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Although CPM are often detected during prenatal ultra-
sound (US), an accurate characterization can be performed 
after birth by radiographs, computed tomography (CT), and 
Magnetic Resonance (MR) demonstrating the essential role 
of imaging. In fact, for instance, the localization and key 
radiological features, such as blind-ending bronchi at CT in 
children with aplasia, are crucial at diagnosis and guide the 
proper clinical and therapeutic management.

Thus, aim of this pictorial review is to provide to pedi-
atric and general radiologists a comprehensive overview of 
the main characteristics and features at imaging of CPM 
subdivided according to the affected structure/s: (i) bron-
chopulmonary; (ii) vascular; (iii) and combined.

Bronchopulmonary malformations

Congenital pulmonary airways malformations

CPAM are subdivided into five classes (0–4) [4]: type 0 
(1–3%), involves the trachea and the mainstem bronchi, 
being lethal in the postnatal stage; type I, (60–70%), affects 
the bronchi and the proximal bronchioles and it is associ-
ated with large cysts (2–10 cm); type II (15–20%) involves 

Introduction

Pediatric congenital pulmonary malformations (CPM) are 
rare abnormalities due to aberrant embryonic development 
and occurring from the prenatal stage to childhood [1, 2]. 
The most frequent malformations include congenital pulmo-
nary airway malformation (CPAM), pulmonary sequestra-
tion, bronchogenic cyst, and congenital lobar overinflation 
[3].
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Abstract
Pediatric congenital pulmonary malformations are rare abnormalities which may affect airways, pulmonary parenchyma, 
and vasculature and diagnostic imaging plays a significant role in their identification and characterization. Although, nowa-
days, often the diagnosis of this heterogeneous group of malformations is performed prenatally by ultrasound and/or fetal 
magnetic resonance, after birth, computed tomography represents the main technique. Radiographs are often used as first 
line diagnostic tool while magnetic resonance demonstrated to be especially beneficial to investigate some malformations 
such as bronchogenic cysts. Therefore, radiologists should be aware of the main features associated with such alterations 
to guarantee a prompt diagnosis and, if necessary, guide towards the optimal treatment. Aim of this pictorial review is to 
provide a comprehensive overview of the typical features of congenital pulmonary malformations at imaging supporting 
general and pediatric radiologists in the diagnostic process.
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the bronchiolar area with cysts of less than 2 cm; type III 
(10%) affects the bronchiolar/alveolar duct region while 
type IV (5–10%) involves the alveolar/saccular region caus-
ing unlined cysts. Type I and II cysts can be easily seen as 
lucencies, often associated with mediastinal shift, on radio-
graphs. CT allows a better characterization of cyst size, 
enables the detection of small cysts (type II) (Figs. 1 and 2) 
and the identification of associated cardiac (type I) and renal 
(type II) malformations. The microcysts typical of type 
III may appear as a homogeneous hypodense mass at CT. 
Last, imaging is not accurate in assessing type IV since it 
is almost indistinguishable from type I [5, 6]. The proximal 

airways communication and the vascular supply of CPAM 
allows the differentiation from pulmonary sequestration [5].

Tip: usually unilateral single or multiple cystic lesions 
and in the neonatal period, the cysts may be fluid-filled and 
therefore show air-fluid levels or seem solid.

Agenesia-aplasia-hypoplasia complex

The pulmonary underdevelopment complex is classified 
into three types [5]: agenesis (type I), complete absence of 
bronchopulmonary and vascular structures; aplasia (type II), 
absence of lung parenchyma with a blind-ending bronchus; 
and hypoplasia (type III), reduced number of airways and 
vessels [5]. Radiographs of agenesis show unilateral diffuse 
pulmonary opacification, ipsilateral mediastinal shift, and 
contralateral lung hyperinflation while CT is more accurate 
in identifying the missing parenchyma, bronchial branches, 
and pulmonary artery [5] (Fig. 3). Aplasia has similar fea-
tures at imaging but in addition a blind-ending pouch at 
the end of the bronchus can be seen. Asymmetrically small 
lungs with narrowed bronchi are typical of hypoplasia [7].

Tip: it is usually associated with malformations in other 
systems such as the gastrointestinal, cardiovascular, genito-
urinary, and skeletal ones.

Congenital lobar overinflation

Congenital lobar overinflation is idiopathic in around 50% 
of the cases while defective bronchial cartilages causing 
bronchial collapse and air-trapping in expiration affects 

Fig. 2 Axial chest computed tomography of a 3-month-old infant dem-
onstrating cysts smaller than 2 cm in the right lung due to congenital 
pulmonary airway malformation (CPAM) type II.

 

Fig. 1 Six-month-old infant with hyperlucencies of the right lung (yel-
low arrow in a) and mediastinal shift on the left side at chest X-ray. 
The chest computed tomography in b shows a large cyst on the right 

side due to congenital pulmonary airway malformation (CPAM) type 
1, confirms the left mediastinal shift and demonstrates partial atelecta-
sis of the left lower lobe (black asterisk in b)
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25% of the patients [8]. The upper left lobe is most fre-
quently involved followed by the middle lobe. Overinfla-
tion, lucency, and contralateral mediastinal shift are evident 
at radiographs. CT is more accurate also for the detection of 
compression or atelectasis of the surrounding parenchyma 
[9, 10] (Fig. 4).

Tip: it can be associated with pulmonary sling (see below) 
and congenital heart defects.

Congenital tracheal malformations

Various tracheal anomalies including tracheomalacia, acces-
sory bronchi, and diverticula may occur and can be nicely 
assessed by CT taking advantage of 3D reconstructions.

Tracheomalacia is seen at CT as a loss of the usual tra-
cheal semicircular shape [11, 12]. Dilatation of the trachea 
(> 3 cm) on the inspiratory phase and its crescent shape 
(antero-posterior diameter < 50% or more) during expira-
tion may support the diagnosis [13].

The most frequent accessory bronchi are the tracheal 
bronchus (aka pig bronchus), usually originating 2–6 cm 
proximal to the carina, and the cardiac bronchus that arises 
from the bronchus for the right upper lobe and is blind-
ended [14] (Fig. 5).

These anatomical variants are usually asymptomatic, and 
the diagnosis is incidental although patients may experience 
infections, plugs, stridor, or even foreign body aspiration 
[14].

Fig. 4 Nine-year-old boy with congenital overinflation of the upper left lobe (axial and coronal computed tomography images in a and b, 
respectively)

 

Fig. 3 In a, lung window coronal reconstruction of the computed tomography of a 10-year-old girl with agenesia of the left upper lobe and medi-
astinal shift (a); in b, axial mediastinal window showing the agenesia of the left main pulmonary artery (yellow arrow)
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Bronchogenic cyst

Bronchogenic cysts are foregut-derived cystic malforma-
tions of the respiratory tract located in the middle medi-
astinum or in the lungs [16]. Radiographs may show 
well-defined rounded opacities or air-fluid cavities. Medi-
astinal lesions might be overlooked unless causing a focal 
enlargement of the mediastinal lines.

At CT round hypo-/hyperdense malformations contain-
ing air-fluid levels and/or calcifications can be seen [7] 
(Fig. 7a). MR is useful for the characterization of the cyst 
which can express variable signal on T1w according to the 
protein content [17, 18] (Fig. 7b and c).

Tip: it is often asymptomatic and therefore diagnosed 
as incidental finding; it may become symptomatic if very 
large, then causing bronchial obstruction, or infected.

Tracheal diverticula are single or multiple pouches often 
located on the right posterolateral wall of the trachea at CT 
(Fig. 6) [15].

Tip: they should be suspected in children with respiratory 
distress and retraction as well as repeated respiratory infec-
tions while dyspnea can be episodic.

Fig. 7 Axial chest computed tomography with contrast medium of 
a 17-year-old girl nicely showing a mediastinal bronchial cyst (yel-
low arrow in a). The same patient underwent a follow-up by mag-
netic resonance ten years later which showed stable dimensions of 

the lesion and confirmed its homogeneous fluid content (hyperintense 
on the axial T2weighted blade fat-saturated in b and hypointense on 
the 3D T1weighted volumetric interpolated breath-hold examination 
(VIBE) in c)

 

Fig. 6 Axial CT of a 17-year-old girl showing a small tracheal diver-
ticulum on the right side (yellow arrow)

 

Fig. 5 Six-year-old boy with right tracheal bronchus (aka pig bronchus) nicely seen on the axial and coronal computed tomography images (yellow 
arrow in a and b, respectively)
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Tip: respiratory distress usually starts in the early neona-
tal phase.

Pulmonary venous drainage anomalies

Total or partial anomalous pulmonary venous connection or 
return (TAPVR and PAPVR, respectively) include a large 
spectrum of cardiovascular malformations with pulmonary 
veins returning to the right atrium or systemic venous circu-
lation instead of draining into the left atrium.

TAPVR usually causes neonatal cyanosis while children 
with PAPVR can be asymptomatic. CT and MR angiogra-
phy nicely show the vascular anomalies [10] (Figs. 9 and 
10).

Bronchial atresia

Bronchial atresia is the obliteration of the proximal part of a 
bronchus [19]. It usually occurs in the apico-posterior seg-
mental bronchus. Radiographs may show hilar round opaci-
ties and distal pulmonary hyperlucencies. A recent study on 
adults and children demonstrated that it can be easily diag-
nosed by CT, identifying a bronchocele with hyperinflation 
of the adjacent lung parenchyma [20] (Fig. 8).

Tip: it is usually an incidental finding, but it may cause 
recurrent infections.

Vascular anomalies

Vascular anomalies can be divided into three groups accord-
ing to the type of involved vessels [10].

Anomalies of the pulmonary artery

The absence of the pulmonary artery is a rare condition 
resembling pulmonary aplasia and hypoplasia on radio-
graphs. Indeed, lung volume loss, mediastinal shift, and 
compensatory hyperinflation are the main signs. At CT 
interlobular septal thickening and small cystic changes can 
be seen [10].

The abnormal origin of the left pulmonary artery from 
the right side (aka pulmonary sling) is very rare and is prob-
ably due to the obliteration of the left sixth aortic arch [10]. 
On radiographs, a right paratracheal mass and ipsilateral 
lung hyperinflation due to compression of the right main 
bronchus may occur [10]. CT angiography including 3D 
reconstruction is the modality of choice to characterize this 
vascular anomaly [21].

Fig. 9 Sagittal steady state free precession magnetic resonance image 
showing the enlarged inferior right vein (white arrow) draining into the 
inferior vena cava (black asterisk)

 

Fig. 8 Axial (a) and coronal (b) CT images of a 17-year-old girl showing a bronchocele (yellow arrow in a and b) and hyperinflation of the adjacent 
lung parenchyma, signs of bronchial atresia
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segmental artery feeding; (ii) complex, with multiple feed-
ing segmental arteries; (iii) diffuse, with hundreds of mal-
formations [22]. Radiographs may show unilateral, nodular, 
and curvilinear opacities but contrast-enhanced CT and MR 
allow the detection of the feeding vessels [10] (Fig. 11).

Tip: they are usually asymptomatic but dyspnea and 
embolic events may occur.

Combined pulmonary and vascular 
anomalies

Pulmonary sequestration

Pulmonary sequestration is due to a segment or lobe without 
communication with the tracheobronchial tree and receiving 
anomalous vascular supply [23].

Intralobar sequestration occurs within the visceral pleura 
of the functioning lung, the venous drainage is into the pul-
monary vein and it is often reported in the left lower lobe. 
Extralobar sequestration has separate visceral pleura and 
venous drainage into the systemic veins. Arterial supply 
from the descending thoracic aorta is typical and can be 
easily detected at imaging. Indeed, it can be seen by US in 
the prenatal phase as hyperechoic mass or by fetal MR as 
hyperintense lesion on T2-weighted images (Fig. 12). In the 
post-natal phase, contrast enhanced CT or MR are applied 
to confirm the findings [5] (Fig. 13).

Tip: it is commonly associated with recurrent pneumo-
nia; cough, exertional dyspnea, and hemoptysis may occur.

Scimitar syndrome

The scimitar syndrome is a PAPVR variant resulting in a 
left-to-right shunt [5]. At radiographs the anomalous drain-
ing vein can be seen as a tubular structure running parallel 

Tip: over time the left-to-right shunt in PAPVR may 
cause pulmonary hypertension and in the long run it may 
reverse in right-to-left shunt with systemic cyanosis and 
Eisenmenger’s syndrome.

Pulmonary arteriovenous malformation

Pulmonary arteriovenous malformation are classified in 
three types: (i) simple, the most frequent, with a single 

Fig. 11 Coronal proton density showing the flow voids in the left lung 
due to a vascular malformation (in a), coronal post-contrast 3D cine 
SENSE (Enhanced sensitivity encoding in b) showing the vascular 

enhancement, and 3D reconstruction (in c) nicely demonstrating the 
vascular supply (LPA, left pulmonary artery, RPA, right pulmonary 
artery, ILPV, inferior left pulmonary vein)

 

Fig. 10 Contrast-enhanced magnetic resonance-angiography showing 
the anomalous drain of three right pulmonary veins (vv) in the superior 
vena cava (svc)
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Fig. 13 Ten-month-old girl with aberrant segmental lung tissue in the 
left lower lobe without any connection to the tracheobronchial tree 
(yellow arrow in a and b) receiving vascular supply from a branch of 

the descending aorta (orange arrow in c), typical findings of intralobar 
pulmonary sequestration

 

Fig. 12 Prenatal US images of a fetal lungs at 25 weeks of gestation 
demonstrating a pulmonary hyperechoic lesion on the right side (yel-
low arrow in a) with abnormal blood vessel at Power Doppler image 
(red arrow in b), due to pulmonary sequestration. The fetal magnetic 

resonance (MR) performed 26 weeks after gestation confirmed the 
diagnosis as demonstrated by the hyperintense area on the coronal 
T2-weighted MR image (white arrowhead in c) with abnormal vascu-
lar supply from the aorta (red arrow in c and in d)
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Conclusions

Pediatric pulmonary malformations are rare and complex 
anomalies which can be well characterized by imaging. 
Radiologists should be aware of their main characteristics 
to guarantee a correct diagnosis and then properly guide the 
clinicians towards the optimal therapeutic management.

to the right cardiac chambers, recalling the shape of a Turk-
ish sword. Contrast-enhanced CT and MR well demonstrate 
the “scimitar” vein drainage into the inferior vena cava, the 
hypoplastic right lung, and the associated anomalies [5] 
(Figs. 14 and 15).

Tip: it may be associated with congenital cardiovascular 
defects as well as anomalies in other organs.

Fig. 14 Eleven years-old female with fatigue who underwent chest 
x-ray showing a tubular structure running parallel to the right heart 
margin, recalling the shape of a Turkish sword (yellow arrow in a). Fat 

Saturated T2-weighted and 3D reconstruction images (yellow arrow in 
b and c) well demonstrating the anomalous draining vein confirming 
the Scimitar syndrome
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superior vena cava) associated with right renal hypoplasia (arrow head 
on the coronal MR in c and ultrasound in d). In e the ultrasound image 
of the left regular kidney
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