-
rior mediastinum. When a solid mass is 
identified, neurogenic tumors associated 
with the sympathetic chain should be 
high on the differential. These tumors 
exist on a spectrum, ranging from ma-
lignant neuroblastoma to ganglioneuro-
blastoma and benign ganglioneuroma. 
Of these entities, neuroblastoma is the 
most common, and represents the most 
common extra-cranial solid tumor of 
childhood. 

Neuroblastomas arise from primitive 
neural crest cells. While most commonly 
seen in the adrenal gland, neuroblasto-
mas also frequently arise in the posterior 
mediastinum. Systemic symptoms in-
clude irritiability, fever, weight loss and 
anemia. Cord symptoms such as bladder/
bowel dysfunction or lower extremity 
weakness should suggest extension into 
the spinal canal or neural foramen. 

Chest radiography may demonstrate 
abnormal paravertebral opacity with as-
sociated widening of intercostal spaces 
or rib erosions. CT or MRI scans may 
demonstrate intralesional calcification 
and extension into the neural foramen. 
Neuroblastomas are invasive and often 
encase vessels. These tumors may be vas-
cular and demonstrate robust, albeit het-
erogeneous, enhancement. Due to neural 
origins and catecholamine production, 
nuclear scintigraphy using metaiodoben-
zylguanidine (MIBG) aids in detecting 
extent of tumor and distant metastases 
(Figure 9). Typically, thoracic neuro-
blastomas have a more favorable out-
come than abdominal neuroblastomas. 

Ganglioneuroblastomas are inter-
mediate tumors with malignant po-
tential that may demonstrate distant 
metastases, while ganglioneuromas 
are benign. Both tumor types tend to 

be more fusiform in appearance and 
smaller than neuroblastomas, as well 
as less invasive. These more mature 
tumors are also seen in slightly older 
children. Biopsy is required for con-
clusive diagnosis. 

Round pneumonia
Round pneumonia is a phenomenon 

that typically occurs in children due to 
undeveloped communicating passages 
in the air spaces called pores of Kohn 
and channels of Lambert.21 Underde-
velopment of these channels allows for 
centrifugal spread of fluid and/or bacte-
ria leading to rounded appearance of in-
fection. Round pneumonias are usually 
pneumococcal infections in children 
under the age of 8, presenting as solitary, 
well-defined, lesions in the posterior 
and lower lobes (Figure 10).22 Air bron-
chograms may be present. At imaging, 
round pneumonias may appear similar 
to a parenchymal bronchogenic cysts, 
pleuropulmonary blastoma or metastatic 
disease. However, a clinical history of 
acute/subacute onset of symptoms, with 
fever, leukocytosis, and cough should 
provide the diagnosis. Round pneu-
monias are treated with antibiotics and 
rarely progress to lobar consolidation. 

Chest wall 
Ewing sarcoma

Palpable chest wall masses and rib 
anomalies typically include benign di-
agnoses including fibrous dysplasia and 
chronic recurrent multifocal osteomyeli-
tis. However, the most worrisome and 
common malignant tumor of the chest 
wall is Ewing sarcoma and related tu-
mors, including primitive neuroectoder-
mal tumor (PNET) and Askin tumor of 
the chest wall.23,24  

Ewing sarcoma is most frequently 
encountered in the first 3 decades of 
life, peaking between 10-15 years of 
age, with slight male predilection. 95% 
of patients are of Caucasian descent.25 
A translocation on the long arms of 
chromosomes 11 and 22 (t[11;22]) is 
seen in up to 90% of these tumors.24,26 
Many also express CD99 in the tumor 
membrane.27 

Chest radiography may demonstrate 
pleural involvement including fluid 
and/or direct tumor extension. Pulmo-
nary parenchymal disease and enlarged 
mediastinal lymph nodes may also be 
seen. Similar to other aggressive os-
seous tumors, bony manifestations in-
clude permeative, moth eaten lucencies, 
a wide zone of transition and associated 
soft-tissue mass. Periosteal reaction may 
be lamellated or spiculated. Smaller in-
tra-osseous sclerotic components can be 
seen in flat bones, including the ribs. 

Cross-sectional imaging allows for 
the assessment of cortical destruction 
and aids in defining the extent of the 
soft tissue mass. The superior soft tissue 
contrast of MRI renders it ideal for eval-
uating Ewing sarcoma. On T1-weighted 
sequences, tumors tend to be homoge-
neous, of intermediate intensity while 
on T2-weighted sequences, tumors are 
homogenous with low-to-intermediate 
signal intensity. These signal charac-
teristics are attributed to high cellularity 
of Ewing sarcomas. A heterogeneous 
appearance on MRI may reflect intra-
tumoral hemorrhage and/or necrosis. 
When posterior ribs are involved, MRI 
of spine should also be performed to as-
sess for tumor extension. 

Non-accidental trauma
In children under 2 years of age, frac-

tures are highly associated with physical 
abuse.28,29 Some of these non-accidental 
injuries manifest in the bony thorax and 
may be incidentally discovered on chest 
radiographs. For instance, posterior rib 
fractures occurring at the head/neck of 
the rib near the costovertebral articula-
tion, represent one of the most specific 
fractures encountered in non-accidental 
trauma (NAT) (Figure 11A).29-31 These 
occur due to anteroposterior compres-
sion of the chest wall, which levers the 
rib over the transverse process.30,32 This 
contrasts with lateral rib fractures, which 
are more common in non-abusive, acci-
dental injuries.33,34 Oblique views of the 
ribs are crucial for detecting posterior rib 
fractures. 

Other, less common, but highly spe-
cific chest wall fractures in NAT include 
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acromial fractures, with a prevalence of 
roughly 5% among abused children (Fig-
ure 11B).28,35,36 Additional concerning 
injuries include non-acromial scapular 
fractures and non-birth related clavicular 
fractures. Recognizing these fractures 
on chest radiography is crucial, as these 
are often clinically occult, and identify-
ing these lesions may permit appropriate 
management of a vulnerable child.
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