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Advances in prenatal and postnatal diagnosis, perioperative management, and
postoperative care have dramatically increased the number of scientific reports on
congenital thoracic malformations (CTM). Nearly all CTM are detected prior to birth,
generally by antenatal ultrasound. After delivery, most infants do well and remain
asymptomatic for a long time. However, complications may occur beyond infancy,
including in adolescence and adulthood. Prenatal diagnosis is sometimes missed and
detection may occur later, either by chance or because of unexplained recurrent or
persistent respiratory symptoms or signs, with difficult implications for family counseling
and substantial delay in surgical planning. Although landmark studies have been
published, postnatal management of asymptomatic children is still controversial and
needs a resolution. Our aim is to provide a focused overview on a number of unresolved
issues arising from the lack of an evidence-based consensus on the management of
patients with CTM. We summarized findings from current literature, with a particular
emphasis on the vigorous controversies on the type and timing of diagnostic procedures,
treatments and the still obscure relationship between CTM and malignancies, a matter
of great concern for both families and physicians. We also present an algorithm for the
assessment and follow-up of CTM detected either in the antenatal or postnatal period.
A standardized approach across Europe, based on a multidisciplinary team, is urgently
needed for achieving an evidence-based management protocol for CTM.

Keywords: lung malformations, pulmonary sequestration, congenital cystic adenomatoid malformation,
bronchogenic cyst, postnatal management, surgery, children

INTRODUCTION

The term congenital lung malformation is used as an umbrella term to cover a wide range of
disorders, that include the entity formerly known as congenital cystic adenomatoid malformation
(CCAM), intra- and extra-lobar pulmonary sequestration (PS), bronchogenic cysts, congenital
large hyperlucent lobe (CLHL, also reported as congenital alveolar overdistension, formerly known
as congenital lobar emphysema) and bronchial atresia. In the international literature the term
“congenital thoracic malformations” (CTM) has been introduced as a term to describe the above
entities clinically (1, 2). Clearly more sophisticated classifications should be used by pathologists
examining excised CTM. We will use this terminology throughout the manuscript.
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CTM account for 5-18% of all congenital abnormalities, have
a cumulative incidence of 30-42 cases per 100,000 individuals
(3), and thus are considered rare disorders (4). However, the
prevalence may be underestimated as an unknown proportion of
these lesions is detected postnatally by chance (5).

Complications of CTM were first reported in the 1970s (6).
In the last two decades, antenatal diagnosis has been the rule,
and improved postnatal imaging has detected missed cases (5).
CTM are considered in the differential diagnosis of recurrent
pneumonia occurring in the same location in children (7).

Despite multiple publications on the topic, there are
actually no uniform management guidelines, and the postnatal
management of CTM differs markedly among centers (8-16).
This deficiency greatly hampers parental counseling, including
pregnancy decisions and surgical planning.

Herein we review the existing literature on CTM. Our
main objectives were (i) to summarize their etiology and
classification, (ii) to describe their clinical presentation and
associated complications, (iii) to review the evidence on
the diagnostic approach and therapeutic strategies, and (iv)
to highlight unanswered management questions. We carried
out a literature search for English articles published on
this topic since 1990 up to May 2019, in the Scopus,
Web of Science, PubMed, and MEDLINE databases, using
the search term “congenital lung malformations,” “congenital
thoracic malformations,” “pulmonary sequestration,” “congenital
cystic adenomatoid malformation,” “congenital pulmonary
adenomatoid malformation,” “congenital large hyperlucent
lobe,” “congenital alveolar overdistension,” “congenital lobar
emphysema,” “bronchogenic cyst,” combined with the following:
“postnatal management,” “surgery,” “embolization.” We excluded
studies conducted exclusively in adults, but included those with
a mixed study population of children (or adolescents) and
adults. We have developed an algorithm for the evaluation and
follow-up of cases of CTM detected either in the antenatal or
postnatal period.

ETIOLOGY AND CLASSIFICATIONS
OF CTM

Several hypotheses on the etiology of CTM have been proposed.
It has been speculated that they are due to anomalies of airway
embryogenesis, with both type and histopathology being related
to the timing of the embryologic insult (17-22). This unifying
theory might explain the overlapping features often seen in
CTM; however, embryological speculations are often incorrect!
An animal study suggested also that an exaggerated signaling of
the fibroblast growth factor 10 (FGF10) may be responsible for
the formation of abnormal cystic-like structures during early lung
development (17). FGF10 contributes to lung morphogenesis
through its receptor FGFR2, and its signaling is down-regulated
by the Sonic Hedgehog (SHH) system. The deregulation of SHH-
FGF10 signaling has been hypothesized to be the cause of CCAM
(17). Moreover, a recent study showed that CTM consist of
differentiated airway structures transcriptionally characterized
by increased expression of airway epithelial markers as well

as by dysregulated expression of genes related to the Ras and
several kinases signaling pathways (23). A murine study showed
that mutations in the DICERI gene leads to the formation
of cystic airways, disruption of branching morphogenesis and
mesenchymal expansion, features similar to pleuropulmonary
blastoma (PPB) (24).

There is currently debate about the pathological classification
of CTM. According to the 2002 Stocker classification, the
term congenital pulmonary airway malformation (CPAM),
that replaced the former CCAM, includes five types (1).
Type 0 CPAM (bronchial type, formerly described as
acinar dysplasia) is characterized by bronchial-type airways
separated only by abundant mesenchymal tissue. Types 1 (the
bronchial/bronchiolar type) and 2 CPAM (the bronchiolar
type) are characterized by cysts >2cm in diameter and
multiple small cysts, respectively. In type 3 CPAM (the
bronchiolar/alveolar type) the lesion is solid, and not cystic,
because of the excess of bronchiolar structure separated by
airspaces that resemble late fetal lung, while type 4 CPAM (the
peripheral type) is characterized by peripheral thin-walled,
often multiloculated cysts (2, 5, 8). However, the utility of
classifications is different depending on whether obstetricians,
pediatricians, radiologists, pathologists, or surgeons assess a
CTM (1, 25-27). Although pathological classifications can
be established only through histological examination, there
is a great need to develop a uniform phenotypic description,
particularly because pathological features of more than one
lesion may be present in the same case and many diagnoses
based on imaging have to be revised after pathological evaluation
(2), hence the logic of the use of the umbrella term CTM.

Up to 6% of all CTM are PS (3), a malformation with
no communication with the bronchial tree (8). Arterial blood
supply is usually from the thoracic or abdominal aorta, or
occasionally from other arteries (8). Extralobar PS, which has its
own pleural lining, is usually situated below the left lower lobe
(subdiaphragmatic site, 15% of the cases), and is less common
than intralobar PS, which is mainly located within the left lower
lobe. Mixed PS and CPAM is defined as a hybrid lesion, and is
common in cases with extralobar PS (8, 28-30). Bronchogenic
cysts, the most common isolated cyst reported in infancy, are
situated in ~50% of the cases in the mediastinum, close to
the carina, and are characterized by closed respiratory-type
epithelium-lined sacs containing cartilage in the wall developing
from the primitive respiratory tract (2). CLHL most commonly
affects the left upper or right middle lobes, and may show very
few primitive alveoli or even a polyalveolar lobe. Mechanisms
proposed to explain the air-trapping include dysplastic or
deficient bronchial cartilage, thick mucus, extensive mucosal
proliferation, bronchial torsion, bronchial atresia, and bronchial
compression by cardiopulmonary vessels, lymph nodes, cysts,
polyalveolar lung, or focal pulmonary hypoplasia (30). Overall,
bronchogenic cysts, CLHL and other malformations (bronchial
atresia, congenital small lung, and absent lung or trachea) have a
significantly lower incidence than CPAM and PS (from 1:20.000
to <1 per 100.000 live births) (31-36).

Obviously, pathological classification of CTM is available only
after surgery or at autopsy (1, 26, 27). Clinicians have to rely
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on gray scale images, namely prenatal ultrasound (US) and
possibly magnetic resonance imaging (MRI), the first postnatal
lung imaging findings and any associated clinical features.
Hence a clinical and imaging classification has been proposed
which has the advantage of being derived from widely available
investigations (25).

CLINICAL PRESENTATION AND
COMPLICATIONS ASSOCIATED WITH CTM

Most CTM are detected prior to birth at prenatal US (37).
The cystic and/or solid lesion may progressively enlarge, with
eventual mediastinal shift, or also regress totally or partially
before birth (38, 39). Antenatal complications of CTM include
fetal hydrops, pleural effusion, or polyhydramnios secondary
to failure of normal fetal swallowing because of esophageal
compression. Hydrops, reported in 5-30% of all CTM, is the
gravest complication, associated with high mortality (40, 41), and
therefore requires prompt prenatal intervention and/or preterm
delivery (10).

At Dbirth, clinical presentation of CTM is variable.
Delivery is usually uncomplicated. Most neonates (>75%)
are asymptomatic, with only a minority requiring any respiratory
support (12). Beyond the neonatal period, presentation relates
to infections and chronic cough or recurrent wheeze, although
most babies remain asymptomatic. Symptoms are reported at an
average age of 7 months (10). However, many are non-specific
childhood complaints and unlikely related to the CTM. In some
cases, a CTM might be suspected because of the coexistence of
extrapulmonary anomalies, especially in patients with PS who
may have associated congenital diaphragmatic hernia or an
additional CTM, as well as cardiovascular abnormalities (25, 42).

Potential postnatal complications of undetected or untreated
CTM include infections (bacterial, and also fungal and
mycobacterial), bleeding (which may lead to hemothorax), air
embolism, high-output cardiac failure due to shunting through
systemic collaterals, pneumothorax and malignant changes (7, 8,
25, 27). It has been reported that these complications occur in
about 3.2% of non-operated patients (43, 44). Although some
complications may be prevented by prophylactic surgery, even
complete resection of the lesion cannot preclude malignancy
arising in the remaining lung tissue (13, 39, 45, 46).

The relationship between CTM and the development of
malignancies is debated. PPB, bronchioloalveolar carcinoma and
lung adenocarcinoma have been associated with CTM (44, 46).
PPB is rare in the general population, with an incidence of
1 in 250,000 live births, but the frequency rises up to 4% in
children with CPAM, and its mortality rate is about 20% (47—
49). It is unclear whether type 4 CPAM is a regressed PPB
or rather PPB is a complication of type 4 CPAM. Cavitation
may be secondary to tumor necrosis or, conversely, malignancies
may develop within cysts. Indeed, PPB has been described
as a distinct entity, with similarities in imaging if compared
to CPAM, but with its own specific genetic and molecular
markers (24). Factors favoring the diagnosis of PPB include
some specific features such as the development of pneumothorax,

the evidence of bilateral or multisegment involvement and of a
complex cyst, and, finally, a germline mutation in the DICERI
gene, whereas CPAM is more likely with prenatal diagnosis,
and the presence of a systemic feeding vessel and hyperinflated
lung (24). A recent study on gene expression in CPAM also
including mucin-encoding genes, found that K-RAS mutations
and MUC5AC, CK20, and HER2 expression genes (involved
in early lung adenocarcinoma development) were present in
all CTM with mucinogenic proliferation, thus supporting the
importance of complete surgical resection of CTM because of the
possible neoplastic nature of at least type 1 CPAM (50). These
data provide further insights into the hypothesis that intra-cystic
mucinous proliferation, typically seen in type 1 CPAM, may be
the precursor also of the bronchioloalveolar carcinoma (49, 51).
There are also reports of PPB and bronchioloalveolar carcinoma
in children and adults with resected bronchogenic cysts (14, 52),
and, finally, a preexisting bronchogenic cyst has been frequently
associated with the development of pulmonary adenocarcinoma
in adulthood (53). In conclusion, there is still a lively debate
on the relationship between malignancies and CTM, indicating
that the issue needs to be further investigated before a definite
conclusion is reached.

EVIDENCE ON THE DIAGNOSTIC
APPROACH AND THERAPEUTIC
STRATEGIES FOR CTM

Diagnostic Approach

Antenatally, close monitoring with serial fetal US is the
only investigation usually performed to assess size, location,
characteristics (i.e., macro- or micro-cystic, solid, or mixed
lesions), and volume changes with growth, as well as blood supply
(although small accessory vessels arising below the diaphragm
can be missed), mediastinal shift, pleural effusion, or other signs
of fetal hydrops. Currently, it is impossible to predict accurately
the behavior of a CTM in utero. In many cases, the lesion may
be invisible at term (25). Although regression of the lesion after
the 30th week of pregnancy is common, postnatal assessment is
always recommended (8). Antenatally, if the lesion progressively
enlarges and/or there are no signs of regression in the last
10 weeks of pregnancy, or if hydrops develops, options for
intervention should be considered (25). In addition to US, fetal
MRI may also be useful both to detect a systemic arterial blood
supply and any complications. Moreover, a lesion volume >24.0
cm? at MRI during the third trimester of pregnancy has a 100%
sensitivity and 91% specificity in predicting neonatal respiratory
distress (54).

For cystic lesions, the CTM volume ratio (CVR) is a useful
prognostic tool (55). It measures the volume of the lung lesion,
divided by the head circumference to normalize for gestational
age. A CVR > 1.6 predicts an 80% increased risk of fetal hydrops,
while a ratio <1.6 is associated with a survival rate of 94% and
risk of hydrops <3% (56). Recently, it was suggested that a CVR
>0.84 is a good predictor of respiratory distress at birth, as
well as other US findings including polyhydramnios and ascites
(57). The mass-to-thorax ratio is an additional good predictor of
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adverse events, with also a negative predictive value of the risk
of developing hydrops if >0.96 (58, 59). Finally, the increase of
the cardiomediastinal shift angle, a novel measure of mediastinal
shift, has been significantly associated with an adverse perinatal
outcome of CTM (60).

Prenatal imaging is not a reliable predictor of post-natal
histology. For example, the prenatal demonstration of a systemic
arterial supply to a CTM, although generally associated with PS,
is also found in hybrid lesions (33). Moreover, failure to detect a
systemic arterial supply does not exclude PS (5).

Although CTM are usually detected antenatally, the diagnosis
may be missed until later in life. In those detected antenatally,
a chest radiograph is performed in many centers shortly after
birth, and this is often normal. However, chest radiography
has low sensitivity for detecting CTM (11). Therefore, initial
investigation should include a computed tomography (CT) scan
within the first months of life to confirm that the suspected CTM
is still present, and many would propose the use of contrast
to delineate the arterial supply and venous drainage prior to
surgery, especially if PS is suspected (10, 11, 13, 14) (Figure 1).
However, the timing of the first HRCT is still controversial. MRI
may be a good alternative to CT to avoid radiation exposure,
though MRI currently has a long image acquisition time, and thus
requires the patient to be cooperative or sedated/anesthetized
(61). Furthermore, MRI may not detect thin-wall cysts and
emphysematous changes as well as CT (8, 62). Finally, MRI is
not universally available and requires expertise in interpretation.
However, MRI may be better than CT in mapping vascular

anatomy, especially if the vessel is small and the drainage is close
to the cardiac cavity (8).

Therapeutic Strategies for CTM

Although most CTM have a favorable prognosis, with a survival
rate >95% (40, 41, 63), there is a risk of antenatal and
postnatal complications (7, 45). When antenatal complications
occur, the possible therapeutic options include thoracocentesis,
pleuro-amniotic shunt placement, percutaneous ultrasound-
guided sclerotherapy, or radiofrequency/laser ablation, fetal
bronchoscopy, and rarely open fetal surgery (8, 10, 25, 64, 65),
none of which are evidence based, and all of which should
be considered a last resort. Factors that should be taken into
account are gestational age, the position of the fetus and
placenta, whether macrocysts or a high-flow vascular component
is present, and, most of all, whether there has been a referral
to a center with qualified multidisciplinary team and expertise.
When fetal lung maturity is felt sufficient to provide good
chances of postnatal survival, preterm delivery may represent
a reasonable choice (66). If prior to postnatal viability fetal
demise appears likely, repeated cyst aspiration and thoraco-
amniotic shunting are therapeutic options. It has been reported
that fetal bronchoscopy may represent a therapeutic tool with
good outcome, but only in specialized centers (65, 66). Maternal
betamethasone administration during the second trimester of
gestation has been demonstrated to induce regression of some
CTM and reverse fetal hydrops, increasing survival rate (67, 68).
Steroids decrease the production of lung fluid and increase its

except (B).

| S 2

FIGURE 1 | Computed tomography scans documenting (A) type 1 congenital pulmonary airway malformation in the left lower lobe, (B) congenital lobar emphysema
involving the left lung, (C) fluid filled bronchogenic cyst in the right lung, (D) intralobar pulmonary sequestration in the left lower lobe, all confirmed after lobectomy
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reabsorption within the CTM, thus mimicking the physiological
third trimester changes (69). They are indicated for microcystic
lesions, while it is unclear whether macrocytic CTM respond to
this treatment (70, 71).

If symptoms and/or complications develop postnatally,
the child should first be stabilized as far as possible and
then therapeutic decisions taken. With the technological
improvements in minimally invasive surgery, CTM are now
usually removed by video-assisted thoracoscopy (VATS), a safe
and feasible alternative to open thoracotomy (15, 72). VATS is
usually uncomplicated, and allows the compressed surrounding
lung to expand. Advantages of VATS over thoracotomy include
smaller incisions with obvious cosmetic benefits, less pain,
slightly lower complication rates, shorter hospital stays albeit
with longer operative time, and more rapid return to normal
activity (73-75). Moreover, the magnification provided by VATS
allows for significantly improved discrimination between normal
and affected lung and better visualization of fissures and vascular
structures. Lobectomy is recommended for the majority of
parenchymal CTM referred for surgery, in order to prevent
postoperative air leaks, residual disease, and perhaps reduce the
risk of some later malignancies (14). Conversely, lung-sparing
strategies such as segmentectomy have been advocated for small,
well-defined segmental lesions and in cases with bilateral or
multilobar disease (75-77). Malignancy even after apparent
complete resection of a CTM has been described in the same or
also different lung areas (2, 78), but it cannot be excluded that the
CTM was indeed neoplastic from the beginning (24).

If a systemic arterial blood supply is demonstrated by CT
(Figure 2) or MRI, or PS is suspected, and embolization of the
feeding vessel is contemplated, angiography should be performed
to confirm the presence of abnormal vessels, assess their size
and course, and guide transcatheter embolization (79) (Figure 3).
Embolization leads to regression or complete involution of at
least the solid components of CTM, as well as correcting high
output cardiac failure if this is present (75), and thus is the
preferred therapeutic option in this setting. Several embolization
techniques have been proposed, and vascular plugs or microcoils
are preferred to injection of alcohol, histoacryl, or gelatin sponge
particles (80). Complications after percutaneous embolization
are very rare, including migration of the occlusive device,
infection, pain, and fever. Although embolization is an acceptable
therapeutic strategy, there is still no clear consensus on which
CTM are a good indication for first-line embolization. Moreover,
cases referred for embolization should be carefully selected as
secondary surgery was recently shown to be necessary in 13% of
embolized children (81). Hybrid CTM with feeding vessels and
other CTM and duplication cysts are at risk of infection or cancer,
and should preferably undergo surgical resection (82). If there
are large or multiple arteries, re-embolization may be necessary
(81). Nevertheless, for carefully selected cases, embolization is
a possible option, but long-term data are necessary to confirm
clearly the indications for this procedure.

If imaging suggests a CLHL, postnatal management
is conservative, unless there are symptoms. This lesion
usually regresses over time, and there is no evidence
that the development of the underlying lung is improved

FIGURE 2 | Computed tomography scan documenting two aberrant vessels
originating from the tripod celiac artery that lead to the left lower lobe
representing intralobar pulmonary sequestration (coronal view).

FIGURE 3 | Angiography showing an aberrant artery originating from the
celiac trunk to the right lower lobe.

by surgery. However, if the enlarged lobe causes
respiratory symptoms in the newborn period, lobectomy is
indicated (8, 14).

While there is general consensus that any symptomatic
CTM should be treated, the best management of asymptomatic
children is controversial. The divergent opinions on type and
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timing of any procedure for CTM reported in the literature are
summarized in the Table 1. Treatment may be conservative or
surgical. If an initial “wait and see” approach is adopted (13, 87),
lung imaging may be repeated at 18 months of age, and if the
CTM is confirmed, surgery should be planned around the 2nd
birthday to allow the baby to grow (13). The rationale for this
is to allow for possible spontaneous regression of the CTM,
and thus a conservative approach is proposed until symptoms
occur or when the cyst size changes on lung imaging (15,
16, 88, 89). Some authors follow-up asymptomatic patients by
yearly physical examination and CT scans (16), but the radiation
burden of this approach is not trivial. Moreover, the conservative
approach has several issues including the risk of complications
developing, of losing patients to follow-up while waiting, of
increased surgical morbidity if the CTM becomes infected, or also
of a substantial radiation exposure due to repeated CT (15, 91).
However, the proportion of cases in whom, within the first
year of life, the CTM become infected or regress spontaneously
is variable (15, 16, 43, 92). The mean follow-up of patients
treated conservatively is insufficient to confirm that this is the

best option, as malignancies may occur much later, even in
adulthood (16).

Other authors advocate elective surgery as the preferred
option for a number of reasons, including prevention of late
infection or cancer, less risk of emergency surgery, and more
time for compensatory alveolar growth (11, 12, 22, 83, 84,
90). However, there are potential operative risks, albeit low in
centers with expertise and experience, and cancer may develop
elsewhere in the lungs despite the resection of the CTM (45).
Also, there is no consensus on the age at surgery, with some
preferring to operate in the neonatal period (93), and others
waiting until after 4 weeks of age to reduce the risks of the
anesthesia prior to that age (22). A recent retrospective study
aimed to determine the optimal timing for CTM resection within
the first year of life did not find significant differences in the
complication rates, hospital re-admissions, or conversion from
VATS to open surgery, suggesting that surgery is equally safe
whenever made from the first month of life until the first birthday
(85). Other authors concluded that morbidity associated with
surgery is significantly higher in infants younger than 3 months,

TABLE 1 | Summary from the literature on the diagnostic work up and therapeutic strategies to antenatal suspicion of CPAM and PS in asymptomatic infants.

Diagnostic work up

Therapeutic strategies

Procedure and timing

Operative approach and timing

Conservative approach

CPAM

Elective surgery in all cases, within the 1st year of life

(11, 12, 22, 83-86)
Or

In cases with large and medium-sized cysts, within the

1st year of life (14, 87)
Or
Chest X-ray, shortly after birth

(11,12, 14, 24) made for confirming the lesion (13)

Only in cases with small-sized cysts (87, 88)
Or

Until symptoms occur or changes in size are
observed radiologically or parents/patients
have concern (at which time surgery is due)
(15, 16, 89)

In all cases up to 18 months of age when a 2nd HRCT is

PS

HRCT, within the first months
(11,12, 14, 24) Or
after the 1st year of life (81, 90)
Or
MRI, few weeks after birth (11)
Or
2nd HRCT with contrast, at age
12-18 months (24) orat5years (89)  made for confirming the lesion (13)
Or

Elective surgery, within the 1st year of life (11)

Only for intralobar PS, within the 1st year of life (14)

Extralobar PS without significant shunting (14)

Or

Until symptoms occur or changes in size are observed
radiologically or parents/patients have concern (at which
time surgery is due) (89)

In all cases up to 18 months of age when a 2nd HRCT is

3rd HRCT, prior to transition (89)

Elective embolization in case of CTM with no symptoms
and no cysts (81)

Advantages Disadvantages

Advantages

Disadvantages

Less risk of late
complications

Less risk of emergency
surgery

Prevention of cancer in the
lesion itself

More time for lung growth
Short/long-term normal
lung function

Potential operative morbidity
and mortality

No prevention of cancer in
other areas of the lung

Avoidance of surgery if the
lesion regresses
spontaneously

Risk of complications during
“wait and see” period

Risk of developing high-flow
heart failure

Pulmonary Hypertension
Abnormal lung growth
Cumulative radiation risk
Risk of losing patients to
follow-up Greater morbidity
of emergency surgery

CPAM, Congenital Pulmonary Adenomatoid Malformation; PS, Pulmonary Sequestration; HRCT, High Resolution Computed Tomography.
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and suggested that the optimal timing is 3-9 months of life, as
the surgical intervention duration significantly increases in older
infants (86).

UNANSWERED QUESTIONS ABOUT THE
MANAGEMENT OF CTM

CTM represent a heterogeneous group of abnormalities.
Although the number of cases suspected or diagnosed early
has been increasing (94), many management questions remain
unanswered, and there are no universally accepted clinical
recommendations or practice guidelines.

In terms of diagnosis, although prenatal US and postnatal
CT scan are currently considered the gold standard tests, MRI
is increasingly used for diagnosing CTM both antenatally and
postnatally (5, 40, 95). Postnatal MRI has also been used as

radiation-free technique to study any vascularization or re-
vascularization after embolization of a systemic arterial supply
(79). Nevertheless, the long scanning time and the scanner noise
during the examination usually means that general anesthesia is
required in infants older than 6 months of age, when the “feed
and wrap” technique may be precluded. Future technological
improvements will likely overcome these limitations. Widening
the indications of chest MRI to suspected CTM would hopefully
clarify whether or not MRI is a reliable tool for their diagnosis
postnatally, thus reducing the extra radiation exposure associated
with CT (15).

Whether conservative or active treatment of asymptomatic
patients is best is still controversial, mainly because of the
lack of knowledge on the natural history of CTM (8-16, 93).
There is no reliable evidence on the optimal management of
affected children. Indeed, most babies diagnosed with a CTM
do well in the medium term, but an undefined proportion may
develop malignancy. At present, this high-risk group cannot be
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[
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FIGURE 4 | Proposed algorithm for the assessment and follow-up of congenital thoracic malformations (CTM) detected either in the antenatal or postnatal period.
@Postnatal detection may be suggestive of pleuropulmonary blastoma as well. bA Computed Tomography (CT) should be performed to detect a possible lesion at age
1-6 months in all asymptomatic cases, whatever is the chest X-ray finding (positive or negative) at birth. ®Embolization considered only in asymptomatic cases without
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identified, and therefore prospective studies gathering data to
try to address this situation are urgently needed. A proposal to
detect this high-risk group that includes radiological features and
DICERI mutation analysis has been made (2). The indications for
surgery and the timing in asymptomatic children with CTM is
also controversial, highlighting the need for long-term outcome
studies involving large numbers of patients. The risk of repeated
radiological studies and the problem of losing patients at follow-
up during a “wait and see” period must also be taken into
account. Due to the divergent opinions on the management of
CTM and its relevant impact on the family expectations and
healthcare costs, we propose a diagnostic-therapeutic algorithm
(Figure 4), which may be helpful for clinicians dealing with
detection of CTM either in the antenatal or postnatal period. Like
all algorithms, it is not meant to replace clinical judgment, but
it should rather drive physicians to adopt a systematic approach
to CTM.

Large-scale, prospective databases with data on clinical
presentation, treatment and long-term course of CTM would be
a good option to develop a shared clinical guideline. Although

REFERENCES

1. Stocker JT. Congenital pulmonary airway malformation - a new name for and
an expanded classification of congenital cystic adenomatoid malformation of
the lung. Symposium 24: non-neoplastic lung disease. Histopathology. (2002)
41(Suppl. 2):424-30.

2. Bush A, Abel RM, Chitty LS, Harcourt J, Hewitt R, Nicholson AG. Congenital
lung disease. In: Wilmott RW, Deterding RR, Li A, Ratjen E Sly P, Zar H,
and Bush A, editors. Kendig’s Disorders of the Respiratory Tract in Children.
Philadelphia, PA: Elsevier (2019). p 289-337.

3. Andrade CE Ferreira HP, Fischer GB. Congenital lung malformations.
J Bras Pneumol. (2011) 37:259-71. doi: 10.1590/S1806-3713201100
0200017

4. Available online at: http://ern-lung.eu (accessed May 8, 2019).

5. Chowdhury MM, Chakraborty S. Imaging of congenital lung malformations.
Semin Pediatr Surg. (2015) 24:168-75. doi: 10.1053/j.sempedsurg.20
15.02.001

6. Heithoff KB, Sane SM, Williams H]J, Jarvis CJ, Carter J, Kane P, et al.
Bronchopulmonary foregut malformations. A unifying etiological concept.
AJR Am ] Roentgenol. (1976) 126:46-55. doi: 10.2214/ajr.126.1.46

7. Montella S, Corcione A, Santamaria F. Recurrent pneumonia in children: a
reasoned diagnostic approach and a single centre experience. Int | Mol Sci.
(2017) 18:296. doi: 10.3390/ijms18020296

8. Durell ], Lakhoo K. Congenital cystic lesions of the lung. Early Hum Dev.
(2014) 90:935-9. doi: 10.1016/j.earlhumdev.2014.09.014

9. Newman B, Caplan J. Cystic lung lesions in newborns and young children:
differential considerations and imaging. Semin Ultrasound CT MR. (2014)
35:571-87. doi: 10.1053/j.sult.2014.07.001

10. Baird R, Puligandla PS, Laberge JM. Congenital lung malformations:
informing best practice. Semin Pediatr Surg. (2014) 23:270-7.
doi: 10.1053/j.sempedsurg.2014.09.007

11. Chen HW, Hsu WM, Lu FL, Chen PC, Jeng SE Peng SS, et al
Management of congenital cystic adenomatoid malformation and
bronchopulmonary sequestration in newborns. Pediatr Neonatol. (2010)
51:172-7. doi: 10.1016/S1875-9572(10)60032-0

12. Calvert JK, Lakhoo K. Antenatally suspected congenital cystic adenomatoid
malformation of the lung: postnatal investigation and timing of surgery. J
Pediatr Surg. (2007) 42:411-4. doi: 10.1016/j.jpedsurg.2006.10.015

13. Bush A. presentation and postnatal ~management of
congenital thoracic malformations. Early Hum Dev. (2009) 85:679-84.
doi: 10.1016/j.earlhumdev.2009.08.056

Prenatal

expert opinion should be kept in mind (8-16), the time has come
to find answers to the unresolved issues of CTM by gathering
evidence (96, 97). As controversies sill arise in this field, and
many questions about proper management and follow-up are
unanswered, a global CTM registry should be designed which
would hopefully represent a new promising tool to advance
the understanding of these rare disorders, to recruit candidates
for research studies and ultimately to improve care of patients
with an asymptomatic CTM.

AUTHOR CONTRIBUTIONS

FA, MP, and MB drafted the initial manuscript, searched
for bibliography, and revised the final manuscript. FR, FB,
and SM were involved in drafting the manuscript, critically
revised the manuscript, and approved the final manuscript.
AB and FS made substantial contributions to conception and
design of the study and reviewed and approved the final
manuscript. All authors read and approved the final manuscript
as submitted.

14. Laberge JM, Puligandla P, Flageole H. Asymptomatic
lung  malformations. ~ Semin  Pediatr ~ Surg.  (2005)
doi: 10.1053/j.sempedsurg.2004.10.022

15. Sueyoshi R, Okazaki T, Urushihara N, Fujiwara T, Tobayama S, Fukumoto
K, et al. Managing prenatally diagnosed asymptomatic congenital
cystic adenomatoid malformation. Pediatr Surg Int. (2008) 24:1111-5.
doi: 10.1007/s00383-008-2227-4

16. Aziz D, Langer JC, Tuuha SE, Ryan G, Ein SH, Kim PC. Perinatally
diagnosed asymptomatic congenital cystic adenomatoid malformation: to
resect or not? J Pediatr Surg. (2004) 39:329-34. doi: 10.1016/j.jpedsurg.200
3.11.021

17. Boucherat O, Jeannotte L, Hadchouel A, Delacourt C, Benachi A.
Pathomechanisms of congenital cystic lung diseases: focus on congenital cystic
adenomatoid malformation and pleuropulmonary blastoma. Paediatr Respir
Rev. (2016) 19:62-8. doi: 10.1016/j.prrv.2015.11.011

18. Barnes NA, Pilling DW. Bronchopulmonary foregut malformations:
embryology, radiology and quandary. Eur Radiol. (2003) 13:2659-73.
doi: 10.1007/500330-002-1812-5

19. Mendeloff EN. Sequestrations, congenital cystic adenomatoid malformations,
and congenital lobar emphysema. Semin Thorac Cardiovasc Surg. (2004)
16:209-14. doi: 10.1053/j.semtcvs.2004.08.007

20. Keswani SG, Crombleholme TM, Pawel BR, Johnson MP, Flake AW, Hedrick
HL, et al. Prenatal diagnosis and management of mainstem bronchial atresia.
Fetal Diagn Ther. (2005) 20:74-8. doi: 10.1159/000081374

21. Kunisaki SM, Fauza DO, Nemes LP, Barnewolt CE, Estroff JA, Kozakewich
HP, et al. Bronchial atresia: the hidden pathology within a spectrum
of prenatally diagnosed lung masses. | Pediatr Surg. (2006) 41:61-5.
doi: 10.1016/j.jpedsurg.2005.10.082

22. Azizkhan RG, Crombleholme TM. Congenital cystic lung disease:
contemporary antenatal and postnatal management. Pediatr Surg Int.
(2008) 24:643-57. doi: 10.1007/s00383-008-2139-3

23. Swarr DT, Peranteau WH, Pogoriler J, Frank DB, Adzick NS, Hedrick
HL, et al. Novel molecular and phenotypic insights into congenital
lung malformations. Am ] Respir Crit Care Med. (2018) 197:1328-39.
doi: 10.1164/rccm.201706-12430C

24. Feinberg A, Hall NJ, Williams GM, Schultz KA, Miniati D, Hill DA, et al.
Can congenital pulmonary airway malformation be distinguished from Type
I pleuropulmonary blastoma based on clinical and radiological features? J
Pediatr Surg. (2016) 51:33-7. doi: 10.1016/j.jpedsurg.2015.10.019

25. Bush A. Rare lung diseases: congenital malformations. Indian ] Pediatric.
(2015) 82:833-40. doi: 10.1007/s12098-015-1800-9

congenital
14:16-33.

Frontiers in Pediatrics | www.frontiersin.org

June 2019 | Volume 7 | Article 239


https://doi.org/10.1590/S1806-37132011000200017
http://ern-lung.eu
https://doi.org/10.1053/j.sempedsurg.2015.02.001
https://doi.org/10.2214/ajr.126.1.46
https://doi.org/10.3390/ijms18020296
https://doi.org/10.1016/j.earlhumdev.2014.09.014
https://doi.org/10.1053/j.sult.2014.07.001
https://doi.org/10.1053/j.sempedsurg.2014.09.007
https://doi.org/10.1016/S1875-9572(10)60032-0
https://doi.org/10.1016/j.jpedsurg.2006.10.015
https://doi.org/10.1016/j.earlhumdev.2009.08.056
https://doi.org/10.1053/j.sempedsurg.2004.10.022
https://doi.org/10.1007/s00383-008-2227-4
https://doi.org/10.1016/j.jpedsurg.2003.11.021
https://doi.org/10.1016/j.prrv.2015.11.011
https://doi.org/10.1007/s00330-002-1812-5
https://doi.org/10.1053/j.semtcvs.2004.08.007
https://doi.org/10.1159/000081374
https://doi.org/10.1016/j.jpedsurg.2005.10.082
https://doi.org/10.1007/s00383-008-2139-3
https://doi.org/10.1164/rccm.201706-1243OC
https://doi.org/10.1016/j.jpedsurg.2015.10.019
https://doi.org/10.1007/s12098-015-1800-9
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org
https://www.frontiersin.org/journals/pediatrics#articles

Annunziata et al.

Congenital Lung Malformations

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

Langston C. New concepts in the pathology of congenital lung malformations.
Semin Pediatr Surg. (2003) 12:17-37. doi: 10.1053/spsu.2003.00001

Seear M, Townsend ], Hoepker A, Jamieson D, McFadden D, Daigneault
P, et al. A review of congenital lung malformations with a simplified
classification system for clinical and research use. Pediatr Surg Int. (2017)
33:657-64. doi: 10.1007/s00383-017-4062-y

Hirose R, Suita S, Taguchi T, Koyanagi T, Nakano H. Extralobar pulmonary
sequestration mimicking cystic adenomatoid malformation in prenatal
sonographic appearance and histological findings. J Pediatr Surg. (1995)
30:1390-3. doi: 10.1016/0022-3468(95)90518-9

Winters WD, Effmann EL. Congenital masses of the lung: prenatal
and postnatal imaging evaluation. J Thorac Imaging. (2001) 16:196-206.
doi: 10.1097/00005382-200110000-00002

Conran RM, Stocker JT. Extralobar sequestration with frequently associated
congenital adenomatoid malformation, type 2: report of 50 cases. Pediatr Dev
Pathol. (1999) 2:454-63. doi: 10.1007/s100249900149

Olutoye OO, Coleman BG, Hubbard AM, Adzick NS. Prenatal diagnosis and
management of congenital lobar emphysema. J Pediatr Surg. (2000) 35:792-5.
doi: 10.1053/jpsu.2000.6084

Zamora IJ, Sheikh E Olutoye OO, Cassady CI, Lee TC, Ruano
R, et al. Mainstem bronchial atresia: a lethal anomaly amenable
to fetal surgical treatment. ] Pediatr Surg. (2014) 49:706-11.
doi: 10.1016/j.jpedsurg.2014.02.051

Takeda S, Miyoshi S, Minami M, Ohta M, Masaoka A, Matsuda
H. Clinical spectrum of mediastinal cysts. Chest. (2003) 124:125-32.
doi: 10.1378/chest.124.1.125

Saini S, Prakash S, Rajeev M, Girdhar KK. Congenital lobar emphysema:
anaesthetic challenges and review of literature. J Clin Diagn Res. (2017)
11:UD04-6. doi: 10.7860/JCDR/2017/26318.10617

Badiu I, Hiriscau A, Lupan I, Samasca G. CLE in infants. Maedica.
(2017) 12:133-5.

Bonnefoy C, Blanc P, Coste K, Delabaere A, Dechelotte PJ, Laurichesse-
Delmas H, et al. Prenatal diagnosis of lobar bronchial atresia. Ultrasound
Obstet Gynecol. (2011) 37:110-2. doi: 10.1002/u0g.8838

Mon RA, Johnson KN, Ladino-Torres M, Heider A, Mychaliska
GB, Treadwell MC, et al. Diagnostic accuracy of imaging studies in
congenital lung malformations. Arch Dis Child Fetal Neonatal Ed. (2018).
doi: 10.1136/archdischild-2018-314979. [Epub ahead of print].

Laberge J, Flageole H, Pugash D, Khalife S, Blair G, Filiatrault D, et al.
Outcome of the prenatally diagnosed congenital cystic adenomatoid lung
malformation: a Canadian experience. Fetal Diagn Ther. (2001) 16:178-86.
doi: 10.1159/000053905

Bush A, Hogg J, Chitty L. Cystic lung lesions — prenatal diagnosis and
management. Prenat Diagn. (2008) 28:604-11. doi: 10.1002/pd.2039

Adzick NS. Management of fetal lung lesions. Clin Perinatol. (2009) 36:363—
76. doi: 10.1016/j.clp.2009.03.001

Cavoretto P, Molina F, Poggi S, Davenport M, Nicolaides KH. Prenatal
diagnosis and outcome of echogenic fetal lung lesions. Ultrasound Obstet
Gynecol. (2008) 32:769-83. doi: 10.1002/u0g.6218

Biyyam DR, Chapman T, Ferguson MR, Deutsch G, Dighe MK. Congenital
lung abnormalities: embryologic features, prenatal diagnosis, and postnatal
radiologic-pathologic ~ correlation. ~ Radiographics.  (2010)  30:1721-38.
doi: 10.1148/rg.306105508

Stanton M, Njere I, Ade-Ajayi N, Patel S, Davenport M. Systematic review and
meta-analysis of the postnatal management of congenital cystic lung lesions. J
Pediatr Surg. (2009) 44:1027-33. doi: 10.1016/j.jpedsurg.2008.10.118

Kotecha S, Barbato A, Bush A, Claus F, Davenport M, Delacourt
C, et al. Antenatal and postnatal management of congenital cystic
adenomatoid malformation. Paediatr Respir Rev. (2012) 13:162-70.
doi: 10.1016/j.prrv.2012.01.002

Papagiannopoulos KA, Sheppard M, Bush A, Goldstraw P. Pleuropulmonary
blastoma: is prophylactic resection of congenital lung cysts effective?
Ann  Thorac  Surg.  (2001)  72:604-5. doi:  10.1016/S0003-4975
(00)02539-X

Lakhoo K. Management of congenital cystic adenomatous malformations
of the lung. Arch Dis Child Fetal Neonatal Ed. (2009) 94:F73-6.
doi: 10.1136/adc.2007.130542

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

Priest JR, Williams GM, Hill DA, Dehner LP, Jaffé A. Pulmonary cysts in early
childhood and the risk of malignancy. Pediatr Pulmonol. (2009) 44:14-30.
doi: 10.1002/ppul.20917

Nasr A, Himidan S, Pastor AC, Taylor G, Kim PCW. Is congenital
cystic  adenomatoid ~ malformation a  premalignant lesion  for
pleuropulmonary  blastoma? ] Pediatr Surg. (2010) 45:1086-9.
doi: 10.1016/j.jpedsurg.2010.02.067

MacSweeney F, Papagiannopoulos K, Goldstraw P, Sheppard MN, Corrin
B, Nicholson AG. An assessment of the expanded classification of
congenital cystic adenomatoid malformations, and their relationship
to malignant transformation. Am ] Surg Pathol. (2003) 27:1139-46.
doi: 10.1097/00000478-200308000-00012

Rossi G, Gasser B, Sartori G, Migaldi M, Costantini M, Mengoli MC,
et al. MUC5AC, cytokeratin 20 and HER2 expression and K-RAS mutations
within mucinogenic growth in congenital pulmonary airway malformations.
Histopathology. (2012) 60:1133-43. doi: 10.1111/j.1365-2559.2011.04170.x
Lantuejoul S, Nicholson AG, Sartori G, Piolat C, Danel C, Brabencova E,
et al. Mucinous cells in type 1 pulmonary congenital cystic adenomatoid
malformation as mucinous bronchioloalveolar carcinoma precursors. Am J
Surg Pathol. (2007) 31:961-9. doi: 10.1097/01.pas.0000249444.90594.27
Murphy JJ, Blair GK, Fraser GC, Ashmore PG, LeBlanc ]G, Sett
SS, et al. Rhabdomyosarcoma arising within congenital pulmonary

cysts: report of three cases. ] Pediatr Surg. (1992) 27:1364-67.
doi: 10.1016/0022-3468(92)90299-M
Casagrande A, Pederiva F. Association between congenital lung

malformations and lung tumors in children and adults: a systematic
review. ] Thorac Oncol. (2016) 11:1837-45. doi: 10.1016/j.jtho.2016.06.023
Girsen Al Hintz SR, Sammour R, Naqvi A, El-Sayed YY, Sherwin K, et al.
Prediction of neonatal respiratory distress in pregnancies complicated by fetal
lung masses. Prenat Diagn. (2017) 37:266-72. doi: 10.1002/pd.5002

Yong PJ, Von Dadelszen P, Carpara D, Lim K, Kent N, Tessier E et al.
Prediction of pediatric outcome after prenatal diagnosis and expectant
antenatal management of congenital cystic adenomatoid malformation. Fetal
Diagn Ther. (2012) 31:94-102. doi: 10.1159/000331936

Crombleholme TM, Coleman B, Hedrick H, Liechty K, Howell L, Flake AW,
et al. Cystic adenomatoid malformation volume ratio predicts outcome in
prenatally diagnosed cystic adenomatoid malformation of the lung. J Pediatr
Surg. (2002) 37:331-8. doi: 10.1053/jpsu.2002.30832

Ruchonnet-Metrailler I, Leroy-Terquem E, Stirnemann J, Cros P, Ducoin
H, Hadchouel A, et al. Neonatal outcomes of prenatally diagnosed
congenital pulmonary malformations. Pediatrics. (2014) 133:e1285-91.
doi: 10.1542/peds.2013-2986

Wong KKY, Flake AW, Tibboel D, Rottier R], Tam PKH. Congenital
pulmonary airway malformation: advances and controversies. Lancet Child
Adolesc Health. (2018) 2:290-7. doi: 10.1016/52352-4642(18)30035-X
Ehrenberg-Buchner S, Stapf AM, Berman DR, Drongowski RA, Mychaliska
GB, Treadwell MC, et al. Fetal lung lesions: can we start to breathe easier? Am
J Obstet Gynecol. (2013) 208:151. doi: 10.1016/j.aj0g.2012.11.012

Shulman R, Sparks TN, Gosnell K, Blat C, Norton ME, Lee H, et al.
Fetal congenital pulmonary airway malformation: the role of an objective
measurement of cardiomediastinal shift. Am J Perinatol. (2018).

Baez JC, Seethamraju RT, Mulkern R, Ciet P, Lee EY. Pediatric chest MR
imaging: sedation, techniques, and extracardiac vessels. Magn Reson Imaging
Clin N Am. (2015) 23:321-5. doi: 10.1016/j.mric.2015.01.010

Corbett HJ, Humphrey GME. Pulmonary sequestration. Paediatr Respir Rev.
(2004) 5:59-68. doi: 10.1016/j.prrv.2003.09.009

Hellmund A, Berg C, Geipel A, Bludau M, Heydweiller A, Bachour H, et al.
Prenatal diagnosis and evaluation of sonographic predictors for intervention
and adverse outcome in congenital pulmonary airway malformation. PLoS
ONE. (2016) 11:e0150474. doi: 10.1371/journal.pone.0150474

Quintero RA, Kontopoulos E, Reiter ], Pedreira WL, Colin AA. Fetal
bronchoscopy: its successful use in a case of extralobar pulmonary
sequestration. | Matern Fetal Neonatal Med. (2012) 25:2354-2358.
doi: 10.3109/14767058.2012.695826

Cruz-Martinez R, Méndez A, Perez-Garcilita O, Monroy A, Aguilar-Vidales
K, Cruz-Martinez MA, et al. Fetal bronchoscopy as a useful procedure
in a case with prenatal diagnosis of congenital microcystic adenomatoid

Frontiers in Pediatrics | www.frontiersin.org

June 2019 | Volume 7 | Article 239


https://doi.org/10.1053/spsu.2003.00001
https://doi.org/10.1007/s00383-017-4062-y
https://doi.org/10.1016/0022-3468(95)90518-9
https://doi.org/10.1097/00005382-200110000-00002
https://doi.org/10.1007/s100249900149
https://doi.org/10.1053/jpsu.2000.6084
https://doi.org/10.1016/j.jpedsurg.2014.02.051
https://doi.org/10.1378/chest.124.1.125
https://doi.org/10.7860/JCDR/2017/26318.10617
https://doi.org/10.1002/uog.8838
https://doi.org/10.1136/archdischild-2018-314979
https://doi.org/10.1159/000053905
https://doi.org/10.1002/pd.2039
https://doi.org/10.1016/j.clp.2009.03.001
https://doi.org/10.1002/uog.6218
https://doi.org/10.1148/rg.306105508
https://doi.org/10.1016/j.jpedsurg.2008.10.118
https://doi.org/10.1016/j.prrv.2012.01.002
https://doi.org/10.1016/S0003-4975(00)02539-X
https://doi.org/10.1136/adc.2007.130542
https://doi.org/10.1002/ppul.20917
https://doi.org/10.1016/j.jpedsurg.2010.02.067
https://doi.org/10.1097/00000478-200308000-00012
https://doi.org/10.1111/j.1365-2559.2011.04170.x
https://doi.org/10.1097/01.pas.0000249444.90594.27
https://doi.org/10.1016/0022-3468(92)90299-M
https://doi.org/10.1016/j.jtho.2016.06.023
https://doi.org/10.1002/pd.5002
https://doi.org/10.1159/000331936
https://doi.org/10.1053/jpsu.2002.30832
https://doi.org/10.1542/peds.2013-2986
https://doi.org/10.1016/S2352-4642(18)30035-X
https://doi.org/10.1016/j.ajog.2012.11.012
https://doi.org/10.1016/j.mric.2015.01.010
https://doi.org/10.1016/j.prrv.2003.09.009
https://doi.org/10.1371/journal.pone.0150474
https://doi.org/10.3109/14767058.2012.695826
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org
https://www.frontiersin.org/journals/pediatrics#articles

Annunziata et al.

Congenital Lung Malformations

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

malformation. Fetal Diagn Ther. (2015) 37:75-80. doi: 10.1159/0003
61015

Gajewska-Knapik K, Impey L. Congenital
diagnosis and intervention. Semin Pediatr
doi: 10.1053/j.sempedsurg.2015.01.012

Tsao K, Hawgood S, Vu L, Hirose S, Sydorak R, Albanese CT, et al.
Resolution of hydrops fetalis in congenital cystic adenomatoid malformation
after prenatal steroid therapy. ] Pediatr Surg. (2003) 38:508-10.
doi: 10.1053/jpsu.2003.50089

Curran PE Jelin EB, Rand L, Hirose S, Feldstein VA, Goldstein
RB, for microcystic congenital cystic
adenomatoid malformations. ] Pediatr Surg. (2010) 45:145-50.
doi: 10.1016/j.jpedsurg.2009.10.025

Jain L, Eaton DC. Physiology of fetal lung fluid clearance and the effect of
labor. Semin Perinatol. (2006) 30:34-43. doi: 10.1053/j.semperi.2006.01.006
Morris LM, Lim FY, Livingston JC, Polzin W], Crombleholme TM. High-risk
fetal congenital pulmonary airway malformations have a variable response to
steroids. J Pediatr Surg. (2009) 44:60-5. doi: 10.1016/j.jpedsurg.2008.10.012
Loh KC, Jelin E, Hirose S, Feldstein V, Goldstein R, Lee H. Microcystic
congenital pulmonary airway malformation with hydrops fetalis:
steroids vs open fetal resection. ] Pediatr Surg. (2012) 47:36-9.
doi: 10.1016/j.jpedsurg.2011.10.015

Adams S, Jobson M, Sangnawakij P, Heetun A, Thaventhiran A, Johal N,
et al. Does thoracoscopy have advantages over open surgery for asymptomatic
congenital lung malformations? An analysis of 1626 resections. ] Pediatr Surg.
(2017) 52:247-51. doi: 10.1016/j.jpedsurg.2016.11.014

Engum SA. Minimal access thoracic surgery in the pediatric population. Semin
Pediatr Surg. (2007) 16:14-26. doi: 10.1053/j.sempedsurg.2006.10.003
Mattioli G, Pio L, Disma NM, Torre M, Sacco O, Pistorio A, et al. Congenital
lung malformations: shifting from open to thoracoscopic surgery. Pediatr
Neonatol. (2016) 57:463-6. doi: 10.1016/j.pedneo.2015.10.009

Kim HK, Choi YS, Kim K, Shim YM, Ku GW, Ahn KM, et al
Treatment of congenital cystic adenomatoid malformation: should
lobectomy always be performed? Ann Thorac Surg. (2008) 86:249-53.
doi: 10.1016/j.athoracsur.2008.01.036

Johnson SM, Grace N, Edwards MJ, Woo R, Puapong D. Thoracoscopic
segmentectomy for treatment of congenital lung malformations. J Pediatr
Surg. (2011) 46:2265-9. doi: 10.1016/j.jpedsurg.2011.09.012

Rothenberg SS, Shipman K, Kay S, Kadenhe-Chiweshe A, Thirumoorthi A,
Garcia A, et al. Thoracoscopic segmentectomy for congenital and acquired
pulmonary disease: a case for lung-sparing surgery. ] Laparoendosc Adv Surg
Tech A. (2014) 24:50-4. doi: 10.1089/lap.2013.0337

Benjamin DR, Cahill JL. Bronchioloalveolar carcinoma of the lung and
congenital cystic adenomatoid malformation. Am ] Clin Pathol. (1991)
95:889-92. doi: 10.1093/ajcp/95.6.889

Borgia F, Santamaria F, Mollica C, Mongiello F, Esposito E Palma
G, et al. Clinical benefits, echocardiographic and MRI assessment after
pulmonary sequestration treatment. Int ] Cardiol. (2017) 240:165-71.
doi: 10.1016/j.ijcard.2017.04.102

Lee BS, Kim JT, Kim EA, Kim KS, Pi SY, Sung KB, et al. Neonatal
pulmonary sequestration: clinical experience with transumbilical arterial
(2008) 43:404-13. doi: 10.1002/ppu

lung
Surg.

lesions:  prenatal
(2015)  24:156-9.

et al. Prenatal steroids

embolization. Pediatr Pulmonol.
1.20799

Khen-Dunlop N, Farmakis K, Berteloot L, Gobbo F, Stirnemann J, De Blic
], et al. Bronchopulmonary sequestrations in a paediatric centre: ongoing
practices and debated management. Eur | Cardiothorac Surg. (2018) 54:246-
51. doi: 10.1093/ejcts/ezy049

Brown SC, De Laat M, Proesmans M, De Boeck K, Van Raemdonck
D, et al. Treatment strategies for pulmonary sequestration in childhood:
resection, embolization, observation? Acta Cardiol. (2012) 67:629-34.
doi: 10.1080/AC.67.6.2184664

Laje P, Liechty KW. Postnatal management and outcome of prenatally
diagnosed lung lesions. Prenat Diagn. (2008) 28:612-8. doi: 10.1002/pd.1966

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

Tsai AY, Liechty KW, Hedrick HL, Bebbington M, Wilson RD, Johnson
MP, et al. Outcomes after postnatal resection of prenatally diagnosed
asymptomatic cystic lung lesions. ] Pediatr Surg. (2008) 43:513-7.
doi: 10.1016/j.jpedsurg,2007.10.032

Jelin EB, O’Hare EM, Jancelewicz T, Nasr I, Boss E, Rhee DS.
Optimal timing for elective resection of asymptomatic congenital
pulmonary airway malformations. ] Pediatr Surg. (2018) 53:1001-5.
doi: 10.1016/j.jpedsurg.2018.02.032

Gulack BC, Leraas HJ, Ezekian B, Kim J, Reed C, Adibe OO, et al. Outcomes
following elective resection of congenital pulmonary airway malformations
are equivalent after 3 months of age and a weight of 5 kg. ] Pediatr Surg. (2018)
53:60-6. doi: 10.1016/j.jpedsurg.2017.10.017

Makhijani AV, Wong FY. Conservative post-natal management of antenatally
diagnosed congenital pulmonary airway malformations. | Paediatr Child
Health. (2018) 54:267-71. doi: 10.1111/jpc.13727

Criss CN, Musili N, Matusko N, Baker S, Geiger JD, Kunisaki
SM. Asymptomatic congenital lung malformations: is nonoperative
management a viable alternative? ] Pediatr Surg. (2018) 53:1092-7.
doi: 10.1016/j.jpedsurg.2018.02.065

Cook ], Chitty LS, De Coppi P, Ashworth M, Wallis C. The natural
history of prenatally diagnosed congenital cystic lung lesions: long-
term follow-up of 119 cases. Arch Dis Child. (2017) 102:798-803.
doi: 10.1136/archdischild-2016-311233

Cho MJ, Kim DY, Kim SC, Kim KS, Kim EA, Lee BS. Embolization
versus surgical resection of pulmonary sequestration: clinical experiences
with a thoracoscopic approach. | Pediatr Surg. (2012) 47:2228-33.
doi: 10.1016/j.jpedsurg,2012.09.013

Kapralik J, Wayne C, Chan E, Nasr A. Surgical versus conservative
management of congenital pulmonary airway malformation in children:
a systematic review and meta-analysis. J Pediatr Surg. (2016) 51:508-12.
doi: 10.1016/j.jpedsurg.2015.11.022

Gornall AS, Budd JL, Draper ES, Konje JC, Kurinczuk JJ. Congenital
cystic adenomatoid malformation: accuracy of prenatal diagnosis, prevalence
and outcome in a general population. Prenat Diagn. (2003) 23:997-1002.
doi: 10.1002/pd.739

Adzick NS, Harrison MR, Crombleholme TM, Flake AW, Howell L]. Fetal
lung lesions: management and outcome. Am J Obstet Gynecol. (1998) 179:884—
9. doi: 10.1016/S0002-9378(98)70183-8

Leith E, Aurora P, Wallis C. An infant with a persistent cough and
an unusual course of the nasogastric tube. Arch Dis Child. (2018).
doi: 10.1136/archdischild-2018-315524. [Epub ahead of print].

Alamo L, Gudinchet E Reinberg O, Vial Y, Francini K, Osterheld MC, et al.
Prenatal diagnosis of congenital lung malformations. Pediatr Radiol. (2012)
42:273-83. doi: 10.1007/s00247-011-2303-0

Morini E, Zani A, Conforti A, van Heurn E, Eaton S, Puri P, et al. Current
management of congenital pulmonary airway malformations: a “European
Pediatric Surgeons’ Association” Survey. Eur ] Pediatr Surg. (2018) 28:1-5.
doi: 10.1055/s-0038-1660778

Hall NJ, Stanton MP. Long-term outcomes of congenital lung malformations.
Semin Pediatr Surg. (2017) 26:311-6. doi: 10.1053/j.sempedsurg.20
17.09.001

Conflict of Interest Statement: The authors declare that the research was
conducted in the absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Copyright © 2019 Annunziata, Bush, Borgia, Raimondi, Montella, Poeta, Borrelli
and Santamaria. This is an open-access article distributed under the terms of
the Creative Commons Attribution License (CC BY). The use, distribution or
reproduction in other forums is permitted, provided the original author(s) and the
copyright owner(s) are credited and that the original publication in this journal
is cited, in accordance with accepted academic practice. No use, distribution or
reproduction is permitted which does not comply with these terms.

Frontiers in Pediatrics | www.frontiersin.org

10

June 2019 | Volume 7 | Article 239


https://doi.org/10.1159/000361015
https://doi.org/10.1053/j.sempedsurg.2015.01.012
https://doi.org/10.1053/jpsu.2003.50089
https://doi.org/10.1016/j.jpedsurg.2009.10.025
https://doi.org/10.1053/j.semperi.2006.01.006
https://doi.org/10.1016/j.jpedsurg.2008.10.012
https://doi.org/10.1016/j.jpedsurg.2011.10.015
https://doi.org/10.1016/j.jpedsurg.2016.11.014
https://doi.org/10.1053/j.sempedsurg.2006.10.003
https://doi.org/10.1016/j.pedneo.2015.10.009
https://doi.org/10.1016/j.athoracsur.2008.01.036
https://doi.org/10.1016/j.jpedsurg.2011.09.012
https://doi.org/10.1089/lap.2013.0337
https://doi.org/10.1093/ajcp/95.6.889
https://doi.org/10.1016/j.ijcard.2017.04.102
https://doi.org/10.1002/ppul.20799
https://doi.org/10.1093/ejcts/ezy049
https://doi.org/10.1080/AC.67.6.2184664
https://doi.org/10.1002/pd.1966
https://doi.org/10.1016/j.jpedsurg.2007.10.032
https://doi.org/10.1016/j.jpedsurg.2018.02.032
https://doi.org/10.1016/j.jpedsurg.2017.10.017
https://doi.org/10.1111/jpc.13727
https://doi.org/10.1016/j.jpedsurg.2018.02.065
https://doi.org/10.1136/archdischild-2016-311233
https://doi.org/10.1016/j.jpedsurg.2012.09.013
https://doi.org/10.1016/j.jpedsurg.2015.11.022
https://doi.org/10.1002/pd.739
https://doi.org/10.1016/S0002-9378(98)70183-8
https://doi.org/10.1136/archdischild-2018-315524
https://doi.org/10.1007/s00247-011-2303-0
https://doi.org/10.1055/s-0038-1660778
https://doi.org/10.1053/j.sempedsurg.2017.09.001
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org
https://www.frontiersin.org/journals/pediatrics#articles

	Congenital Lung Malformations: Unresolved Issues and Unanswered Questions
	Introduction
	Etiology and Classifications of CTM
	Clinical Presentation and Complications Associated With CTM
	Evidence on the Diagnostic Approach and Therapeutic Strategies for CTM
	Diagnostic Approach
	Therapeutic Strategies for CTM

	Unanswered Questions About The Management of CTM
	Author Contributions
	References


