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ABSTRACT

Objective: To evaluate the antenatal, perinatal, and postnatal outcomes of congenital lung
malformations (CLM) diagnosed prenatally.

Methods: This was a retrospective cross-sectional study evaluating prenatally diagnosed CLMs. Prenatal
findings such as diagnosis weeks, additional anomalies, karyotype results, and pregnancy outcomes of
the cases were collected from the hospital digital record system. The data of the postnatal long-term
course and outcomes of the cases were obtained by contacting the parents by telephone.

Results: Forty-seven CLM cases were included in the study. 12.8% of the cases had structural anomalies.
Chromosome analysis was performed on 8 (17%) cases and all of them had a normal karyotype. Forty-four
(93.7%) cases had a live birth. 19.1% of the cases gave birth prematurely. The newborns had low APCAR
scores (<7) at the 1*t minute in 25.5% of the cases and at the 5™ min in 12.8% of the cases. Respiratory
distress syndrome (RDS) was present in 28.9% of the newborns, and 15.6% of the cases were hospitalized
in the neonatal intensive care unit (NICU). Remission was achieved in 20 (48.8%) cases in the postnatal
follow-up. Eight (19.5%) cases persisted, and 13 (31.7%) of all cases were operated. The compatibility of
prenatal ultrasonography and magnetic resonance imaging results with lesion types was 70.2%.
Conclusion: While CLM cases mostly showed a favorable prognosis in the antenatal period, adverse
outcomes such as RDS and NICU admission were high in the perinatal period. Surgical resection was
required in approximately 1/3 of the cases in the postnatal period.
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oz

Amag: Prenatal tani alan konjenital akciger malformasyonu (KAM) olgularinin antenatal, perinatal ve postnatal sonuglarinin degerlendirilmesidir.
Yontem: Bu retrospektif kesitsel calismada prenatal tani alan KAM olgulari degerlendirildi. Olgularin tani haftalari, ek anomalileri, karyotip sonuclari,
gebelik sonuglan gibi prenatal bulgulari hastane dijital kayit sisteminden elde edildi. Postnatal uzun dénem sonuglarina ait veriler katilimcilara
telefon ile ulasilarak elde edildi.

Bulgular: Calismaya 47 KAM olgusu dahil edildi. Olgularin %12,8'inde yapisal anomaliler vardi. Sekiz (%17) olguya kromozom analizi yapildi ve
hepsinin karyotipi normaldi. Olgularin 44’0 (%93,7) canli dogum yapti. Olgularin %19,1'i preterm dogumdu. Yenidoganlarin %25,5'inde 1. dakikada,
%12,8'inde 5. dakikada <7 APGAR skoru mevcuttu. Yenidoganlarin %28,9'unda respiratuar distres sendromu (RDS) mevcuttu ve olgularin %15,6'sI
yenidogan yogun bakim tnitesine (YYBU) yatirildi. Postnatal takipte 20 (%48,8) olguda remisyon izlendi. Olgularin 8'i (%19,5) sebat etti ve tim
olgularin 13’0 (%31,7) opere edildi. Prenatal ultrasonografi ve manyetik rezonans gértintiileme sonuglarinin lezyon tipleri ile uyumlulugu %70,2 idi.
Sonug: KAM olgulari antenatal dénemde ¢ogunlukla olumlu prognoz gosterirken, perinatal donemde RDS ve YYBU'ye yatis gibi olumsuz sonuclar
yuksekti. Postnatal dénemde olgularin yaklasik 1/3'Gnde cerrahi rezeksiyon gerekmistir.

Anahtar Kelimeler: Bronkopulmoner sekestrasyon, konjenital pulmoner hava yolu, konjenital akciger malformasyonlari, gebelik sonuglari, dogum

sonrasi sonuglar

INTRODUCTION

Congenital lung malformations (CLM) are a heterogeneous
group encompassing a continuum of developmental
disordersthatinclude the pulmonary parenchyma, bronchi,
arterial supply, and venous drainage. It includes abnormal
connections of one or more of the four major components
of lung tissue: tracheobronchial tree, lung parenchyma,
arterial supply, and venous drainage! According to
the involved components of the lung, it includes
congenital pulmonary airway malformation (CPAM),
bronchopulmonary sequestration (BPS), hybrid lesions
containing elements of both CPAM and BPS, bronchial
atresia, congenital high airway obstruction syndrome
(CHAQS), and bronchogenic cysts? The pathogenesis of
these malformations is not fully understood. According to
the proposed theories, these lesions are thought to result
from defective foregut budding or pulmonary dysplastic
changes secondary to airway obstruction. Hybrid or
overlapping lesions may be explained by variability in the
timing and severity of airway obstruction3-

CLMs are rare, and their prenatally estimated incidence is
about 1in 2400 live births.® Prenatal diagnosis of CLM has
increased significantly recently due to the more widespread
and improved prenatal ultrasonography (US) screening. In
most cases, a well-done US provides the correct diagnosis,
but in selected cases, supplemental magnetic resonance
imaging (MRI) is increasingly applied for additional useful
information. However, prenatal imaging should not
attempt to make a histological diagnosis. Although these
malformations have overlapping features, hybrid lesions
may also contain components of two distinct types of
malformations.’®

Prenatal findings are useful in predicting the antenatal
prognosis as well as determining the type of lung
malformation. Intrauterine indicators of poor prognosis
include large lesions, bilateral lung involvement, and
hydrops.>® Fetal hydrops due to CLM is associated with

a high rate of intrauterine fetal loss and intervention or
preterm delivery is indicated.”® At birth, most CLMs have a
favorable prognosis. Delivery is usually uncomplicated. Most
neonates (>75%) are asymptomatic, and only a minority
require respiratory support.!' CLM is mostly asymptomatic
in the postnatal period, but undiagnosed or untreated
CLM can cause long-term consequences such as recurrent
pulmonary infection, pneumothorax and malignancy.”?

In this study, we evaluated the antenatal, perinatal, and
postnatal outcomes of CLM diagnosed prenatally in a
tertiary center.

METHODS

This retrospective cross-sectional study was conducted
with pregnant women diagnosed with CLM prenatally,
who were followed up in the Department of Perinatology,
University of Health Sciences Turkey, izmir Tepecik
Training and Research Hospital izmir, Turkey, between
January 2017 and December 2021. The study protocol was
approved by the University of Health Sciences Turkey, izmir
Tepecik Training and Research Hospital Local Institutional
Ethics Committee (approval number: 2022/03-09, date:
15.03.2022).

Pregnant women who were diagnosed with fetal CLM by US
and/or MRI during the prenatal period and delivered at our
hospital between the relevant dates were included in the
study. Antenatal and perinatal outcomes were collected
from the hospital digital record system. The data of the
postnatal long-term course and outcomes of the cases
were obtained by contacting the parents by telephone.
Pregnant women whose data regarding their antenatal or
perinatal outcomes could not be reached were excluded
from the study.

The definition developed by Stocker et al® was used in
the diagnosis and classification of CPAM. Lesions with
single or multiple large cysts (3-10 cm in diameter) were
defined as CPAM type 1, lesions containing smaller cysts
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(0.5-2 cm) as CPAM type 2, and solid lesions with cysts
smaller than 0.2 cm were defined as CPAM type 3 (Figure
1). BPS is located in the lower lobes of the lung and is
mostly on the left. The imaging findings of BPS usually
include a solid, well-defined, uniform, and hyperintense
mass. The differential diagnosis includes CPAM type 3, and
systemic vascular supply should be demonstrated (Figure
2). Additionally, extralobar BPS should be differentiated
from neuroblastoma and adrenal hemorrhage* CHAOS
imaging typically shows enlarged hyperintense lungs and a
flattened or outward-facing hemidiaphragm. Imaging with
MRI can help locate the obstruction by showing a dilated
airway.® Bronchial atresia most commonly occurs in the
apical and posterior segments of the left upper lobe and
presents as a focal thoracic mass of homogeneous density.

Prenatal findings such as diagnosis weeks, additional
anomalies, karyotype results and pregnancy, perinatal and
postnatal long-term outcomes of all cases were evaluated.
The association between prenatal US and MRI imaging
results of the cases was also evaluated.

Statistical Analysis

Data are represented as meanz*standard deviation or n (%).
Microsoft Excel Professional Plus 2019 and IBM® Statistical
Package for the Social Sciences Statistics v26.0 were used
to analyze the data.

RESULTS

A total of 47 CLM cases diagnosed prenatally between
January 2017 and December 2021 were included in the
study. The mean maternal age of the cases was 28.4%4.6
(Table 1). The pregnancy findings and pregnancy outcomes
of the cases are presented in Table 2. There was a one-week
difference between prenatal US imaging time and MRI
imaging time, with a mean US week of 2223 and a mean MRI

Figurel. Ultrasonographicimage of congenital pulmonary
airway malformation type 1 located in the fetal right lung
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week of 2313, Additional findings were as follows: 10.6% of
the cases had soft markers (intracardiac echogenic focus
and pelviectasis) and 12.8% had structural anomalies [fetal
abdominal ascites, hypertelorism, ventriculomegaly and
ventricular septal defect (VSD)]. No additional findings
were found in 76.6% of the cases. Chromosome analysis
was performed on 8 (17%) cases, and all of them had a
normal karyotype. The pregnancy outcomes of the cases
were as follows: forty-four (93.7%) cases had live births, one

Table 1. Maternal demographic and medical characteristics
MeanxSD or n, (%)

Maternal age (year) (meantSD) 28.4%4.6

Adolescent pregnancy <19 year (n, %) 0

Advanced age pregnancy 235 year (n,%) | 2 (4.3%)

Parity (n, %)

Nulliparous 19 (40.4%)

Multiparous 28 (59.6%)

SD: Standard deviation

Figure 2. Ultrasonographic image of bronchopulmonary
sequestration and its systemic vascular supply



BPS case was terminated due to hydrops fetalis, one CPAM
type 1 case had stillbirth, and one CHAQOS case had early
neonatal death.

Perinatal and postnatal outcomes of the cases are
presented in Table 3. The mean delivery week of the cases
was 3813.19.1% of the cases gave birth prematurely. 10.6%
of newborns were low birth weight (<2500 g). The newborns
had low APCAR scores (<7) at the 1*t minute in 25.5% of the
cases and at the 5 min in 12.8% of the cases. Respiratory
distress syndrome (RDS) was present in 28.9% of the
newborns, and 15.6% of the cases were admitted to the
neonatal intensive care unit (NICU). Postnatal outcomes
included forty-one newborns. Postnatal outcomes of
antenatally diagnosed one CPAM type 3 case and two BPS
cases with could not be reached. Remission was achieved
in 20 (48.8%) cases in the postnatal follow-up. Eight (19.5%)
cases persisted, and 13 (31.7%) of all cases were operated.

Prenatal diagnostic comparisons of the cases with US
and MRI are presented in Table 4. In prenatal imaging, US
diagnoses were compatible with MRI diagnoses in 85.7%
of CPAM type 1 and 81.3% of CPAM type 2. However, in
MRI evaluations of cases diagnosed with CPAM type 3
by US, BPS was found in 46.7% and bronchial atresia in
13.3%. 87.5% of the cases diagnosed with BPS by US were
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confirmed by MRI. There was a case of CHAQOS, and the
compatibility between imaging modalities was 100%. The
compatibility of prenatal US and MRI results according to
the types of lesions is also presented in Table 5.

DISCUSSION

CLM represents a heterogeneous group of abnormalities
that affect the developmental stages of the fetal lung.
Although its etiology has not been fully elucidated,
several hypotheses have been proposed. While both
type and histopathology are associated with the timing
of embryological damage, they are presumed to be
due to anomalies of airway embryogenesis.'®!” However,
a predisposing factor that can be associated with CLM
has not yet been suggested among the reasons shown
to be associated with other congenital anomalies such
as genetic mutation, family history, and exposure to
teratogen that may cause this developmental disorder
of the fetal lung!? The number of prenatally diagnosed
cases has increased over the years. Stocker et al®
retrospectively evaluated 133 CLM cases and showed
that the mean incidence of CLM increased from 1.27 per
10.000 births between 1994-1998 and gradually increased
to 4.15 per 10.000 births between 2008 and 2012. They
also showed that prenatal findings were detected in the

Table 2. Antenatal findings and pregnancy outcomes of the cases

CrAMpel | CoAMpe | CPA P | gps g | CHAOS [ Brontil
US gestational week (meantSD) 2215 22%2 22%3 22%2 21 23+3 22#3
MRI gestational week (meanSD) | 23+4 23+2 23+3 23+2 22 2614 23%3
MRI additional findings (n, %)
Acid 0 0 0 1(6.7%) 1(100%) | O 2 (4.3%)
Hypertelorism 0 0 1(14.3%) 0 0 0 1(2.1%)
Intracardiac echogenic focus 0 1(7.1%) 0 0 0 0 1(21%)
Pelviectasis 1(14.3%) 2 (14.3%) 1(14.3%) 0 0 0 4 (8.5%)
Ventriculomegaly 1(7.1%) 0 0 1(6.7%) 0 0 2 (4.3%)
Ventricular septal defect 0 0 0 1(6.7%) 0 0 1(2.1%)
None 5 n 5 12 0 3 36 (76.6%)
Chromosome analysis (n, %)
Normal karyotype 3(42.9%) 1(7.1%) 2(28.6%) 1(6.7%) 0 1(33.3%) 8 (17%)
The patient refused/unknown/ | ; (57.1%) 13(92.9%) | 5(71.4%) | 14(933%) | 10100%) |2(667%) |39 (83%)
Pregnancy outcome
Termination 0 0 0 1(6.7%) 0 0 1(2.1%)
Live birth 6 (85.7%) 14 (100%) 7 (100%) 14 (83.3%) | O 3(100%) 44 (93.7%)
Stillbirth 1(14.3%) 0 0 0 0 0 1(2.1%)
Neonatal death 0 0 0 0 1(100%) | O 1(2.1%)
BPS: Bronchopulmonary sequestration, CHAOS: Congenital high airway obstruction syndrome, CPAM: Congenital pulmonary airway malformation,
MRI: Magnetic resonance imaging, SD: Standard deviation, US: Ultrasonography
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early second trimester (21.1 weeks) on US, similar to our
results (22+3 weeks).

Abnormalities associated with CLM are unusual but are
more common with type 2. They are usually isolated
anomalies and secondary findings related to cardiac
failure such as ascites, hydrops and pleural effusion are
detected secondary to the fetal lesion affecting the
cardiac circulation!® Our findings also showed that fetal
acid was present in two cases with BPS and CHAQOS. One
CPAM type 1 and one BPS case had mild ventriculomegaly

(<12 mm). One CPAM type 3 case had a prenatal finding
of hypertelorism, but there was no additional anomaly
suggesting a genetic syndrome. One BPS case also had
VSD. However, apart from these findings and soft markers,
there were no additional major structural anomaly in any
case. Additionally, prenatal chromosome analysis was
performed in 17% of the cases and karyotype anomaly was
not found in any of them.

Although many CLMs have an antenatally favorable
prognosis, a fetal risk may occur secondary to the

Table 3. Perinatal and postnatal long-term outcomes of the cases

:’r::;’:?ggfek (week) 36748 383415 39414 37.6t4  |372 36.6t03 | 38%3
f:;;ev’v:‘ezm’e% prevalence (1, 3%) 3 (21.4%) 1(14.3%) 2(133%) |0 20667%) | 9019.1%)
Fetal gender (n, %)

Male 5(71.4%) 7 (50%) 1(14.3%) 8(53.3%) | 1(100%) |3(100%) 25 (53.2%)
Female 2 (28.6%) 7 (50%) 6 (85.7%) 7 (467%) | 0O 0 22 (46.8%)
Birth weight (g) 2769.9t849 31691302 29501547 29581779 | 2495 3433+375 3012%621
LBW (<2500 g) (n, %) 1(143%) 1(7.1%) 1(14.3%) 1(6.7%) 1(100%) |0 5(10.6%)
Macrosomia (>4000 g) (n, %) 0 0 0 1(67%) |0 0 1(2.1%)
APGAR score (n, %)

<7 at I** minute 3 (42.9%) 4 (28.6%) 2 (28.6%) 2(133%) |1(100%) |0 12 (25.5%)
<7 at 5*" minute 1(143%) 2 (14.3%) 1(14.3%) 1(6.7%) 1(100%) |0 6 (12.8%)
NICU admission (n, %)* 0 3 (21.4%) 3 (42.9%) 1(7.1%) 0 0 7 (15.6%)
RDS (n, %)? 3(50%) 6 (42.9%) 3 (42.9%) 1(7.1%) 0 0 13 (28.9%)
Postnatal outcomes®

Remission 1(16.7%) 6 (42.9%) 4(66.7%) 6 (50%) 0 3(100%) 20 (48.8%)
Persistence 0 1(7.1%) 2 (33.3%) 5(41.7%) | O 8 (19.5%)
Operation 5(83.3%) 7 (50%) 0 1(8.3%) 0 13 (31.7%)

2Excludes 1 case of CPAM type 1and 1 case of BPS, includes a total of 45 live births.
®Includes 41 newborns (1 case of CPAM type 3, 2 case of BPS newborns unknown/unable to follow).

BPS: Bronchopulmonary sequestration, CHAOS: Congenital high airway obstruction syndrome, CPAM: Congenital pulmonary airway malformation,
LBW: Low birth weight, NICU: Neonatal intensive care unit, RDS: Respiratory distress syndrome, SD: Standard deviation

Table 4. Comparison of prenatal US and MRI diagnoses of the cases

CPAMtypel |CPAMtype2 |CPAMtype3 |BPS CHAOS :t’:’e';f:ial Total
CPAM type1(n, %) | 6(85.7%) 1(14.3%) 0 0 0 0 7 (100%)
CPAM type2(n, %) |1(63%) 13 (81.3%) 0 1(6.3%) 0 1(6.3%) 16 (100%)
CPAM type3(n,%) | O 0 6 (40%) 7 (46.7%) 0 2 (13.3%) 15 (100%)
BPS (n, %) 0 0 1(12.5%) 7 (87.5%) 0 0 8 (100%)
CHAOS (n, %) 0 0 0 0 1(100%) 0 1(100%)
Total (n, %) 7 (14.9%) 14 (29.8%) 7 (14.9%) 15 (31.9%) 1(2.1%) 3(6.4%) 47 (100%)
BPS: Bronchopulmonary sequestration, CHAOS: Congenital high airway obstruction syndrome, CPAM: Congenital pulmonary airway malformation,
MRI: Magnetic resonance imaging, US: Ultrasonography
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growth of the mass in some cases. However, there are
no universally accepted clinical recommendations or
practice guidelines for antenatal management yet. It
is difficult to predict the natural course of CLMs during
the antenatal period. Although many will enter the
proliferative phase in the second trimester, a significant
number of prenatal lesions are stable or resolve later
in pregnancy.!® Adzick evaluated more than 600 cases
of CLM and reported a significant regression rate of
68% in BPS cases before delivery, compared to 15% in
CPAM cases. However, most remained detectable with a
postnatal computed tomography (CT) scan.” Cavoretto et
al.’? similarly showed 50% antenatal regression in BPS and
also reported a similar regression rate for non-hydropic
echogenic CPAM. Similarly, our findings showed that CLMs
progressed favourable in the antenatal period. Hydrops
fetalis developed in only one CPAM type 1 case and one
BPS case, and the early BPS case was terminated and the
CPAM type 1 case was stillbirth. However, as a limitation
of our study, although our data include the antenatal
outcomes of the cases, data on the course of the size of
the lesions were not included.

The perinatal prognosis of CLM varies according to the
lesion type, location, and size. Most cases are asymptomatic
at birth. However, 1% neonatal death was reported in BPS
and CPAM cases, and emergency surgical resection was
reported in 7% of cases. The morbidity is much higher
in CHAOS cases.?*?" Our perinatal findings showed that
APGAR scores were <7 at the It minute in 25.5% of the
cases and the 5™ minute in 12.8% of the cases. Additionally,
28.9% of the cases had RDS and 15.6% had NICU admission.
Our results showed that CLM adversely affects early
neonatal outcomes. Moreover, there is no indication for
preterm delivery in CLM cases, except for fetal hydrops.”®
Our perinatal findings demonstrate that the mean week
of delivery in CLM cases was 38%3. 19.1% of the cases gave
birth prematurely and it was higher than the preterm
delivery rates reported as 10% worldwide.?? More studies
are needed to evaluate the association of preterm delivery
other than hydrops in CLM cases.

GOLBASI H et al. Congenital Lung Malformations

In the postnatal evaluation, it is thought that CLMs
diagnosed in the antenatal period often regress or
disappear after birth. However, most of the time, adequate
imaging methods are not used in the postnatal period.
Simple chest radiographs are inadequate. MRI may
be helpful, but the gold standard imaging modality is
contrast-enhanced CT scanning.??* Our results showed
that 48.8% of the cases were in remission in the evaluations
extending to the postnatal 5-year follow-up. However,
there is no study in the literature showing that CLMs with
cystic components can undergo remission with adequate
postnatal imaging'® The high remission rate of our cases
may be related to the fact that most of them were followed
by imaging methods such as simple radiography with low
benefit, and very few cases were evaluated with CT.

There is no consensus regarding the postnatal
management of CLMs. Surgical resection is a common
approach for children with symptomatic CLM, but
the necessity and timing of surgery in children with
asymptomatic CLM remains controversial. The risk of
infection for CLMsis between10% and 30% in the firstyear
of life?*?> Some authors have also recommended early
surgical resection to take advantage of compensatory
lung enlargement?*2¢ |t is also known that CLMs are
associated with malignancies such as pleuropulmonary
blastoma and bronchioloalveolar carcinoma. Although
the risk of malignancy is sufficient justification for
surgical resection in asymptomatic cases, some authors
have reported cases that also developed malignancy
after surgical resection? 31.7% of our cases, which
included postnatal 5-year follow-up, were operated.
CPAM type 1 and CPAM type 2 constituted the majority
of the operated cases. These results may be related to
the presence of persistent cystic lesions in the clinicians’
preference for surgery.

In our study, we also evaluated the association between
prenatal imaging methods. The authors recommend
prenatal US imaging as the primary imaging modality
for fetal evaluation, largely because it is accessible and
inexpensive. However, in the presence of inconclusive

Table 5. Compatibility of prenatal US and MRI results according to CLM types
US and MRI same diagnosis MRI changes diagnosis Total
CPAM type 1 (n, %) 6 (85.7%) 1(14.3%) 7 (100%)
CPAM type 2 (n, %) 13 (81.3%) 3(18.7%) 16 (100%)
CPAM type 3 (n, %) 6 (40%) 9 (60%) 15 (100%)
BPS (n, %) 7 (87.5%) 1(12.5%) 8 (100%)
CHAOS (n, %) 1(100%) 0 1(100%)
Total (n, %) 33(70.2%) 14 (29.8%) 496 (100%)
BPS: Bronchopulmonary sequestration, CHAOS: Congenital high airway obstruction syndrome, CLM: Congenital lung malformation, CPAM:
Congenital pulmonary airway malformation, MRI: Magnetic resonance imaging, US: Ultrasonography
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sonographic findings, the use of fetal MRl imaging is
helpfulin differential diagnosis.?#?° Our results showed that
70.2% of prenatal US and MRI scans were compatible. In
prenatal US imaging, CPAM types 2 and 3 were the lesions
most different from MRI imaging. Most of these cases were
diagnosed with BPS on MRl imaging. However, these results
are not sufficient for generalization. The experience of the
clinician performing the US imaging or the radiologist
evaluating the MRI scans may affect prenatal diagnoses.

Study Limitations

This study had some limitations. The diagnosis of our
cases could not be confirmed pathologically, since few of
our cases were operated and most of the operated cases
were operated in different centers. Additionally, CT was
not preferred by clinicians in postnatal imaging of many
cases. This study also has strength. This study included
all outcomes of CLMs in the antenatal, perinatal, and
postnatal periods. Additionally, it is one of the few studies
that evaluated the association between US and MRI in
prenatal imaging of cases.

CONCLUSION

Our study showed that CLMs are generally not associated with
major structural and genetic anomalies. Although the cases
showed mostly favorable prognosis in the antenatal period,
adverse outcomes such as RDS and NICU admission were
high in the perinatal period. Surgical resection was required
in approximately 1/3 of the cases in the postnatal period.
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