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Congenital parenchymal lung malformations have an estimated incidence at 1:25,000-1:35,000
births. We present a case of this rare congenital abnormality in a 38 year-old male, review the
current literature with discussion of proposed causes, malignant potential, and management strat-
egies. A 38-year-old white male presented with a 4-day history of chronic stable hemoptysis. Social
history was notable for a 50-pack-year active smoking history and remote heavy alcohol consump-
tion. Physical examination was normal. Chest radiograph revealed an ill defined right lower lobe
infiltrate. Chest computed tomography demonstrated an irregular, thin-walled, cystic lesion with
adjacent nodularity and calcifications. The patient received a right lower lobectomy. Pathologic
specimen demonstrated a 10-cm, mostly thin-walled cyst with features suggestive of a congenital
cyst adenomatoid malformation and areas of adenocarcinoma (mixed subtype with acinar and
bronchioloalveolar patterns). Congenital cyst adenomatoid malformations have recently been re-
named as congenital pulmonary airway malformations and are the most common type of congenital
parenchymal lung malformations. Individuals typically present with recurrent pulmonary infec-
tions, pneumothorax, or hemoptysis. The development is controversial but believed to be a result of
arrested development of the fetal bronchial tree during the sixth and seventh week of fetal devel-
opment. Defects in thyroid transcription factor 1 have also been proposed. With the increasing use
and image resolution of ultrasound in modern obstetric practice, congenital pulmonary airway
malformations rarely go undetected into adulthood. Management remains controversial; however,
most authors agree with early surgical excision. Key words: congenital cystic adenomatoid malfor-
mation; CCAM; congenital lobar hyperinflation; bronchogenic cyst; lobar sequestration; hemoptysis.

[Respir Care 2012;57(2):302-306]

Introduction

Congenital parenchymal lung malformations are uncom-
mon yet well described fetal anomalies, primarily identi-
fied in the pediatric population. They incorporate a spec-
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trum of interrelated abnormalities that include congenital
lobar hyperinflation, bronchogenic cyst, congenital cystic
adenomatoid malformation (CCAM), and lobar sequestra-
tion.! We present a case of hemoptysis in a 38-year-old
male with CCAM and review the literature relating to the
presentation of this congenital lung malformation in adults.

Case Report

A 38-year-old white male presented with 4 days of acute
onset, low volume, hemoptysis. He denied infectious, con-
stitutional, or other respiratory symptoms. Social history
was notable for a 50 pack-year smoking history. Physical
examination was normal. Chest radiograph revealed an ill
defined right lower lobe infiltrate (Figs. 1 and 2). Com-
puted tomography of the chest demonstrated an irregular,
thin walled, cystic lesion with adjacent nodularity and min-
imal calcification (Fig. 3). Bronchoscopy revealed airway
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Fig. 1. Posterior/anterior chest x-ray demonstrating an ill defined
reticular and interstitial opacity that overlies the right middle and
lower lobes.

Fig. 2. Lateral chest x-ray demonstrating reticular and interstitial
opacity in the right lower lobe.

distortion, without endobronchial abnormality, preventing
examination of the right lower lobe airways below the
superior segment take-off. Bronchial washings for cytol-
ogy and bacterial, fungal, and mycobacterial cultures were
negative. Due to his persistent hemoptysis and concerns
for possible future infectious complications, the patient
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Fig. 3. Computed tomography of the chest demonstrating an ir-
regular, cystic lesion and right lower lobe with nodular character-
istics in the superior, posterior aspects. There is adjacent atelec-
tasis, scarring , nodules, and hyperinflation. Adjacent ground-glass
may be due to recent hemoptysis or inflammation.

Fig. 4. Pathologic specimen of the right lower lobe demonstrating
a cavitary lesion with evidence of chronic pleural inflammation and
adhesions.

underwent a thoracotomy and right lower lobectomy
(Fig. 4). Intraoperative course was complicated by multi-
ple pleural adhesions, requiring extensive dissection and
placement of surgicel to control bleeding at the costover-
tebral junction. The patient’s postoperative course was com-
plicated by back pain and lower extremity neurologic find-
ings, prompting emergent decompressive laminectomy and
removal of surgicel expansion into the spinal canal, with
subsequent cord compression. Pathologic specimen dem-
onstrated a 10 cm, mostly thin walled cyst with features
suggestive of a CCAM and areas of adenocarcinoma (mixed
subtype with acinar and bronchioloalveolar patterns)
(Fig. 5). Microscopic evaluation demonstrated foci of fi-
brosis lining the cavity, with pseudostratified columnar
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Fig. 6. Thick fibrous connective tissue with islands of cuboidal and
pseudocolumnar epithelium.

epithelium that transitions to adenomatous disorganized
tissue consistent with a type 1 CCAM and associated ad-
enocarcinoma (see Figs. 5 and 6). Immunohistological
staining was positive for thyroid transcription factor 1 (TTF-
1), consistent with the diagnosis of a primary lung adeno-
carcinoma.

Discussion

CCAMs were first identified in 1949 by Ch’in and Tang
as distinct and rare lesions that occurred in stillborn or
premature newborns with anasarca.? CCAMs are the most
common form of congenital parenchymal lung malforma-
tions and have an estimated incidence of 1:25,000-1:35,000
births.? The differential diagnosis includes bronchogenic
cyst, pulmonary sequestration, congenital diaphragmatic
hernia, and congenital lobar emphysema. CCAMs were
previously categorized according to the Stocker classifi-
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cations 1, 2, and 3.* More recently this classification was
expanded and the name changed to congenital pulmonary
airway malformation (CPAM), reflecting the fact that not
all of these lesions are cystic (Table 1).! The staging of
CPAMs from type O to type 4 malformations reflects the
progression of developmental abnormalities through the
tracheobronchial tree, from large airways to bronchioles
and alveoli.

The pathophysiology of CPAM development is contro-
versial. Some authors believe they result from arrested
development of localized portions of the bronchial tree
during the sixth and seventh week of fetal development.
Others believe they are hamartomatous lesions of the bron-
chial tree.>° TTF1 is expressed solely in lung, thyroid, and
certain portions of the brain. It regulates lung epithelial
differentiation and plays a central role in lung develop-
ment, and is used in immunohistochemical staining of ma-
lignant lesions to help differentiate primary lung cancer
from metastatic.” TTF-1 is found in normal lung tissue, but
expression is solely found in bronchial and alveolar epi-
thelial cells.® Disruption of TTF-1 by either mutation or
deletion has also been postulated to contribute to the de-
velopment of CPAMs.°

CPAMs are usually identified during routine obstetric
care due to the increased modern use of ultrasound, and
children with this abnormality most commonly present
with respiratory distress and recurrent pulmonary infec-
tions.'% The fetal lesions can remain stable in size, enlarge,
or be associated with polyhydramnios or hydrops fetalis,
which carries with it a poor prognosis.!:'> CPAMs ac-
count for 42% of pediatric lung resections, with 86% iden-
tified by age 5.!7 To date, there have been 42 reported
cases (Table 2) of CPAM presenting in adulthood (age
> 17 y). In these cases there was near equal distribution
between males (no. = 21) and females (no. = 21).12-24
The mean age on presentation was approximately 36 years
old (range 17-65 years old). Adult CPAMs are most com-
mon in the lower lobe (no. = 30), with slight right (no. = 22)
versus left (no. = 18) predominance. The most common
presenting symptom in adults is recurrent pulmonary in-
fections (no. = 21). Contrary to recent case reports on this
subject, our review of the literature identified asymptom-
atic radiographic abnormalities as the second most com-
mon presentation (no. = 10, 24%) of CPAM in adults.'*
Other complications include pneumothorax (no. = 5), he-
moptysis (no. = 3), fever (no. = 1), dyspnea (no. = 1),
and malignant transformation.? The exact incidence of ma-
lignant transformation with CPAMs is unknown but sug-
gested to be approximately 1%.3> A large case series in a
pediatric population found a 4-9% association between
CPAMs and lung tumors.?>

Type 1 CPAMs have mucogenic epithelium, which is
hypothesized likely to be the cause of neoplastic transfor-
mation.2° Bronchoalveolar cell carcinoma (BAC) is the
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Table 1.  Expanded Stocker Classification for Congenital Pulmonary Airway Malformations
Type 0 Type 1 Type 2 Type 3 Type 4
Frequency (%) 1-3 > 65 20-25 8 2-4
Cyst size (max cm) 0.5 10.0 2.5 1.5 7
Epithelial lining Ciliated Ciliated Ciliated, cuboidal, or Ciliated cuboidal Flattened alveolar
pseudostratified, tall pseudostratified, columnar lining cells
columnar with tall columnar
goblet cells
Muscular wall 100-500 100-300 50-100 0-50 25-100
thickness (wm)
Mucous cells Present in all cases Present in ~33% Absent Absent Absent
Cartilage Present in all cases Present in 5-10% Absent Absent Rare
Skeletal muscle Absent Absent Present in ~5% Absent Absent
(Adapted from Reference 1.)
Table 2.  Reported Cases of Congenital Pulmonary Airway Malformation Presenting in Adulthood
. Cases Age or . . Stocker
First Author > Range Sex Clinical Presentation Involved Lobe e Treatment
Classification
)
Oh'? 7 17-64 M2 Recurrent pulmonary infections 6 Left lower 2 Type 1: 3 Lobectomy 6
F5 Asymptomatic 1 Left upper 1 Type 2: 4 Wedge resection 1
Right upper 2
Right middle 1
Right lower 1
Lai'* 1 40 F Asymptomatic Right upper Type 1 Surgical resection
Vicidomini'® 1 62 M Recurrent pulmonary infection Right middle and right Type 2 Lobectomy
lower
Yamashiro'? 1 18 M Recurrent pulmonary infection Right lower Type 1 Lobectomy
Herrero'® 2 4647 M1 Asymptomatic 1 Right lower 1 Type 1: 2 Surgical resection 1
F1 Recurrent pulmonary infections 1 Left lower 1 Lobectomy 1
Davies'’ 1 24 F Recurrent pneumothorax Left lower Type 2 Wedge resection
Khan'® 1 33 M Asymptomatic Left upper and left Type 1 Pneumonectomy
lower
Huang' 1 51 M Recurrent pulmonary infection Right lower Type 1 Wedge resection
Morelli* 1 38 M Asymptomatic Right middle Type 1 Lobectomy
Lujan®! 1 23 F Recurrent pulmonary infection Right upper Type 1 Lobectomy
Hellmuth®? 23 18-65 M 11 Recurrent pulmonary infection 8 Left lower 11 Type 1: 19 Lobectomy 16
F12 Asymptomatic 6 Right lower 7 Type 2: 3 Cyst resection 2
Pneumothorax 4 Right upper 1 Not specified: I ~ Pneumonectomy 1
Hemoptysis 3 Right middle 2 Not specified 4
Fever 1 Bilateral 1
Dyspnea 1 Not specified 1
Dahabreh?? 1 21 M Recurrent pulmonary infection Right lower Type 1 Lobectomy
West>* 1 18 M Recurrent pulmonary infection Left lower Type 1 Lobectomy

* Involved the entire right lung.

most common form of malignant cell type associated
with CPAM in adults, which can be challenging to iden-
tify using current available imaging modalities and non-
surgical biopsy sampling.?> The vast majority of authors
therefore recommend surgical excision of these lesions for
definitive treatment, due to the risk of malignant transfor-
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mation and recurrent pulmonary infection, the latter of
which typically responds poorly to medical therapy. This
recommendation remains controversial, as some authors
argue that the risk of malignant transformation is over-
stated.?> There have been no systematic reviews published
comparing conservative management to surgical resection,
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and, given the high incidence of asymptomatic presenta-
tion that our review has identified, there may be a ten-
dency to consider serial follow-up only in these individu-
als. It is worth noting one published case report that
identified a 6-year-old male with a type 1 CPAM and
biopsy proven BAC. He was managed conservatively over
a 15 year period and at age 21 he was diagnosed with
metastatic adenocarcinoma.?’

Although the number of adult cases of CPAMs and
associated lung cancer are small, most of the literature to
date support that there is a relationship between the two.
Surgical resection provides definitive management of this
rare condition and its high rate of complications, and car-
ries with it a low risk in this otherwise healthy population.
Despite the complicated postoperative course in this pa-
tient, surgery remains the logical treatment strategy of
choice in these authors’ opinion. The complication wit-
nessed in this case is rare but reported. Given the tendency
for recurrent, chronic infection and inflammation found in
association with CPAMs, a potential complicated intraop-
erative dissection should be anticipated as part of preop-
erative planning. Given the risk of continued expansion
found in our case, surgicel should not be used in and
around the costovertebral junction.
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