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ABSTRACT
Congenital lung malformations or CLM have resulted in an apparent increase in their frequency with the advances in fetal 
ultrasound technology and more widely available investigations in prenatal and postnatal periods. The advantage of an 
early diagnosis came together with the difficulty of the treatment decision, in special in the postnatal management of 
asymptomatic CLM. In this article, we summarized findings from current literature, with a particular emphasis on the 
therapeutic strategies.
Management of infants for thoracic surgery represents a challenge not only for pediatric surgeon but also for anesthesi-
ologists because of the anatomic and physiologic variations particularities. There are two main important parts that must 
be obtained: one lung ventilation and specific techniques for optimal pain management, distinguishing pediatric thoracic 
anesthesia from other pediatric anesthetic disciplines
A comprehensive multimodal approach is necessarily followed by a long-term assessment of respiratory function of chil-
dren who underwent surgery for lung resection.
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InTRODuCTIOn

Congenital lung abnormalities (CLA), also termed 
bronchopulmonary malformations (BPM) are isolat-
ed structural birth defects characterized by focal 
disruption of normal lung development with un-
known aetiology and pathogenesis.

There are no many data on their frequency, the 
estimated incidence is 1 in 3000 to 1 in 6000 live 
births [1,2].

Although uncommon overall, advances in ultra-
sound technology have resulted in an apparent in-
crease in their frequency [1,2,3]. A large percentage 
of these will remain asymptomatic in the neonatal 
period and later. The rising incidence is likely due to 
the widespread availability of prenatal ultrasound 
combined with the improved resolution of ultra-
sound technology that enables the detection of 
smaller lung lesions along with supplementary fetal 
magnetic resonance imaging (MRI) [4].
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The ClASSIfICATIOn AT PReSenTATIOn. ClInICAl 
APPROACh

The nomenclature of congenital lung disease 
was often confusing with terms that often overlap 
and used inconsistently before and after birth. A 
clear dialogue among various professionals (obste-
tricians, perinatologists, pediatric surgeons, pathol-
ogists, pediatricians, radiologists) became impor-
tant and prompted calls for reappraisal of the 
diagnosis, investigation and management of con-
genital lung disease [5,6,7,8,9,10,11].

It has been suggested by Bush and Co [6], that 
few principles should be followed: 

•	 keep clinical and pathologic description sep-
arate: clinical descriptions should use clear 
terms and not include assumptions of pa-
thology.

•	 antenatal ultrasound abnormalities should 
be described using such terms as increased 
echogenicity with large, small, or multiple 
cysts rather than as “Congenital pulmonary 
airway malformation or CPAM ,” which is, 
and remains, a histological diagnosis.

•	 a radiographic abnormality should be de-
scribed as solid or cystic and their size should 
be recorded. Only if the lesion has been ex-
cised is it relevant to make a pathologic diag-
nosis (for example various histologic types of 
CPAM) [6,7].

•	 the descriptions should be made without in-
dulgence in embryologic speculation, specif-
ic antenatal diagnoses often have to be re-
vised after postnatal excision of the lesion 
[6,12].

The need for a simple, easy and clinically rele-
vant classification system of congenital lung malfor-
mation comes from the fact that often present to the 
pediatric surgeon during infancy or early childhood 
and a surgical decision cannot be based on a system 
that relies on histology taken after surgery [5].

Michael Seear et al [5] propose a simplified clas-
sification of congenital lung malformation based on 
the results of a prenatal ultrasound plus a postnatal 
chest radiograph:

Group 1 – congenital solid/cystic lung abnor-
mality

•	 Congenital pulmonary airway malformation
•	 Intra and extra lobar sequestrations
•	 Bronchial atresia
•	 Bronchogenic cyst
•	 Mixed malformations
Group 2 – congenital hyperlucent lobe
•	 Congenital lobar emphysema
•	 Polyalveolar lobe
Group 3 – congenital small lung
•	 Lung/lobar agenesis
•	 Pulmonary hypoplasia associations

This classification is based on the information 
immediately available to the clinician and is also in-
tended for areas where these investigations are eas-
ily available. It also provides guidance for extra in-
vestigations specific to each group and has clinical 
value especially for surgeon at the time of initial 
presentation [5].

eMBRyOlOGy AnD POSSIBle COMPlICATIOnS

Congenital lung malformation arises during the 
embryonic development of the lungs, either due to 
interruption of the normal organogenesis or a mis-
match of the epithelial-mesenchymal interaction 
caused by dysregulation of cellular signalling [13].

Another theory of causation is that these lesions 
are related to airway obstruction with secondary 
pulmonary dysplastic changes [14]. 

Two different theories have been put forward to 
explain the pathophysiological mechanisms [15]. The 
environmental hypothesis states that a persistent ex-
pression of early lung development markers caused 
by potential genetics defects would lead to a focal and 
temporary interruption of the lung morphogenesis.

More recently, histological studies of lung mal-
formations have suggested an obstructive hypothe-
sis: focal obstruction of the air tree, either function-
al (peristalsis abnormality) or organic (bronchial 
stenosis) [15,16]. The modes and timing of obstruc-
tive events are currently poorly understood [14].

Antenatal complications can appear: fetal hy-
drops, pleural effusion, or polyhydramnios second-
ary to failure of normal fetal swallowing because of 
esophageal compression. 

Postnatal complications include: infections 
(bacterial and also fungal and mycobacterial), bleed-
ing (which may lead to hemothorax), air embolism, 
high-output cardiac failure due to shunting through 
systemic collaterals, pneumothorax and malignant 
changes [10].

A congenital lung abnormality is often found in 
conjunction with other abnormalities: congenital 
heart defect, gastrointestinal defects, genetic syn-
dromes, vascular, genital, urinary, limbs, respirato-
ry anomalies.

TheRAPeuTIC STRATeGIeS

fetal management

Fetal interventions play an important role in 
large congenital lung lesions associated with hy-
drops. Maternal steroids are the mainstay of fetal 
management of congenital lung malformations [17]. 
A study performed at the Children’s Hospital of Phil-
adelphia showed that although the mechanism for 
the steroid effect is not fully understood, the need 
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for fetal procedures dropped and a rise in survival 
rates was observed after this strategy was imple-
mented. In cases where foetuses fail to respond to 
maternal steroids trials other fetal interventions 
may be used [18].

Thoracoamniotic shunts have a clear role in 
large lesions containing a dominant macrocyst as-
sociated with hydrops and non-responders to ster-
oids treatment [17,19].

Fetal lung resection was the mainstay procedure 
in hydropic foetuses until the introduction of ster-
oids. Currently, fetal lung resection is reserved for 
borderline viable hydropic foetuses with microcytic 
CPAMs or bronchopulmonary sequestrations (BPS) 
that are non-responders to maternal steroids [17,19]. 

The EXIT (ex-utero intrapartum treatment) pro-
cedure remains somewhat controversial, propo-
nents arguing that it provides a hemodynamically 
stable environment for the fetus, maximizing the 
chance for survival in viable hydropic foetuses 
[17,19]. 

Postnatal management

The management of congenital lung malforma-
tions depends on the type of lesion and, first, on the 
presence or absence of symptoms. In the presence 
of respiratory distress, plain films of the chest are 
the best initial study to determine the degree of me-
diastinal shift and to rule out pneumothorax. A pre-
operative CT scan is ideal, providing information on 
the underlying lesion, location and the existence of 
a systemic feeding vessel [17,19]. In symptomatic 
patients the urgency of intervention is clear. Sur-
gery consists of lobectomy for CPAMs, congenital 
lobar emphysema (CLE) or intralobar BPS and re-
section of the lesion for extralobar BPS or broncho-
genic cysts. These can be accomplished through 
open or thoracoscopic surgery.

The management of asymptomatic lesions is still 
controversial. The rationale for preemptive resec-
tion of CPAMs and BPS is based on the desire to 
avoid complications, such as recurrent pneumonias, 
pneumothorax, hemoptysis and malignant transfor-
mation [17,20]. The controversy is related to the be-
lief that many lesions regress and disappear. Cur-
rently, the mainstay of treatment for asymptomatic 
congenital lung lesions is early resection, at 6-10 
weeks of age [21]. The advantages of performing a 
lobectomy at this age are the low rate of complica-
tions in experienced centers and the negligible im-
pact on long-term pulmonary function associated 
with infant lobectomy, the potential for compensa-
tory lung growth being higher in younger infants.

Outcomes

The long term outcome is determined by a num-
ber of factors including development of symptoms, 

requirement or selection for surgical resection, ex-
tent of resection, type of lesion. The overall survival 
rates are now around 95% [17,22]. 

Total lung capacity (TLC) is generally preserved 
at long-term follow-up after lobectomy for congeni-
tal lung lesions. Studies suggest that overexpansion 
of residual lung may be compensating for loss of tis-
sue and contributing to TLC rather than true lung 
growth [22,21].

The effect of extent of resection plays an impor-
tant role in the long term outcome. In the extreme 
situation of a pneumonectomy the long term seque-
lae include scoliosis and postpneumonectomy syn-
drome (rotation of the heart and great vessels and 
bronchial compression). Implantation of prostheses 
into the empty hemithorax appears to be effective 
in children. Interestingly, the respiratory function is 
generally reasonably well preserved in children 
who went through pneumonectomy before the age 
of 5. Recently, performing segmentectomies in place 
of lobectomies for congenital lung lesions has been 
proposed, when anatomically possible. This should 
be balanced against the risk of incomplete resection 
and recurrence [19,22].

Chest wall deformities are a complication of 
open lobectomy through thoracotomy. 7% of chil-
dren undergoing surgery for congenital lung lesions 
were identified to have chest wall deformities after 
the age of 5. With increasing use of thoracoscopic 
techniques these complications will be reduced [23]. 

Anesthetic Consideration

Management of infants for thoracic surgery rep-
resents a challenge for anesthesiologists because of 
the anatomic and physiologic variations particulari-
ties. The most important one remains the size of the 
pacient with all the technical difficulties involved 
ranking one of the niche practices and that makes it 
different from adults.The preoperative evaluation 
plays an important part providing important infor-
mation that can change the approach and it should 
include the neonatal history as this may indicate co-
morbid pulmonary and cardiac problems along 
with syndromes which must be investigated [24].

There are two main important parts that must be 
obtained: one lung ventilation and specific tech-
niques for optimal pain management, distinguish-
ing pediatric thoracic anesthesia from other pediat-
ric anesthetic disciplines.

There are numerous techniques described to 
achieve lung isolation, must emphasize that there is 
no single technique suitable [25,26]. Non-cardiac 
thoracic surgery in pediatric patients requires dif-
ferent strategies adapted to their age, size and de-
vice to achieve one lung ventilation. The risk of hy-
poxic episodes during surgical procedures is more 
present in pediatric patients compared to adults on 
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one hand the pressure gradient in lateral position is 
smaller between the non-dependent and dependent 
lung parts and that leads to a more equal distribu-
tion of pulmonary blood flow and on the other hand 
the chest wall elasticity is higher, these two can fur-
ther lead to overall ventilation/perfusion mismatch. 
Techniques and device choice for lung isolation in-
cludes the use of balloon-tipped bronchial blockers, 
endobronchial intubation (is the most common ap-
proach with the help of flexible bronchoscope, 
fluoroscopy or blind advancement) and double lu-
men tube (ideally, but limited for 8 years old pa-
tients) [24,25,26]. However, based on the level of 
training and abilities of the clinician the techniques 
and devices used must always be adapted to the size 
and age of the patient. The clinician must be aware 
of the advantages and disadvantages when consid-
ering a device or technique and to weight the risks 
and benefits.

Pain management represents an essential part 
for all children undergoing thoracic surgery. Pain 
assessment in these patients remains a challenge 
giving their size and age. Further, effective pain 
management reduces respiratory complications. A 
comprehensive multimodal approach involves: 
neuraxial techniques (epidural analgesia), loco-re-
gional analgesia (such as intercostal nerve block, 
erector spinae block, serratus anterior plane block, 
thoracic paravertebral block), and analgesics such 
as non-steroidal anti-inflammatory drugs, paraceta-
mol and opioids should be employed to ensure ade-
quate pain relief [24,25,26]. Unlike in adults, region-
al blocks in children are performed under general 
anesthesia to improve compliance and reduce pa-
tient movement during block placement. Infants re-
quire higher relative doses of local anesthetic than 
adults to achieve nerve blockade and being at high-
er risk of neurologic or cardiac toxicity due to low 
plasma protein binding and decreased intrinsic 
clearance. 

All approaches to single lung ventilation require 
some degree of practice to be instituted safely and 
effectively [24,25,26].

eVOluTIOn Of OPeRATeD ClM fROM ChIlDRen TO 
ADulTS 

Concerning the long-term assessment of respira-
tory function of children who underwent surgery 
for lung resection, the literature is rare with oppo-
site results, some studies has shown that a restric-
tive syndrome can develop if the resection is not 
made soon enough to benefit from the lung compen-
satory growth [15].

A recent study comparing the respiratory out-
come of patients operated on by thoracotomy for 
congenital lung malformations to control patients 
operated on for inguinal hernia showed that pa-
tients operated on for lung lesions had a higher 
prevalence of wheezing, lower respiratory tract in-
fections, and needed more inhaled bronchodilators 
and systemic steroids in their first years of life, but 
these sequelae tended to disappear after 4 years of 
age [15,20].

Complications in adulthood are thoracic malfor-
mations (thorax growth asymmetry, scoliosis, pec-
tus excavatum) related to the size of the malforma-
tion. Abnormalities of the mammary gland can also 
be seen [15,27].

COnCluSIOn

With the increased access and application of pre-
natal ultrasound and magnetic resonance imaging 
(MRI) most lung abnormalities are detected prior to 
birth [5,6]. Many congenital lung abnormalities may 
regressed significantly by the time of birth [5,28,29] 
and for others the natural history is unknown [6].

Although, the management of asymptomatic le-
sions is still controversial, in symptomatic patients 
the surgery is necessary and can be accomplished 
through open or thoracoscopic surgery. Regarding 
the anesthesia, there are different techniques and 
device choices. In the multidisciplinary team, the 
clinicians should implement a multimodal approach 
with each patient.
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