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Abstract: Congenital cystic adenomatoid malformation (CCAM) is a developmental lesion of the
lungs and terminal respiratory structures, which is characterized by pseudocysts, lesions, and
cystically dilated airways. CCAM is also known as congenital pulmonary airway malformation
(CPAM). Various classification systems for CCAM have been described, and based on a recent
classification, CCAMs are classified morphologically into five different types (Type 0, I, II, III, and
IV) based on lesion sizes. The most common manifestation of CCAM in neonates and children is
respiratory distress (RD). Spontaneous pneumothorax is a rare manifestation of CCAM. In this case
report, we discuss a CCAM type-II case of a 38-day-old female infant with a radiological post-mortem
diagnosis of a large left-side spontaneous pneumothorax. The gross examination of the lungs revealed
multiple emphysematous air bubbles up to 0.5 cm in diameter, and the histological examination
revealed focal pleural fibrosis, accompanied by thickened septa and atelectasis. In this scenario, the
routine use of prenatal ultrasonography would be important to obtain a timely prenatal diagnosis. At
the same time, improvements in surgical techniques, as well as greatly improved imaging techniques,
have improved the outcome of these patients. Finally, it is important to remark on the importance of
autopsy in the case of sudden infant death with a suspected CCAM.

Keywords: congenital cystic adenomatoid malformation (CCAM); congenital pulmonary airway
malformation (CPAM); sudden infant death; multidisciplinary approach

1. Introduction

Congenital cystic adenomatoid malformation (CCAM) is an unusual form of cystic
disease of the lungs, also known as congenital pulmonary adenomatoid malformation
(CPAM). It is due to a developmental anomaly of the terminal respiratory structures [1].
The incidence of CCAM is estimated at 1:25,000–35,000 pregnancies [2]. CCAM commonly
manifests as respiratory distress (RD) in neonates and infants [1]. CCAM has been de-
scribed in association with bronchopulmonary sequestration, extralobar intra-abdominal
sequestration, and bronchial atresia in both live births and stillbirths. Furthermore, a
close association between CCAM and polyhydramnios has been reported in a few cases.
Several classification systems have been developed to describe the morphology of these
malformations. CCAMs can be classified using the Stocker classification system, which
distinguishes lesions based on diameter and predominant cell types [3,4].

When following the Stocker classification system, CCAM may be subdivided into
three types, based on gross and microscopic criteria: type I is usually associated with a
good prognosis and includes multiple large cysts (>2 cm in diameter) or a single large cyst,
surrounded by numerous smaller cysts. Type II represents over 40% of all CCAM cases,
and is associated with multiple small cysts (<1 cm in diameter), lined with ciliated cuboidal
to columnar epithelium; in addition, striated muscles can occasionally be found. This form
is usually associated with other congenital abnormalities, affecting the prognosis. CCAM
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Type III is rare; cysts are too small to see at gross examination (<0.5 cm in diameter) and
the lung has a sponge-like appearance. The cysts are lined with non-ciliated cuboidal or
columnar epithelium; this type represents about 5% of all cases [5]. However, based on a
more recent classification, CCAMs are now classified morphologically into five different
types: in type 0, the development is arrested at the stage of tracheal/bronchial formation
(tracheal epithelium, also in the presence of cartilage), and the cysts are usually <0.5 cm.
In type I, the development is arrested at the stage of bronchia formation. In the bronchial
epithelium, cartilage is rarely present, with a squamous-like epithelium; the cyst dimension
is ranked from 4 to 10 cm. In type II, the development of the bronchial tree is arrested at the
glandular stage; the presence of multiple cysts <2.5 cm, covered with columnar epithelium,
is usually described. In type III, the development of the bronchial tree is arrested at the
glandular stage, generating multiple cysts of <1.5 cm, covered with columnar epithelium,
which represents a typical adenomatoid malformation. In type IV, the development of the
bronchial tree is arrested at the stage of bronchial formation (acinar epithelium); cysts are
usually about 2–4 cm (pleuropulmonary blastoma—PPB) and cartilage is absent [2,6–8].

Microscopically, the lesions may not be classified as true cysts, considering the fact that
they communicate with the surrounding parenchyma. In rare cases, there is evidence of
malignant transformation, usually into bronchioloalveolar carcinoma (BAC); sarcomatous
and blastomatous malignant transformation have also been reported, although they are
considered rare in adults [1,2,9]. The hamartomatous nature of abnormal lung tissue may
include solid areas as well as cystic areas, characterized by the proliferation of bronchiolar-
like structures, interconnected with cystic structures of various sizes that lack normal
alveoli [10]. This is observed in 80–85% of full-term and pre-term neonates. These lesions
are seldom observed in children between the ages of 2 and 10 years, as well as in adolescents
and adults. CCAM usually presents unilaterally and is restricted to the lower lobe, with rare
occurrences on the lower left lobe. A common presentation in neonates is RDS. However,
spontaneous pneumothorax is a rare manifestation of CCAM [11–13].

Lung lesions are mainly diagnosed nowadays by prenatal ultrasound imaging, but
magnetic resonance imaging can be very useful in the differential diagnosis of bronchogenic
cysts, bronchial atresia, or multilobe involvement [10].

Considering that this is a rare pathology, in this article, we report the case of an infant
who was otherwise healthy until she presented with a fatal spontaneous pneumothorax
as the initial manifestation of CCAM at 5 weeks of age. Through this case presentation, a
further goal is to discuss CCAM, highlighting the current strengths and weaknesses of the
forensic approach.

2. Case Presentation

A healthy 38-day-old female infant, born at full-term, was found dead in her crib
by her parents. At birth, the newborn was small for her gestational age (SGA), weighing
2530 g, with a length of 46 cm and a head circumference of 32 cm. She was discharged
7 days after birth, in good health. After the discovery of her death, the parents alerted
the emergency medical services. The local prosecutor’s officer ordered a full autopsy, to
determine the cause of death and the time since death. The autopsy was performed 7 days
later. External examination revealed a putrefaction-induced green discoloration of the skin
of the thorax, abdomen, and perineum (Figure 1). No ventilation or intubation was carried
out on the baby girl. The subcutaneous emphysema was due to putrefactive gases; the
autopsy was performed several days after death, and it was midsummer. The body weight
was 2970 g, the crown-to-heel length was 49 cm, and the foot length was 7 cm (Figure 1).

The chest X-ray confirmed the absence of skeletal injuries and revealed a large pneu-
mothorax, with a collapsed left lung and a mediastinal shift (Figure 2).
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Figure 2. Radiological investigations demonstrated skin emphysema on the right and left side of the 

neck, the thorax, and in the groin area, with a large left-sided pneumothorax and compression of 

the collapsed lung (R = right side; L = left side) and a bloating intestine. 

Figure 1. External examination revealed a putrefaction-induced green discoloration of the skin of the
trunk and abdominal bloating due to decomposition gas.
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Figure 2. Radiological investigations demonstrated skin emphysema on the right and left side of the
neck, the thorax, and in the groin area, with a large left-sided pneumothorax and compression of the
collapsed lung (R = right side; L = left side) and a bloating intestine.
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The autopsy was performed according to the Letulle method [14]. No biological fluids
were found in the pleural or abdominal cavities. The autopsy excluded the occurrence
of acute and significant macroscopic abnormalities in all organs except the lungs. After
formalin fixation, at the gross examination, both lungs appeared to be diffusely enlarged,
with a firm consistency. A careful examination revealed copious emphysematous air
bubbles on the pleural surfaces, with diffuse crackling upon palpation. The gross section of
the lungs revealed a diffuse brownish substance over the porous lung parenchyma, with
multiple bubbles. The bubbles were attributed to a large collection of numerous cysts
measuring up to 0.5 cm in diameter (Figure 3).
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Figure 3. Macroscopic aspect of the lungs (A–C). Both lungs appeared to be diffusely enlarged and the
consistency was firmer than usual. Externally, a brownish coloration was diffusely distributed on all
lobes. The cut surface was solid. The combined weight of the lungs (39 g) was slightly below normal.

Histopathological Investigation

The etiopathogenesis was defined by histological examinations that were performed
on lung tissue samples, using hematoxylin and eosin (H&E) staining. Histological exam-
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inations performed on lung parenchyma samples revealed the presence of focal pleural
fibrosis, accompanied by thickened septa and atelectasis. Moreover, areas of acute and
chronic emphysema, characterized by cavitation with pleural air bubbles and subpleural
alveolar dilatations, were also present (Figure 4).
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Figure 4. Histological examination (hematoxylin and eosin (H&E) staining, at 40×) of cystic lesions at
low magnification: the cysts were lined by columnar epithelium in the absence of smooth muscle or
striated muscle in the walls of the cysts (A). Focal pleural fibrosis and atelectasis of the parenchyma were
exhibited, alternating with areas of acute and chronic emphysema, characterized by alveolar cavities (B).

There was no evidence of inflammatory involvement. The histological examination of
the other organs was unremarkable. Post-mortem examination attributed the cause of death
to acute respiratory failure, initiated by a type-II CCAM-induced spontaneous pneumothorax.

3. Discussion

CCAM cases can be classified into several types. Type I (the macrocystic or large cyst
type) accounts for over 50% of all cases, consisting of single or multiple cysts, which are usually
large in size (2 to 10 cm in diameter) and few in number (one to four). The cysts can cause a
mediastinal shift or even hypoplasia of the adjacent lung and can affect the bronchial tree [15–17].
The cysts are lined with pseudostratified columnar epithelium, the differentiation of which may
sometimes include goblet cells [18]. These cases generally have a good prognosis; however,
cysts comprising one-third of the lung volume can grow rapidly and unpredictably. Based on
data from the literature [19–21], the main characteristics of interstitial lung disease in infants
and young children (chILD) of < 2 years are summarized in Table 1.

Table 1. Interstitial lung disease in infants and young children (chILD) of < 2 years.

Developmental diseases Genetic mutations

• Congenital cystic adenomatoid malformation (CCAM)
• Acinar dysplasia
• Alveolar capillary dysplasia (ACD)

• SFTPB (surfactant protein B deficiency)
• SFTPC (surfactant protein C deficiency)
• CSF2RA (pulmonary alveolar proteinosis/PAP)
• CSF2RB (pulmonary alveolar proteinosis/PAP)
• NKX2-1 (interstitial lung disease)
• ABCA-3 (surfactant deficit)

Growth disorders Undefined etiology

• Pulmonary hypoplasia
• Congenital heart disease
• Filamin A deficiency
• Chronic neonatal lung disease (prematurity leading to

bronchopulmonary dysplasia)
• Acquired chronic lung disease in term infants

• Autoimmune
• Storage diseases
• Langerhans cell histiocytosis
• Pulmonary interstitial glycogenosis (PIG)
• Neuroendocrine cell hyperplasia in infancy (NEHI)
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As confirmed in our case study, chest radiography can be considered fundamental in
the diagnosis of suspected congenital cystic lung disease in childhood [2,9,11,22]. Chest
radiography is usually enough to identify CCAM cases, especially when the cysts are large
enough to cause clinical problems. As demonstrated in the discussed case, the usual appear-
ance is a mass containing air-filled cysts. Other radiologic findings that may lead clinicians
to a CCAM diagnosis are mediastinal displacement, pleural and pericardial effusions, and
pneumothorax. In particular cases, the diagnosis may not be performed exclusively with
chest radiographs, especially when a mass is detected, without highlighting the presence of
cysts. In these cases, chest CT provides safe and rapid support in CCAM diagnosis [23–26].
CT usually assumes an important role when multilocular thin-walled (from impercepti-
ble, up to < 4 mm) cystic lesions surrounded by normal-appearing lung parenchyma are
found. In addition, the possible presence of an infection in the same area of the lesion,
as well as the presence of effusions, may complicate CCAM diagnosis. Moreover, a CT
scan may be considered an important diagnostic tool because it can highlight additional
coexisting lesions. Another important technique that can be used for diagnostic purposes,
especially to distinguish between microcystic and macrocystic lesions, is high-resolution
chest tomography (HRCT) [27–30].

Autopsy remains the gold standard method to establish the cause of death: knowledge
of the cause of death may be critically important, both in health policies and in penal
diatribes [31,32]. In the case of a post-mortem investigation, the histologic findings may be
considered mandatory to define the exact cause of death, particularly in the case of sudden
infant death [33–35]. CCAM has been defined as a hamartoma, with an excess of one or
more tissue components. Cysts may communicate with the bronchial tree and derive their
blood supply from the pulmonary circulation [36,37].

Based on the literature data, macrocystic lesions (cysts > 5 mm) are usually associated
with a good prognosis, considering the fact that they do not generate hydrops; on the
contrary, microcystic lesions (cysts < 5 mm) are usually associated with a poor prognosis,
generating fetal hydrops [38,39]. Another important consideration concerns other con-
genital defects that could be associated with CCAM, for instance, bilateral renal agenesis,
hydrocephalus, gastrointestinal or abdominal wall defects (diaphragmatic hernia, jejunal
atresia, and tracheoesophageal fistula), spinal deformities (cervical spine/thoracic spine),
epiaortic vessels and myocardial anomalies (truncus arteriosus and tetralogy of Fallot),
and sirenomelia [40]. Patients with CCAM may present with clinical features of pneu-
mothorax in the early neonatal period [41,42]. Huang et al. reported that different factors
are independently associated with a poor outcome; for example, gestational age at birth,
birthweight, Apgar score, and the diagnosis time could be considered fundamental to the
survival rate [38]. As recently discussed by Barikbin et al., postnatal lung function tests
are a useful tool to detect and monitor CCAM, allowing a timely decision for or against
surgical intervention [43].

Nevertheless, despite the importance of this theme, to date, no guidelines are available
concerning the management of these patients, especially regarding prophylactic surgery in
asymptomatic patients or in terms of proceeding with a conservative follow-up. In this way,
it is important to highlight the European experience: in 2016, the congenital lung anomalies
(CLA) Swiss database (CLADatabase) was created, with the aim of recording and collecting
surgical lung samples, thus improving our knowledge regarding patient management [44].

4. Conclusions

In this scenario, the routine use of prenatal ultrasonography is important to obtain
a timely prenatal diagnosis: this could be fundamental in cases of familiarity with this
pathology. Moreover, advances in prenatal and postnatal surgical techniques, as well as
greatly increased imaging techniques, have improved the outcome of these patients and
their quality of life. In particular, postnatal intervention is dictated by clinical status at birth.
In asymptomatic cases, postnatal investigation consists of a plain radiographic evaluation
on the first day after delivery, along with a chest CT scan within 1 month of birth [45]. Symp-
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tomatic lesions require urgent radiological evaluation with chest radiography, followed by
surgical excision. The management of symptomatic lesions carries higher morbidity [46].
Although a series of studies indicate that the technique was performed safely on patients
who were asymptomatic at birth [47], surgical excision is still controversial, with some
centers opting for conservative management [48,49].

Finally, it is important to remark upon the leading role of autopsy in cases of sudden
infant death with suspected CCAM: post-mortem investigation remains the most important
method to ascertain the exact cause of death for the purposes of penal and civil litigation.
Moreover, future studies should be performed to define guidelines for the diagnosis and
management of CCAM.

Author Contributions: Conceptualization, M.S. and C.P.; methodology, M.S., F.S., G.C., S.R., M.E.
and C.P.; validation, M.S. and C.P.; investigation, M.S., G.C., S.R., M.E. and C.P.; writing—original
draft preparation, F.S.; writing—review and editing, M.S. and C.P. All authors have read and agreed
to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki. No ethical committee approval was required.

Informed Consent Statement: Consent from next of kin is not required when the autopsy is con-
ducted for civil or criminal legal proceedings. Moreover, no informed consent is required to use
information from deceased persons where the same information is strictly indispensable and relevant
for scientific and research purposes.

Data Availability Statement: All data are included in the main text.

Acknowledgments: The authors thank the Scientific Bureau of the University of Catania for language
support.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Sirithangkul, S.; Chuengchitraks, S.; Staworn, D.; Laohapand, C.; Silarat, T. Late Manifestation of Congenital Cystic Adenomatoid

Malformation with Lung Abscess: A Case Report. J. Med. Assoc. Thail. 2010, 93 (Suppl. 6), 223–227.
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