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INTRODUCTION
Prenatal ultrasound detection of fetal anomalies has
not only revolutionized management of the fetus and
neonate, it has also transformed our perception of the
development and natural history of congenital anomalies
throughout gestation1,2 . Changes in our understanding of
fetal lung anomalies illustrate this concept. Ten years ago,
fetal echogenic lung lesions were considered grave fetal
malformations and, accordingly, textbooks of that period
suggested termination of pregnancy (TOP) before fetal
viability3,4 . In a large series published by King’s College
London in 1994 summarizing 132 cases of congenital
cystic adenomatoid malformation (CCAM), 44 (33%) of
the cases underwent elective TOP5 . Only 4 years later,
another study from a very similar tertiary center reported
a 10% TOP rate6 .
We have also learned over the ensuing decade that
some of these lesions may display dynamic changes
in utero. For example, CCAM Type III was once thought
to have a uniformly poor prognosis and as a result
prenatal diagnosis would often lead to TOP. However,
a proportion of cases of CCAM Type III diagnosed
prenatally have been shown to resolve spontaneously.
The King’s College London study reported this dynamic
process in 9% of its series, while a large Canadian
study recently showed that 56% of cases of CCAM
regressed spontaneously7 . In contrast, tumor growth
and hemodynamic deterioration may complicate clinical
management of these lesions. To add to the confusion,
the two most common pathologies of the fetal lungs,
CCAM and bronchopulmonary sequestration (BPS),
which seemed to be pathologically and clinically distinct,
frequently overlap8 , and confused terms such as ‘hybrid
form’ and ‘missing link’ appear in the literature9,10 .
These new and conflicting data are the tip of the iceberg
of conjecture and controversy surrounding the etiology
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and pathogenesis of fetal lung lesions, and classification
of a specific lung anomaly according to traditional criteria
has become irrelevant. It is time to revise the terminology
of congenital lung lesions, not least in light of emerging
in-utero treatment modalities for these malformations11 .
We review here the latest pathological and pathogenic
aspects of fetal CCAM and BPS, in an attempt to draw
a parallel with prenatal ultrasound technology. Our
aim is to propose a new classification system based
on the pathogenesis of these malformations and their
two-dimensional (2D) and color Doppler ultrasound characteristics. Elsewhere12 we demonstrate the applicability
of this classification system in a clinical setting.

PATHOLOGY AND CLASSIFICATION
Congenital cystic adenomatoid malformation (CCAM)
CCAM is a rare anomaly first described as a separate
entity in 1949 by Chin and Tang. They reported 11
neonates; all were stillborn or very premature with
anasarca13 . The affected lung lobe was greatly enlarged,
heavy with a tumor-like mass, often with multiple
small cysts or slit-like spaces. The cysts and the spaces
resembled bronchioles on microscopy and the intervening
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In a subsequent study Stocker expanded his classification to five types based on the site of origin of the
malformation: tracheal, bronchial, bronchiolar, bronchiolar/alveolar duct and alveolar/distal acinar. Each subgroup
was labeled ‘0’ to ‘4’, indicating the lesion’s progression
distally along the airway16 .

‘sequestration’ (from the Latin, sequestra, to remove or
separate) to describe this disconnected bronchopulmonary
mass or cyst with an anomalous systemic arterial supply17 .
The classification of BPS is, however, complicated. Two
subtypes were primarily defined: the intralobar mass
located within the substance of a lung lobe, and extralobar
BPS, which has its own pleural investment. The extralobar
subtype can occur in the chest, including the pericardial
sac, or in the abdomen, whereas the intralobar subtype
is limited to the lung. Subsequently, in 1974 Sade
showed that BPS has diverse variant forms, including
bronchopulmonary and vascular related malformations.
He proposed the term ‘sequestration spectrum’. At one
end of the spectrum is anomalous blood supply to a
normal lung while at the other end is abnormal lung
tissue without anomalous vascular supply18 .
Between these two extremes is a large group of variant
BPS that encompasses anomalies ranging from intrapulmonary sequestration to extrapulmonary sequestration
with or without gastrointestinal communications, i.e.
bronchopulmonary foregut malformations19 .
Histologically, the extralobar BPS is a cystic or solid
mass of lung parenchyma with a high ratio of mesenchyme
to air space. A dilated bronchial structure with bronchial
epithelium and cartilage without connection to the
bronchiole system is seen. Typical to BPS is the appearance
of systemic arteries with distinct elastic layers, thick media
and collagenous sheaths that do not accompany bronchial
structures, unlike normal pulmonary arteries. Intralobar
BPS is characterized by ciliated columnar or flat epithelium
that may line acquired cysts containing pus or mucus20 .
Owing to this difference and since it has not been observed
in utero or in some neonates21 , the intralobar variant is
deemed to be an acquired phenomenon.
In the fetus, abdominal extralobar BPS may present as
a retroperitoneal mass or cyst, which may lie next to the
stomach or communicate with it. The arterial supply is
nearly always from the descending aorta and therefore
represents a persistence of primitive splanchnic arteries
that supply the early foregut. Venous drainage is typically
through the azygos system or the inferior vena cava;
however, in about 25% of cases the venous drainage is
through the pulmonary veins22 .
Approximately 60% of fetuses with extralobar BPS
have associated anomalies, including diaphragmatic
anomalies (28%), other pulmonary anomalies (10%) and
cardiac malformations (8%), while only 14% of patients
with intralobar BPS have other associated anomalies23 .
Intra-abdominal BPS appears in approximately 10% of
cases of extralobar BPS, and 90% of them occur on the
left side24,25 .

Bronchopulmonary sequestration (BPS)

PATHOGENESIS

BPS represents a developmental mass of non-functioning
bronchopulmonary tissue that is separate from the
tracheobronchial tree and receives arterial blood from
the systemic circulation, which is pathognomonic for
this condition. Pryce was the first to coin the term

More than 60 years following the first report by Chin
and Tang13 , the pathogenesis of CCAM and BPS is still
unclear. Although all lung lesions appear as distinct types,
their embryogenesis may overlap significantly26 . Various
etiologies have been suggested to describe the pathogenesis

tissue resembled very immature fetal alveoli or terminal
airways. Two of the 11 cases had foci of gastric type
mucoid columnar epithelium. The microscopic criteria
for diagnosis of CCAM were further summarized by
Kwittken and Reiner as follows14 :
• Proliferation of polypoid glandular epithelium
• Proliferation of smooth muscle and elastic tissue in cyst
walls
• Absence of cartilage
• Absence of inflammation
• Normal arterial and venous connections.
In order to determine the clinical and pathological
spectrum of CCAM, Stocker et al.15 collected 38 cases
between 1917 and 1975, and were the first to propose
three types of CCAM depending on cyst diameter and
predominant cell types on histological examination, and
suggested prognosis.
Type I: The lesion has large cysts > 2 cm diameter,
frequently producing mediastinal compression. The
cysts are lined by ciliated pseudostratified columnar
epithelium. The walls of the cysts contain prominent
smooth muscle and elastic tissue. Mucus producing
cells are present in one-third of cases and cartilage in
the wall is rarely seen. Relatively normal alveoli may
be seen between the cysts. The prognosis is good.
Type II: The lesion contains multiple small cysts
< 1 cm diameter, which histologically resemble dilated
terminal bronchioles with mixed columnar and
cuboidal linings. The area between the cysts is occupied
by large, distended, alveolar-like structures. Mucus
cells and cartilage are absent and, rarely, striated
muscle fibers may be seen. This group has significant
associated anomalies, and therefore a poor prognosis.
Type III: This malformation was a bulky, noncystic lesion, typically creating a large, solid mass
affecting an entire lobe or lobes and producing
mediastinal shift. Histologically the mass is composed
of regularly spaced, alveolus-like structures lined by
ciliated cuboidal epithelium and separated by masses
of alveolus-sized structures lined with non-ciliated
cuboidal epithelium. This subgroup also has a very
poor prognosis.
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of CCAM, among them overgrowth13 , hyperplasia27
and hamartoma28 . However, all agreed that the defect
occurred at the level of the bronchiole.
Stocker et al.15 were the first to attempt classification
of CCAM types based on embryogenesis, or the
developmental stage at which the insult may have
occurred. According to these authors the absence
of bronchial cartilage differentiates CCAM from true
bronchogenic cyst and indicates that the insult occurred
before the tenth week of gestation. Type I lesion
was hypothesized to stem from an insult occurring
as late as 49 days postconception, while Type II
probably resulted from an insult occurring earlier
than 31 days postconception, since these lesions were
frequently associated with other severe congenital
anomalies. Type III lesions present with a pseudoglandular
appearance, which may indicate maldevelopment early in
embryogenesis.
Ostor and Fortune29 viewed the embryogenesis of the
disease differently. They stated that the presence of normal
alveoli at the periphery of the lesion, with abnormal
growth in the center, implies failure of canalization of the
terminal bronchioles and subsequent inability to connect
the conducting and respiratory elements. They conclude
that the insult probably occurred later in gestation, at as
late as 16–20 weeks29 .
Bronchography studies and serial microscopic examination showed that bronchial atresia is the primary defect
leading to the development of CCAM. The morphology
of the lesion, i.e. the type of malformation, is determined
by the extent of dysplastic lung growth beyond the atretic
segment30 .
Modern pathological studies have suggested that
CCAM may arise from failed interaction between
mesenchyme and epithelium during development and a
lack of maturation. This observation was confirmed by
immunohistological studies of CCAM cases that showed
discordance between a high epithelial proliferation rate
corresponding to that of mature lung, and hypovascularity
corresponding to late first-trimester fetuses. Thus the
discordance between vascularity and proliferation in
CCAM may represent an arrest in vascular development
and a loss of synchrony between stroma and epithelium31 .
It was suggested that in the developing lung the interaction
between epithelial cells and interstitial cells is crucial to
normal lung development32 . The imbalance between cell
proliferation and programmed cell death or apoptosis has
been demonstrated in CCAM. Examination of the factors
involved in cell proliferation and apoptosis can provide
insight into the pathogenesis of CCAM. Some tissue
growth factors have been studied as possible mediators
for increased cell proliferation in CCAM. Keratinocyte
growth factor was not found to mediate increased
proliferation33 , however glial cell-derived neurotrophic
factor (GDNF) seemed to be correlated with epithelial
cell proliferation while no GDNF expression was
demonstrated in the stromal component of CCAM34 .
Similarly, greater expression of the proliferation
factor, platelet-derived growth factor BB, was found
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in fetal CCAM than in age-matched normal fetal
lung35 . The role of apoptosis in CCAM was also
analyzed. CCAM lesions requiring resection before
birth had a five-fold lower apoptotic index when
compared with age-matched normal fetal lung35 . It can be
summarized that focal asynchrony between epithelial and
vascular development in CCAM leads to this congenital
maldevelopment. Investigation of other factors that downregulate apoptosis or up-regulate proliferation in CCAM
may further illuminate the pathogenesis of this entity.
The pathogenesis of BPS is much more obscure than
that of CCAM, and many theories have been proposed36 .
One states that failure of the pulmonary artery to develop
fast enough to supply the whole of the growing lung leads
to persistence of the embryonal systemic aortic supply.
The lung area so supplied may undergo cystic and fibrous
degeneration. Other authors hypothesized that insufficient
pulmonary arterial blood supply may be related to the
presence of systemic pulmonary collaterals22 .
Although some authors attempted to view the
pathogenesis of BPS as distinct from that of CCAM,
they appear to have similar causes. The mechanism of
their development has been described as a continuum of
anomalous interactions among adjacent cells’ excreted
factors, to explain the overlap between them26 . The
microscopic resemblance of BPS and CCAM, which
consists of immature or dysplastic lung tissue and the
absence or reduced number of bronchial cartilage plates37 ,
and the frequent appearance of CCAM receiving systemic
arterial blood supply, indicates a common primary defect
early during embryogenesis38 .
The most prevalent theory states that during early
development the laryngotracheal groove arises as a
ventral out-pouching of the primitive foregut and migrates
caudally to give rise to the bronchial tree. It is possible
that in the early stages of development, when the lung
bud lies in close proximity to the primitive foregut
from which it is derived, some insult or adhesion in
an area where these two developing organ systems
are adjacent will affect both structures, resulting in a
lung lesion and foregut malformation39 . The observation
that BPS encompasses a great variety of anomalies
known also as bronchopulmonary foregut malformation
and neuroenteric malformations confirms further the
‘sequestration spectrum’. The frequent association of
BPS with diaphragmatic hernia, gastric duplication,
esophageal fistula and neuroenteric lesions supports the
notion that the defect occurs early in organogenesis40 .

DIAGNOSIS
Prenatal diagnosis of fetal lung lesions relies on the
appearance of space-occupying lesions or the appearance
of chest masses41 . Fetal lung lesions must be differentiated
from congenital diaphragmatic hernia, which is diagnosed
if intrathoracic stomach or bowel loops are identified. The
appearance of fetal CCAM varies from predominantly
solid to purely cystic masses, while BPS appears as
a well-circumscribed, uniformly echogenic solid mass,
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usually found in the left basal thorax42 . Doppler
ultrasound technology can be very useful in distinguishing
between CCAM and BPS: the latter is supplied by a
supporting systemic artery arising from the abdominal
aorta, while CCAM is supplied by the pulmonary artery43 .
Intra-abdominal extrapulmonary sequestration is usually
identified in the upper left abdomen as an echogenic
mass, most often situated beyond the stomach. The
differential diagnosis includes suprarenal masses, however
the demonstration of a systemic feeding artery confirms
the diagnosis of BPS.

IN-UTERO CLASSIFICATION
Early reports on fetal lung lesions adopted the Stocker
system for in-utero classification. The purpose of precise
in-utero definition of fetal lung lesions is to extrapolate
prognosis. Although the Stocker system was the most
widely used, some major drawbacks were recognized.
First, it is based on histological criteria, which cannot
be applied to prenatal ultrasound technology. Second,
Stocker’s prognoses and outcomes were derived from the
clinical data and features of 38 neonates collected from
1917 to 1975, and are no longer pertinent.
In view of these disadvantages Adzick et al.44 suggested
abandoning Stocker’s three types and dividing CCAM
into two major groups based on gross anatomy and
ultrasound. The two categories were based on the
predominant component of the lesion (cystic or solid):
the macrocystic group contains single or multiple cysts
≥ 5 mm diameter, while the microcystic tumors are more
solid and bulky with cysts < 5 mm diameter. The idea of
subtyping CCAM into two main groups according to the
predominant lesion was not new and had been suggested
previously by Ostor and Fortune29 and Bale45 .
The variants are readily differentiated on prenatal
ultrasound because the macrocystic type appears as
fluid-filled lesions, whereas the microcystic lesions have
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innumerable interfaces that return the ultrasound beam
and therefore appear solid. This simple classification into
two types has become the gold standard of in-utero
CCAM diagnosis46 .

PROBLEMS WITH CURRENT DIAGNOSIS
AND CLASSIFICATION
Since the original report by Adzick et al.44 , numerous
studies of the outcome and natural history of fetal lung
lesions have been published47 – 49 . However, the main
problem with the current classification system is that it
relies on a dichotomous definition of the lung anomaly
either as CCAM or as BPS. Although the prenatal
diagnosis of lung lesions is simple and Doppler studies
have enhanced our ability to identify BPS, defining the
exact nature of the anomaly may still prove difficult.
BPS may have a sonographic appearance similar to
that of CCAM (Figure 1), particularly in the microcystic
subgroup. Moreover, whereas in the past histological
features of CCAM had rarely been reported in BPS, no
clear histological distinction exists between these two
entities, and mixed histopathological findings of typical
CCAM can be seen even in bronchial and laryngeal
atresia50 . Cystic lesions with the clinical appearance of
CCAM may have systemic blood supply and BPS may
have a histological appearance similar to CCAM51 – 53 .
Recently a large pathological study found histological
features compatible with CCAM Type II in approximately
50% of the cases with proven extralobar BPS. This
study also showed that 11/12 (91%) prenatally diagnosed
BPS cases demonstrated elements of CCAM; the authors
concluded that the occurrence of CCAM in BPS is more
frequent than reported in the literature8 . Cass et al.9
suggested the term ‘hybrid form’ to describe six cases
of BPS in which the histological features were similar
to those of CCAM. These findings suggest a common
developmental link between BPS and CCAM10 .

Figure 1 (a) Ultrasonographic image showing a prominent left echogenic lung interpreted as microcystic congenital cystic adenomatoid
malformation with a hypoechoic line of unknown origin. (b) A color Doppler image demonstrates the prominent arteriovenous shunt. The
Doppler study established the diagnosis as bronchopulmonary sequestration.
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These accumulated data regarding the exact definition
of fetal lung lesions make prenatal counseling very difficult
and postnatal management uncertain54 , particularly since
prognosis is related to lesion classification, and those with
supposed poor prognosis (the microcystic group) may
resolve spontaneously in utero47,48,55 .

A UNIFIED CONCEPT FOR CONGENITAL
LUNG MALFORMATION AND ITS
CLINICAL IMPLICATIONS
As has been discussed, congenital malformations of
the lung are an ill-defined group of lesions. The
present state of our knowledge on fetal lung masses
indicates that the traditional classification of BPS and
CCAM is insufficient to provide definitive information
regarding the pathogenesis and prognosis in each
individual case. Since in many instances the clinical
and morphological features of both CCAM and BPS
show considerable overlap, a unifying concept of their
pathogenesis and classification was proposed. In 1969,
Culiner proposed viewing the three entities, i.e. congenital
bronchial cystic disease, sequestration and congenital
bronchiectasis, as a variant of a single primary complex
of bronchovascular anomalies56 . Buntain et al. later
suggested that all congenital lung lesions should be
considered as one clinical group57 . Demos and Teresi58
suggested in 1975 grouping the possible etiologies for
congenital lung malformations. Heitzman stated still
further that although the terminology of congenital
lung malformations suggested that these are discrete
entities, their morphological characteristics overlap, thus
supporting the notion that they stem from a common
embryological event59 .
Until the late 1980s, no concerted attempt was
made to clarify the pathogenesis or classification of
congenital lung lesions; most classification systems in the
medical literature were based on histological findings15,16 .
Clements and Warner60 were the first to suggest a model,
based on original research, centered on a rational sequence
of events in lung development, known as the ‘wheel’
theory. This model helped elucidate and simplify the
classification of congenital lung anomalies. The authors
based their theory on the assumption that any insult to
the tip of a developing bronchus may lead to a different
lesion depending on the timing and severity, rather than
on the nature, of the insult.
According to Clements and Warner the terms intralobar, extralobar, sequestration and CCAM provide no
definite information on the morphology within these
lesions. They were the first to suggest considering all
anatomical components of the lung involved in the pathological lesion in each particular case. These components
are the bronchial airways, the arterial supply and venous
drainage, and the lung parenchyma. In a subsequent
study the authors confirmed the applicability of this
approach on 25 neonates with bronchopulmonary vascular malformations61 .
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With the advent of high-resolution ultrasound technology, coupled with sophisticated Doppler and power
Doppler angiography, it is now possible to evaluate fetal
arterial62 and venous systems63 . We therefore adopted
Clements and Warner’s classification system with modifications, based on 2D and Doppler ultrasound, and applied
it to fetal findings. Clements and Warner60 originally proposed the term ‘malinosculation’ (from the Latin: mal,
abnormal; in, in; osculum, mouth) to describe the various
anatomical combinations. However, this term failed to
gain general acceptance. We prefer the term dysplasia64
(from the Greek: dis, abnormal; plasis, forming), meaning
abnormal tissue formation. We believe the term dysplasia
more aptly describes the abnormal development of lung
tissue involved in this group of anomalies.
Each unit of the embryonic lung includes a bronchial
bud supplied by a systemic capillary plexus derived from
the primitive aorta and containing a small branch of
the pulmonary artery. The systemic plexus regresses
as the growing lung advances and the pulmonary
artery develops. We have attempted to assess each lung
component involved in the pathology, and group lung
dysplasias in the following five categories:
I. Agenesis of the lung: includes the most severe
dysplasias, wherein the insult is sufficiently early and
proximal to the bronchial bud to arrest lung, lobe or
lobule development (‘wheel’ theory Type I).
II. Normal lung with abnormal vascular supply: the
bronchial tree continues to develop normally, but
pulmonary artery growth is arrested, resulting in
normal lung with an isolated segment supplied by
persistent systemic vessels instead of the pulmonary
artery (‘wheel’ theory Type III).
III. Abnormal lung with abnormal vascular supply: this
includes the ‘classic’ form of BPS, with disruption
to both the airway tract and pulmonary arterial
development resulting in systemic arterial supply to
abnormal lung parenchyma (‘wheel’ theory Type IV).
IV. Abnormal lung with normal vascular supply: this
category includes bronchogenic cysts and ‘classic’
CCAM (‘wheel’ theory Types II, V).
V. Miscellaneous: includes laryngeal atresia with bilateral echogenic lung, split notochord syndrome or
bronchopulmonary dysplasia with neuroenteric association.
The novelty of our new classification system is
that it enables separate delineation of each fetal lung
component involved in the anomaly: the parenchyma,
arterial circulation and venous drainage. Further, it is
based on prenatal sonographic identification and Doppler
flow studies: the arterial supply and venous drainage of
the lesions, as opposed to tissue consistency.
In the past, polyhydramnios, mediastinal shift and
tumor size were considered bad prognostic factors in
fetuses with lung lesions5 – 7 . However, all previous
studies ignored the lesions’ vascular component in their
evaluation. We believe that the morphologic description of
the lesion as solid or cystic does not affect fetal prognosis,
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since the natural course of the entity during gestation is
probably influenced primarily by the vascular component
of the malformation. The pivotal role of vascular
assessment was demonstrated by Clements et al. in their
clinical study61 and recently verified in a further original
study65 . The appearance of hydrops fetalis was shown to
be the only significant poor prognostic factor in fetuses
affected with lung abnormalities5 – 7,44,46 . Several possible
mechanisms for the development of hydrops fetalis have
been suggested. It was postulated that hydrops may be
secondary to caval obstruction or cardiac compression
from large tumors causing mediastinal shift66 . This theory
has never been verified, and is in fact contradicted
by the finding that severe cases of lung anomaly with
diaphragmatic hernia do not develop hydrops, despite
significant intrathoracic mass.
Other theories have proposed a vascular etiology for
hydrops development. Some suggest that overcirculation
through the sequestrated lung may induce congestive
heart failure with resulting hydrops67 , while others have
raised the possibility of twisting of the vascular pedicle
resulting in obstruction of the venous and lymphatic
drainage68 . The latter hypothesis has recently been
verified in a case report69 . Postnatal arterial occlusion
of the pedicle of a systemic artery led to resolution
of lung hyperechogenicity. The authors postulated that
venous obstruction causes the hyperechogenicity seen
on prenatal ultrasound, probably as a result of blood
extravasations into the interstitial space. Similarly,
it can be assumed that the mysterious spontaneous
regression in utero of fetal lung echogenicity may be
attributed to relieving such obstruction. Decreased lung
overcirculation may also result from decreased placental
resistance occurring with advancing gestation. In our
accompanying clinical study12 , we demonstrate the
immediate recovery of hemodynamic disturbance in two
neonates through arterial embolization, and the regression
of fetal hydrothorax with advancing gestational age.
We believe that with state-of-the-art ultrasound
equipment and sophisticated Doppler capabilities, inutero evaluation of related vascular anomalies in
fetuses with lung dysplasia is now feasible. In-utero
mapping of significant intrapulmonary shunts and
vascular connections may provide better understanding
of the pathogenesis of these lesions and improve prenatal
management.
It is conceivable that minimal in-utero catheterization
to alleviate hemodynamic deterioration of fetuses with
decompensating lung lesions could shortly be performed.

SUMMARY
The pathogenesis and in-utero classification of fetal lung
lesions should be revisited. The proposed use of the
term, lung dysplasia, according to the guidelines presented
here, accompanied by evaluation of each lung component
involved in the lesion, will facilitate classification of fetal
lung anomalies. We believe that this simple descriptive
approach based on available 2D sonography and Doppler
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mapping of vascular anomalies will further improve our
understanding of the variability of fetal lung lesions. The
applicability of this new classification system to clinical
management is presented in the accompanying study.
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