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Abstract: In this study, we aim to investigate the imaging appearances of congenital cystic adenomatoid malforma-
tion (CCAM) of the lung, and to enhance the understanding of this disease. A total of 11 cases with CCAM of the lung 
were confirmed by surgery and pathology. Preoperative chest computed tomography (CT) scan was performed in all 
patients, and high resolution CT scan was performed in lesion areas of 7 cases. Our results showed that there were 
3 cases involving left and right lung, 5 cases involving right lung and 3 cases involving left lung. CT scan showed 
6 cases with single or multiple air-filled cavities (> 2 cm in diameter) and 5 cases with multiple honeycomb-like 
cysts (< 1 cm in diameter). The cysts of CCAM contained air in 9 cases and a small amount of liquid in 2 cases. The 
complications of CCAM included different degree of emphysema in 7 patients, mediastinal hernia in 5 cases and 
congenital pulmonary sequestration in 1 case. All lesions have certain space-occupying effect. In conclusion, CT 
manifestation of CCAM of lung has certain characteristics and can provide reliable information for diagnosis of the 
disease.
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Introduction

Congenital cystic adenomatoid malformation 
(CCAM) is a rare congenital developmental 
deformity of the lower respiratory tract, with its 
cause remaining yet unknown. CCAM accounts 
for 25% of congenital pulmonary malforma-
tions, and most cases of CCAM are found in 
neonates and infants while are infrequent in 
adulthood [1, 2]. The pathological changes of 
CCAM patients include expansion of pulmonary 
lobe or segment, single or multiple cystic shad-
ows, and ipsilateral pulmonary tissue compres-
sion and pulmonary hypoplasia. The main clini-
cal manifestations are coughing, fever, asthma 
and other recurrent respiratory tract infection 
symptoms. CCAM is often misdiagnosed as pul-
monary cyst, pulmonary bullae and pneumo-
thorax by X-ray examination. In recent years, 
with the progress of inspection technology, 
especially the application of multi-slice spiral 
CT and post-processing software, the image 
diagnosis rate is getting higher and higher. This 
enhances the understanding of CCAM, and its 
diagnostic reports also gradually increased. 

In this study, we performed multi-slice spiral CT 
on 11 cases of CCAM confirmed by operation 
and pathology in our hospital from January 
2006 to March 2012. We present the clinical 
features and radiological findings of 11 CCAM 
patients to provide reliable information for diag-
nosis of the disease.

Subjects and methods

Subjects

Among 11 cases of CCAM there were 6 male 
and 5 female, with the mean age of 2.7 years 
old, aging from 6 days to 4.5 years old. Clinical 
manifestations included recurrent respiratory 
tract infection, coughing, fever and asthma, 
with history of 9 days to 4 years. The 11 cases 
of CCAM were all confirmed by operation, 
pathology and preoperative chest CT scan. High 
resolution CT scanning was performed on 
lesion areas of 7 cases.

CT scan

The SOMATOM AR-star whole body spiral CT 
scanner (Siemens Company, Germany) was 
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Figure 1. The CT manifestations of CCAM. A. Right lower pulmonary lobe shows cystic shadow of different sizes 
with diameter > 2 cm, the cystic wall thickness varies, with a number of lucency shadow among vesicles. The heart 
shadow is shifted leftward. B. Left lower pulmonary lobe shows cystic shadow of different sizes with 2~6 cm in 
diameter, with thin and irregular wall. The surrounding lung tissue is compressed and shows ring morphology. The 
mediastinal heart shadow is shifted rightward. C. Left lower pulmonary lobe shows cystic shadow of different sizes 
with diameter < 1 cm. The wall is thin and irregular, and the mediastinal heart shadow is shifted rightward. D. Right 
lower pulmonary lobe shows multiple small cystic shadow of honeycomb like, and the mediastinal heart shadow is 
shifted rightward.

used in scanning. Chest routine scanning of the 
lesion site was performed followed by high res-
olution scanning with 5 mm slice thickness. 
Retention enema with 10% chloral hydrate 
(0.5~0.8 ml/kg) was performed in uncoopera-
tive children.

Results

There were 3 cases involving left and right lung, 
5 cases involving right lung, and 3 cases 

involvement left lung. CT manifestations 
showed 6 cases with single or multiple air-filled 
cavities (> 2 cm in diameter) (Figure 1A, 1B), 
and 5 cases with multiple honeycomb like cav-
ity (< 1 cm in diameter) (Figure 1C, 1D). Among 
all 11 cases of CCAM, cysts contained air in 9 
cases and contained a small amount of liquid in 
2 cases. There were 7 cases complicated with 
different degree of emphysema, 5 cases com-
plicated with mediastinal hernia and 1 case 
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complicated with congenital pulmonary seques-
tration. All lesions have certain space-occupy-
ing effect.

Discussion

The etiology and pathogenesis of CCAM

CCAM is a hamartoma like cystic malformation 
disease caused by abnormal pulmonary devel-
opment, with a very low incidence in children. 
There is no unified understanding of CCAM eti-
ology [2]. Now it is believed that CCAM is a 
developmental anomaly characterized by 
excessive bronchioles growth, which is similar 
to hamartoma, but generally no cartilage tis-
sue. In embryonic development process, 
defects in bronchial lung buds and branch may 
occurs by unknown factors, leading to bronchi-
al atresia, absence bronchus, and the forma-
tion of the hamartoma like malformation. Cass 
detected cell proliferation and apoptosis index 
in all CCAM lesions and normal lung tissues 
whose gestational weeks were matched. He 
found that compared with normal lung tissues, 
in CCAM lesions cell proliferation index was 
increased by 2 fold and apoptotic body was 
reduced by 5 fold, and this indicated that CCAM 
may be caused by cell proliferation and apopto-
sis imbalance in lung development stage [3]. 
Other scholars proposed that the occurrence of 
CCAM may be related to abnormal expression 
of glial cell line-derived neurotrophic factor 
(GDNF), Hoxb 5, cyclin D1 and PCNA genes [4, 
5]. In 1977, Stocker [6] divided CCAM according 
to the histopathology into three types: type I 
accounts for 75% of CCAM and consists of a 
single or a plurality of vesicles with different 
sizes, including at least one sac with diameter 
> 2 cm. The sac is covered with pseudostrati-
fied ciliated columnar epithelium, containing 
smooth muscle in thin cyst wall and a small 
amount of elastic fibers, with mucinous epithe-
lium and cartilage in part cases; type II accounts 
for 0%~15% of CCAM and consists of a plurality 
of vesicles with diameter < 1 cm, with their sac 
covered with cilia cube and columnar epitheli-
um; type III consists of larger solid masses and 
countless vesicles of alveolar size (< 2 mm in 
diameter), which is extremely rare. Langston [7] 
thought the various types of CCAM have differ-
ent etiology. Type I CCAM refers to the large pul-
monary cyst malformation with diameter > 2 
cm, often involving the unilateral lobe, with mul-

tiple and multilocular cyst in the adjacent lobes 
occasionally. This type shows cysts with bron-
chial characteristics in cystic wall, and the 
respiratory epithelium is covered on the fibrous 
tissue and smooth muscle. However, the cysts 
are communicated with surrounding bronchial 
tube and pulmonary parenchyma, so it is diffi-
cult to be regarded as true cyst. The cist wall 
contains respiratory epithelium and a small 
amount of bronchial like smooth muscle, but 
there are no cartilages or glands. In some cist 
wall, there is gastrointestinal tract mucous epi-
thelium, and confirmed the foregut origin of 
lung tissue [8]. Therefore, the images of type 1 
CCAM can be differentiated from those of bron-
chogenic cyst. Type 1 CCAM is communicated 
with pulmonary parenchyma with gas accumu-
lation, while bronchogenic cyst has no gas 
accumulation if not combined with cystic wall 
infection and necrosis. Pulmonary parenchyma 
outside type I CCAM cysts have characteristics 
of bronchial obstruction, and a high proportion 
of the type I type CCAM has the arterial supply 
from body circulation. The typical pathological 
characteristics of type II CCAM is wide microen-
capsulated performance in local pulmonary 
parenchyma, with increased bronchial struc-
ture and alveolar number. Type III CCAM is char-
acterized by extensive pulmonary parenchymal 
hyperplasia and hyperinflation.

Pathology

The pathological characteristics of CCAM is the 
over proliferation and abnormal immature 
structure of the terminal bronchioles mesen-
chymal components [9]. CCAM can be divided 
into three types according to standard Stocker 
histopathological classification. The most 
remarkable characteristic lesion of type I is the 
existence of large thick wall cavity (Diameter > 
2 cm). In this group of our patients, the lung tis-
sue showed multiple cysts with bronchial 
impassability, and one of the largest cyst had 
cavity with 9 cm in diameter, surrounded by 
small capsules. In some cases, the cystic cavity 
contained mucoid secretions. Sac lining was 
covered with pseudostratified ciliated colum-
nar epithelium, with smooth muscle and elastic 
tissue around thick wall. There were alveolar 
structures between large cysts or within adja-
cent large cyst. Type II CCAM is characterized 
by many lesions with separated cystic cavities, 
with the maximum diameter often less than l 
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cm. The cysts are lined with a cubic to high 
columnar ciliated epithelium and only a little 
pseudostratified epithelium, and this structure 
is similar to expanded alveoli between the 
respiratory bronchioles and cysts with epitheli-
al lining. Type III CCAM shows generally large 
and solid lung tissue mass with significant 
mediastinal shift.

CT performance

Combined with CT performance and Stocker 
pathological type, we divided CCAM into three 
types. Type I are composed of single or multiple 
vesicles of different sizes, with at least one 
vesicle diameter > 2 cm. There were 6 cases of 
type I CCAM and accounted for about 54%. CT 
imaging showed single or multiple air-filled ves-
icles with different sizes within unilateral or 
bilateral lung, with the diameter between 2 cm 
and 9 cm. The cyst wall is thin and irregular, 
with several small and medium around cystic 
cavities. Large cystic cavity was compressed by 
pulmonary tissue and showed ring structure, 
and the mediastinal heart shadow was dis-
placed to the left. There were 5 Type II in our 
results, accounting for about 45% of CCAM 
patients. The performance showed multiple 
vesicles within unilateral or bilateral lung, which 
were gathered in honeycomb like performance 
with unclear view, and at least one vesicle was 
composed with sac with diameter < 1 cm. Type 
III CCAM was composed of large follicular solid 
masses and countless vesicles of alveolar size. 
This type is extremely rare and there is not one 
case in our study.

Diagnosis

Some scholars have proposed the prenatal 
diagnosis of CCAM: when ultrasound of fetal 
lung revealed cystic or solid lesions accompa-
nied by polyhydramnios, fetal edema [10]. 
Polyhydramnios may be caused by reduced 
swallowing of amniotic fluid by esophageal 
compression of pulmonary lesions, or by too 
much liquid production of lesion lobe. Fetal 
edema may be due to blood reflux disorder by 
severe mediastinal displacement inducing 
heart and big vein compression. Prenatal diag-
nosis can take active measures to improve the 
survival rate and postnatal diagnosis is based 
on progressive dyspnea, recurrent pulmonary 
infection, fever, cough and asthma [11]. 
Compared with X-ray plain film, CT imaging can 

better display the detailed lesions and changes 
in interval and adjacent pulmonary tissues, and 
improves significantly the detection rate of 
CCAM follicular cavity lesion and facilitate the 
differential diagnosis and clinical treatment 
options.

Differential diagnosis

(1) Multilocular cyst of lung: This is generally 
single or multiple cysts, with thick and smooth 
cystic wall. The gas-liquid surface is visible 
when secondary infection occurs, and medias-
tinal displacement of heart is not obvious. 

(2) Lung abscess: Lung abscess has a history of 
apparent pulmonary infection, accompanied by 
pleural disease, and can be significantly 
improved by anti-inflammatory treatment. 

(3) Pulmonary sequestration: This disease can 
form several thick wall cavities with gas-liquid 
surface when infection is communicated with 
bronchial tube. Diagnosis can be confirmed on 
the basis of predilection site of pulmonary 
sequestration and abnormal blood circulation 
found by enhanced CT scan. Although CT scan 
has certain characteristics and important diag-
nosis value, the final diagnosis still needs to 
rely on pathological examination.

(4) Esophageal hiatal hernia or diaphragmatic 
hernia: These diseases are often accompanied 
by vomiting, and CT examination can discover 
the stomach and intestines within the chest 
cavity, and diagnosis can be confirmed by bari-
um examination.

(5) Congenital lobar emphysema: The patholo-
gy of this disease is characterized by alveolar 
cavity expansion with normal lung structure. 
The affected lung shows volume expansion and 
enhanced transparency, with surrounding 
stretch of sparse lung texture.

(6) Cystic pulmonary blastoma: The tumor is 
often located in peripheral lung, and near the 
mediastinum and pulmonary pleura. CT scan 
shows cystic solid mass with clear boundary 
and false capsule, and tumor is generally not 
communicated with bronchial tube.

(7) Cystic bronchiectasis: This disease is rare in 
children and can be congenital. It shows cystic 
cavity with gas and gas-liquid surface, with cav-
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ities of similar size, and the ipsilateral lung vol-
ume can be reduced.

Conclusion

CT manifestation of CCAM has certain patho-
logical characteristics and can provide reliable 
information for diagnosis of the disease.
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