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Abstract

Congenital pulmonary airway malformation
(CPAM) type 1, CPAM type 2, bronchial atre-
sia, and intralobar and extralobar pulmonary
sequestration (IPS/EPS) are congenital cystic
lung diseases (CCLD) that are most frequently
submitted for pathological examination,
whereas lobar emphysema, CPAM type 4, and
bronchogenic cyst are less common. CPAM
type 0, CPAM type 3, and alveolar capillary
dysplasia are extremely rare. Pulmonary inter-
stitial emphysema is not actually congenital,
but usually occurs in the neonatal period, and
a differential diagnosis with CCLD is often
required. Fetal lung interstitial tumor (FLIT)
is a tumorous lesion that usually occurs in the
neonatal period, and sometimes in the fetal
period.

M. Tanaka (I)

Department of Pathology, Kanagawa Children’s
Medical Center, Yokohama, Japan

e-mail: mio@zc4.so-net.ne.jp

E. Takakuwa
Department of Surgical Pathology, Hokkaido
University Hospital, Sapporo, Japan

© Springer Nature Singapore Pte Ltd. 2020

Keywords

Congenital cystic lung disease - Bronchogenic
cyst - Bronchial atresia - Infantile lobar
emphysema - Congenital pulmonary airway
malformation - Intra/extralobar pulmonary
sequestration - Pulmonary interstitial
emphysema - Alveolar capillary dysplasia -
Fetal lung interstitial tumor

14.1 Bronchogenic Cyst

Bronchogenic cyst (BC) is assumed to originate from
supernumerary lung buds. It is most often found in
the middle mediastinum and less frequently adjacent
to the pulmonary hilus. Macroscopically, it is a uni-
locular mass containing mucinous substances
(Fig. 14.1a, b), and it usually has no communication
with the preexisting trachea, bronchus, or pulmonary
parenchyma. The diameter of the cyst is approxi-
mately 4-5 cm, but sometimes exceeds 10 cm in
older patients. Microscopically, the cystic wall is
lined with ciliated columnar or pseudostratified
columnar epithelium, and the walls contain cartilagi-
nous islands, bronchial glands, or smooth muscle
bundles, mimicking the structure of the normal bron-
chus (Fig. 14.1c). The epithelium sometimes shows
squamous metaplasia. A differential diagnosis may
be required from CPAM type 1 and esophageal
duplication. However, BC can be distinguished from
these diseases by its epithelial type on histology.
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Fig. 14.1 Bronchogenic
cyst. (a, b) Macroscopic
findings (a) and
semi-macroscopic
findings (b). A
unilocular mass
containing mucinous
substances is present at
the hilus. (¢)
Microscopic findings.
The cystic wall is lined
with ciliated columnar
or pseudostratified
columnar epithelium,
and cartilaginous
islands, bronchial
glands, or smooth
muscle bundles occur in
the wall, mimicking the
structure of the normal
bronchus

14.2 Bronchial Atresia/Infantile
Lobar Emphysema

14.2.1 Bronchial Atresia

Bronchial atresia (BA) is a relatively common
CCLD, and is defined as a malformation of the
pulmonary parenchyma resulting from atresia
of the bronchus or bronchiole. Atresia of the
bronchus is often detected in imaging studies
before resection. On macroscopic examination,
a mucus plug is seen at the atretic bronchus and
cystic lesions around the atretic bronchus
(Fig. 14.2a). The distal pulmonary parenchyma
of the lesion is often emphysematous.
Microscopically, a mucus plug is seen in the

dilated bronchus and in the peripheral smaller
bronchiole, which is diagnostic for BA
(Fig. 14.2b, c¢). Fibrous tissues are seen at the
atretic site, and the bronchial cartilage is often
malformed. Variously sized cystic lesions lined
with ciliated columnar epithelium, some of
which have back-to-back bronchiole-like struc-
tures and are occasionally surrounded by
smooth muscle bundles, are observed in the
peripheral pulmonary parenchyma of the atretic
bronchus (Fig. 14.2d). These findings are con-
sidered to indicate microcystic parenchymal
maldevelopment of the bronchial atresia
sequence [1]. The cystic lesions are similar to
those of CPAM type 2. If distinct atresia of the
bronchus is identified on macroscopic or micro-
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Fig. 14.2 Bronchial atresia. (a) Macroscopic findings. A
mucus plug is present at the atretic bronchus (asterisk),
and small cystic lesions occur around the atretic bronchus.
The distal pulmonary parenchyma is emphysematous.
(b—e) Microscopic findings. A mucus plug is present in
the dilated bronchus (asterisk, b). The cartilage around the

scopic examination, the lesion should be diag-
nosed solely as BA, and the term hybrid lesion
of BA and CPAM type 2 should be avoided [2,
3]. Emphysematous changes are often observed
around the lesions (Fig. 14.2e).

14.2.2 Infantile (Congenital) Lobar
Emphysema (Overinflation)

Infantile lobar emphysema (ILE) is defined as the
overinflation or hyperplasia of the pulmonary
parenchyma associated with bronchial atresia or
stenosis. It is attributed to a bronchial structural
abnormality or extrinsic or intrinsic obstruction,
although the cause of the atresia/stenosis is
unclear in a considerable number of cases, even

atretic bronchus is often malformed (¢). Variously sized
cystic lesions lined with ciliated columnar epithelium,
some with back-to-back bronchiole-like structures, known
as microcystic parenchymal maldevelopment, occur
around the atretic bronchus (d). The peripheral pulmonary
parenchyma is emphysematous (e)

on histological examination. The lesion may
involve the entire lobe or part of the lobe. On
macroscopic examination, the affected lobe is
hyperexpanded, and individual alveoli are some-
times visible (Fig. 14.3a). Microscopically, two
patterns can be identified: the classic pattern and
the hyperplastic (polyalveolar) pattern. In the
classic pattern, the alveolar ducts and sacs are
distended, often by as much as 3-10 times their
normal size, and the alveolar walls are often
focally disrupted (Fig. 14.3b, c¢). In the hyper-
plastic (polyalveolar) pattern, the lung paren-
chyma is more complicated, with an increased
number of alveoli, and the radial alveolar counts
are often 2-3 times that expected for the patient’s
age. The alveolar ducts and sacs may or may not
be distended.
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Fig. 14.3 Lobar
emphysema.

(a) Macroscopic
findings. The affected
lobe is hyperexpanded.
(b, ¢) Microscopic
findings of the classic
pattern. The alveolar
ducts and sacs of the
affected pulmonary
parenchyma are
distended (upper part of
figure b) by up to 3-10
times the normal size.
Lower part of (b) shows
unaffected pulmonary
parenchyma. The
alveolar walls are often
focally disrupted (c)

14.3 Congenital Pulmonary
Airway Malformation

Congenital pulmonary airway malformation
(CPAM) was originally described by Ch’In et al.
in 1949 as a congenial cystic adenomatoid mal-
formation (CCAM) [4]. In 1977, Stocker classi-
fied CCAM from type 1 to type 3, depending on
the size of the cysts [5], and extended the classi-

fication to five types (types 0—4) based on the his-
tological similarity of the cyst and airway
structure of the trachea to alveoli, and introduced
the term CPAM. CPAM is currently more com-
monly used than CCAM. In 2003, Langston
established revised criteria for congenital cystic
disease [1]. Further consideration of the defini-
tion of CPAM, including the clarification of its
genetic background, is warranted.
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14.3.1 CPAM Type 0

CPAM type 0, also described as congenital aci-
nar dysplasia (CAD), is considered to arise
from maturation arrest at the pseudoglandular
stage, and is extremely rare and absolutely
lethal. Macroscopically, the lesions are firm
masses, and in cut section, show tiny scattered
cystic lesions. Microscopically, the lesion is
composed of bronchus-like structures without
alveolar development, i.e., irregularly shaped
tubules lined with simple or pseudostratified
columnar epithelium, surrounded by mesen-
chymal tissues containing scattered muscle
fibers, immature cartilaginous tissues, and large
thin-walled vascular channels. Disruption of
the TBX4-FGF10 pathway is reported to be a
cause of CAD [6].

14.3.2 CPAM Type 1

CPAM type 1 was originally defined as a con-
genital cystic lesion composed of one or more
large cysts, measuring more than 2 cm, with
smaller cysts around the large cysts (Fig. 14.4a,
b). It is reported to account for approximately
65% of all CPAMs [7]. Microscopically, the cysts
are lined with ciliated columnar epithelium, often
showing a sawtooth configuration. Clusters of
mucogenic cells are present in the linings, sur-
rounded by fibromuscular tissues, and in some
cases, by malformed cartilage plates
(Fig. 14.4c—e).

CPAM type 1 that undergoes surgical resec-
tion in the neonatal period may show smaller
cysts (<2 cm). A rare type of CPAM type 1 com-
posed only of small cysts, and the epithelium that

Fig. 14.4 Congenital pulmonary airway malformation,
type 1. (a, b) Macroscopic (a) and semi-macroscopic find-
ings (b). The lesion is composed of one or more large
cysts, with smaller cysts around the large cysts

(¢, d). Microscopic findings. The cysts are lined with cili-
ated columnar epithelium, often showing a sawtooth con-
figuration (c), and clusters of mucogenic cells are present
in the linings (d)
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Fig. 14.5 Congenital
pulmonary airway
malformation, type 1,
solid variant.

(a) Macroscopic
findings. The cut surface
is firm, with no large
cyst, but scattered small
cystic lesions are
present. (b) Microscopic
findings. The epithelium
of the cysts are similar
to those of classical
CPAM type 1. Clusters
of mucogenic cells are
seen quite frequently in
solid variants. Inset:
high-power view of the
cluster of mucogenic
cells

is characteristic of CPAM type 1 (solid variant) is
present (Fig. 14.5). Histological evidence of epi-
thelium, particularly mucogenic cells, in addition
to the size of the cyst are important for the diag-
nosis of CPAM type 1.

Some cases of CPAM type 1 were reported to
develop into adenocarcinoma, usually in the form
of bronchioloalveolar carcinoma, which is asso-
ciated with the genetic background, including
KRAS and EGFR mutations [8, 9].

14.3.3 CPAM Type 2

CPAM type 2 was originally defined as a con-
genital cystic lesion predominantly composed of
uniformly sized cysts of <2 cm (Fig. 14.6a, b). It
is reported to account for approximately 10-15%
of CPAMs [7]. Microscopically, the cysts are
lined with ciliated columnar epithelium, with
back-to-back bronchiole-like structures, known
as microcystic parenchymal maldevelopment,
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Fig. 14.6 Congenital
pulmonary airway
malformation, type 2
(a, b). Macroscopic

(a) and semi-
macroscopic findings
(b). The lesion is
composed of
predominantly
uniformly sized cysts of
<2 cm (b). Microscopic
findings. The cysts are
lined with ciliated
columnar epithelium,
and back-to-back
bronchiole-like
structures, occasionally
surrounded by smooth
muscle bundles, are
observed (microcystic
parenchymal
maldevelopment).
Normal alveolar
structures and
bronchioles are present
in the lesions. No
mucous plug is present
(Courtesy of Dr.
Yoshida, Hyogo
Prefectural Kobe
Children’s Hospital)

and are occasionally surrounded by smooth mus-
cle bundles (Fig. 14.6c). Normal alveolar struc-
tures and bronchioles are involved in the lesions.
Mucogenic cells are not found in CPAM type 2.
Rhabdomyoblasts are occasionally observed
around the cysts (thabdomyomatous dysplasia).
The histological findings are similar to those
in the pulmonary parenchyma of bronchial atre-
sia and pulmonary sequestration. Therefore, a
diagnosis of CPAM type 2 should be avoided in

patients in whom atresia of the bronchus or the
presence of an aberrant artery is confirmed.

14.3.4 CPAMType 3

CPAM type 3 is composed predominantly of uni-
formly sized cysts that rarely exceed 0.2 cm, and
are firm solid lesions on macroscopic examina-
tion (Fig. 14.7a). CPAM type 3 involves the
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Fig. 14.7 Congenital
pulmonary airway
malformation, type 3.
(a) Macroscopic
findings. The affected
lung appears as a firm
solid lesion. The entire
lung of the presenting
patient is affected. (b)
Microscopic findings.
The cysts resemble fetal
lung tissue of the
pseudoglandular period;
evenly distributed small
cysts lined with cuboidal
epithelium, with no
bronchial structure.
Vessels are sparse. Inset:
high-power view

entire lobe, or even the entire lung, and report-
edly accounts for approximately 5% of all
CPAMSs [7]. Microscopically, the cysts resemble
the fetal lung tissue of the pseudoglandular
period, i.e., contain evenly distributed small cysts
lined by cuboidal epithelium, with no bronchial
structure (Fig. 14.7b). The septa are wider than in
the normal fetal lung, and the vessels are sparse.
Mucogenic cells and rhabdomyoblasts are not
found in CPAM type 3.

14.3.5 CPAM Type 4

CPAM type 4 is usually located at the periph-
ery of the lung, often beneath the pleura, and
occasionally the lesion protrudes from the lung
tissue (Fig. 14.8a). CPAM type 4 reportedly
accounts for 10-15% of CPAMs [7]. On gross
examination, the lesion is often composed of
large cysts with thin septa. Microscopically,
the cysts are lined with single flattened epithe-
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Fig. 14.8 Congenital
pulmonary airway
malformation, type 4.
(a) Macroscopic
findings. The lesion is
located at the periphery
of the lung (arrow), and
protrudes from the lung
tissue (asterisk).
(Courtesy of Dr.
Matsuoka and Dr.
Takeuchi, Osaka
Women’s and Children’s
Hospital). (b, ¢)
Microscopic findings.
The lesion is located
beneath the pleura.
Normal pulmonary
parenchyma is seen in
the lower part of (b).
The lesion is composed
of large cysts with thin
septa, lined with single
flattened epithelium
resembling alveolar
epithelium. No
blastemal cells are
present in the lesion

lium, resembling alveolar  epithelium
(Fig. 14.8b, ¢). CPAM type 4 and pleuropul-
monary blastoma (PPB) type I (purely cystic
PPB) are barely distinguishable from one
another on imaging studies or gross examina-
tion. These lesions are known to be related by
their background, as both involve an abnormal-
ity of the DICERI gene [10]. At the diagnosis
of CPAM type 4, careful examination is
required to detect the histological findings of
PPB, such as a cluster of blastemal cells
beneath the epithelium, described as cambium
layer.

14.4 Sequestration

Pulmonary sequestration (PS) is defined as abnor-
mal pulmonary tissue lacking any connection to
the tracheobronchial tree, and has an anomalous
systemic arterial supply. PS is considered to be a
congenital malformation, possibly derived from a
supernumerary lung bud. It is classified into two
categories, intralobar and extralobar PS, depend-
ing upon its location in relation to the adjacent
normal lung and its visceral pleural covering.
Abnormal communication with the alimentary
tract is observed in extremely rare cases.
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14.4.1 Intralobar PS

Intralobar PS (IPS) is located within the lung
tissue and lacks its own visceral pleura. It typi-
cally affects the lower lobes, most commonly in
the left posterior basal segment. On gross
inspection, an aberrant artery is present at the
lower border of the pulmonary ligament, and the
lymph nodes are often visible. On the cut sur-
face, the sequestered segment of the lung shows
variably sized cystic lesions or overinflation
(Fig. 14.9a). Chronic inflammation is prominent
in older children, but indistinct in infant patients.
A dilated and tortuous aberrant artery is promi-
nent in the sequestered segment (Fig. 14.9b).

Microscopically, a large elastic artery occurs at
the pulmonary ligament, and lymph nodes and a
bronchus-like structure with bronchial cartilage
and/or bronchial glands are seen adjacent to the
artery (Fig. 14.9c—e).

The structure of the bronchial tree in a seques-
tered lung was investigated in a case series by
Ishida et al., who demonstrated that “congenital”
IPS showed the “peripheral type” structure, con-
sisting of blind-ended bronchial trees running
toward the insertion site of the aberrant elastic
artery of the pulmonary ligament, and often
accompanied by lymph nodes adjacent to the
aberrant artery [11]. These three components, an
aberrant elastic artery, blind-ended bronchus

Fig. 14.9 Intralobar pulmonary sequestration. (a, b)
Macroscopic findings. Cystically dilated blind-ended
bronchus and small cystic lesions with mucous retained in
the parenchyma are present (a). At the cut surface, many
anomalous vascular structures are present in the lower
base segment (b, arrow). (c—e) Microscopic findings of
aberrant hilus-like structures. Dilated bronchus with carti-

lage and bronchial glands (c¢), and Lymph node and aber-
rant elastic-type artery are present (d, e, e: Elastica
Masson stain). (f, g) Microscopic findings of pulmonary
parenchyma. The peripheral parenchyma shows micro-
cystic maldevelopment, similar to CPAM type 2 (f), or
hyperplasia-type maldevelopment (g)
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with cartilage and/or bronchial glands, and lymph
nodes, are regarded as ectopic hilus-like struc-
tures, and are the histological findings specific
for congenital IPS.

IPS is considered to be a variant of bronchial
atresia occurring in the posterior basal segment
[1]. A parenchymal cystic lesion resembling
CPAM type 2 is occasionally observed histo-
logically (Fig. 14.9f, g), but it should not be
diagnosed as a hybrid lesion of IPS and
CPAM. The detection of an aberrant hilus-like
structure is essential for a diagnosis of congeni-
tal IPS, and the aberrant artery must be an elas-
tic artery. If the aberrant artery is a muscular
artery, it should be regarded as a systemic—pul-
monary shunt, which is usually associated with
inflammatory changes.

14.4.2 Extralobar PS Without
Foregut Communication

Extralobar PS (EPS) without foregut communi-
cation is a congenital anomaly, with its own
pleural investment and separated from the nor-
mal lung parenchyma. On gross examination,
EPS is an ovoid or pyramidal mass with a sys-
temic arterial supply from the distal thoracic or
proximal abdominal aorta, and venous outflow
to the systemic veins. The cut surface reveals
homogeneous lung parenchyma or a cluster of
small cysts. Microscopically, a hilus-like struc-
ture is often seen near the cut surface
(Fig. 14.10a, b). The parenchyma consists of
dilated bronchioles, alveolar ducts, and alveoli,
often containing mucous material and macro-

Fig. 14.10 Extralobar sequestration. (a—d) Microscopic
findings. Aberrant artery and vein (arrow), lymph node
(arrowhead), blind-ended bronchus (asterisk), and small
cysts with mucous retention are noted. (a, b, b: Elastica

Masson stein). The parenchyma shows microcystic paren-
chymal maldevelopment (c). Desmin-positive striated
muscle fibers are present in the cystic septum (d)
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phages. An adenomatoid cystic lesion similar to
that of CPAM type 2 is seen in about 50% of
cases of EPS (Fig. 14.10c). Like IPS, these find-
ings are considered to represent microcystic
parenchymal maldevelopment of the bronchial
atresia sequence, and EPS should not be diag-
nosed as a hybrid lesion of EPS and CPAM. In
rare cases, striated muscle fibers in the cyst wall
or around the alveoli are seen, described as
rhabdomyomatous dysplasia (Fig. 14.10d).

14.4.3 Extralobar PS with Foregut
Communication

Extralobar PS with foregut communication is an
extremely rare congenital malformation, charac-
terized by a communicating fistula between an
isolated part of the respiratory system and the
esophagus or stomach. The lining of the commu-
nicating fistula is ciliated or squamous
epithelium.

Fig. 14.11 Pulmonary interstitial emphysema. (a—d)
Microscopic findings. Large abnormal air spaces are pres-
ent around the bronchovascular structure (a).
Multinucleated foreign-body giant cells occur on the inner
lumen of the air space, indicated with an arrow in figure a

(b). Alveolar microcystic changes occur adjacent to the air
spaces, and communication between the air spaces and the
surrounding alveolar sacs can be seen (arrowhead). (c)
TTF1-positive lining cells are continuous with the abnor-
mal air space (d)
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14.5 Pulmonary Interstitial
Emphysema

Pulmonary interstitial emphysema (PIE) is
defined as the dissection of bronchovascular
structures and interlobular septa by air, and is
usually associated with mechanical ventilation.
PIE is an acquired lesion, but it is one of the
most important differential diagnoses involving
congenital cystic lung lesions in the neonatal
period. PIE is classified as acute or persistent.
On gross examination, PIE presents as air blebs
of several millimeters on the pleural surface.
Microscopically, the cysts are located in the
interlobular septal and peribronchial regions. In
persistent PIE, multinucleated foreign-body
giant cells and many histiocytes line the abnor-
mal space (Fig. 14.11a, b). Acute PIE lacks a
histiocytic reaction and often communicates
with the lymphatics of the interlobular area.
Alveolar microcystic changes are occasionally
seen at adjacent abnormal air spaces. The epithe-
lial lining in the abnormal air space may be con-
tinuous with the alveolar cystic lesion
(Fig. 14.11c¢, d).

Fig. 14.12 Alveolar
capillary dysplasia.
Microscopic findings.
(a, b) Relatively large
alveolar capillaries are
located in the center of
the wide alveolar septa.
(¢, d) Pulmonary vein
shares the adventitia of
the artery. (b, d) Elastica
Masson stain

14.6 Other Rare Diseases
14.6.1 Alveolar Capillary Dysplasia

Alveolar capillary dysplasia (ACD) is a rare
and uniformly lethal disease, characterized by
the maldevelopment of the alveolar capillar-
ies. On macroscopic examination, the vessels
may be prominent, but the macroscopic find-
ings are otherwise unremarkable.
Microscopically, the alveolar capillaries are
relatively large, and are located in the center
of the wide alveolar septa (Fig. 14.12a, b).
Consequently, gas exchange at the alveoli is
difficult. Misalignment of the pulmonary veins
is commonly seen in ACD, and the pulmonary
veins share the same adventia as the arteries
(Fig. 14.12c¢, d).

The patient’s condition is often complicated
with other anomalies, such as congenital heart
disease, urogenital anomalies, and gastrointesti-
nal anomalies, and familial occurrence is also
seen [12]. Deletions in the FOX gene and muta-
tions in the FOXF'1 gene have been described as
the causes of ACD [13].
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Fig. 14.12 (continued)

14.6.2 Fetal Lung Interstitial Tumor

Fetal lung interstitial tumor (FLIT) is a fetal
intrapulmonary lesion newly characterized by
Dishop et al. in 2010 [14], that usually develops
in neonates or early infants. On macroscopic
examination, FLIT presents as an intrapulmo-
nary well-circumscribed solid mass
(Fig. 14.13a). On microscopic examination, the
lesion shows an immature alveola-like structure,
resembling the fetal lung of the canalicular
period (Fig. 14.13b). The alveola-like structure
is lined with flattened or cuboidal epithelium
without cilia. Scattered immature mesenchymal
cells with round nuclei and abundant glycogen-
rich cytoplasm within edematous stroma are

present in the septa. No overt atypia is observed
in either the epithelial or stromal cells. Small
bronchus-like structures with smooth muscle
bundles, immature cartilaginous tissues, and
extramedullary hematopoiesis may occur in the
lesion. The lesion has an incomplete fibrous
capsule (Fig. 14.13c¢).

Chromosome 8 trisomy [15] and ALK rear-
rangement [16] are reported in cases of
FLIT. Patients with ALK rearrangement may
require a differential diagnosis with inflamma-
tory myofibroblastic tumor [17]. The histological
similarity of FLIT and CPAM type 3 has also
been reported [18]. Further clarification of
whether FLIT is developmental disorder or a true
neoplastic lesion is required.
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Fig. 14.13 Fetal lung
interstitial tumor. (a)
Macroscopic findings.
The lesion appears as an
intrapulmonary
well-circumscribed solid
mass. (b, ¢) Microscopic
findings. The lesion
(upper part of the photo)
has an incomplete
fibrous capsule,
containing immature
cartilaginous tissue
(asterisk, b). The lesion
is composed of an
immature alveola-like
structure lined with
flattened or cuboidal
epithelium, without
cilia. The septa contain
scattered immature
mesenchymal cells with
round nuclei and
abundant glycogen-rich
cytoplasm within the
edematous stroma (c¢)
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