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Summary

Congenital lung masses (CLM) the rare group of causes of acute
respiratory insufficiency (RI) in newborns include congenital
airway pulmonary malformation (CAPM), congenital overinflation,
bronchopulmonary sequestration, and bronchial atresia. The
presenting group consists of 13 newborns who were admitted to
the Neonatal Department of Intensive Medicine (NDIM) during
January 1% 2015-December 31% 2019 (8 males, 5 females,
2 premature/11 term newborns, spontaneous delivery: 2,
caesarean section: 11) with positive prenatal diagnosis of CAPM
in all cases. In 2 cases prenatal intervention was performed
(drainage of the amniotic fluid, attempt of thoracentesis). Signs
of acute RI immediately after delivery were seen in 5 newborns.
Postnatal echocardiographic investigation confirmed the presence
of increased pulmonary pressure in 8 patients, no patient had
congenital heart abnormality. A thorax x-ray was positive also in
asymptomatic patients. Computed tomography in patients
brought detailed information about the position, size and
character of CAPM. Six patients underwent surgery. In 15.4 %
right lungs were affected by cystic malformation and in 23 % left
lungs were affected. A final diagnosis of CAPM was confirmed in
5 patients using histopathologic examination. Multidisciplinary
cooperation during prenatal as well as postnatal period is
necessary.
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Introduction

The development of the respiratory system is
intricately linked to the development of the digestive
system. The respiratory system begins to form in the 4th
week of gestation from the ventral wall of the foregut
intestine. From the epithelium the laryngotracheal groove
is formed, which is connected to the foregut. It gradually
grows in a caudal direction and by means of
a tracheoesophageal septum, the anterior intestine is
divided into oesophagus and ventrally placed trachea with
bronchopulmonary buds. As a result of this, the origin of
the breathing tube is separated from the digestive tract.
The epithelium of the airways and the respiratory part of
the lungs arises from the entoderm. The mesenchyme
form ligaments (and connective tissue proper in mucosa
and blood vessels of the

1991,

layer), smooth muscle,
respiratory system (Kapeller
Sadler, 2011, Mraz et al. 2015).

Several phases in the process of Ilung
differentiation are distinguished (Sadler 2011, Bouchard
2018). For the 1st embryonic stage (3rd - 5th week of

embryonic age) there

and Pospisilova

is the typical formation of
laryngotracheal diverticulum with subsequent formation
of primary, secondary and tertiary bronchi and trachea.
During the 2nd pseudoglandular stage (weeks 6 - 16)
further branching of the terminal respiratory tree up to the
terminal bronchioles is present. Respiratory alveoli and
bronchioles are not yet formed. From prenatal weeks 5 to
17, the lungs look like a tubuloacinar gland with
tubes that branch into the

epithelial surrounding
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mesenchyme (Berrocal et al. 2004). This period is
characterized by the formation of an immature neural
network. Type 2 pneumocytes appear (Bouchard, 2018).
During the 3rd canalicular phase (weeks 16-26) each
terminal bronchiole is divided into 2 or more respiratory
bronchioles, and these are divided into 3 to 6 alveolar
ducts. Respiratory bronchioles are more vascularized.
Differentiation of the cuboidal epithelium into type I and
type I cells, as well as the surfactant synthesis appears.
The 4th phase is the saccular stage (26th week until
delivery) presented with formation of widened airspaces
and termed saccules that are formed on peripheral
airways, to which capillaries are attached. Thinning of the
connective tissue between the airspaces is detectable.
Primitive alveoli are covered with type 1 and type 2
pneumocytes, maturation of the surfactant system is
presented. After 28 weeks of gestation, significant
reduction in mesenchymal tissue occurs, the distal
saccules are divided, and their walls become thinner
(Berrocal et al. 2004). The surfactant is detectable in
amniotic fluid. An extracellular matrix is formed
(Bouchard, 2018). The 5th phase is called alveolar stage
(8th month of development to childhood: 7th - 10th year)
with formation of mature alveoli and tight alveolar
membrane. Alveoli are divided until there are 300 million
of them. They reach this number in the 8th year of life
(Berrocal et al. 2004).

Congenital airway pulmonary malformations,
formerly referred to as congenital cystic adenomatoid
(CCAPM), are rare
developmental abnormalities of the lower respiratory
tract. The
malformations is in the range of 30-42 cases per 100,000
population, the incidence of CCAPM of 1: 10,000 - 1:
35,000 births (Costa et al. 2008).

Many studies have examined the effect of
keratinocyte growth factor, fibroblast growth factor-10,
glial cell-derived neurotrophic factor, and failure of

pulmonary  malformation

incidence of congenital pulmonary

"communication" between endoderm and mesoderm tissue,
and an imbalance between cell proliferation and apoptosis
during organogenesis (Berrocal ef al. 2004). Swarr and his
co-authors suggest three actiologies (Swarr et al. 2018).
Results from experimental work on animals can also help
us to better understand the changes that occur during lung
development (PieSova and Mach 2020).

CCAPM was first described in 1949 (Ch'In and
Tang 1949). Stocker divided them into three main types
(Stocker et al. 1977). According to Adzick, two types of
lung lesions are distinguished (Adzick et al. 1985). The
new classification specifies the place of origin of

congenital airway malformations (Andrade et al. 2011).
Currently, a classification of 5 forms is used (Oerman
et al. 2019, Egloff and Bulas 2020).

Cystic findings in the lungs are usually detected
at 20" week of gestation (Witlox 2019). The fastest
change in the size of cystically altered lungs is achieved
between the 20™ and 26™ gestational week. The largest
dimension is usually confirmed in the 25" gestational
week. After this period, either a slow growth phase
occurs Or even aspontaneous regression may occur.
Macrocystic lesions have been found to grow more
slowly compared to microcystic or solid lesions. The
probability of developing hydrops is not different (Morini
et al. 2018). A necessary part of the examination of the
newborn is detection of the presence of associated
congenital anomalies (Harmath et al. 2007, Cavoretto
et al. 2008).

The finding in the lungs affects the signs of
respiratory insufficiency (RI) immediately after delivery.
Majority of cases are presented after neonatal period.
Postnatal examination methods include native chest
X-rays and computed tomography (CT). High-resolution
CT makes it possible to differentiate microcystic from
macrocystic lesions. CT with the administration of
a contrast substance is used for exclusion of pulmonary
imaging (MRI)
clarifies the more detailed characteristics of the lesion.

sequestration. Magnetic resonance
Sonography (brain, urinary system, heart) for associated
congenital anomalies and for measurement of a pressure
in lungs, genetic testing is recommended. New diagnostic
options include ultrasound examination of the lungs.
Childcare begins at the

development

stage of prenatal

(corticoids, surgery: decompression,
resection, thoracocentesis, aspiration, continual drainage,
fetal tracheobronchoscopy) (Witlox et al. 2011, Chon
et al. 2018). Surgical resection prevents infections and
malignant transformation. Childbirth management as well
as care in the immediate postpartum period always
requires multidisciplinary cooperation in a highly
specialized medical facility.

The aim of presented work is to analyze prenatal

and postnatal course, diagnostic and therapeutical attitudes.
Methods

Retrospective analysis of newborns admitted to the
NDIM during January 1, 2015 - December 31, 2019 with
prenatal

suspicion of congenital airway pulmonary

malformation. The group of patients consisted of

13 newborns.
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Table 1a. Characteristic of the patients (1-7).

Patient Prenatal Age and clinical Characteristic of the patient
admin. of condition at admission to AF Delivery BW BL AS
corticoids NDIM (g (cm)
1 without - 1 hour clear 38+4 2. w., 3146 49 9/9/1
- on spontaneous elective section 0
ventilation, Fi0, 0.21 from CLM
2 without - 6 days clear 38 g. w., section 3440 50 8/9
- on spontaneous from the
ventilation, Fi0, 0.21 orthopaedic
indication of the
mother (condition
after pelvic
fracture) and
CLM
3 complete - 2 hours clear 38 g. w., section 2830 49
- before transport: from pelvic
orotracheal intubation, position and
ventilatory support, congenital lung
Fi0, 0.70 malformation
- after admission:
ventilatory support
4 complete - 7 days clear 38 g. w., planned 3200 49 10/1
- on spontaneous section 0
ventilation, Fi0, 0.21
5 complete - 3rd day (hydrops, clear 3146 g. w., 2430 40 3/5/5
syndrome of blue face and section due to
upper vena cava; preeclampsia
petechiae; surfactant)
- after admission: inotropic
support (Dobutamine),
ventilatory support,
FiO, 0.80
6 complete - 4 days clear 38+3 2. w. 3080 50
- on spontaneous spontaneous
ventilation, Fi0, 0.21 vacuum
extraction
7 33g.w. - 3 days clear 36+5 g. w. 2800 43 10/1
Betamethasone - on spontaneous spontaneous 0

ventilation, Fi0, 0.21

g. w. — gestational week, AF — amniotic fluid, AS — Apgar score, FiO, — oxygen fraction, g. — gram, cm — centimeter, CLM — congenital
lung malformation, admin. — administration, BW — birth weight, BL — birth length, NDIM — Neonatal Department of Intensive Medicine

Results

The presenting group of patients with positive
prenatal diagnosis of CAPM (fetal sonography, MRI)

consists of 13 newborns (8 males/5 females, 2 premature
newborns/11 term newborns, spontaneous delivery: 2,
caesarean section: 11) (Table la, 1b). In 2 cases prenatal
intervention was performed (drainage of the amniotic
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Table 1b. Characteristic of the patients (8-13).

Patient Prenatal Age and clinical condition Characteristic of the patient
admin. of at admission to NDIM AF Delivery BW BL AS
corticoids (g (cm)
8 complete after delivery: condition clear 38 g. w., planned 3500 49 8/7/6
after chest drainage, O,, section due to
intubation, ventilation, macrocystic form
surfactant
time of admission: 1 hour,
high-frequency ventilation
with FiO, 0.99; continuous
chest drainage; chest X-ray:
left pneumothorax with
transfer of mediastinum to
right hemithorax; intensive
ventilation mode; inotropic
support (Adrenaline);
transfusion of erythrocyte
mass
9 without - 1 hour clear 38 g. w.,, planned 3575 52 9/9
- short time supportive section /CLM
ventilation, spontaneous
ventilation, Fi0, 0.21
10 without - 7 days clear 38 g. w., planned 3010 48 9/10
- on spontaneous ventilation, section/CLM
FiO, 0.21
11 without - 3 hours clear 39 g. w., planned 3180 48 10/10
- on spontaneous ventilation, section/CLM
FiO, 0.21
12 complete + - 1 hour clear 37 g. w., planned 2800 48 10/10
Betamethason - on spontaneous ventilation, section /CLM
e FiO, 0.21
13 without - 1 hour clear 38+6 g. w., 3014 50 10/10
- on spontaneous ventilation, section

Fi0, 0.21

g. w. — gestational week, AF — amniotic fluid, AS — Apgar score, FiO, — oxygen fraction, g. — gram, cm — centimetre, CLM — congenital
lung malformation, admin. — administration, BW — birth weight, BL — birth length, NDIM — Neonatal Department of Intensive Medicine

fluid, attempt of thoracentesis). Signs of acute RI
immediately after delivery in 5 newborns. Postnatal
echocardiography confirmed the presence of increased
pulmonary pressure in 8 patients, no patient had
congenital heart abnormality. A thorax x-ray with the
confirmation of the presence of congenital lung masses
was positive not only in symptomatic but also in
asymptomatic patients (Fig. 2, 3, 5, 6, 7a, 8a, 9a). CT in
patients brought detailed information about the character

of CAPM (Fig. 1, 4, 7b, 8b, 9b). Six patients underwent
surgery. In 15.4 % right lungs were affected by cystic
malformation (1 patient: complete lobectomy of the right
lower lung lobe, 1 patient: complete lobectomy of the
right upper lung lobe). In 23 % left lungs were affected
(2 patients: non-anatomical resection of the left upper
lung lobe, 1 patient: complete lobectomy of the left lower
lobe). The final
contraindicated due to haemodynamic instability during

lung surgical procedure was
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operation in one patient, only therapeutic drainage of the
pleural cavity was performed (Table 2a, 2b). No patient

had associated malformations. A final diagnosis of

Fig. 1. Patient 2. Computed tomography/angiography.
Bilaterally in the range of the lower and middle lobes, on the
right and in the upper reduced transparency of the
parenchyma. On the left in the range of the upper lobe
present emphysematous bulges of various sizes, the largest
up to a diameter of 20 mm, the others smaller.

Fig. 3. Patient 5. Native X-ray of the thorax (anterior-posterior
view). Both wings without a normal drawing (a markedly spotted,
nodular pattern). Right lungs are significantly larger than the left,
which are hypoplastic. Mediastinal organs are moved to the left,
the border of the heart is out of focus. Various alternating areas
of shading and brightening are located in the lungs.

CCAPM  was
histopathologic evaluation.

confirmed in 5 patients using

Fig. 2. Patient 3. Native X-ray of the thorax (anterior-posterior
view). Reduced respiration area of both wings. Left altered
structure and architecture of the lungs, alternating areas of
increased and decreased airiness, emphysematous areas — the
largest of them in the range of upper and middle lung left field
(50x25 mm), smaller emphysematous areas in the area of lower
lung field basal and medial. Also present, inhomogeneous,
irregular areas of reduced airiness. Pathologically altered left lung
with pressure manifestations on the organs of the mediastinum,
heart, with their movement to the right and right substernal
herniation of the left lung. On the right, the parenchyma is
reduced, the hypoplastic whole chest is preserved.

\

Fig. 4. Patient 6. Computed tomography/angiography. On the
left in the lower lung lobe in the segments S7, S8, S9, S10
parenchyma of increased transparency with present microcysts
with a diameter of up to max 3.2 mm, post-contrast without
saturation, without the supply artery, is presented.
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Fig. 5. Patient 8. Native X-ray of the thorax (anterior-posterior
view). Increasing the airiness of the left hemithorax in the upper
and middle lung field based on macrocystic dysplasia on the left.
Mediastinum is dislocated with the shadow of the heart to the
right based on macrocystic dysplasia on the left and hypoplasia
of the lungs on the right. On the left side an increase in airiness
of lung parenchyma without bronchovascular drawing due to the

pneumothorax. Hypoplasia of the right wing, moving the
mediastinum to the right.
Discussion

Most patients with congenital pulmonary

malformations (CPM) are asymptomatic in the neonatal
period. These are about % patients with a prenatally
confirmed diagnosis of CAPM (Swarr ef al. 2018). In our
group of patients 4 newborns were admitted by the
1™ hour of life on spontaneous ventilation, 1 patient by
the 3" hour of life also on spontaneous ventilation, and
5 newborns were admitted after 4 days of life on
spontaneous breathing. Three patients were immediately
after delivery intubated and put on ventilatory support.
Making differential diagnosis of CPM we
excluded diaphragmatic hernia, bronchopulmonary
tracheal

bronchogenic cyst or bronchial stenosis or congenital

sequester, pulmonary hypoplasia, atresia,
high airway obstruction syndrome (Bulas and Egloff
2019, D'Eufemia et al. 2016).

Cavoretto et al. 2008 described 170 cases with
the CCAPM. In 88 cases the lesion was leftsided,
rightsided in 82 newborns. In our group of patients, the
prenatal diagnosis of lung pathology was established in
100 %. Postnatally we confirmed the prevalence in the
left lungs (38 %), in 4 case in right lungs (30 %), in
2 cases bilateral and in 2 cases the x-ray of the thorax was
negative.

Fig. 6. Patient 9. Native X-ray of the thorax (anterior-posterior
view). Inhomogeneous areas of reduced and increased airiness
of right lung parenchyma in the sense of congenital cystic
malformation of the lungs (cysts with a diameter of 10-28 mm).
The left lung parenchyma is covered by shadow of the heart and
mediastinum and basal lung parenchyma differentiable. Shadow
of the heart and mediastinum with a shift to the left.

The therapeutic approach to patients in the
previous period was not uniform. The diagnosis and
treatment on our group of patients were proceeded
according to the proposed algorithms according to
Annunziata et al. 2019 and according to the summary
presented in UpToDate 2020 (Egloff and Bulas 2020).
Six patients from group underwent surgery. In 154 %
right lungs were affected by cystic malformation
(1 patient: complete lobectomy of the right lower lung
lobe, 1 patient: complete lobectomy of the right upper
lung lobe). In 23 % left lungs were affected (2 patients:
non-anatomical resection of the left upper lung lobe,
1 patient: complete lobectomy of the left lower lung
lobe). The final surgical procedure was contraindicated
due to haemodynamic instability during operation in one
patient (patient No 5), only therapeutic drainage of the
pleural cavity was performed. In patient No 2, clinical
status during first six days of life was optimal. This child
did not have signs of respiratory insufficiency, but
extensive findings in the lungs on CT-angiography
indicated required surgery on 11" day of life. In this case
optimal maturity together with physiological postnatal
adaptation did not prevent the newborn surgery of the
lungs.

The five patients (patient No 1, 9, 11, 12, 13)
did not undergo surgery during the neonatal age. Their
clinical condition was adequate and acute surgery was
(The control

not required. Patient 1 prenatal
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Fig. 7. a) Patient 11. Native X-ray of the thorax (anterior-posterior view). Without unambiguous cystic clarifications, only discreetly
indicated small clarifications of the diameter up to 5-6 mm, at the interface of the upper and middle lung field is visible. Mediastinum is
extended to the left (thymus), without displacement. b) Patient 11. Computed tomography/angiography. Two areas of slightly
increased airiness and at the interface of segments S3/6 (27x26x15mm) and S4/8 (25x22x15 mm) with small cysts 2-6 mm in diameter
are visible.

Fig. 8 a) Patient 12. Native X-ray of the thorax (anterior-posterior view). Homogeneous shading of the character of the consolidation of
the upper lobe of the left hemithorax, the area of the lower lobe with increased airiness in the area of the external angle. b) Patient 12.
Computed tomography/angiography. The aeration of atelectasis in the upper left lobe. The extent of involvement of the lung
parenchyma in terms of emphysematous bullae was slightly highlighted in lobes S1, 2, 3 and 6.

Fig. 9. a) Patient 13. Native X-ray of the thorax (anterior-posterior view). Pulmonary parenchyma without focal changes. On both sides
in the lower lung fields bilateral basal increase in airiness. Left basal in the lower lobe discrete, not completely sharply demarcated
clearing summing with a normal lung parenchyma (30x30 mm). b) Patient 13. Computed tomography (native). In the left lung wing, in
the lower lobe the architecture of the lung parenchyma is disturbed. In the segment S6, 8, 9, 10 multiple superimposed oval
formations, cysts, with air content with diameter individually from 2mm to a maximum of 11-12mm, replace the normal lung
parenchyma (total size: 45x24x45 mm). Other lung parenchyma with appropriate density and structure.
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Table 2a. Overview of surgical findings in a group of patients.
Overview of surgical findings in a group of patients
n. surgical surgery right lungs left lungs
approach upper middle lower upper lower
lobe lobe lobe lobe lobe
2 left posterolateral non-anatomical -apical macrosc.
thoracotomy in resection of the left cystic intact
the 4™ intercostal ~ upper lobe of the lung changes
space -largest cyst
about 2 cm
in diameter
3 left posterolateral lobectomy of the left macrosc. cystically
thoracotomy in lower lobe of the lung intact altered by
the 4™ intercostal numerous
space cysts
4 right lobectomy of the right  macro macro -numerous
posterolateral lower lobe of the lung sc. sc. cystic
thoracotomy in intact intact changes
the 4™ intercostal -adhesions

space

two thoracocentetic
drains introduced
under X-ray control:
1. drain - air with
serosang. effusion
2. drain - sang.
effusion.
- continuous
resuscitation
- surgical intervention
contraindicated

to the upper
and middle
lung lobe

n. — number, macrosc. — macroscopically, pathol. — pathological, serosang. — sanguine, cm — centimeter

examination superseded the regression of the
pathological finding in the lungs) was spontaneously
ventilating, without the need for oxygen therapy, with
good respiratory mechanics, hemodynamically stable.
The initial

formation in the middle and lower lung field on the left,

chest X-ray found a micro-multicystic

without pneumothorax or fluidothorax. Neither the

surgeon nor the pulmonologist indicated any
intervention. CT was planned at 5 months of age.
Patient 9 was hemodynamically stable, on spontaneous
ventilation with a slight tendency to tachypnea, but did

not require oxygen treatment at admission. Due to the

retention of carbon dioxide, respiratory support with
Vapotherm for one day was started. On the second day
of life she was eupnoic, with adequate ventilation-
oxygenation parameters. The thorax X-ray showed cystic
adenomatoid lung malformation. Due to optimal clinical
condition conservative treatment and CT examination of
the lungs at the age of 3 months was recommended.
Patient 11
diagnosed congenital cystic lung malformation. Local

was a3-hour newborn with prenatally

clarification of the pulmonary parenchyma apically to the
right of a size 20x19 mm was seen on thorax X-ray. At
the 4-day control, there were only discreet clarifications,
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Table 2b. Overview of surgical findings in a group of patients.

Overview of surgical findings in a group of patients

n. surgical surgery right lungs left lungs
approach upper middle lower upper lower
lobe lobe lobe lobe lobe
8 left conservative - a cystically macrosc.
thoracotomy non- malformed upper intact
in the 4™ anatomical lobe filled with fluid
intercostal resection of and air is expelled
space the left upper from the surgical
lung lobe wound under pressure
- it occupies most of
the chest cavity, the
other parenchyma is
suppressed
- from the cranial part
of the upper lobe
about 35 —40 % is
healthy in appearance
10 right lobectomy of - a large cyst without without
thoracotomy the right upper  pushing into the macrosc.  macrosc.
in the 4™ lung lobe surgical field, pathol. pathol.
intercostal filling and signs signs
space causing
hemodynamic
instability
... opening and
decompression
were done
n. — number, macrosc. — macroscopically, pathol. — pathological
without unambiguous cystic formations. Due to the  cardiopulmonary  stabilized, on  spontaneous

stabilized clinical condition a surgical intervention was
not recommended. CT examination was planned at
6 months of age. Patient 12 was hemodynamically and
respiratory stable at admission. On thorax X-ray cystic
formation with atelectatic component was shown in the
upper lobe of the left pulmonary lobe. For mild dyspnea
and minor desaturations, he required respiratory support
for a total of one day, without the need for oxygen
therapy. On the second day of life a CT angiography of
the lungs confirmed the presence of congenital lung
malformation. The patient was stable, and the surgeon
with  the
implementation of a control CT examination of the lungs

recommended a conservative procedure

for a month. Patient 13 upon admission was

ventilation. The initial X-ray showed a picture of wet

lungs, without signs of parenchymal pathology,
without pneumothorax and fluidothorax. For desaturation
to 80 %, presence of opening respiratory phenomena and
mild dyspnea, supportive treatment with Vapotherm was
indicated for a total of 9 hours. In the further course of
hospitalization, the patient was already eupneic, with
good oxygenation-ventilation parameters. The surgeon
recommended only observation and care as in
a physiological newborn, rehospitalization at our clinic at
the age of 2 months for the purpose of CT examination
was recommended.

Gradual improvement of prenatal care, as well as

new therapeutic options have significantly affected the
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perinatal survival of patients with pulmonary lesions.
Currently, the results describing the management in the
neonatal period encounter the problem of small numbers.
Care for a patient with a pulmonary lesion is
multidisciplinary, has to be in a highly specialized
medical facility and needs structure of standardized care
(Morini et al. 2018, Witlox 2019).

In all patients from our group the clinical status
of the patient was very important and had an influence on
decision of the therapeutic plan. Even achievement of
optimal level of maturity and mastering postnatal
adaptation does not preclude surgery. The surgeon must
always consider all possible risks arising from a finding
in the pulmonary parenchyma. We believe that the
presented results, as well as the findings on thorax x-rays
and CT
supplement the information on the clinical condition of

angiography from our workplace, will

pulmonary malformations and contribute to expanding
knowledge and refining algorithms for caring for this risk
group of newborns.
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