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Congenital cystic lesions of the lung are rare. 
The most common malformations of the 
lower respiratory tract are congenital cystic 

adenomatoid malformation (CCAM), also known 
as congenital pulmonary airway malformation, 

and bronchopulmonary sequestration (BPS). 
With the increased use of obstetric ultrasound, 
cystic lung lesions are detected more often, which 
allows for proper planning of peripartum and 
neonatal management.
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Congenital cystic lesions of the lung in fetuses are rare. The most common malforma-
tions of the lower respiratory tract are congenital cystic adenomatoid malformation 
and bronchopulmonary sequestration. With the increased use of obstetric ultrasound, 
cystic lung lesions are detected more often antenatally, which allows for proper  
planning of peripartum and neonatal management. This article discusses a range of 
diagnostic and management options.
[ Rev Obstet Gynecol. 2012;5(2):85-93 doi: 10.3909/riog0183a]

© 2012 MedReviews®, LLC.

Key words

Congenital cystic adenomatoid malformation • Bronchopulmonary sequestration • Congenital 
pulmonary airway malformation • Pulmonary hypoplasia

Vol. 5 No. 2 • 2012 • Reviews in Obstetrics & Gynecology • 85

40041700003_RIOG0183A.INDD   85 6/29/12   5:38 PM



another (Table 1). Classification 
schemes for CCAM have evolved, 
and there are currently five main 
types, which differ based on the 
embryologic level of origin and the 
histologic features (Figure 1).8,9

Type 0 
Type 0 CCAM is the rarest form 
and arises from the trachea or bron-
chus. The presentation is severe and 
usually lethal.10 Cysts are small.

Type 1 
Type 1 CCAM is the most common 
form, representing 50% to 70% of 
cases, and it arises from the distal 
bronchus or proximal bronchiole. 

of tissues, airway obstruction, 
and dysplasia and metaplasia of 
normal tissues.7 In most cases, it 
seems that the insult occurs dur-
ing the pseudoglandular phase of 
lung development, which spans 7 
to 17 weeks of gestation.

Key Diagnostic Features
There is significant overlap in the 
findings and course of CCAM and 
BPS; however, a number of key fea-
tures distinguish them from one 

Incidence and 
Pathogenesis
The reported incidence of CCAM 
ranges from 1 in 11,000 to 1 in 
35,000 live births, with a higher 
incidence in the midtrimester due 
to spontaneous resolution.1,2 BPS is 

even more rare, with no published 
population incidence. CCAM 
and BPS represent abnormalities 
that occur during the branching 
and proliferation of the bronchial 
structures. CCAM is a hamarto-
matous lesion containing tissue 
from different pulmonary origins. 
BPS is made of extraneous and 
nonfunctioning lung tissue that 
has separated itself from the nor-
mal pulmonary structure. Both 
lesions have malignant potential.3 
In addition, hybrid lesions exist 
that contain features of both.4,5 
Thus, although the pathogenesis 
of these lesions is poorly under-
stood, they may have a common 
origin.6 Theories of their pathogen-
esis include abnormal proliferation 

CCAM is a hamartomatous lesion containing tissue from different pul-
monary origins. BPS is made of extraneous and nonfunctioning lung 
tissue that has separated itself from the normal pulmonary structure.

CCAM BPS
Intralobar Extralobar

Incidence 1/11,000-1/35,000 Rare

Vascular supply Pulmonary Systemic: lower thoracic or 
upper abdominal aorta

Systemic: thoracic aorta

Laterality 80%-95% unilateral, either lobe 60% left sided 90% left sided

Sex Male . Female Male 5 Female Male . Female

Tracheobronchial 
communication

Present, constricted/anomalous None None

Associated anomalies Rare except for Type 2 (60%) 17% 40%

BPS, bronchopulmonary sequestration; CCAM, congenital cystic adenomatoid malformation.

TABLe 1

Differences Between CCAM and BPS

Figure 1. Congenital cystic adenomatoid 
malformation classification based on pre-
sumed site of development of the malfor-
mation. 0 5 tracheobronchial, 1 5 bronchial/
bronchiolar, 2 5 bronchiolar, 3 5 bronchiolar/
alveolar, 4 5 distal acinar. Stocker JT, Fetal 
Pediatr Pathol. 2009;28:155-184, copyright 
© 2009, Informa Healthcare. Reproduced 
with permission from Informa Healthcare.9

86 • Vol. 5 No. 2 • 2012 • Reviews in Obstetrics & Gynecology

Congenital Cystic Lesions of the Lung: CCAM and BPS continued

40041700003_RIOG0183A.INDD   86 6/29/12   5:16 PM



Figure 2. Case 1. Type 2 congenital cystic adenomatoid malformation (CCAM). A, Sagittal image of a fetus at 24 weeks with Type 2 CCAM located 
in the posterior chest (arrows). B, Transverse image with measurements showing the inferior extent of the lesion. The mass is multicystic and 
located inferior and posterior to the heart. Arrowhead indicates the stomach.

Figure 4. Gross image of the Type 2 congenital cystic adenomatoid malformation seen in Figure 1. The ascites resolved by 24 weeks and the fetus 
was stable until delivery. The neonate underwent right lower lobe lobectomy on day of life 2 due to persistent mediastinal shift.

There are usually a small number 
of large echolucent cysts, measur-
ing 3 to 10 cm.10 A single dominant 
cyst may also be seen. Cyst walls are 
thin and are lined by ciliated pseu-
dostratified epithelium, although 
other cell types such as cartilage 
may be found between the cysts. 
Because these CCAMs may be large, 
they may have significant mass 
effect, which can lead to hydrops.

Type 2
Type 2 CCAMs account for 15% 
to 30% of cases and arise from 
terminal bronchioles. They are 
composed of smaller cysts, mea-
suring 0.5 to 2 cm, as well as solid 
areas that may be difficult to dis-
tinguish from surrounding tissue. 
These are lined by ciliated cuboidal 

Figure 3. Computed tomography scan 
of the neonate in Case 1, performed 
on day of life 1. There is a 0.9 3 0.9 cm 
mass with several cysts within the medial 
 segment of the right lower lobe. No 
systemic vessels can be seen supplying 
the mass. Findings are consistent with a  
Type 2 congenital cystic adenomatoid 
malformation.

or columnar epithelium, and ele-
ments of bronchioles or alveoli may 
be seen. Frequently the cysts are 
more evenly spaced than in Type 1 
CCAMs. Type 2 CCAMs have the 
highest incidence of associated 
anomalies, up to 60%, and prog-
nosis depends on these findings, 

which include most organ systems 
(Figures 2-7).10

Type 3
Type 3 CCAMs account for 5% to 
10% of cases and are thought to 
arise from acinar-like tissue. Type 3 
CCAMs are composed of cysts that 

Vol. 5 No. 2 • 2012 • Reviews in Obstetrics & Gynecology • 87

Congenital Cystic Lesions of the Lung: CCAM and BPS

40041700003_RIOG0183a.INDD   87 6/26/12   5:46 PM



Figure 5. Case 2. A, Transverse image of a fetus at 22 weeks with Type 2 congenital cystic adenomatoid malformation (CCAM). The heart has been displaced into the 
right thorax due to the large CCAM. Note the two cysts within the echogenic mass of the CCAM. B, Sagittal image of the fetus demonstrating ascites. Note the liver 
with surrounding fluid. The ascites resolved 3 weeks later and the mass was resected on day of life 2 due to persistent mediastinal shift.

Figure 6. Computed tomography scan 
of the neonate in Case 2 on day of 
life 1. Findings are compatible with 
cystic adenomatoid malformation of 
the left upper lobe with associated 
marked hyperinflation causing right-
ward mediastinal shift and deviation 
of the descending thoracic aorta. Note 
less marked involvement of the basilar 
segments of the left lower lobe. The 
patient underwent left upper lobe 
lobectomy at 4 months of life (see 
Figure 7).

Figure 7. Gross and histologic specimens of the patient in Case 2; the patient underwent left upper lobe lobectomy at 4 months of life. Histology 
shows several small evenly spaced cystic structures of relatively uniform size are present in the area illustrated. The cysts are lined by ciliated 
cuboidal to columnar epithelium that overlies a fine fibromuscular layer, barely visible at this magnification. Image courtesy of A. Brian West, 
MD, FRCPath, Yale School of Medicine, New Haven, CT.
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are so small the mass appears to 
be solid and highly echogenic on 
ultrasound (Figures 8 and 9). The 
tissue is acinar and shows adeno-
matoid elements consistent with 
distal airway. These masses may be 
large and may distort the thoracic 
contents; prognosis depends on the 
extent to which they do so.

Type 4
Type 4 CCAMs account for 5% to 
15% of cases. These CCAMs con-
tain large cysts that may be as large 
as 10 cm and have been associated 
with malignancy, specifically pleu-
ropulmonary blastoma.11 They are 
alveolar in origin.

Antenatally, CCAMs have been 
classified as microcystic (, 5 mm) 
versus macrocystic (. 5 mm).
Microcystic lesions are fre-
quently significantly larger than  

macrocystic lesions and as such 
have been associated with poorer 
prognosis.12 Types 1, 2, and 4 
CCAMs are  classified as macro-
cystic or both macrocystic and 
microcystic. Type  3 CCAMs are 
microcystic.

BPS can be either intralobar 
(ILS) or extralobar (ELS) depend-
ing on whether the mass is within 
or  outside of a normal lung lobe.13 

ILS are contained within the lung 
and do not have their own pleura, 
whereas EPS are completely cov-
ered with pleura. Although this 
distinction cannot usually be 
made on ultrasound, ELS is more 
common in the fetus and may 
even be extrathoracic, with 10% 
of lesions noted below the dia-
phragm, usually on the left side.14 
Both ILS and ELS appear as solid, 
well-circumscribed and echogenic 
masses on ultrasound, similar to 
Type 3 CCAM (Figures 10-12). 
The major differences between 
ILS and ELS are summarized in 
Table 1.

On ultrasound, Types 1 and  2 
CCAM are usually easier to dis-
tinguish from BPS because of 
their more macrocystic appear-
ance. Type 3 CCAM and BPS have 
similar sonographic appearances 
and are therefore classically distin-
guished by their location (ie, BPS 
is intra-abdominal) and through 
their vascular supply using Doppler 
interrogation. CCAM are supplied 

and drained through the pulmo-
nary circulation, whereas BPS has 
arterial flow directly from the 
aorta. However, as mentioned pre-
viously, CCAMs supplied through 
the systemic circulation have been 
reported,4 and ultimately histologic 
diagnosis cannot be made ante-
natally.5 In addition, the normal 
fetal lung becomes more echogenic 
through gestation, and therefore 
these lesions may become more dif-
ficult to visualize over time.

Depending on the size of the 
lesion, other possible findings 
include polyhydramnios, medi-
astinal shift, pleural effusions, 

Figure 8. Case 3. Sagittal image of a fetus at 
20 weeks with Type 3 congenital cystic adeno-
matoid malformation demonstrating its position 
posterior and to the left of the heart. The heart is 
displaced to the right.

Figure 9. Case 3. Severe Type 3 congenital  cystic 
adenomatoid malformation. The lesion has 
become large enough to compress the cardiac 
anatomy. This fetus is at risk for hydrops.

BPS can be either intralobar or extralobar depending on whether 
the mass is within or outside of a normal lung lobe.

Figure 10. Case 4. Axial image of a fetus with bronchopulmonary sequestration demonstrating the four-
chamber view and the proximity to the descending aorta. The fetus never developed hydrops and the mass 
was resected electively at age 3 months.
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Teratoma tend to be more vascular 
and may create more ultrasound 
shadowing. 

A bronchogenic cyst is usually 
isolated and originates from the 
upper airway, with which a direct 
connection can sometimes be visu-
alized. However, if the cyst is more 
removed from the airway, differ-
entiating it from a macrocystic 
CCAM may be difficult.

ELS and ILS cannot usually be 
distinguished, but a pleural effu-
sion would suggest the former.

Intra-abdominal ELS are usually 
located on the left and must be dis-
tinguished from adrenal and renal 
lesions such as neuroblastoma and 
mesoblastic nephroma. Another 
diagnosis to consider is enteric 
duplication cysts, which are also 
more common but have a more cys-
tic appearance.

MRI may be useful in distin-
guishing these lesions; however, 
the technique has not been studied 
extensively.16,17

Associated Anomalies
CCAMs are usually isolated and 
sporadic, although they have been 
associated with other anomalies 
(most commonly cardiac and renal) 
in 15% to 20% of cases.18 An impor-
tant exception is Type 2 CCAM, in 
which a majority of cases (~ 60%) 
are associated with other findings, 
including cardiac anomalies, renal 
agenesis/dysgenesis, gastrointesti-
nal atresia, and skeletal anomalies.10 
Specific cardiac anomalies include 
truncus arteriosus and tetralogy of 
Fallot.

BPS is more commonly associ-
ated with other anomalies than 
CCAM. Abnormalities of the chest 
wall, lung, diaphragm, spine, intes-
tine, and heart have been reported 
in 40% to 50% of ELS cases.19 ELS 
and Type 2 CCAM have been 
reported to occur together in 50% 
of ELS cases.20 The incidence of 

Figure 11. Computed tomography scan of 
the neonate in Case 4 on day of life 2. 
There is a solid soft tissue density within 
the left lower lobe measuring approxi-
mately 3 cm 3 2 cm. A small vessel arising 
from the descending aorta is seen sup-
plying this solid mass (arrows); findings 
are consistent with sequestration. The 
baby underwent resection of the mass at 
3 months of age.

Figure 12. Histology slide from the resec-
tion in Case 4. Dilated airways in this 
part of the specimen are filled with pale-
staining mucin secondary to obstruction. 
Image courtesy of A. Brian West, MD, 
FRCPath, Yale School of Medicine, New 
Haven, CT.

and hydrops. Large lesions may 
compress residual tissue, thus 
increasing the risk of pulmonary 
hypoplasia, which cannot—at this 
time—be predicted by antenatal 
imaging.

Differential Diagnosis 
The differential diagnosis of a 
thoracic mass is broad. Specific 
lesions and clues to refine their 
differential diagnoses are dis-
cussed next.

Differentiating Type 3 CCAM 
from intrathoracic BPS may be 
challenging. Both Type 3 CCAM 
and BPS are solid-appearing echo-
genic masses with well-defined 
borders. They are primarily dis-
tinguished through their blood 
supply, with BPS having direct sys-
temic vascularization off the aorta. 
However, differentiation may be 
difficult, especially if the vascular 

connections cannot be visualized. 
Other diagnoses such as congeni-
tal diaphragmatic hernia (CDH), 
congenital lobar emphysema, 
and bronchogenic cyst should be 
considered.

In CDH, the lung mass is intes-
tine, which may appear cystic and 
thus mimic CCAM and/or BPS. 
The presence of peristalsis sug-
gests CDH. The stomach may also 
be intrathoracic, in which case it 
may fill and empty. Absence of an 
intra-abdominal stomach bubble 
also suggests CDH. Depending on 
the size of the CDH, the herniated 
organs may move from intratho-
racic to intra-abdominal. CDH 
and both CCAM and BPS have 
also been reported in the same 
patient, further complicating the 
diagnosis.15

Mediastinal masses such as cys-
tic hygroma and teratoma must 
be considered in the differential. 
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with BPS, unless pleural effusions 
or hydrops develops. In that case, 
antenatal intervention is recom-
mended because prognosis is poor. 
Possible interventions include 
thoracocentesis, thoracoamniotic 
shunt, and laser ablation or injec-
tion of a sclerosing agent into the 
feeding artery. Experience with 
these therapies is limited to case 
reports and case series. A system-
atic review that summarized this 
experience reported prenatal sur-
vival of 100% in published cases; 
neonatal survival was 92%.23

Hydrops develops more com-
monly in CCAM than in BPS, with 
reported rates up to 40%.24 Hydrops 
is more common in microcystic 
CCAM, CCAM with a dominant 

cyst, and CCAM with a higher vol-
ume as measured by the CCAM 
volume ratio.12,24 However, none of 
these markers is sensitive enough 
to allow accurate prediction of 
hydrops, and even CCAMs in the 
presence of hydrops have been 
reported to resolve; therefore, close 
follow-up of all fetuses with CCAM 
is suggested. Hydrops is unlikely to 
develop after 28 weeks, given the 
natural course of CCAM growth to 
plateau at 25 weeks. Mortality in 
the setting of hydrops is high, and 

fetal intervention for CCAM with 
hydrops is recommended depend-
ing on gestational age.3 Similar to 
BPS, options include thoracocente-
sis, thoracoamniotic shunts, and 
open fetal surgery with CCAM 
resection.25 Data regarding the 
effectiveness of these procedures 
are limited to observational stud-
ies. A systematic review of these 
studies found that survival was 

associated anomalies is much less 
with ILS, ranging around 15%.21 
Connections to the gastrointestinal 
system (stomach, esophagus) are 
most common and may affect man-
agement due to risk of infection.19 
There is no known association 
with chromosome abnormalities in 
either CCAM or BPS.19,22

Obstetrical Management
Suspicion of a lung mass should 
trigger referral to a center special-
izing in prenatal diagnosis. Initial 
evaluation should include detailed 
ultrasound to assess for associ-
ated anomalies. Fetal echocardio-
gram is important to fully assess 
cardiac anatomy and function. 

Amniocentesis for karyotype is 
not absolutely indicated, but is use-
ful especially if it will help guide 
treatment decisions. Consultation 
should be arranged with the neo-
natology and pediatric surgery 
services in order to fully counsel 
patients on possible outcomes.

Depending on gestational age, 
termination of pregnancy should 
be discussed, especially in the 
setting of associated anomalies, 
abnormal karyotype, or early-onset 
circulatory compromise. Patients 
whose fetuses have small lesions, or 
those fetuses in whom lesions seem 
to regress, may likely deliver in 
their usual facility. Care should be 
transferred to a facility with expert 
neonatal services and a range of 
pediatric surgery options in cases 
of fetuses with large lesions, or 
those with evidence of fetal com-
promise. In these cases, significant 
respiratory support and even extra-
corporeal membrane oxygenation 
may be required. 

Intervention during pregnancy 
is rarely required for the fetus 

improved with drainage or resec-
tion in the setting of hydrops, but 
not in fetuses without hydrops.26 
Both thoracocentesis and thora-
coamniotic shunting allow for 
decompression of the cyst and/or  
the thoracic cavity with relief of 
both cardiac and pulmonary com-
pression. However, cysts may accu-
mulate fluid again rapidly and 
shunts may become dislodged, so 
repeat placement is often necessary. 
The more definitive option is open 
fetal surgery, which is associated 
with both fetal and maternal com-
plications. Therefore, open surgery 
is reserved for cases with the poor-
est prognosis and to those prior to 
32 to 34 weeks of gestation.25 After 
that point, the fetus should be 
delivered and treated accordingly. 
Laser ablation and injection of scle-
rosing agents have also been 
described in the treatment of 
microcystic CCAM, in which cysts 
are too small for decompression; 
however, these reports are limited 
to cases.23 

Small series suggest that there 
may be a benefit to steroid ther-
apy in the setting of hydrops 
CCAM and this should be con-
sidered if other fetal interventions 
are not available, or perhaps as a 
first-line agent prior to open sur-
gery.23,27 Cesarean delivery is the 
usual obstetric indication for both 
lesions.

Antenatal Monitoring
Serial ultrasound monitoring of 
congenital cystic lung lesions has 
demonstrated that a significant 
proportion of these lesions decrease 
in size and may regress spontane-
ously; therefore, antenatal treat-
ment is not usually required.18 It 
appears that the natural course of 
CCAM is growth until 25 weeks of 
gestation, after which it may plateau 

Mortality in the setting of hydrops is high, and fetal intervention for 
CCAM with hydrops is recommended depending on gestational age.

Fetal echocardiogram is important to fully assess cardiac anatomy  
and function.
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Survival to delivery is reported 
in . 95% of cases of CCAM and 
BPS.23,29 In fetuses who do not 
develop hydrops, postnatal sur-
vival has been reported at nearly 
100%.23,25 In fetuses with hydrops 
who undergo prenatal intervention, 
survival has been reported at a mean 
of 80%, with rates up to 100% for 
those treated with thoracocentesis.23 
Neonatal survival was 69%. Only 
two small studies have reported on 
long-term neurodevelopmental fol-
low-up after fetal surgery for micro-
cystic CCAM, and outcome was 
favorable in those 10 patients.25,31

Type 0 CCAM is considered 
lethal. Resection of Type 1 CCAM 
is considered to be curative and out-
comes are excellent.18 Outcomes for 
Type 2 CCAM depend largely on 
the presence of associated anoma-
lies, as just reviewed. The risk of 
pulmonary hypoplasia is highest 
with Type 3 CCAM, given its ten-
dency for growth and mass effect. 
Pulmonary hypoplasia cannot, at 
this time, be predicted antenatally.

Similar to Type 3 CCAM, the 
prognosis for BPS depends on the 
degree of pulmonary hypoplasia. 
Intra-abdominal ELS seems to have 
improved outcomes over ILS 
because of decreased risk for pul-
monary hypoplasia. 
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MAIN PoINTs

• Congenital cystic lesions of the lung are rare. The most common malformations of the lower respiratory tract 
are congenital cystic adenomatoid malformation (CCAM) and bronchopulmonary sequestration (BPS). Although 
the pathogenesis of these lesions is poorly understood, they may have a common origin.

• There is significant overlap in the findings and course of CCAM and BPS; however, a number of key features 
distinguish them from one another. CCAMs are currently classified into one of five main types.

• Serial ultrasound monitoring of congenital cystic lung lesions has demonstrated that a significant proportion 
of these lesions decrease in size and may regress spontaneously; therefore, antenatal treatment is not usually 
required.

• Treatment of CCAM and BPS depends on location and neonatal status. In the case of respiratory compromise, 
resection is indicated and is curative. Minimally invasive surgery is quickly becoming the standard of care for 
these patients.
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