®

Check for
updates

Congenital Thoracic Deformities
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9.1 Introduction

and Classification

Congenital deformities of the chest wall or chest
wall malformations (CWMs) comprise a com-
plex spectrum of anomalies which range from
those that do not impact on the health and quality
of life of the patient to those which are life-
threatening [1-3].

CWM occurs when there is anomalous skele-
tal development and/or formation of the thoracic
cavity. The formation of the thoracic cavity
occurs after the intraembryonic cavity has formed
(around the 4th week of gestation). At the begin-
ning of the 5th week of gestation, the lung buds
rapidly grow caudally and laterally at the pericar-
dioperitoneal canals inducing development of the
thoracic wall and pleuropericardial membranes.
The sternum also develops during the 6th week of
gestation. The complex development of the ster-
num can be simplified into three stages: forma-
tion, chondrification, and ossification [4].
Formation begins with the condensed mesen-
chyme where paired parallel mesenchymal bands
migrate from the lateral plates and fuse in the
midline by the 10th week of gestation.
Chondrification begins immediately once the
sternal plates fuse. Ossification begins approxi-
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mately during the 6th month of gestation. It
occurs in isolated centers starting in the manu-
brium, subsequently in the middle body during
the 7th month, and finally in the lower body dur-
ing the first postnatal year. The xiphoid process
will undergo ossification between the 5th and
18th years of life, and the multiple ossification
centers do not coalesce until after puberty.

Thoracic deformities may also be acquired,
established postnatally as secondary to other con-
ditions that disrupt the thoracic wall. Acquired
chest wall deformities typically follow prior
chest surgery (e.g., costal fusions caused by tho-
racotomies carried out in any period of child-
hood, sternal diastasis secondary to an infection
of a sternotomy wound) or a posterolateral dia-
phragmatic hernia repair (Bochdalek) or spine
deformities (i.e., kyphoscoliosis, hemivertebrae,
wedge vertebrae, defects of vertebral segmenta-
tion). Secondary CWM may also follow fetal
procedures carried out for congenital pulmonary
malformations, such as thoracentesis or thoraco-
amniotic shunt [5].

Chest wall can be markedly deformed, by
various degrees of anteroposterior flattening, in
patients affected by bronchopulmonary dyspla-
sia (BPD), a common complication of preterm
birth (Fig. 9.1). The reason of this phenomenon
is not completely explained, although the combi-
nation of many factors, such as the long-standing
lung function abnormalities, the presence of
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Fig. 9.1 Unilateral costal deformity in an ex-preterm
child with bronchopulmonary dysplasia

demineralized and sometimes fractured ribs, and
chronic sternal retraction, which is common in
respiratory distress of any cause in infants, may
contribute to chest flattening [6, 7].

A straightforward and complete classification
of CWM was proposed by Eduardo Acastello in
2006, distinguishing CWM into five types,
according to the origin of the anomaly [8, 9]
(Table 9.1):

. Cartilaginous

. Costal

. Chondrocostal

. Sternal

. Clavicle-scapular

DN B W N =

It is difficult to accurately determine the over-
all incidence of CWM. This is due to multiple
factors, among which their broad spectrum and
the poor record of some mild deformities which
do not even come to the medical attention.
However, the specific incidence of the majority
of them is clearly established in the published lit-
erature and will be detailed in the subsequent
analysis of each malformation. Type I deformi-
ties are the most frequent, comprising more than
90% of the entire spectrum.

CWNMs are rarely diagnosed prenatally. Three-
dimensional ultrasound offers a way to visualize
fetal skeletal dysplasias such as Jeune syndrome.
Other CWM can be indirectly suspected on the
basis of other anomalies detected, for example,

Table 9.1 Acastello classification of chest wall
malformations
Type I Cartilaginous Pectus excavatum
anomalies Pectus carinatum
Type 11 Costal anomalies Simple
Complex
Syndromic (always
complex)
Type I | Chondrocostal Poland syndrome
anomalies Thoracopagus
conjoined twins
Type IV | Sternal anomalies Sternal cleft
Type V Clavicle-scapular Clavicular
anomalies Scapular
Combined

the presence of hypoplasia or aplasia of one fore-
arm or one hand in Poland’s syndrome or the
visualization of an ectopic heart in sternal anom-
alies [10-12].

A detailed evaluation is required for each CWM
patient that comes to the medical attention [13]. It
should start with an interrogation about personal
and family history, since familial cases can be
detected in up to 30% of patients. Great relevance
has to be paid to the presence of associated malfor-
mations, which can affect vital organs (e.g., heart
and lungs) and might allow to diagnose a syn-
dromic form (Marfan, prune belly, etc.). The
moment of detection, its evolution, and possible
related symptoms must be always documented.

The physical examination of the patient has to
be accurate. Inspection in the different positions
(standing, in front and lateral view, in dorsal
decubitus) will provide the most relevant data, in
order to classify the type of deformity, its sym-
metry or asymmetry, the degree of alteration
(mild, moderate, or severe), functional compro-
mise, secondary deformities (kyphosis, scolio-
sis), and postural defects (scoliotic attitude).

The determination of thoracic measurements
has a fundamental value in standardizing medical
observations. The thoracic measurements to be
evaluated are:

1. Thoracic circumference: measured during
expiration on a line that crosses the nipples on
the anterior aspect of the thorax and just below
the scapular angles in the posterior region.
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2. Intermamillary distance: it measures the dis-
tance between the two nipples and the dis-
tance from the half-sternal line to each nipple
separately and serves to assess the symmetry
or asymmetry of the chest.

3. Thoracic index: it is the ratio between the
anteroposterior and the lateral diameters of
the thorax (measured at the level of the nip-
ples) multiplied by 100.

Imaging studies are necessary to complete the
diagnostic work-up [14]. Chest radiograph in
double view (front and profile) can provide basic
information about the type and the degree of
alteration and changes produced; it can identify,
for example, the form of dysmorphic ribs or alter-
ations in the shape of the thoracic cage; it is also
useful for long-term postoperative follow-up.
Second-level imaging techniques, such as com-
puted tomography with or without three-dimen-
sional reconstruction or magnetic resonance
imaging, are usually indicated to better define the
anatomy of the malformation.

The level of cardiopulmonary impact of each
malformation is variable and depends on the
particular characteristics of each pathology.
Every patient with a CWM should undergo car-
diac evaluation, comprising at least electrocar-
diographic exam and cardiac ultrasound; the
specialist will determine the following steps,
after evaluating the presence of congenital heart
diseases and their possible functional
repercussion.

A pulmonology evaluation has to be always
requested, although a proper respiratory func-
tional assessment is usually not feasible before
3 years of age.

The orthopedic evaluation completes the
assessment of CWM children, given the high
incidence of other skeletal anomalies, such as
congenital scoliosis and vertebral deformities, in
this group of patients.

With regard to treatment, not all CW malfor-
mations require surgical correction. Each pathol-
ogy presents its particular indications to
treatment, and it is fundamental to identify the
right timing for it, to achieve the best esthetic and
functional results [15].

9.2  Pectus Excavatum

Pectus excavatum (PE), also termed funnel chest,
is characterized by the presence of a variably
deep sternal depression associated with a malfor-
mation of the lowest chondrosternal joints. PE is
the most frequent thoracic malformation, with an
incidence of 1/100-1/1000 live births, and
accounts for around the 90% of all CWMs. It
occurs more frequently in males than females by
a 5:1 to a 3:1 ratio. About 95% of cases occur in
Caucasian patients, whereas Asian, African
American, and Hispanic patients represent only
the minority of PE cases. PE is most often con-
genital and noted in the first year of life (86%)
(Figs. 9.2 and 9.3), while in the remaining cases,
it appears later during development; in this last
group of patients, there is a frequent association
with malformations of the muscular connective
tissue, such as Marfan and Ehlers-Danlos syn-
drome. Cases of spontaneous resolution during
growth are very uncommon, and the more typical
course is worsening of the depression, either
gradual or more dramatic during phases of rapid
vertical growth and puberty.

9.2.1 Etiopathogenesis

The etiology of PE is not clear, and many hypoth-
eses have been proposed. The overgrowth of cos-
tal cartilages could be the pathogenetic
mechanism leading to the development of
PE. Another mechanism proposed is an abnormal
tethering of the sternum to the diaphragm poste-
riorly. This theory is supported by a 33% inci-
dence of acquired PE in patients after repair of
posterolateral congenital diaphragmatic hernias
(Bochdalek). Collagen type II disorders have
been demonstrated in the costal cartilages in PE,
as well as overexpression or downregulations of
some genes playing a role in the metabolism of
cartilage and connective tissues, as collagen
genes, matrix metalloproteinases, tumor necrosis
factor-alpha, and filamin [16, 17]. Although there
is no confirmed chromosomal abnormality, there
is a genetic predisposition supported by a familial
recurrence in up to 40% of the cases [18]; more
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Fig. 9.2 Neonate with
pectus excavatum
[Courtesy by Dr. Michele
Torre, G. Gaslini
Children’s Hospital,
Genoa, Italy]

Fig. 9.3 Infant with pectus excavatum [Courtesy by Dr.
Michele Torre, G. Gaslini Children’s Hospital, Genoa,
Italy]

rarely we can observe the presence of other
CWM (such as PC) in a PE family. Four different
possible patterns of inheritance have been sug-
gested: autosomal dominant, autosomal reces-
sive, X-linked recessive, and complex.

9.2.2 Pathophysiology

In cases of severe malformations, there can be
physiological repercussions. Many studies have
tried to elucidate the implications of PE on the
respiratory and cardiac function [19]. Thoracic

CT and MRI scans often demonstrate a leftward
displacement of the heart and a compression of
the right ventricle or atrium, deformed by the
rotation and posterior displacement of the ster-
num, with different degrees of dysfunction on the
echocardiogram. Mitral valve prolapse and mitral
valve regurgitation are frequent, due to the defor-
mation of the mitral valve annulus [20].

Pulmonary function tests (PFT) can be
altered, more on stress conditions than on rest
[21]. The most common pattern of PE is a restric-
tive one, but also obstructive or mixed patterns
are not uncommon. A possible explanation for
ease of fatigability in PE patients can be a less
efficient mechanism of breathing [22, 23]. Using
motion analysis technology, PE patients were
determined to have significantly impaired chest
wall motion at the area of the pectus defect and
increased abdominal contributions to respiratory
activity [24]. Other studies support the theory
that exercise capacity is limited as a result of
reduced filling of the right heart by the compres-
sive effects of PE.

PE can be observed in some neonates with
congenital diaphragmatic hernia or children with
respiratory obstruction (bronchomalacia, hyper-
trophic tonsils). These particular cases of PE are
the only ones that can improve during infancy.
PE is otherwise usually mild at birth and pro-
gresses over the years, especially during preado-
lescent and adolescent age.
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9.2.3 Clinical Evaluation

A complete history has to be collected, including
questions regarding onset and progression of
chest wall deformity and investigating the possi-
ble presence of symptoms, associated conditions,
and familial cases. Most young children with PE
are asymptomatic, but, as they become more
active, particularly in their pre- and early teenage
years, exercise intolerance and lack of endurance
can appear.

The morphology of the PE should be described
in detail [25, 26]. The deformity may be described
as symmetric or asymmetric; asymmetry is often
associated with sternal rotation that has to be
underlined too.

PE can be morphologically classified as
follows:

— Grand Canyon: It is a severe form of PE, with
adeep long canal in the sternum, which is usu-
ally extremely rotated. This type is often
asymmetric.

— Punch or cup shape: Localized deformity, usu-
ally on the inferior part of the sternum. It is
more often symmetric. It has been observed
that the punch type is the most common vari-
ant of PE (67%), more commonly symmetri-
cal (80%), to the right of the midline (80%),
and involving the lower sternum (99%).

— Saucer shape: It is a diffuse depression involv-
ing the complete anterior chest, where the tho-
rax is usually quite flat. It can be symmetric or
asymmetric.

— Transversal PE: The depression is transversal
and below the sternum.

— Eccentric PE: The sternal depression is eccen-
tric to the midline. It is the highest degree of
asymmetric PE.

— PE with flaring chest: The lower ribs are flar-
ing at each side of the depressed sternum.

— PE-PC: It is a combined malformation with a
sunken chest and unilateral or bilateral pro-
trusion of the cartilages beside the sternum
edge.

— Superior PE: Very rare PE, localized in the
upper part of the sternum; lower sternum is
normal.

— Photographic documentation with different
angles (frontal, left and right lateral, left and
right oblique) is very helpful for the follow-up
of these patients.

A thorough chest and cardiac physical exam
completes the first part of the evaluation of these
children [27].

9.2.4 Tests and Imaging

CT or MRI of the chest, PFT, and cardiac evalua-
tion including electrocardiogram and echocar-
diogram are a routine part of the evaluation for a
patient with PE [28].

There are several numeric indexes, usually
calculated on CT and MRI, that have been devel-
oped over time to help quantify the severity of PE
[29-31]. The most relevant are:

e Haller index (HI): described in 1987 by
J. Haller et al., [32] it is calculated dividing the
transverse maximum diameter of the rib cage
by the anteroposterior diameter at the deepest
point of the deformity. The cutoff point for PE
patients is >3.25.

e Sternal depression index (SDI): it is the ratio
between the maximal internal sagittal diame-
ter of the left side of the chest and the minimal
distance between the anterior surface of the
vertebral column and the posterior border of
the deepest portion of the sternum. An SDI of
<2.4 is associated with mild sternal deformity,
moderate sterna deformity is associated with
an SDI of 2.4-2.9, and an SDI of >2.9 is con-
clusive of severe sternal deformity.

* Asymmetry index (Al): it is the ratio between
the anteroposterior diameter of the right and
the left part of the rib cage, multiplied by 100.
Chest wall is considered asymmetric if Al is
<—0.05 or >0.05.

e Others: correction index (CI), eccentricity
index (EI), and others.

PE causes displacement of the heart into the
left hemithorax. In order to measure the extent of
cardiac compression, specific indexes, calculated
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on CT or MRI, have been calculated, such as the
cardiac compression index (CCI) and the cardiac
asymmetry index (CAI).

9.2.5 Management

The optimal age for repair is 10—14 years old
because at this time the rib cage is more mallea-
ble, thus allowing for rapid recovery, better
results, and a lower recurrence rate as the bar
remains in place during musculoskeletal matura-
tion [33, 34]. Fixing PE in the first years of life is
probably unnecessary, and it could carry the risk
of relapse or postoperative severe complications
as acquired Jeune syndrome [35].

9.3  Pectus Carinatum

Pectus carinatum (PC) is a protrusion of the ster-
num and chondrocostal joints (Fig. 9.4). It is the
second most common CWM, and its incidence is
estimated to be five times less frequent than PE in
North America, although in other countries, it is
much more common, for example, in Argentina,
where it has been reported to comprise 55% of
chest wall deformities. There is a strong male

predominance (4:1). Most cases of PC are spo-
radic; however, familial incidence has been
reported in about 26% of cases; in some families,
it is possible to observe both PC and PE cases.

9.3.1 Etiopathogenesis
The etiology is unknown, although the origin of
PC is considered to be similar to that of PE,
related to abnormalities of connective tissue
development, giving its frequent association with
other skeletal abnormalities such as scoliosis
(12%), and some genetic predisposition.

PC can be either an isolated condition or part
of a syndrome (i.e., Poland syndrome) or connec-
tive tissue disorder.

9.3.2 Classification
PC can be classified into the following types:

— Type 1, inferior or chondrogladiolar: It is the
most frequent type; the protrusion is located in
the inferior sternum, with maximum prominence
at the sterno-xiphoidal junction, which can be
very noticeable (“pyramidal” or “keel chest”); it

Fig. 9.4 Asymmetric pectus carinatum in frontal and lateral view
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is usually symmetric. This type of PC can be
associated with lateral depressions of the ribs.

— Type 2, superior or chondromanubrial: The pro-
trusion is localized above the intermammary
line. A variant of this form is called Currarino-
Silverman syndrome or pouter pigeon breast,
characterized by a high symmetric carinatum
chest deformity with a short thick sternum with
a depression in the lower third [36]. Its aspect is
of a superior PC with an inferior PE, and the
sternum is typically S-shaped on a lateral view.

A rarer form called lateral PC has also been
described: always asymmetric by definition, it
consists in the protrusion of some costal carti-
lages, besides the chondrosternal joints, on one
side, with often concomitant rotation of the ster-
num (30-60-90°) toward the opposite side.

9.3.3 Clinical Presentation
and Imaging

In contrast to PE, PC usually appears later in life.
Only about one-sixth of the patients show a
carinate deformity within the first year of life,
while in almost half of them, PC is diagnosed
noted during prepuberty or puberty. The defor-
mity, which may be mild at birth, often worsens
rapidly during the growth spurt.

Most PC patients are asymptomatic, although
those affected by a severe anomaly may complain
of some degree of thoracic pain. Cardiac and pul-
monary functions are usually less affected than in

Table 9.2 Classification and frequency of costal anomalies

PE. Only the variant “pouter pigeon breast” can
be associated with congenital heart disease in
18% of cases.

Imaging studies include posteroanterior and lat-
eral chest radiographs, although CT scan remains
the gold standard radiologic evaluation for
PC. Some radiological indexes, measurable on CT
scan, have been proposed, but in clinical practice,
they are less used than those calculated for PE.

9.3.4 Management

PC is usually not treated during the first years of
life. Its management, either conservative through
an orthotic brace system [37, 38] or surgical
with different techniques [39], is deferred until at
least preschool age or early teenage years,
respectively.

9.4  Costal Anomalies

Costal anomalies represent the 3.2% of thoracic
wall malformations. They are divided into simple
and complex.

Simple malformations involve one or two ribs,
up to three nonconsecutive ones, with isolated
malformations. The effects on the thoracic cage
are limited.

Complex malformations compromise large
sections of thorax affecting the respiratory
dynamic.

Ulterior division is shown in Table 9.2.

Costal anomalies Simple Unique (45.3%) Agenesis

Hypoplasia
Supernumerary
Bifid
Fusion
Dysmorphic

Double (2.6%)

Combined (10.7%)

Complex Strange (5.5%)

Fusions (29.4%)

Syndromic (6.5%) Jeune
Jarcho-Levin
Cerebrocostomandibular
Others
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9.4.1 Simple Costal Anomalies

— Agenesis and costal hypoplasia: They are rare

isolated malformations or, more frequently,
part of a syndrome (Poland, trisomy 13, cere-
brocostomandibular). Patients are asymptom-
atic, and the management is conservative with
radiological and clinical evaluation during
growth.

Supernumerary cost: It identifies the presence
of more than 24 ribs. The extra rib usually cor-
responds to the cervical vertebra, and it is
rudimentary, unilateral, or bilateral. It is
uncommon and can be part of a syndrome.
Most patients (70%) are asymptomatic. In
symptomatic cases, signs and symptoms do
not depend on cost size and can be related to
vascular or nervous involvement (pain for
arterial spasms and paresthesias). The physi-
cal examination shows a tumor in the supra-
clavicular gap. The thorax X-ray confirms the
diagnosis. Asymptomatic patients do not
require treatments. Surgery is performed in
case of symptoms and consists of resection of
the extra rib.

— Bifid cost: Bifurcation of the distal end of a rib. It

is uncommon and usually isolated. In most cases
it is a radiological finding. Sometimes there is a
tumor of the costal wall ad pain in the deformed
area caused by cartilaginous deformity. Thorax
X-ray permits the diagnosis. Surgery is reserved
for symptomatic patients (pain) or for esthetic
reasons, and it consists of excision of the bifid
cost together with the altered cartilage.

Costal fusion: It is characterized by the union
of two ribs and it is usually an incidental find-
ing. Thorax X-ray shows the ribs involved and
the level of the fusion. When necessary the
evaluation is completed with CT (Fig. 9.5). In
the evaluation of patients, it is important to
detect the presence of malformations, the
vertebral fractures, and the degree of scoliosis.
The need for surgery is established on the base
of the curvature progression.

Dysmorphic cost: Alteration of the costal
morphology with widening of the anterior end
of the costal arch, a spur, or an irregularity of
the entire costal length. Patients present with a
small tumor on the anterior or lateral thoracic
wall with localized pain (Fig. 9.5).

Fig. 9.5 Example of costal anomalies: patient with a dysmorphic cost (a) and 3D CT reconstruction of costal fusions
(b) [Courtesy by Dr. Michele Torre, G. Gaslini Children’s Hospital, Genoa, Italy]
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9.4.2 Double Costal Anomalies

Double malformations include two unique mal-
formations homolateral or contralateral. In case
of agenesis of two ribs, there is a paradoxical
mechanism during breathing with symptoms
onset. Clinical evaluation together with thorax
X-ray during growth spur is important during
follow-up. Surgery consists of rib spit and place-
ment of autologous costal graft/prosthetic mesh
and muscular flap.

9.4.3 Complex Costal Anomalies

— Strange malformations: Malformations that
do not follow a specific pattern are defined
strange. They are extremely rare and each
patient corresponds to a unique case. We can
have costal hypoplasia, fusion, or intercostal
space widening with lung hernia. The right
side is affected more than the left one.
Hydrocephalus and myelomeningocele are
identified in 55% of cases. Clinical manifesta-
tions depend on the extent of the deformity.
Children with severe deformity change their
anatomical thoracic configuration with risk of
constrictive thoracic disease. The involvement
of cardiopulmonary function is always possi-
ble. Neonates may have respiratory distress
requiring mechanical ventilation. After this
period, symptoms arise during breast-feeding,
and they are related to the presence of pulmo-
nary sequelae (dysplasia). A small number of
patients are asymptomatic, but the thorax is
always abnormal. Thorax X-ray identifies the
degree of parietal alteration. The spine should
be investigated, as well. When required, sur-
gery consists of costal block removal.

— Costal fusion: Costal fusion is a congenital
malformation characterized by the union of
three or more ribs in any spinal segment. It
may cause varying degrees of deformity on
the chest wall or spine. It is rare and associ-
ated to vertebral anomalies in 90% of cases.
The thoracic deformity may be evident soon
after birth. Restrictive respiratory symptoms
are typical of older patients. Thorax X-ray

permits to identify location and features of
the malformation. It is important to evaluate
the spine praecox. Surgery is indicated in
case of severe scoliosis or other
deformities.

9.4.4 Syndromic Costal Anomalies

In this group the costal anomaly is part of a spe-
cific syndrome.

9.4.4.1 Jeune Syndrome

It is also known as asphyxiating thoracic dystro-
phy, a congenital malformation (autosomal reces-
sive inheritance) with small thorax, short limbs,
and pelvic dysplasia. Fortunately many children
do not develop respiratory asphyxia and survive
the neonatal period.

The incidence is 1/100.000-130.000 without
sexual preponderance.

Patients present with narrow bell-shaped tho-
rax and prominent abdomen (Fig. 9.6); ribs are
short, and costochondral junctions do not pass
the anterior axillary lines. Costal cartilages have
a rosary shape and clavicles are fix and horizon-
tals. This reduces the respiratory movements and
leads to an abdominal/diaphragmatic respiration.
Hypoventilation causes hypoxia and respiratory
distress. The severity is variable and sometimes it
causes neonatal demise.

Fig. 9.6 Neonate with Jeune syndrome [Courtesy by Dr.
Michele Torre, G. Gaslini Children’s Hospital, Genoa,
Italy]
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Renal and hepatic alterations are common:
progressive nephropathy from the second year
of age due to glomerular sclerosis or tubular
cystic dysplasia and hepatic fibrosis or cirrhosis
for ductal anomalies. Pancreatic cysts are rare.
The pelvis is small and radiological abnormali-
ties tend to decrease during growth. In neonates
there is a praecox ossification of femoral head
and other bones resulting in growth retardation.
Congenital heart disease, retinal degeneration,
and dolichocephaly are less frequent
associations.

Two forms are identified based on the clinical
picture.

Type I, Major Form (70%)

The major form includes patients with small,
rigid, and narrow thorax and abdominal respira-
tion. In these cases, respiratory symptoms have
early onset (severe neonatal distress), and patients
require mechanical ventilation soon after birth.
Mortality is high in the first year of age. Together
with ventilator support, patients need surgery to
enlarge the thorax increasing the lung capacity.
The correction should be praecox to avoid long
mechanical support and improve survival.
Primary and stage repairs have been described
starting from the first months of life. Among the
surgical options, there is the median sternotomy
with bone graft or prosthetic patch interposition.

The aim is to enlarge the thoracic cavity with
median sternotomy and to keep the two sternal
segments open with different rigid material. The
sternotomy is performed in the neonatal period
and the defect is closed with a prosthetic patch.
Once patients are stable (infancy), the patch is
replaced by homologous grafts. Grafts include
methyl methacrylate and bone grafts. Titanium
patches have been used for staged procedures.
Vertical expandable titanium rib (VEPTR)
improves chest wall movements: they are attached
to the ribs and to transverse spinal processes and
progressively lengthened. The procedure may
lead to scoliosis and patients require long-term
follow-up (Fig. 9.7).

Despite the immediate relief from symptoms,
surgery doesn’t seem to affect long-term results
and mortality. The only improvement is prenatal
ultrasound diagnosis that allows for consultation
and leads to an increment of pregnancy
termination.

Type I, Minor Form (30%)

In these patients costal malformations are inter-
mediate and symptoms are limited or absent.
Radiological abnormalities tend to reduce over
time. Physical examination is sufficient to sus-
pect the syndrome. Thorax X-ray shows the small
and narrow thoracic cage with bell-shaped con-
figuration. Ribs and clavicles are horizontals. The

Fig. 9.7 Jeune syndrome: intra- and postoperative pictures [Courtesy by Dr. Michele Torre, G. Gaslini Children’s
Hospital, Genoa, Italy]



9 Congenital Thoracic Deformities

127

latter are shaped as bicycle handlebars and are
high. These alterations are well detected on CT
scans with 3D reconstruction. Pelvis X-rays show
small pelvis and irregular acetabular roof (tri-
dent). Iliac wings are small and squared.

Some authors associate the measure of the
thoracic perimeter with prognosis: a perimeter
<28 cm correlates with bad prognosis. The mea-
sure of the thoracic cage might be responsible for
pulmonary hypoplasia detected in some patients.
The clinical spectrum runs from mild to severe
forms where the rigidity of the chest does not
allow proper expansion.

Type 2 form does not always require treat-
ments being patients asymptomatic or mildly
affected.

9.4.4.2 Jarcho-Levin Syndrome

It is called costovertebral dysplasia or hemiverte-
bral syndrome, and it is characterized by a short
thorax with vertebral and costal abnormalities.
The inheritance is autosomal recessive with mild
male preponderance.

The hemivertebra typically involves all or
almost all the spine with fusion or absent verte-
bral bodies. Vertebral anomalies deform the tho-
racic cage and lead the posterior costal arches to
be fused at the costovertebral junction. Shape and
number of ribs are abnormal. The effect is a short
and crab-shaped thorax.

Neonates have respiratory distress that prog-
ress into respiratory failure, and most of them die
within the first year of age. The association with
congenital heart disease and urological abnor-
malities (hydronephrosis, ureteral and urethral
stenosis) is frequent. Rarely there are gastrointes-
tinal malformations. Thorax X-ray shows the
crab shape due to the short dorsolumbar column.
There hasn’t been any attempt of surgical correc-
tion to date.

9.4.4.3 Cerebrocostomandibular
Syndrome

This syndrome is also called the one with seg-

mented rib. It is rare and characterized by micro-

cephaly, micrognathia, and costal anomalies. The

type of inheritance has not been defined yet, but

it is responsible for the altered cartilage develop-

ment. There are only costal vestiges. The typical
costal anomaly is the aplastic segment at the pos-
terior costal arch with fibrosis, muscular ele-
ments, and calcifications. The extension of the
costal defect is variable as it is variable to the
number of affected ribs. The thorax is short and
flat, and the deformity worsens the glossoptosis
and the tracheal cartilage hypoplasia. The effect
is a severe respiratory distress. Forty percent of
patients die within the first months of life.
Between the survivors, 50% have moderate men-
tal retardation. Described associations are verte-
bral malformations, scoliosis, feet deformities,
and hip dislocation.

9.4.4.4 Others

Rare type II congenital thoracic deformities
include deformities that have been described but
do not fit in any standard classification. They
have different features and require personalized
treatment and management.

9.5 Poland Syndrome

Named after Sir Alfred Poland who described it
in 1841 [40], Poland syndrome (PS) is a rare con-
genital anomaly, occurring in 1:20,000-30,000
live births. Its main diagnostic criterion is the
hypoplasia or agenesis of the pectoralis major
muscle, although its phenotype can be extremely
variable and frequently combined with other ipsi-
lateral abnormalities of the chest wall, breast, and
upper limb. PS is almost always unilateral, right-
sided in two-thirds of cases; very rare bilateral
cases have been described [41]. There is a male
preponderance with a 2:1 male to female ratio. It
is mainly sporadic, with around 4% of familial
cases described [42].

9.5.1 Etiopathogenesis

The etiology of PS is unknown. The most accred-
ited hypothesis regards a possible interruption of
the vascular supply in subclavian and vertebral
arteries during embryonic life, determined by
both genetic and environmental factors, leading
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to different malformations of the corresponding
districts [43]. The occurrence of familial cases
has raised the hypothesis of a possible genetic
etiology with different inheritance patterns,
although a specific gene has not been identified
yet [44].

9.5.2 Clinical Presentation
and Assessment

PS phenotype is extremely variable. Partial or

total deficit of the pectoralis major muscle is

present in 100% of patients, and the thoracic

defect is usually evident at birth (Fig. 9.8a) [10].
Other clinical features are [45]:

— Anomalies of other chest wall muscles:
Pectoralis minor results to be affected in more
than 90% of cases in some series; less frequently
an involvement of serratus anterior, latissimus
dorsi, trapezius muscle, rhomboid muscle, and
rectus abdominis can also be detected.

— Chest wall anomalies: Rib dysmorphisms,
hypoplasia, and agenesis and anomalies like a
PE or PC or both can occur; in case of rib
agenesis, particularly if multiple (most fre-
quently the third and the fourth ribs), lung her-
niation and paradoxical respiratory movements
can be present.

— Breast hypoplasia or aplasia: Breast involve-
ment regards the majority of PS patients, par-
ticularly significant in females, and ranges

Fig. 9.8 Poland syndrome: chest wall asymmetry in a patient with right form (a); CT picture of a right PS (b); postop-
erative pictures of the same patient at long-term follow-up (¢, d); brachydactyly in PS (e)
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from varying degrees of breast hypoplasia to
complete absence of the breast (amastia) and
nipple (athelia), usually with hypoplasia of
the subcutaneous tissue of the region
(Fig. 9.8b).

— Upper limb anomalies [46, 47]: Shortness of
the fingers (brachydactyly) (Fig. 9.8e), joined
fingers (syndactyly), and a combination of both
(brachysyndactyly) are frequently seen hand
anomalies, although others can be present,
affecting more than half of PS patients.

— Other skeletal deformities: Scoliosis and other
spine deformities, Sprengel deformity (con-
genital elevated small scapula), etc.

— Cardiac/renal anomalies: They are uncommon
and usually mild. Dextroposition, always
reported in cases of left PS with rib anomalies,
seems to be caused by mechanical factors dur-
ing embryonic life in patients with multiple
left rib agenesis [48].

— Other syndromic conditions, such as Moebius
and Klippel-Feil syndromes, have been
reported in association with PS [49].

The extreme variability of the phenotype
imposes a multidisciplinary approach to all chil-
dren with PS. Diagnostic work-up includes the
evaluation of all the organs and systems that can
be affected and should be completed as early as
possible. Conversely, surgical correction is
almost never necessary in the first years of life;
nevertheless, since it may require multiple proce-
dures and stages over the years [50] (Fig. 9.8c, d)
(hand surgery, restoration of the structural integ-
rity of the rib cage, improvement in the appear-
ance of the chest, breast implants, etc.), a correct
information and presentation of all the surgical
possibilities should be early offered to the
families.

9.6 Sternal Anomalies

Sternal defects are rare and include relatively
benign anomalies, such as the partial sternal
cleft, and major defects resulting in ectopia cor-
dis. Four main defects can be identified: cervi-
cal ectopia cordis, thoracic ectopia cordis,

thoracoabdominal ectopia cordis, and cleft or
bifid sternum. The heart is displaced in ectopia
cordis [51].

9.6.1 Thoracic Ectopia Cordis

Thoracic ectopia cordis presents with naked
heart (entirely bare heart outside the thorax)
and no overlying somatic structures (pericar-
dium, skin, etc.). The heart has an anterior
superior apex. Intrinsic cardiac anomalies are
frequent. Upper abdominal wall defects
(omphalocele, diastasis recti, eventration of the
abdominal viscera) might be associated, as
well. The sternum may be partially or com-
pletely split with the heart protruding through
the defect. This condition differs from ectopia
cordis in which the heart is in an orthotopic
intrathoracic position, has a normal anatomy,
and is covered by normal skin.

The lack of midline somatic tissues and the
presence of a small intrathoracic cavity make the
repair difficult with risk of heart failure. The cor-
rection (primary or stage repair) should be per-
formed early in the first days of life. Different
surgical approaches have been reported including
the use of skin flaps, prosthetic meshes, rib grafts,
and pectoral muscle flaps. Diaphragmatic mobili-
zation and pericardial division from the anterior
attachments of the chest wall might help in the
closure. In all successful cases, the creation of a
partial anterior cavity surrounding the heart
avoids heart failure. The presence of intrinsic car-
diac lesions and associated abdominal defects
severely affects the prognosis, more than the sur-
gical technique chosen for the correction.
Postoperative complications include infection
and extrusion of the graft.

9.6.2 Cervical Ectopia Cordis

Cervical ectopia cordis is distinguished from the
thoracic ectopia cordis on the base of the superior
heart displacement. The heart protrudes at
the base of the neck, and it is often fused with
the mouth, and there are many craniofacial
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anomalies or other fetal deformities. The progno-
sis is bad and surgical repair is very difficult.

9.6.3 Thoracoabdominal Ectopia
Cordis

Thoracoabdominal ectopia cordis presents with
heart covered by thin and pigmented skin. It is
associated with sternal cleft. There is no severe
anterior heart rotation seen in thoracic ectopia
cordis, but the heart is displaced within the thorax
with diaphragmatic and pericardial defect below
it or within the abdomen. Described associations
are somatic defects, diaphragmatic anomalies,
intrinsic cardiac malformations, and abdominal
wall defects (omphalocele, diastasis recti). This
ectopia cordis is often part of the Cantrell pental-
ogy (a cleft lower sternum, a half-moon anterior
diaphragmatic defect due to failure of develop-
ment of the septum transversum, absence of the
parietal pericardium, adjacent or completely sep-
arate omphalocele, ventral hernia or diastasis
recti, and in most patients a major form of con-
genital heart disease, most commonly tetralogy
of Fallot or diverticulum from the left ventricle).
Surgical correction is possible, and long-term
survival rate is more frequent than that of other
ectopia cordis. The first step is skin closure to
avoid infections and mediastinitis and omphalo-
cele excision. The correction is required early
with primary closure or prosthetic mesh closure.
The rectus muscles are distant with difficulties in
obtaining a good primary closure.

9.6.4 Sternal Cleft or Bifid Sternum

The sternal cleft (SC) is caused by a defect in the
fusion process of mesenchymal cells that starts at
around the 6th week of gestation. The effect is an
anomaly in which the heart is in the orthotopic
position in the thoracic cavity but the sternum is
clef or partially fused over the heart (Fig. 9.9).
The skin coverage is normal and the pericardium
is intact. The condition is idiopathic and accounts
for 0.15% of all chest deformities with a female
preponderance (Table 9.3).

Fig. 9.9 Newborn with sternal cleft

Table 9.3 Sternal cleft types and frequency

Sternal cleft types

Partial superior form 67%
Complete form 19.5%
Partial inferior form 11%
Sternal foramen 2.5%

Sternal clefts are classified into complete or
partial [52]. The partial form can be superior or
inferior: the partial superior SC is usually iso-
lated and relatively easy to repair; the partial infe-
rior SC is often associated with complete sternal
fissure resulting in ectopia cordis. Other associ-
ated defects are vascular dysplasia, PHACES
syndrome, midline fusion defects, and pentalogy
of Cantrell (heart, pericardium, diaphragm, ante-
rior abdominal wall defects) (Fig. 9.10).

PHACE(S) syndrome is a neurocutaneous dis-
order of unknown etiology. The acronym refers
to the commonest features of PHACE: posterior
fossa malformations, large facial hemangiomas,
cerebral arterial anomalies, cardiovascular anom-
alies, and eye anomalies. When ventral develop-
mental defects such as sternal clefting or
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)

Midline fusion
defects

Fig. 9.10 The relationship between sternal cleft and
other rare syndromes/associations (From Torre et al.
Phenotypic spectrum and management of sternal cleft:
literature review and presentation of a new series. Eur J
Cardiothorac Surg. 2012;41(1):4-9)

supraumbilical raphe occur, the PHACES acro-
nym may be used. The hallmark feature of
PHACE is the presence of one or more large
facial infantile hemangiomas that occupy at least
one facial segment. Cerebral vascular anomalies
are probably the most common extracutaneous
feature. Given that several organ systems are
involved, a multidisciplinary approach to disease
surveillance and treatment is advised. In particu-
lar the assessment of affected babies should
include the endoscopic evaluation of upper air-
ways and cerebral MRI.

Intrinsic cardiac defects are rare. The presence
of a fusion defect in the middle part of the ster-
num is called sternal foramen. SC determines
paradox movements during respiration with risk
of mediastinal viscera damage. Therefore the
correction in neonatal age should be recom-
mended. The difficulty in repairing the defect is
related to the fact that the chest is small and can-
not accommodate the heart with the risk of car-
diovascular failure.

Some neonates are asymptomatic but present
a paradoxical midline thoracic bulging due to the
protrusion of viscera during expiration.

Older patients present respiratory symptoms
such as dyspnea, cough, respiratory distress, and
recurrent respiratory tract infections.
Asymptomatic patients usually have partial defects
and require repair to provide protective coverage
for the heart (high risk of trauma-related injuries).

Several associations are seen, the most com-
mon being the bandlike scars from the umbili-
cus to the inferior part of the defect
(supraumbilical raphe) that represent only a
cosmetic anomaly, cardiac defects (22%) and
vascular anomalies (9%).

Early repair in infancy is important because
the chest is more flexible and primary closure is
the preferred treatment. The primary closure can
be challenging or impossible due to a stiff thorax.
Alternatives include the use of prostheses (pros-
thetic materials such as Gore-Tex or Gore,
DualMesh, calcium phosphate cement (Fig. 9.11),
polyester, or various autologous grafts such as
bone graft interposition, muscle flap interposi-
tion), partial or total thymectomy [53], cartilage
resection, sliding chondrotomies, and clavicle
dislocation.

In most series the primary repair is performed
within the 3rd month of life. The first year of age
is considered a favorable age for repair.

The preoperative evaluation should exclude
associated anomalies that can lead to major com-
plications and should define the thoracic anatomy.
Some anomalies are evident (maxillofacial heman-
giomas, cleft lip or palate, pectus excavatum, pre-
cordial skin tags, supraumbilical raphe,
gastroschisis, connectival nevus of the anterior tho-
racic wall). Other defects (cardiac anomalies, aor-
tic coarctation, eye abnormalities, posterior fossa
anomalies, hidden hemangiomas) require investi-
gations. Preoperative examinations include the
study of the chest with X-ray and CT (Fig. 9.12)
and cardiologic evaluation (electrocardiogram and
echocardiography). Neuroradiologic imaging and
ophthalmologic exams are performed in selected
cases. Genetic evaluation completes the screening.
Prior to surgery, laryngo-tracheo-bronchoscopy
might identify subglottic hemangiomas.

For surgery, the midline vertical incision
extends from the jugular notch to the end of the
defect (Fig. 9.11). The dissection proceeds down-
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Fig.9.11 Sternal cleft (a) repair (¢, d) with a prosthesis in calcium phosphate cement (b)

ward to expose the sternal bars. Vertical strap
neck muscles are divided at their insertion on the
sternal upper margins and the two sternal halves
are freed from the underlying pleura and pericar-
dium. A U-shaped incision is performed in the
inferior part of partial SC to facilitate the closure.
The sternal bars are approximated on the midline
and closed with nonabsorbable sutures when pos-
sible (Fig. 9.13).

Reported complications are pericardial or
pleural tears during sternal dissection, retroster-
nal seromas, and pneumothorax. In females,
care should be taken not to injure the mammary
gland. Patients with severe associated anoma-

lies have unfavorable events related to the
underlying disease. No recurrences have been
described.

The required follow-up is a close one since
patients can develop other congenital wall mal-
formations (e.g., pectus excavatum).

9.7 Clavicle-Scapular Anomalies
Clavicle-scapular malformations represent 0.5%
of all the CWM. They are divided into malforma-
tions of the clavicle, malformations of the scap-
ula, and combined malformations.
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Fig.9.12 (a) US showing “V-shaped” sternum with proximal diastasis; (b, ¢) CT evaluation of the sternal deformity:
diastasis of the middle and proximal portion of the sternum, costal hypoplasia

Fig.9.13 Postoperative pictures after sternal cleft repair with a prosthesis in calcium phosphate cement
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9.7.1 Clavicular Malformations

They originate from alterations in the growth or
structure of the clavicle that can be aplastic,
hypoplastic, or dysmorphic, on one or both sides.
Clavicular malformations can be isolated (sim-
ple) or part of a syndromic association. They usu-
ally cause very little functional alteration, except
when associated with other malformations of the
scapula and/or upper ribs. Several syndromes,
such as pseudohypoparathyroidism (Albright),
Holt-Oram, and Pierre-Marie syndrome, among
others, can present clavicular abnormalities as
part of their clinical picture, usually associated
with other skeletal deformities. The chest of these
children is narrow in its upper part, with decreased
lateral diameter. Functionally, this facilitates the
realization of atypical movements, such as the
approximation of the shoulders in front of the
thorax. The muscles of the area can also be
involved, presenting developmental and inser-
tional anomalies. In the neonatal period, respira-
tory disorders can appear due to the narrowness
of the chest. Chest X-ray shows the absence or
hypoplasia of one or both clavicles. Clavicular
malformations can be associated with pectus car-
inatum or excavatum.

9.7.2 Scapular Malformations

These anomalies are characterized by alterations
in development and position of the scapula with
variable joint mobility. The deformities occur at
birth and their severity is variable; they are usu-
ally unilateral. They are classified as simple,
with hypoplastic or winged scapula, or syn-
dromic. Syndromes that favors scapular winging
are, for example, muscular dystrophies or other
conditions with muscular hypoplasia such as
Poland syndrome. It can be associated with PE,
PC, scoliosis, vertebral, and rib deformities.
Sprengel deformity is characterized by an ele-
vated anomalous position of one or both scapu-
lae, with variable disorders of joint mobility. The
deformity is the result of a failure in the descent
of the scapula from its fetal position in the neck
to its normal position on the posteroexternal face

of the thoracic wall. It is more common in women
(4:1 ratio). It occurs sporadically, but an apparent
pattern of autosomal dominant inheritance has
been sometimes noted. The affected scapula is
hypoplastic, with decreased vertical diameter and
apparent increase of its horizontal width. The
muscles connected to the scapula can be altered,
most commonly the trapezoid, the deltoid, the
rhomboid, the elevator of the scapula, and the
serratus anterior, so that the amplitude of shoul-
der movements may be limited.

Scapular malformations can also be part of
the Klippel-Feil syndrome, in association with
anomalies of the cervical spine, a characteristic
short neck with movement limitations, dorsal
and lumbosacral vertebral malformations, anom-
alies of the ribs, malformations of the upper and
lower limbs, and rarely cardiovascular
malformations.

Chest X-ray in front and profile projections
and CT with 3D reconstruction of the chest wall
are the imaging techniques of choice. MRI is car-
ried out when intramedullary alterations are sus-
pected. Differential diagnosis includes other
causes of shoulder asymmetry, such as scoliosis,
asymmetry of lower limbs, and obstetric paraly-
sis of the brachial plexus.

The goals of surgical treatment are to improve
the function and the esthetic appearance of the
shoulder. When indicated, surgery is recom-
mended between 9 and 18 months of life.

9.7.3 Combined Malformations

They are the most frequent variant and are char-
acterized by the association of different types
both clavicular and scapular defects. They can be
unilateral or bilateral, and they comprise the sim-
ple subtypes of each group of malformations.

9.8  Associated Spinal

Deformities

The normal development of the vertebral column
includes the longitudinal and axial growth of the
vertebrae [54] that requires:
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1. The skeletal growth (the growth of the axis for
muscular development).

2. The symmetrical growth of the spine in the
longitudinal and axial plane, preventing the
development of deformities (scoliosis). The
scoliosis is the spinal lateral deviation of more
than 10° with vertebral body rotation.
According to their origin, the scoliosis can be
classified into idiopathic, congenital, neuro-
muscular, osteopathic, and neoplastic.

3. Protection of neural elements, ensuring that
the child reaches adulthood without neuro-
logical complications.

4. The development of physiological spinal cur-
vatures, which allow proper balance in the
standing position.

The spine is intimately associated with the
thoracic cage and any alteration of these two ele-
ments is reflected in the other. Under normal con-
ditions, the development of the thorax is a
dynamic process that involves the sternum, the
ribs, the spine, and the diaphragm. Its growth
shows a higher velocity in the first years of life.
Everything that interferes with the thoracic nor-
mal development will reduce the respiratory
capacity, especially in younger ages.

Also the thoracic morphology changes with
growth: the thorax is cylindrical with horizontal
ribs at birth; it has an oval shape, with an oblique
orientation of the ribs at 2 years, and it is rectan-
gular at 10 years. It has been established that the
growth of 50% of the thoracic volume happens in
the first 10 years and the other 50% is completed
at the age of 16. An alteration in the longitudinal
or anteroposterior growth of the thorax, thoracic
volume, and alveoli will produce respiratory fail-
ure syndrome.

Spinal and thoracic deformities can be divided
as:

1. Primary
(a) Anterior deformities (pectus excavatum,
carinatum, etc.)
(b) Connective tissue deformities (Marfan)
(c) Costal fusion and strange malformations
2. Secondary

(a) Of the wall: costal resections, costal
fusions

(b) Of the content: retraction after empyema,
pulmonary resections, diaphragmatic palsy

Hemivertebra is a type of vertebral anomaly
and results from a lack of formation of one half
of a vertebral body. It can be a common cause
of a congenital scoliosis. The curve progres-
sion and the ultimate severity of the curve
depend on the type of hemivertebrae, the loca-
tion, the number of hemivertebrae, and their
relationship with each other. It falls under the
spectrum of segmentational anomalies and can
involve one or multiple levels. Recognized
associations are many and include Aicardi syn-
drome, cleidocranial dysostosis, gastroschisis,
Gorlin syndrome, fetal pyelectasis, Jarcho-
Levin syndrome, OEIS complex, VACTERL
association, and mucopolysaccharidosis.
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