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CHAPTER 1

Imaging the Child With 
Respiratory Distress
Erica L. Riedesel

Respiratory distress is one of the most common com-
plaints seen in the pediatric urgent care or emergency 
department setting. Clinically, respiratory distress is 
characterized by tachypnea, increased respiratory effort, 
and poor oxygenation. Radiographs remain the primary 
imaging modality for evaluation of the pediatric chest 
because of low cost and easy availability.

A full understanding of normal anatomy on chest 
radiograph is necessary to recognize important pathol-
ogy in the setting of respiratory distress. Thus the first 
portion of this chapter will focus on the normal appear-
ance of fundamental anatomy in children of different 
ages.

The second portion of this chapter will focus on 
an organized differential diagnosis of the most com-
mon causes of respiratory distress by age, highlighting 
important diagnostic findings on chest radiographs. 
Other modalities such as ultrasound, computed tomog-
raphy (CT), and magnetic resonance imaging (MRI) will 
be briefly mentioned.

■■ Basic Chest Radiograph 
Interpretation

As with all radiology, approaching the pediatric chest 
radiograph with a systematic search pattern ensures that 
important structures are seen and evaluated on each and 

every study. A common search pattern for chest radio-
graphs is the “ABCDEFGH” checklist. We will use this 
model to review the fundamentals of pediatric chest ra-
diograph interpretation with a special emphasis on the 
normal appearance of structures by age.

“A” for “Airway”

A careful evaluation of the trachea should be performed 
on both frontal and lateral chest radiographs. On the 
frontal view, normal “shouldering” of the subglottic tra-
chea is seen at the inferior margin of the vocal folds (Fig. 
1.1). The intrathoracic trachea is slightly shifted into the 
right mediastinum in the setting of a normal left aortic 
arch.

Special attention should be given to the normal 
appearance of the proximal thoracic trachea in expira-
tion. In the infant and young toddler, the cervical tra-
chea is quite mobile and may buckle at the thoracic inlet 
on expiration (Fig. 1.2). 

“B” for “Bones”

As with adult chest radiographs, evaluation of the bones 
in the chest can add important information regarding 
patient position and respiratory effort.
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In a well- aligned posteroanterior (PA) or anteropos-
terior (AP) chest radiograph, the spinous processes of 
the thoracic vertebral bodies should form a vertical line 
down the center of the thoracic spine, and the medial 
ends of the clavicles should be equidistant from the cen-
ter line of the spine.

Lung inflation can be determined by counting the 
number of posterior ribs (Fig. 1.3). In the newborn, 8 
to 9 posterior ribs should be visualized above the asso-
ciated hemidiaphragm. In toddlers and young children, 
normal pulmonary inflation is 8 to 10 ribs expansion. 
In older children and adolescents, normal pulmonary 
inflation is 10 to 12 ribs expansion. Others use ante-
rior ribs, typically 6 anterior ribs completely above the 
hemidiaphragm contour.

During this step of chest radiograph evaluation, 
bones of the thorax should be carefully assessed for frac-
ture. This is especially important in infants and young 
children because posterior and anterior rib fractures, 

scapula fractures, or humeral fractures may be the first 
and most subtle signs of nonaccidental trauma (Fig. 
1.4).

A complete survey of the chest radiograph in children 
should include evaluation for possible congenital anom-
alies of the thoracic and upper lumbar spine, ribs, and 
proximal long bones of the upper extremities (Fig. 1.5). 
By systematically screening for these abnormalities, an 
astute radiologist may be the first to suggest underlying 
genetic syndromes, such as VACTERL (vertebral defects, 
anal atresia, cardiac defects, tracheoesophageal fistula, 
renal anomalies, and limb abnormalities). 

“C” for “Cardiac” and Mediastinal 
Structures

Evaluation of the cardiac silhouette should include eval-
uation of overall cardiac size and gross structure of the 
heart and mediastinum.

The appearance and appropriate size of the car-
diac silhouette on chest radiograph changes with age 
(Fig. 1.6). Neonates and infants have a more barrel- 
shaped chest that is equal in transverse and AP dimen-
sions, and the normal cardiac silhouette may take up 
to 50% (infants) to 60% (neonates) of the transverse 
thoracic diameter. As children grow, their chest shape 
changes, and by age 10 to 13 years the normal cardiac 
silhouette appears similar to that seen in adults, taking 
up between 30% and 50% of the transverse thoracic 
diameter.

Gross structures of the heart and great vessels should 
be evaluated on every pediatric chest radiograph, includ-
ing the aortic arch, pulmonary artery, and specific car-
diac chambers (Fig. 1.7).

Evaluation of aortic arch sidedness is an important 
exercise in interpretation of pediatric chest radiograph. 
The normal left- sided aortic arch is a result of normal 
cardiac looping during embryology. Presence of a right- 
sided aortic arch may be the first subtle clue of under-

Fig. 1.2 Anteroposterior (AP) view of the chest showing the normal 
“buckled” appearance of proximal thoracic trachea during expiration, 
often seen in young children.

Fig. 1.1 Normal appearance of air-
way on chest radiograph. (A) Postero-
anterior (PA) view of the chest showing 
the normal thoracic trachea and central 
airways. (B) Coned down PA view of the 
chest showing subglottic trachea. Note the 
normal “shouldering” of the air column. 
L, Left; R, right.
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lying congenital heart disease. The normal left- sided 
aortic arch should opacify the left superior mediastinum 
with gentle rightward shift of the adjacent trachea. In 
contrast, a right- sided aortic arch will result in gentle 
leftward shift of the trachea (Fig. 1.8). The descending 
aorta sidedness may sometimes be confirmed inferiorly 
toward the level of the diaphragm.

Normal appearance of the mediastinum also varies 
considerably with age because of variable size of the 
thymus (see Fig. 1.6). The thymus is most prominent 
in children younger than 3 years but can occasionally 
be identified on chest radiographs in children up to age 
10 to 12 years. On radiograph, the normal thymus has 
similar density to the adjacent heart and vascular struc-
tures, has soft contours, and does not compress adjacent 
structures (Fig. 1.9). Full understanding of these imag-

ing features allows the astute radiologist to differentiate 
normal thymus from mediastinal pathology.

Patients under considerable physiological stress may 
have decreased thymic size and changes in configura-
tion. Once stress has subsided, the thymus can grow up 
to 50% of original size, a phenomenon known as “thy-
mic rebound.” 

“D” for “Diaphragm”

The diaphragm should be evaluated for position, shape, 
and symmetry. There is minimal variation in appearance 
of the hemidiaphragms during childhood (see Fig. 1.2).

The right hemidiaphragm is often slightly higher than 
the left because of mass effect from the underlying liver. 

R
AP

CC

A

B

Fig. 1.3 Normal lung expansion and diaphragm contours. (A) Anteroposterior (AP) and lateral 
views of the chest in a 2- year- old with normal 8 to 10 posterior rib expansion and gentle down-sloping of 
posterior and lateral diaphragm border. (B) Posteroanterior and lateral view of the chest in a 16- year- old 
with normal 9 to 12 posterior rib expansion and dome- shaped diaphragm.
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Otherwise, the hemidiaphragms should be symmetrical in 
location and should be able to be outlined easily. Marked 
asymmetry of diaphragm position should prompt further 
investigation into underlying pulmonary pathology or 
diaphragm function (Fig. 1.10). Inability to outline the 
hemidiaphragm raises concern for adjacent abnormality, 
such as atelectasis, pneumonia, mass, or pleural effusion.

 “E” for “Effusions”

Pleural effusions may be large and obvious or small and 
subtle. On upright chest radiograph, effusions are seen 

layering dependently in the costophrenic sulcus. How-
ever, many chest radiographs in small children are per-
formed in the supine position, and effusions will layer 
along the posterior chest in the pleural cavity and may 
appear as a subtle asymmetrical density (Fig. 1.11). 

“F” for Lung “Fields”

A common colloquial term for the pulmonary paren-
chyma is “lung fields.” In chest radiograph evaluation, 
it is conventional to divide the “lung fields” into three 
zones: upper, middle, and lower. Lung zones in the right 

A B

Fig. 1.4 Nonaccidental trauma. (A) Anteroposterior (AP) view of the chest in an infant obtained for 
respiratory distress that demonstrates multiple posterior rib fractures, highly concerning for nonaccidental 
trauma. (B) AP view of the chest in a 4- month- old with cough showing a right humeral fracture, concern-
ing for nonaccidental trauma.
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Fig. 1.5 Examples of congenital abnormalities of the skeleton that may be detected on chest 
radiograph. (A) Anteroposterior (AP) view of the chest in an infant showing multilevel vertebral seg-
mentation anomalies in VACTERL (vertebral defects, anal atresia, cardiac defects, tracheoesophageal fis-
tula, renal anomalies, and limb abnormalities). (B) AP view of the chest in an infant with trisomy 21 
showing 11 paired ribs.
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and left chest are compared for uniform aeration and 
any evidence of asymmetrical opacity. If the lungs ap-
pear asymmetrical, it should be determined whether 
this finding can be explained by asymmetry of normal 
anatomic structures, technical factors such as rotation, 
or underlying lung pathology.

The major and minor fissures are not routinely seen 
against the background normally aerated lung. However, 
knowledge of the expected position of the pulmonary 
fissures may assist in defining underlying pulmonary 
pathology (Fig. 1.12).

Lung markings should be seen to the chest wall. If 
the visceral pleura is visible, a pneumothorax should be 
suspected. Again, many chest radiographs in young chil-
dren are performed in the supine position, and in this 
position extrapleural gas may move to the anterior or 
subpulmonic pleural space (Fig. 1.13). 

“G” for “Gastric” Bubble and “Gas” 
Pattern

Gas within the stomach is commonly seen on chest 
radiograph. In pediatric patients, evaluation of gastric 

sidedness is important in conjunction with aortic arch 
sidedness to detect underlying heterotaxy or situs inver-
sus (Fig. 1.14).

Gas- filled loops of small and large bowel in the 
upper abdomen are also frequently seen and should 
be evaluated for size and normal appearance. Free 
intraabdominal gas can be seen particularly as a 
subdiaphragmatic lucent crescent on upright chest 
radiographs.

 “H” for “Hilum”

The pulmonary hila, or roots, are complicated structures 
made up of major bronchi, pulmonary arteries and 
veins, and hilar lymph nodes. Routine chest radiograph 
assessment involves evaluation of the hilar structures for 
normal size, density, and position.

In pediatric patients, careful attention should be 
made to the relative size of paired bronchovascular 
structures in the hila. Pulmonary vessels and bronchi 
should be of similar size on the normal chest radio-
graph (Fig. 1.15). Difference in size of the pulmonary 
vessels and bronchi may signal underlying pathology, 

Infant 3 yrs

12 yrs 18 yrs
Fig. 1.6 Changing appearance of the cardiomediastinal silhouette on frontal radiographs of the chest 
in patients of varying age.
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such as pulmonary vascular overcirculation or bronchi-
ectasis and air trapping. 

■■ Differential Diagnosis of 
Respiratory Distress by Age

The differential diagnosis of respiratory distress is broad 
and variable by age in the pediatric population. Clini-

cal history and careful physical examination can be ex-
tremely helpful in targeting diagnostic evaluation.

Toddler and Young Child

Differential diagnosis of respiratory distress in the tod-
dler and young child includes airways disease, infection, 
or aspirated foreign body.
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Fig. 1.7 Normal cardiac structures on posteroanterior and lateral radiographs of the chest. Ao, 
Aorta; IVC, inferior vena cava; LA, left atrium; LV, left ventricle; PA, pulmonary artery; RA, right atrium; RV, 
right ventricle; SVC, superior vena cava.
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Fig. 1.8 Appearance of left and right aortic arch on posteroanterior (PA) views of the 
chest. (A) Left aortic arch should opacify the left mediastinum with gentle rightward shift of the adjacent 
trachea. (B) In contrast, a right aortic arch will result in gentle leftward shift of the trachea. Ao, Aorta.
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Fig. 1.9 Varying appearance of the normal thymus on anteroposterior radiographs of the chest in dif-
ferent infants. Note its similar density to cardiac structures and its soft, pliable borders that conform to 
adjacent structures, such as overlying anterior ribs and right minor fissure.

RIGHT-SUP-PORT

AP

Fig. 1.10 Diaphragmatic paralysis. Anteroposterior (AP) view of 
the chest showing asymmetrical elevation of the right hemidiaphragm 
in the setting of diaphragm paralysis in pediatric intensive care unit 
patient.

SUP
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L

Fig. 1.11 Pleural effusion. Anteroposterior (AP) radiograph of the 
chest showing asymmetrical hyperdensity of the right chest with ob-
scuration of the right diaphragm plus fluid in the pleural space along 
the right lateral chest wall, consistent with unilateral layering pleural 
effusion on a supine chest radiograph.
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Airways
Respiratory distress may occur as the result of an upper 
or lower airway process. Abnormal breath sounds are 
frequently associated with respiratory distress in this age 
group, and the quality of abnormal breath sounds may 
help target the source of airway pathology.

UPPER AIRWAY OBSTRUCTION
Stertor and stridor are more frequently associated with 
upper airway obstruction. These clinical findings are 
best evaluated with radiographs of the soft tissues of the 
neck (see Chapter 26). Wheezing, grunting, rales, and 
crackles are more frequently seen in lower airway dis-
ease and should prompt imaging evaluation with chest 
radiograph (Table 1.1). 

LOWER AIRWAY STRUCTURAL ABNORMALITY
The main lower airway structural abnormality that may 
be identified on radiographs is tracheal compression 
caused by a congenital vascular ring or pulmonary artery 

sling. Vascular rings occur when there is encircling of the 
trachea and esophagus by the aortic arch or great vessels. 
Compression on these structures may cause respiratory 
distress, abnormal breath sounds, or dysphagia. Find-
ings on chest radiograph are subtle and include identi-
fication of a double or right aortic arch impression on 
the proximal trachea on frontal radiograph or abnormal 
impression on the posterior trachea on lateral radio-
graph (Fig. 1.16). Any of these findings should prompt 
further evaluation with esophagram or cross- sectional 
imaging with CT or MRI.

Other lower airway structural abnormalities caus-
ing respiratory distress, such as tracheobronchomala-
cia or tracheal or bronchial stenosis, are rarely well 
seen on radiographs. Occasionally a very narrow tra-
chea can be seen on the lateral radiograph suggesting 
tracheomalacia. In these patients direct airway visual-
ization with bronchoscopy, dynamic airway imaging 
with fluoroscopy, or CT is often required for definitive 
diagnosis.

Right Minor
Fissure Right Minor

Fissure

Right Major
Fissure

Left Major
Fissure

Fig. 1.12 Location of major and minor pulmonary fissures on chest radiograph.

A B

Fig. 1.13 Pneumothoraces on supine radiographs. (A) Anteroposterior (AP) view of the chest 
showing an anterior pneumothorax in a newborn after positive pressure ventilation during resuscitation. 
Note subtle increased lucency along right mediastinal and cardiac border. (B) AP view of the chest show-
ing bilateral subpulmonic pneumothoraces in a newborn with meconium aspiration.
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Reactive Airways Disease/Asthma
Reactive airways disease, or asthma, is an inflammatory 
disorder of the lower airways caused by hyperreactivity 
that is at least partially reversible. Asthma primarily in-
volves the medium and small airways of the lung. Nearly 
50% of children with reactive airways disease will have 
symptoms before the age of 2 years, with approximately 
80% of all patients having symptoms by 5 years of age.

Hypersensitivity can be related to a wide variety of 
factors, including environmental conditions, allergens, 
exercise, and viral illness. Chronic inflammation results 

in hyperplasia of the bronchial wall smooth muscle and 
increased size of airway mucosal glands. When the airways 
of patients with asthma are exposed to hypersensitivity 
triggers, they respond with exaggerated bronchoconstric-
tion and inflammation that results in the classic clinical 
features of wheezing, cough, and shortness of breath.

The chest radiograph of a young child with asthma in 
the absence of acute symptoms is often normal. However, 
in the setting of acute asthma exacerbation the chest radio-
graph demonstrates pulmonary hyperinflation and find-
ings secondary to airway inflammation, such as bronchial 

CC LEFT

* *A B

Fig. 1.14 Assessment of abdominal situs. (A) Anteroposterior (AP) view of the chest showing nor-
mal thoracic and abdominal situs solitus with left cardiac apex and left gastric bubble (asterisk). (B) AP 
view of the chest showing situs inversus with right cardiac apex and right gastric bubble (asterisk).

Fig. 1.15 Normal appearance of paired bronchovascular structures in the pulmonary hilum.  
Vessels (A) will appear as dense rounded structures when seen enface, while bronchi (B) will appear as well de-
marcated rounded lucencies. Note that normal pulmonary vessels (A) and bronchi (B) are similar in diameter.
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wall thickening, ill- defined borders of the airways termed 
“peribronchial cuffing,” and prominence of the central 
pulmonary interstitium (Fig. 1.17). It should be noted 
that many of these findings are similar to those seen with 
viral bronchiolitis, and the two entities cannot be reliably 
distinguished on chest radiograph without correlation 
with clinical history and examination findings. 

Infection
Respiratory infections are by far the most common 
underlying cause of respiratory distress in pediatric 
patients and the most common indication for chest 
radiograph.

Causes of lower respiratory tract infections in chil-
dren are often discussed in reference to prevalence by 

TABLE 1.1    Abnormal Breath Sounds Frequently Heard in Children With Respiratory Distress May Help Focus 
Differential Diagnosis and Inform Imaging Evaluation

ABNORMAL  
BREATH SOUNDS DEFINITION CAUSE IMAGING

Stertor Sonorous
“Snoring”
Midpitched
Heard loudest near mouth and nose

Nasopharyngeal obstruction Soft tissue neck x- ray (AP and 
lateral)

Stridor High- pitched
Associated with respirations
Inspiratory—above or at vocal cords  

Expiratory—lower airway

Laryngeal obstruction Soft tissue neck x- ray (AP and 
lateral)

Wheezing High- pitched
Expiratory
Heard loudest in chest

Lower airways (small airways) 
obstruction

Chest x- ray, two views (frontal 
and lateral)

Crackles/rales Discontinuous
“Rattling”
Heard loudest in chest

Lower airways Chest x-ray, two views (frontal 
and lateral)

      AP, Anteroposterior.
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Fig. 1.16 Subtle findings of vascular rings and slings on chest radiograph, including (A) double aortic 
arch, (B) right arch with aberrant left subclavian artery, and (C) pulmonary artery sling (vessel between 
trachea and esophagus). Asc Ao, Ascending aorta; Desc Ao, descedning aorta; LCA, left coronary artery; 
LPA, left pulmonary artery; LSCA, left subclavian artery; MPA, main pulmonary artery; RCA, right coronary 
artery; RAP, right pulmonary artery; RSCA, right subclavian artery.
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age group (Table 1.2). Viral infections are more com-
mon than bacterial pneumonia in all age groups. The 
incidence of community- acquired bacterial pneumonia, 
most commonly secondary to Streptococcus pneumoniae, 
increases significantly in school- age children, as does 

the incidence of atypical bacterial infection. However, 
clinical differentiation between viral and bacterial infec-
tion can be extremely difficult in the pediatric popula-
tion, and imaging can aid clinicians in diagnosis and 
treatment planning.

A B
Fig. 1.17 Anteroposterior (AP) (A) and lateral (B) chest radiographs in 7- year- old boy with history 
of mild persistent asthma presenting with increased “cough and wheeze.” Lungs are hyperinflated with 
flattening of both hemidiaphragms on lateral radiograph. There is also central bronchial wall thickening, 
peribronchial cuffing, and prominence of the central pulmonary interstitium. These findings are consis-
tent with reactive airways disease/asthma.

TABLE 1.2    Common Pediatric Pulmonary Infectious Pathogens by Age Group

AGE PATHOGEN COMMENTS

Neonate Group B Streptococcus (GBS)
Escherichia coli
Klebsiella
Chlamydia trachomatis

	•	 	Vertical	transmission
	•	 	Risk	factors:
	 •	 	Maternal	fever
	 •	 	Prolonged	rupture	of	membranes
	 •	 	(+)	Maternal	Group	B	Streptococcus	(GBS) status

3 weeks to 3 months Chlamydia trachomatis 	•	 	2–12	weeks	of	life
	•	 	Tachypnea,	often	afebrile

RSV
Parainfluenza

	•	 	Viral	bronchiolitis	often	presents	with	wheezing
	•	 	May	acquire	secondary	bacterial	pneumonia

Streptococcus pneumoniae 	•	 	Most	common	cause	of	pediatric	bacterial	pneumonia

Bordetella pertussis 	•	 	Severe	paroxysmal	cough
	•	 	Often	afebrile
	•	 	Secondary	bacterial	pneumonia	as	a	result	of	aspiration

3 months to 4 years RSV
Parainfluenza

	•	 	Most	pneumonia	in	this	age	group	is	viral

Streptococcus pneumoniae 	•	 	Most	common	cause	of	pediatric	bacterial	pneumonia
	•	 	Associated	complications
	•	 	Parapneumonic	effusion/empyema

5 years to adolescence Streptococcus pneumoniae 	•	 	Most	common	cause	of	pediatric	bacterial	pneumonia

Mycoplasma pneumoniae 	•	 	Increased	incidence	in	school-	age	children	and	adolescents

Chlamydia pneumoniae 	•	 	Similar	clinical	presentation	to	Mycoplasma

Adapted with permission from Durbin, W. J., & Stille, C. (2008). Pneumonia. Pediatrics in Review, 29(5),	147–160.	https://doi.org/10.1542/
pir.29- 5- 147
RSV, Respiratory syncytial virus.
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Viral Bronchiolitis
By far, the most common cause of respiratory distress 
in infants and toddlers is viral infection. Viral infection 
should be suspected in patients with low- grade fever, 
rhinorrhea, cough, and tachypnea.

In the lower airways, RSV and parainfluenza are the 
most common viral pathogens; however, rhinovirus, 
influenza, adenovirus, and human metapneumovirus 
may also cause viral bronchiolitis.

On chest radiographs, inflammation and edema of 
the lower airways result in bronchial wall thickening 
and peribronchial cuffing (Fig. 1.18A). Narrowing of the 
airways results in air trapping within the lungs, leading 
to pulmonary hyperinflation. Mucous secretion in the 
airways may cause lower airway obstruction leading to 
scattered areas of atelectasis.

Secondary bacterial pneumonia is a common com-
plication of viral bronchiolitis and should be suspected 
in pediatric patients with a history of viral upper respira-
tory infection with new- onset fever, worsening cough, or 
who do not demonstrate expected clinical improvement 
after diagnosis of viral bronchiolitis. Chest radiographs, 
frontal and lateral, are suggested to evaluate for new or 
progressive airspace consolidation (see Fig. 1.18B). 

Bacterial Pneumonia
Bacterial pneumonia is often suspected clinically in 
young children with respiratory distress, cough, and 
high fever. Tachypnea is the most sensitive and specific 
clinical finding in pneumonia; however, increased work 
of breathing and decreased O2 saturation should also 
increase clinical concern.

In patients with a classic history and physical exam-
ination findings, chest radiography is not required for 
diagnosis of uncomplicated community- acquired pneu-
monia. However, symptoms and physical examination 
findings are sometimes nonspecific, and chest radio-
graph remains the initial imaging study of choice to 
confirm diagnosis. Chest radiograph may also identify 

complications such as pleural effusion, which require 
hospital management.

Although it is tempting to obtain a single frontal chest 
radiograph in children, addition of a lateral view sig-
nificantly increases sensitivity for detection of airspace 
disease. Thus clinical guidelines from the American 
Academy of Pediatrics (AAP), Pediatric Infectious 
Diseases Society of America (IDSA), American College 
of Radiology (ACR), and Society of Pediatric Radiology 
(SPR) all recommend two views of the chest, frontal and 
lateral, as initial radiographic imaging in clinically sus-
pected community- acquired bacterial pneumonia.

Bacterial pneumonia occurs after inhalation of small 
(0.5–3	μm)	 infective	droplets	 that	 travel	 through	 the	
airways and lodge in the pulmonary acini. Infectious 
debris within the alveoli spread between adjacent acini 
within each bronchopulmonary segment, resulting 
in focal airspace opacity and consolidation on chest 
radiographs. In early bacterial pneumonia, airspace 
opacities may be small and ill defined. As infection 
spreads and involves more of the lungs, segmental 
and lobar airspace opacities may be seen (Fig. 1.19). 
Localization of infection within the lung can be deter-
mined using the “silhouette sign,” with density from 
airspace consolidation resulting in a loss of normal 
well- defined “silhouette” interface between lucent, 
normally aerated lung and dense adjacent soft tissues 
(Figs.	1.20	and	1.21A–B).

In young children, a staphylococcal or pneumo-
coccal pneumonia may appear as a focal, rounded, 
well- circumscribed opacity (Fig. 1.22). This distinctive 
appearance is referred to as a “round pneumonia” and is 
unique to children younger than 8 years. The round shape 
is thought to be a result of limited spread of bacteria and 
infectious debris between adjacent pulmonary lobules as 
a result of immaturity of interalveolar pathways (pores of 
Kohn) and collateral airways (canals of Lambert). On close 
inspection, round pneumonia usually will have irregular 
borders and internal air bronchograms; however, correla-

A B

Fig. 1.18 Viral bronchiolitis. (A) Anteroposterior (AP) radiograph in 15- month- old girl with “cough 
and fever” demonstrates bronchial wall thickening and peribronchial cuffing plus prominence of the 
central pulmonary interstitium, consistent with viral bronchiolitis. (B) AP chest radiograph in the same 
patient 2 weeks later demonstrates new focal airspace opacity in right middle lobe, consistent with sec-
ondary bacterial pneumonia.
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tion with clinical history is imperative because the differ-
ential diagnosis of a well- demarcated rounded opacity in 
the pediatric chest also includes posterior mediastinal or 
chest wall mass. If the clinical history is not consistent 
with infection, further imaging with chest CT is suggested. 
Follow- up radiographs to document resolution also may 
be obtained. If the opacity does not resolve after appro-
priate antibiotic therapy, further imaging with chest CT is 
suggested (Fig. 1.23).

Special mention should be made of pneumonia sec-
ondary to Chlamydia trachomatis in the young infant. 
Cervical C. trachomatis infection may be transmitted 
to infants by ascending infection during pregnancy or 
during passage through the cervix and vagina at the 
time of delivery. An estimated 30% of infected infants 

will acquire C. trachomatis pneumonia, which classically 
presents between 2 and 12 weeks of life with tachypnea 
and cough in the absence of fever or other signs of ill-
ness. The clinical presentation of C. trachomatis pneu-
monia is unique, as are findings on chest radiograph. 
Chest radiograph findings include pulmonary hyper-
inflation with patchy interstitial opacities (Fig. 1.24). 
Lobar consolidation and pleural effusions are typically 
not seen.

Sterile parapneumonic effusion is a common finding 
in pediatric community- acquired pneumonia, most fre-
quently seen with S. pneumoniae. Clinically, parapneu-
monic effusion is suspected if there are focally decreased 
breath sounds at the lung bases or dullness to percussion 
on physical examination. Chest radiographs can suggest 

A

B

Fig. 1.19 Spectrum of disease seen on chest radiograph in community- acquired bacterial 
pneumonia (CAP). (A) Early, ill- defined opacity in the right middle lobe. (B) Large, right upper lobar 
opacity with loculated parapneumonic effusion.
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presence of effusion (Fig. 1.25). A lateral decubitus view 
or an ultrasound of the chest can help evaluate whether 
an effusion is free flowing or loculated.

Loculated effusion raises concern for empyema. 
Empyema occurs when pleural fluid becomes infected 
and purulent. The most typical organisms responsible 
for development of an empyema include S. pneumo-
niae, Staphylococcus aureus, and Hemophilus influenza. 
Ultrasound provides complementary information to 
chest radiography without exposing young children to 
ionizing radiation, and in well-trained hands it can be 
a useful tool for the diagnosis of pneumonia compli-
cations. Ultrasound can further evaluate quantity and 
quality of pleural fluid, specifically looking for evidence 
of complex pleural fluid with internal echogenic debris, 
internal fibrinous strands and septations, and asso-
ciated pleural thickening (Fig. 1.26). Ultrasound can 
also identify an optimal location for chest tube inser-
tion. CT with intravenous (IV) contrast administration 
may be used for assessment of pleural fluid collections. 
However, CT is less sensitive than ultrasound for detec-
tion of internal fluid septations and pleural thickening, 
and should be reserved for patients in whom chest ultra-

sound is technically challenging. For discussion on radi-
ation reduction, see Chapter 22.

On ultrasound of pneumonia, fluid-  and pus- filling 
alveoli in the lung result in a liver- like or “hepatized” 
appearance of the lung. Air- filled segmental and sub-
segmental airways, so- called air bronchograms, can be 
seen within the consolidated lung as branching linear 
echogenicities (Fig. 1.27). The adjacent pleural line may 
appear less echogenic, and normal lung sliding is often 
decreased or absent.

Major suppurative complications of pneumonia 
include necrotizing pneumonia and lung abscess. 
Necrotizing pneumonia occurs secondary to thrombo-
sis of intrapulmonary vessels with subsequent ischemic 
damage to the lung parenchyma. This, in turn, results 
in destruction of normal lung architecture and cavity 
formation, which can result in lung abscess. Clinically, 
suppurative complications of pneumonia should be 
suspected in patients who do not respond adequately 
to appropriate antibiotic therapy. Findings of early 
necrotizing pneumonia may be better appreciated on 
ultrasound or CT, which can demonstrate decreased 
parenchymal blood flow or enhancement (Fig. 1.28). 

A B C

R Middle Lobe R Upper Lobe R Lower Lobe
Fig. 1.20 Examples of lobar bacterial pneumonia in the right lung. Localization of infectious 
process is possible using the “silhouette sign” on chest radiograph. (A) Right middle lobe pneumonia 
with loss of the right heart border silhouette on frontal view. Note that opacity is bordered superiorly by 
the right minor fissure and inferiorly by the right major fissure on lateral radiograph. (B) Right upper lobe 
pneumonia with loss of the lateral chest wall silhouette on frontal view. Opacity is bordered inferiorly 
by the right minor fissure on lateral radiograph. (C) Right lower lobe pneumonia with loss of the right 
hemidiaphragm silhouette on frontal view. Opacity is bordered superiorly by the right major fissure on 
lateral radiograph. R, Right.
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Lingula L Lower Lobe Anterior Segment L Lower Lobe Posterior Segment
Fig. 1.21 Examples of lobar and segmental bacterial pneumonia in the left lung. Localization of infec-
tious process is possible using the “silhouette sign” on chest radiograph. (A) Lingular pneumonia with 
loss of the left heart border silhouette on frontal view. (B) Left lower lobe, anterior segment and (C) left 
lower lobe, posterior segment pneumonia. Focal airspace opacity is difficult to see on frontal radiograph 
because of superimposed soft tissue density of the heart. On lateral radiograph, focal airspace opacity is 
easily seen in left lung base. L, Left.

A B

Fig. 1.22 Examples of round pneumonia. (A) Anteroposterior (AP) radiograph of the chest show-
ing a right upper lobe in a 3- year- old with pneumococcal pneumonia. (B) Anteroposterior (AP) radio-
graph of the chest showing a rounded consolidation in the left lower lobe in a 5- year- old. Focal areas of 
airspace consolidation cleared on x- ray performed 2 weeks after diagnosis.
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Fig. 1.23 Posterior mediastinal neuroblastoma. (A) 2 view chest radiograph in a 13- month- old 
child showing a density projecting over the left lower lobe, originally thought to represent round pneu-
monia. (B) Follow- up chest radiograph 3 weeks later after antibiotics demonstrates no change in size 
or appearance of focal, round opacity in the left lower lobe. (c) Chest computed tomography (CT) with 
intravenous contrast demonstrates a round soft tissue mass in the posterior mediastinum with internal 
calcification and enhancement consistent with neuroblastoma.
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Focal, rounded lucencies within areas of consolidated 
lung on chest radiograph should raise concern for 
advanced necrotizing pneumonia with pulmonary 
abscess. Lung abscesses in the lung periphery may be 
demonstrated on ultrasound as anechoic collections in 
a background of consolidated lung. CT with IV contrast 
will demonstrate loss of normal parenchymal archi-
tecture and rim- enhancing fluid or air-  and fluid- filled 
abscesses within the lung (Figs. 1.29 and 1.30). 

Aspirated Foreign Body
Most foreign body aspirations occur in children younger 
than 3 years, with a peak incidence between 10 and 24 
months. A diagnosis of foreign body aspiration is often 
missed or delayed because the actual aspiration event is 
unwitnessed and symptoms are often nonspecific. How-
ever, accurate identification of aspirated foreign body is 
crucial because serious complications, such as airway 
obstruction or perforation, may occur.

Fig. 1.24 Chlamydia trachomatis pneumonia. Anteroposterior (AP) and lateral chest radiograph 
in 3- week- old infant with “tachypnea” demonstrates pulmonary hyperinflation and subtle pulmonary 
interstitial opacities. Clinical history and imaging findings are consistent with C. trachomatis pneumonia.

Fig. 1.25 Pneumonia with parapneumonic effusion. Upright posteroanterior (PA) and lateral 
views of the chest in a 4- year- old boy with right lower lobe pneumonia with parapneumonic effusion in 
the right costophrenic angle.
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Aspiration of nonorganic foreign bodies, such as 
plastic beads or toy pieces, is actually quite rare. The 
most commonly aspirated foreign bodies are organic 
or food objects, such as peanuts. Unfortunately, organic 
foreign bodies are more likely to cause a localized tissue 
reaction and tend to produce more complications.

An aspirated foreign body may lodge anywhere 
within the airways from the upper trachea to the dis-
tal bronchioles depending on size. Large foreign bodies 
tend to lodge in the larynx and are more likely to result 
in abrupt and severe symptoms of cough, stridor, and 
difficulty breathing. Smaller foreign bodies in the lower 
airway are most commonly found in the right mainstem 
bronchus, which is slightly larger in diameter than the 
left mainstem bronchus and is more directly aligned 
with the intrathoracic trachea in upright patients. 
Symptoms of foreign body in the lower airway include 
cough and unilateral wheezing on physical examina-
tion. Prolonged presence of foreign body, especially 
organic, may result in chronic and recurrent focal pul-
monary infections.

Diagnostic imaging in the setting of suspected aspi-
rated foreign body should include AP and lateral radio-
graph of the neck and frontal and lateral radiographs 
of the chest. Radiopaque foreign bodies may be easily 
seen on these imaging studies and can help to identify 
location within the airway to guide retrieval, typically by 
bronchoscopy (Fig. 1.31).

When no radiopaque foreign body is seen, closer 
evaluation of the chest is needed to identify indi-
rect signs of airway obstruction. When foreign bodies 
become lodged in the lower airways, they often result 
in segmental or subsegmental atelectasis from bronchial 
obstruction (Fig. 1.32).

Alternatively, foreign bodies in the airway may result 
in focal air trapping through a “ball- valve”- type mech-
anism. In this setting of incomplete bronchial obstruc-
tion, air may pass around and beyond the foreign body 
in the airway during inspiration as a result of slightly 
increased diameter of the airways. During expiration, 
the airway decreases in diameter and air becomes 
“trapped” distal to the level of airway obstruction, 
resulting in focal hyperinflation (Fig. 1.33). This can 
be better demonstrated on expiratory radiographs in 
patients old enough to cooperate with the technique. In 
young patients, bilateral decubitus radiographs should 
be obtained. In this projection, air trapping is evidenced 
by lack of normal airway collapse because of gravity in 
the dependent lung (Fig. 1.34). 

Older Child and Adolescent

Differential diagnosis of respiratory distress in the older 
child and adolescent is slightly less broad because many 
congenital abnormalities have already been diagnosed, 
and older children are generally able to give more spe-
cific details regarding symptoms and clinical history to 
point toward a specific diagnosis.

Community- Acquired Pneumonia
Infectious disease remains at the top of the list of caus-
es of respiratory distress in this age group. Many of the 
imaging findings in community- acquired pneumonia in 
older children are similar to those discussed earlier in 
this chapter.

Mycoplasma pneumonia is an atypical organism that 
is a common pathogen responsible for community- 
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Fig. 1.26 Parapneumonic effusion. (A) Upright anteroposterior (AP) chest radiograph in 6- year- old 
girl with cough and fever showing dense airspace opacity in right lung with increased density along the 
lateral chest wall concerning for parapneumonic effusion. (B) Grayscale ultrasound of right chest confirms 
complex pleural fluid collection with internal septations and debris- filled echogenic fluid and pleural 
thickening consistent with empyema.
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acquired pneumonia in children aged 5 to 20 years. 
Clinical presentation may be more indolent than that 
of classic community- acquired pneumonia, often pre-
senting with constitutional symptoms such as malaise, 
headache, and myalgias with low- grade fevers and a dry 
cough that occurs later in the course of illness.

The appearance of Mycoplasma pneumonia on chest 
radiographs is also different from that seen with clas-
sic S. pneumoniae or S. aureus pneumonia. Findings on 
chest radiograph include pulmonary hyperinflation 
and interstitial opacities (Fig. 1.35). In many ways the 

radiographic appearance is similar to that seen in the 
setting of viral bronchiolitis; however, the patient is well 
beyond the age in which viral bronchiolitis is most com-
monly	seen	(>3–5	years). 

Acute Chest Syndrome
Acute chest syndrome (ACS) is the leading cause of hos-
pitalization, morbidity, and mortality in pediatric pa-
tients with sickle cell disease (HgbSS). Approximately 
50% of patients with sickle cell disease will have at least 
one episode of ACS during childhood.

Liver

Right
lower
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hemidiaphragm 
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Fig. 1.27 Pneumonia. (A) Anteroposterior (AP) chest radiograph in a 4- year- old with cough and fe-
ver shows confluent airspace opacity in the right lung base with obscuration of the right hemidiaphragm 
concerning for focal pneumonia with possible parapneumonic effusion. (B) Longitudinal and transverse 
grayscale ultrasound images of the right chest show “hepatized” appearance of the right lower lobe consis-
tent with airspace consolidation with multiple central linear echogenic air bronchograms (→).
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ACS is an acute lung injury syndrome defined as acute 
respiratory distress associated with fever, chest pain, and 
signs of pulmonary compromise, such as tachypnea, 
cough, and dyspnea. The underlying pathophysiology of 
ACS is complex and likely a result of multiple different 
processes, such as pulmonary vascular occlusion caused 
by sickling of red blood cells, fat embolus from bone 
infarct, or community- acquired bacterial pneumonia.

Diagnostic criteria for ACS include presence of new, 
focal airspace consolidation on chest radiograph and 
one of the following clinical findings: chest pain, fever 
higher than 101.3°F (38.5°C), hypoxemia, and respira-
tory distress (Fig. 1.36). Pleural effusions also may be 
seen. Dramatic improvement in airspace opacities on 
chest radiograph are often seen after treatment, includ-

ing antibiotics, IV fluids, pain control, and supplemen-
tal oxygen.

Recurrent episodes of ACS and pneumonia may lead 
to chronic pulmonary disease, seen in approximately 
5% of patients with HgbSS. Sickle cell chronic lung 
disease manifests as interstitial abnormalities on chest 
radiograph indicative of generalized pulmonary fibrosis 
and lung scarring, impaired pulmonary function, and 
pulmonary hypertension. Further imaging with chest 
CT may demonstrate interlobular septal thickening, 
dilated secondary pulmonary lobules, traction bronchi-
ectasis, and architectural distortion. Enlargement of the 
pulmonary vessels may suggest development of pulmo-
nary hypertension, which can be further evaluated with 
echocardiogram.

A

B

Fig. 1.28 Necrotizing pneumonia. (A) Anteroposterior (AP) radiograph in a 6- year- old with cough 
and fever showing dense left lower lobe airspace opacity and left pleural effusion. (B) Subsequent chest com-
puted tomography with intravenous contrast demonstrates left lower lobe consolidation with focal regions 
of decreased contrast enhancement, concerning for early necrotizing pneumonia, and left pleural effusion.
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Cystic Fibrosis
Cystic fibrosis (CF) is an inherited autosomal recessive 
disorder of exocrine gland function caused by mutations 
in the CFTR gene on chromosome 7q31.2. Mutations 
lead to abnormal transport of chloride and sodium 
across epithelial membranes in the lungs, pancreas, liv-
er, and intestine. More than 1000 mutations in the CFTR 
gene have been discovered, and the clinical spectrum of 
disease is widely variable. Pulmonary involvement rang-
es from chronic cough and recurrent respiratory infec-
tions in older children to chronic pulmonary disease in 
adolescents and young adults.

In the lungs, thick mucous secretions in the airways 
result in progressive mucus plugging of the bronchi with 
superimposed infection. This leads to bronchial wall 
thickening, mucoid impaction, and diffuse cystic and 
saccular bronchiectasis. The upper lobes, lingula, and 
right middle lobe of the lung are the most affected. The 
natural history of lung disease in CF is one of chronic 
progression with intermittent episodes of acute wors-

ening of symptoms as a result of inflammation of the 
large and small airways referred to as acute pulmonary 
exacerbations.

Diagnosis of CF in the United States is typically made 
at the time of newborn screening. Patients are followed 
closely from the time of diagnosis, and advances in pre-
ventative and supportive care have resulted in decreased 
disease complications and significantly prolonged life 
expectancy and quality of life. Bronchiectasis and small 
airways disease are important determinants for disease 
progression, and these pathological findings should be 
closely monitored.

Chest radiographic findings in CF include pulmo-
nary hyperinflation, bronchial wall thickening, and 
apical predominant bronchiectasis (Fig. 1.37). Chest 
CT is superior to chest radiograph for evaluation of 
the airways and better demonstrates findings of bron-
chiectasis, bronchial wall thickening, mucus plugging, 
atelectasis or consolidation, air trapping, and emphy-
sema (Fig. 1.38). Disease severity scoring systems based 

A

B

Fig. 1.29 Pneumonia with intrapulmonary abscess. (A) Anteroposterior (AP) and lateral chest 
radiograph in 3- year- old girl demonstrating dense airspace opacity in right upper lobe. (B) Chest CT with 
IV contrast demonstrates a fluid- filled collection in the right upper lobe consistent with intrapulmonary 
abscess.
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on chest x- ray (e.g., Brasfield score) and chest CT find-
ings (e.g., Brody score, CF- specific CT score, and Perth- 
Rotterdam Annotated Grid Morphometry Analysis for 
CF (PRAGMA-CF) score) have been described and can 
be used to describe lung disease severity.

Routine imaging plays an important role in the care 
of patients with CF. The Cystic Fibrosis Foundation and 
American Thoracic Society recommend routine chest 
imaging beginning at age 1 year. Recommendations 

include both routine chest radiographs and chest CT in 
high-risk patients for early detection of disease associ-
ated changes.

Acute pulmonary exacerbation presents clinically with 
increased cough, change in sputum production, and 
worsening respiratory distress. Incidence of pulmonary 
exacerbation increases with age and more severe under-
lying pulmonary disease. These episodes are thought to 
be an effect of changing airway microbiology caused by 

A B

Fig. 1.30 Pneumonia with intrapulmonary abscess. (A) Anteroposterior (AP) chest radiograph 
in a 16- year- old boy with prolonged history of cough and fever shows well- circumscribed lucency in the 
left lung with surrounding ill- defined opacity. (B) Chest computed tomography with intravenous contrast 
demonstrates rim- enhancing pulmonary abscess cavity with small amount of layering internal fluid with 
surrounding airspace consolidation.

A B

Fig. 1.31 Foreign body aspiration. (A) Anteroposterior (AP) chest radiograph in a 6- year- old show-
ing a linear radiopaque foreign body in expected region of the right bronchus intermedius. (B) Image 
from bronchoscopy in the same patient confirms the presence of a thumbtack in the airway.
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new viral or bacterial infection or change in colonizing 
flora on sputum production and airflow obstruction. 
Diagnosis is predominantly based on clinical symptoms 
and pulmonary function tests (PFTs). Chest radiograph 
may demonstrate worsening of bronchial wall thicken-
ing and peribronchial cuffing or new regions of focal 
airspace disease. Chest CT also may be used for further 
evaluation in patients with worsening symptoms despite 
appropriate antibiotics and airway clearance. Findings 
on CT indicative of infection include tree- in- bud opaci-
ties, ground- glass opacities, patchy nodular opacities, or 

confluent airspace disease (Fig. 1.39). Other acute com-
plications of CF include fungal or mycobacterial infec-
tion, allergic bronchopulmonary aspergillosis, pleural 
effusion, pneumothorax, and secondary pulmonary 
hypertension.

Angiogenesis and bronchial artery hypertrophy com-
monly occur in association with chronic airway inflam-
mation in CF. Hemorrhage into the airways may develop 
from erosions of dilated, thin- walled bronchial vessels 
after recurrent pulmonary infection. Bronchoscopy 
and CT angiography are often used to assess and  

A B

Fig. 1.32 Foreign body aspiration. Anteroposterior (AP) radiographs of the chest in different pa-
tients show focal atelectasis caused by non-radiopaque aspirated foreign body in the (A) right middle lobe 
and (B) left lower lobe bronchus.

AP

Fig. 1.33 Foreign body aspiration in the left mainstem bronchus. Anteroposterior (AP) and 
lateral chest radiographs in 2- year- old girl with suspected foreign body aspiration demonstrate asym-
metrical hyperinflation of the left lung. Bronchoscopy confirmed cashew nut lodged in left mainstem 
bronchus.
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localize source of airway bleeding in patients without 
CF; however, this approach is debated for patients with 
CF. Approximately 5% of patients with CF may present 
with massive hemoptysis (expectoration of >300 mL of 
blood). These patients should have urgent consultation 
with interventional radiology for consideration of per-
cutaneous endovascular embolization. CT angiograms 
can be helpful in localization of a dilated bronchial 

artery, likely the arterial feeder to active hemorrhage 
(Fig. 1.40). 

Spontaneous Pneumothorax
Primary spontaneous pneumothorax is a relatively rare 
condition; however, it should be considered in older 
children with acute respiratory distress. Spontaneous 
pneumothorax occurs most commonly in tall, thin, 

A B

Fig. 1.34 Foreign body aspiration in the left mainstem bronchus. (A) Right lateral decubitus 
view of the chest shows normal collapse of the dependent right lung. (B) Left lateral decubitus view of the 
chest shows air trapping in left lung concerning for obstructing foreign body in the left mainstem bron-
chus. Bronchoscopy confirmed aspirated popcorn kernel in the left mainstem bronchus.

Fig. 1.35 Posteroanterior (PA) and lateral chest radiographs in a 17-year-old boy with “dry cough and 
fevers” demonstrate reticular and nodular interstitial opacities in the lingula, as can be seen with Myco-
plasma pneumonia.
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teenage boys and in adolescents with connective tissue 
disorders, such as Marfan syndrome, or occasionally in 
patients with asthma.

Spontaneous pneumothorax is generally thought 
to result from rupture of subpleural blebs in the lung 
apices. Patients present with acute onset of shortness of 
breath and local “pleuritic” chest pain that is worse with 
deep inspiration. On physical examination, primary 
spontaneous pneumothorax can be associated with uni-
lateral diminished breath sounds and hyperresonance 
on percussion.

Chest radiograph plays an important role in diag-
nosis. Unilateral pneumothorax is often easily seen on 
upright chest radiograph in these older patients (Fig. 
1.41A). If there is any ambiguity, then additional expira-
tory or lateral decubitus radiographs are suggested.

Several methods have been suggested for calculat-
ing volume of pneumothorax on chest radiograph. In 
adults, intervention with chest tube is generally recom-
mended if pneumothorax measures greater than 3 cm 
from chest wall apex to pleural surface. However, this 
method has been shown to be unreliable in pediatric 
patients, and need for pneumothorax management 
should be dictated by physiological status of the patient. 
Tension pneumothorax should be suspected if there is 
depression of the hemidiaphragm, expansion of the 
intercostal spaces on the side of pneumothorax, or shift 
of the mediastinum to the contralateral side (Fig. 1.42).

Therapeutic management includes supportive man-
agement with rest and supplemental oxygen. Aspiration 
and chest tube placement may be required for a larger 
pneumothorax. Surgical management is usually indi-
cated in patients with recurrent ipsilateral pneumo-
thorax, contralateral pneumothorax, or patients with 
persistent air leak. Chest CT for detection of apical blebs 
(<2 cm in diameter) and bullae (>2 cm in diameter) 
may be useful in surgical planning (see Fig. 1.41C). Up 
to 25% of patients with primary spontaneous pneumo-
thorax will have blebs in the contralateral lung detected 
on CT. Surgical treatment typically consists of thoras-
copic bleb resection, pleurodesis, and pleurectomy (see 
Fig. 1.41C). 

■■ Summary

Respiratory distress is one of the most common pedi-
atric complaints seen in clinical practice with a broad 
and variable differential diagnosis. Having a consistent 
approach to interpreting chest radiographs can assure 
detection of abnormalities. Knowledge of appropriate 
pediatric diagnoses and their imaging features, when 
combined with clinical history and physical examina-
tion findings, can direct appropriate diagnosis and treat-
ment.
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Fig. 1.36 Acute chest syndrome. (A) Baseline Anteroposterior (AP) view of the chest in 12- year- old 
boy with sickle cell anemia (HgbSS). (B) Chest radiograph obtained 2 days later at time of presentation to 
the emergency department with chest pain and shortness of breath shows new airspace opacity. Clinical 
findings and new focal airspace opacity are consistent with diagnosis of acute chest syndrome.
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17 yrs
Fig. 1.37 Cystic fibrosis. Anteroposterior (AP) radiographs of chest in same patient with cystic fibro-
sis over the course of 14 years showing progressive development of apical bronchiectasis, bronchial wall 
thickening, and pulmonary hyperinflation.
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Fig. 1.38 Advanced cystic fibrosis on computed tomography (CT). (A) Coronal CT image through 
the chest shows extensive bronchiectasis, bronchial wall thickening, and airway mucus plugging. (B) Axial 
CT images through the chest show mosaic attenuation of lung parenchyma caused by air trapping.
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Fig. 1.39 Acute pulmonary exacerbation in cystic fibrosis (CF). (A) Baseline posteroanterior (PA) 
radiograph of the chest in a patient with history of CF. (B) Posteroanterior chest radiograph in the same 
patient in the setting of increased cough and sputum production with worsening pulmonary function tests 
(PFTs) showing increasing bronchial wall thickening, interstitial prominence, and new patchy airspace 
opacities. (C) Chest CT better demonstrates focal airspace disease consistent with new pulmonary infec-
tion superimposed on chronic changes of CF.
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Fig. 1.40 Bronchial artery hypertrophy in cystic fibrosis. (A) Chest computed tomography angi-
ography (CTA) in a patient with cystic fibrosis with massive hemoptysis showing bronchial artery hyper-
trophy, multiple collateral bronchial arterial vessels, and evidence of alveolar hemorrhage. (B) Bronchial 
artery angiogram shows contrast “blush” from active bleeding into the alveoli in the right upper lobe.
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Fig. 1.41 Pneumothorax. (A) Posteroanterior (PA) radiograph of the chest demonstrates left apical 
pneumothorax in a 16- year- old boy. (B) Chest computed tomography confirms apical pleural blebs bilat-
erally. (C) Intraoperative photos of right and left lung apex from thorascopic bleb resection.
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Fig. 1.42 Tension pneumothorax. Anteroposterior (AP) radio-
graph of the chest showing a right tension pneumothorax with de-
pression of the right hemidiaphragm and shift of mediastinal contents 
to the left.
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