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Abstract

The article provides a historical background of the etiopathogenesis, approaches to diagnosis and surgical treatment of
pectus excavatum (PE). Foreign and domestic literary sources on morphological changes in the chest and the functional
state of internal organs in patients with intracranial hypertension and correlations with diseases of other organs and
systems were studied. Data on diagnostics and treatment tactics for PE are summarized and systematized.
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BopoHkooOpa3Hasa gecgopmauuns rpyaHoON KrneTku y AeTeun:
COBpPEMEHHbIe acneKTbl NpPodnemMsbl
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Pe3stome

B cTatbe npeacTtaBneHa uctopuydeckas crnpaska, CoAaepkallas nHdopmMaumio o aTuonatoreHese, nogxoaax K guarHo-
CTUKE U onepaTMBHOMY Jle4eHU0 BOpOHKoobpasHom aedopmauum rpyaHon knetku (BAOK). MNpoaHanuanpoBaHbl 3apy-
6eXHble N OTeYeCTBEHHbIE NUTEPAaTYPHbIE MCTOYHVKW, OMUCHIBAIOLLME pe3yrnbraThl MCCneaoBaHUn MOPAONOrmyecKkmx
N3MEHEHWUI TPYAHON KNETKN 1N PYHKLMOHANbHOro COCTOSHWSA BHYTPEeHHUX opraHos npu BAIK, koppensaumun ¢ 3abone-
BaHMAMM Apyrux opraHoB u cnuctem. O606LLEHbI 1 CUCTEMATU3NPOBaHbLI AAHHbIE MO AUArHOCTUKE 1 NnevyebHon TakTuke
npwn BOK.

KnioueBble cnoBa: epoxdeHHble aHoMmanuu pazsumusi 2pyOHOU Kemku, 80poHKoo6pasHasi deghopmauiusi 2pydHol
Kremku, UHcmpymeHmarbHble MemoObl 0bcriedoeaHusi, mopakonnacmuka

Bknag aBTOpoB. MoTopeHrko H.B., BunHuk A.B.: koHUenuus nccnenosaHusi, 063op nybnvkaumin, HannucaHme Tekcra,
penakTUpoBaHWe, YTBEPXKAEHME pyKonMcK Ans nybnvkauum.

KoHdnukT nHTepecoB. ABTopb! 3asBNSOT 06 OTCYTCTBUM KOH(IMKTA MHTEPECOB.
UcTouyHukn cbmHaHcupoBaHus. ViccnenosaHue nposeneHo 6e3 CrioHCOPCKON NMOAAEPKKM.

Ons uutupoBaHuA: MomopeHko HB, BuHHuk AB. BopoHkoobpasHas deghopmauusi epyOHol krnemku y demel:
cospeMeHHble acriekmbl pobnembl. [lpobnembl 300posbsi U  3sKomoauu. 2024;21(2):15-22. DOI: https:/doi.
0rg/10.51523/2708-6011.2024-21-2-02

Introduction cobbler’s chest, pectus excavatum) is the most

Currently, there is a large group of congenital common malformation of the chest; according to
anomalies of the sternocostal complex, 90% of Vvarious authors it ranges from 0.6% to 2.3% [1].
which are pectus excavatum deformity (PE). Pectus PE is a curvature of the sternum and anterior ribs
excavatum deformity (sunken chest, funnel chest, ©f varying depth and shape, leading to a decrease
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in the volume of the chest, compression and
displacement of the mediastinal organs and causing
functional disorders of the cardiovascular and
respiratory systems, manifested by cosmetic defects
of varying severity [2, 3]. This pathology is a problem
not only for pediatric orthopedics, but also a problem
for pulmonologists, cardiologists, psychologists,
rehabilitation specialists, and geneticists. Taking
into account not only the cosmetic defect, but also
cardiorespiratory changes, which are aggravated
with an increase in the degree of deformation of
the chest, it is necessary to conduct a maximum
comprehensive examination of patients with PE with
all diagnostic methods (laboratory, instrumental)
and the involvement of specialized specialists to
determine the indications and timing of reconstructive
thoracoplasty taking into account the preservation of
the body’s compensatory capabilities, and functional
disorders of the lungs and heart, which will ultimately
lead to the best cosmetic and physiological result.

Etiology of PE

PE has long been known to mankind. So, for
example, in the drawing by Leonardo da Vinci, dated
1490, the Vitruvian man is depicted with a clearly
visible funnel chest deformity. Currently, there are
many hypotheses and theories of the origin of PE.
For the first time, PE was described by the Swiss
anatomist J. Bauhinus in 1596 [4]. He developed the
theory of retraction — pull in the dorsal direction of the
diaphragm causes the development of this anomaly.
One of the proofs of this theory is the development
of PE in children operated on for diaphragmatic
hernias [5]. Another suggestion was made by R.
Y. Sweet. According to this theory, the sternum is
displaced posteriorly towards the spine by unusually
long, inwardly curved costal cartilages [6]. There are
theories that the development of PE is based on a
decrease in the strength of costal cartilages as a
result of changes in the quantitative and qualitative
content of collagen, glycosaminoglycans, and water
[7]. This leads to an inability to support the anterior
chest wall with the costal cartilages during breathing,
resulting in progressive depression of the sternum.
A number of authors believe that the reason for the
retraction of the sternum is the excessive growth
of the sternocostal cartilages, which outstrips the
growth of the ribs, thereby screwing the sternum
into the chest. The process is based on a violation
of the structure of cartilage tissue due to changes in
the structure of cartilage cells and an intermediate
substance. Cellular and nuclear polymorphism,
the presence of connecting elements in the
cartilage prove the presence of primary embryonic
cartilaginous structures. Oshesner and DeBakey
were the first to come to this conclusion back in
1939, believing that it is the excessive growth of
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the costal cartilages that prevents the chest from
developing physiologically, thereby causing funnel-
shaped deformity of the sternum [8].

In the middle of the XX century, scientists
were inclined to the hypothesis of a shortening of
the anterior sections of the diaphragm or a short
sternophrenic ligament, as a result of which the
sternum is “pulled up” to the spine and a funnel-
shaped retraction occurs in the sternum [9-11].

Currently, scientists consider PE as one of
the phenotypic manifestations of connective tissue
dysplasia [12,13]. The term “dysplasia” refers to
the abnormal growth/development of a tissue or
organ. Connective tissue dysplasia is a genetically
determined process, which is based on a mutation
of the genes responsible for the synthesis of
collagen structures. The occurrence of dysplastic
changes in the cartilage is associated with the
pathology of enzymes that ensure the catabolism
of glycosaminoglycans of the main substance of
the connective tissue [14]. A distinct redistribution
between the content of glycosaminoglycans and
glycoproteins towards an increase in the latter, a
change in the type of collagen in the form of the
appearance of III and IV of its types, not found in
full-fledged cartilage, was revealed. Changes in
the structure, type of collagen, packing density
and their relationship with glycosaminoglycans and
glycoproteins can cause the formation of unstable
abnormal collagen structures and affect the
biomechanical strength of the costal cartilage. The
significant role of the abnormal structure of the costal
cartilage in the pathogenesis of PE is proved by the
high incidence of deformity of the anterior chest wall
in patients with connective tissue anomalies, such
as Marfan syndrome and scoliosis [14—15].

Abalmasova E.A. and Luzina E.V., in 1976
focused on the importance of heredity as a
leading factor in the etiology of congenital chest
deformities [16]. They believe that this pathology is
a manifestation of congenital systemic processes,
since most often PE occurs in children with Marfan
syndrome, neurofibromatosis, and dysraphic status
[11-13].

Pathogenesis of PE

As a result of deformity of the sternum and ribs
in patients with PE, the distance from the sternum to
the spine decreases, the chest flattens, the ribs take
on an oblique or oblique position, and the location of
the pectoral muscles and diaphragm changes. A de-
crease in the volume of the chest leads to hyperten-
sion in the pulmonary circulation, chronic hypoxia,
and functional disorders of the organs of the chest
cavity. As a result of incomplete expansion of the
lungs, the “anatomical dead space” increases, alve-
olar ventilation decreases, and the drainage function
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of the bronchi is disturbed with the formation of tho-
racophrenic syndrome.

As a result, patients suffer from frequent respira-
tory diseases with a protracted course. Compression
of the lungs, respiratory failure, sputum stagnation in
the bronchi lead to shortness of breath, obsessive
cough. Clinically, this is manifested by a picture of
tracheitis, bronchitis, and pneumonia more often in
lower parts of the lungs. The frequency of respirato-
ry movements and the value of the respiratory vol-
ume increase, due to which the compensation of the
respiratory function is achieved with normal indica-
tors of the vital capacity of the lungs (VC), maximum
ventilation of the lungs (MVL), respiratory reserve.
With age, as the compensatory mechanisms are de-
pleted, respiratory function decreases, that leads to
chronic oxygen starvation and the formation of dys-
trophic changes in systems and organs [17].

A change in shape of the chest leads to dis-
placement and rotation of the heart, “torsion” of the
vascular trunks. As a result of an increase in intra-
thoracic pressure, the inflow and outflow of blood
is disturbed, which contributes to the occurrence of
cardiac arrhythmias, increased pressure in the pul-
monary circulation system, pulmonary hypertension,
and dilatation of the right chambers of the heart. The
pumping function of the heart decreases, despite the
increase in myocardial mass and a compensatory
increase in the active filling of the ventricles. The
shock and minute volume of blood decreases. Pa-
tients of this group often have minor anomalies in
the development of the heart, in the form of mitral
valve prolapse, an open foramen ovale, and addi-
tional chords in the heart chambers [18]. The degree
of deformation determines the nature and severity of
changes in the morphofunctional parameters of the
heart and lungs.

Clinic PE

In the neonatal period funnel-shaped retraction
in the sternum can be insignificant and manifest itself
as paradoxical breathing due to underdevelopment
of the sternal leg of the diaphragm, with retraction of
the sternum and ribs on inspiration. Frequent acute
respiratory viral infections, which tend to be compli-
cated by pneumonia, should draw attention. This is
due to the fact that the deformation of the chest af-
fects the functional state of the respiratory system.

At the age of 3 to 7 years various changes in
the shape can be detected, which are mainly local-
ized in the sternum and look like depressions, the
edges of the costal arches protrude forward and a
transverse groove forms under them — “Harrison’s
pseudo-groove”. At the same time, there is no viola-
tion of the function of external respiration. The form
depends on the type of changes, which are deter-
mined in accordance with the modern classification.
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Such children are prone to colds, but physical and
psychomotor development does not suffer.

In children older than 7 vyears (usually up
to 10 years), the deformity is well-defined with the na-
ked eye. However, PE reaches its greatest severity
in children at puberty. Parents note the active growth
of the child, at the same time accompanied by an
increase in the retraction of the sternum and sterno-
costal cartilages, which were previously ignored. As
the child grows and the deformity progresses, other
external signs appear. Children have a rather typical
appearance: their head and neck protrude forward,
their abdomen is protruding. In severe cases, there
is a noticeable lag in physical development. Such
children complain of constant fatigue, headaches,
dizziness, increased sweating, heart failure, short-
ness of breath on the slightest physical exertion [19].
Against the background of severe deformity, the
functional state of the heart may suffer, which is ac-
companied by arrhythmia, an increase or decrease
in blood pressure [20]. This often causes discomfort
in the chest in the form of tingling or burning. The
deformity becomes fixed, the symptom of the “inspi-
ration paradox” disappears. Respiratory excursions
of the chest are reduced to 1-2.5 cm (instead of
4-7 cm in the norm). The dimensions of the fun-
nel increase: its depth reaches 7-8 cm, and the
volume — 250-300 cm?2.

Such children are prone to frequent tracheitis,
chronic bronchitis, pneumonia and other respirato-
ry diseases [2]. The pathogenesis is based on two
reasons. The first is associated with compensated
chronic compression of the retrosternal organs and
lung tissue. Compression of the bronchi leads to
stagnation of secretions in the alveoli, disruption of
their evacuation, and as a result, a frequent inflam-
matory process. The second is related to the etiol-
ogy of the disease. Connective tissue dysplasia is
multi-organ in nature and affects not only cartilage
and ribs, but also bronchopulmonary tissue. The
lung tissue and bronchial tree affected by dysplasia
are susceptible to such diseases as bronchiectasis,
tracheobronchomalacia, broncho-obstructive syn-
drome, anomaly in the development of the bronchial
tree, and bullous lung disease. Connective tissue
dysplasia leads to multiple changes in the musculo-
skeletal system. Patients are characterized by [13]:

« asthenic type of body structure;

» arachnodactyly (“spider fingers”);

« flat feet;

* myopia;

» malocclusion;

* pathological joint mobility;

« decrease in indicators of muscle strength.

Many children with pectus excavatum have psy-
chosocial problems due to a cosmetic defect, which
leads to various behavioral disorders, withdrawal,
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unwillingness to do sports and requires the help of
a psychologist.

Diagnosis and treatment

Diagnosis of the disease is usually not difficult on
examining the patient. Therefore, the examination aims
not only to identify the deformity, but also to assess the
general condition of the patient, the function of the re-
spiratory and circulatory organs. To identify functional
disorders of the chest organs, assess the compensatory
capabilities of the body and its general condition, identi-
fy complications from the vital organs (heart and lungs),
analyze the progression of the pathology, examination
and consultation of specialist doctors is necessary.

The nature and degree of deformity is deter-
mined using thoracometry and various indices of
the chest, taking into account the depth of deformity
at the level of the xiphoid process, the width of the
chest and chest circumference at the same level, the

elasticity of the chest and the volume of the infun-
dibulum.

To assess the degree of deformity, the choice of
the method of correction and the amount of surgical
intervention, it is necessary to conduct a number of
diagnostic studies. The severity of chest deformity
is most objectively determined using radiation meth-
ods of investigation — chest x-ray in 2 projections
and/or multislice computed tomography [21].

X-ray examination of the chest organs in a direct
projection allows you to determine the pathology of
the ribs, sternum and lung tissue. Lateral projection,
before the advent and widespread introduction of
multislice computed tomography, was widely used to
determine the degree of sternum deformity using the
I. Gizhitska, which is equal to the ratio of the small-
est distance between the sternum and the spine to
the largest one (Figure 1) [22].

Figure 1. Definition of I. Gizhitska. Note. A - the smallest distance is determined between the posterior surface of the sternum and the
anterior surface of the vertebral bodies; B is the distance between the true position of the sternum [22]

Considering this index, there are 3 degrees of
chest deformity: at the 1st degree, this index is 0.9
to 0.7, at the 2nd degree — 0.7 to 0.5, at the 3rd
degree — 0.5 10 0.

Multislice computed tomography of the chest
and organs of the chest cavity allows assessing
the deformation of the ribs, sternum and cartilage,
shows the degree of compression and displacement
of the heart and lungs. The Haller index is used to
assess the severity of pectus excavatum. Computed
tomography images measure the horizontal distance
between the inner surface of the ribs at the level
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of the greatest curvature (Figure 2). The resulting
value is divided by the anterior-posterior size (the
distance between the inner surfaces of the spine
and sternum). Normally, the Haller index is 2.5-2.7.
With indicators of 3.25 or more, surgical treatment
is indicated [22—-23]. Based on the Haller index,
4 degrees of severity of deformity are distinguished:

- 1 (3.0-3.9);
« 11 (4.0-4.9);
« 11l (5.0-5.9);

* IV (6.0 and more).
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Figure 2. Haller index definition [24]

Based on the computed tomography data and
for the purpose of diagnosis and successful surgical
correction of PE H.J. Park et al. (2008) proposed, the
processing of 3D images of patients with sternum
deformity with the calculation of depression indices
DI (Depression Index), asymmetry Al (Asymmetry
Index), eccentricity El (Eccentricity Index) and
imbalance Ul (Unbalance Index). In the anatomical
classification according to Park, groups of patients
are distinguished [25]:

* symmetrical types:

— classic — the most common type, CT shows
a concave deformity of the chest along the midline;

— wide flat — retraction has a smaller depth
and a larger area;

* asymmetrical shapes:

— eccentric local type — displacement of the
center of deformation to the right or left, at the same
time observe the inclination of the sternum towards
the curvature;

— asymmetric wide flat — differs from the first
type in a smaller defect depth;

— eccentric long deep type — has a large length
of the funnel, can start from the sternoclavicular joint;

— unbalanced view — combines the curvature
of the front with an asymmetric structure of the right
and left sides of the chest;

— combined type — combined with keeled
deformation of varying severity.

The classification according to Zeng Q. is a
simplified classification of H.J. Park. The author
divided the types of funnel deformity into the
following groups [26]:

1. Symmetrical type

2. Eccentric type

3. Unbalanced type

In the stages of diagnosis after the radiograph,
the main thing in terms of significance is the
assessment of the functional activity of the organs of
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the cardiorespiratory system based on a number of
instrumental and laboratory studies, such as:

— electrocardiography (to assess the state of
conduction, the presence of metabolic changes in
the myocardium, dilatation of the heart);

— echocardiography and dopplerography of
the main vessels (to detect the severity of cardiac
depression);

— holter monitoring (to assess transient rhythm
and conduction disturbances);

— ultrasound examination of the costal cartilages
(to determine the extent of the hyperechoic zone in
the structure of the costal cartilage);

— study of the function of external respiration
with the determination of the main functional
parameters: VC, % — vital capacity, FVC, % —
volume of forced vital capacity of the lungs,
FEV1, % — forced expiratory volume in 1 second,
Tiffno index, % — ratio of forced expiratory volume
in 1 second to vital capacity, expressed as a
percentage. An exercise stress test is performed to
assess exercise tolerance.

— clinical blood test — assess the indicators of
“red” blood (erythrocytes, hemoglobin, hematocrit)
reflecting the transport of oxygen.

— acid-base state of the blood (partial pres-
sure of oxygen, carbon dioxide, saturation, lactate
level) — as the main marker of tissue (cellular) hypoxia.

— determination of the level of vitamin D — to
determine the mineralization of the skeleton [27].

Thus, the problem of diagnosing patients with
PE requires emphasis from the point of modern
positions. It is advisable, taking into account
childhood age, to use minimally invasive, non-
traumatic methods that provide maximum data
on the morphology of abnormally altered areas of
the chest, to assess the state of blood supply and
aerodynamics in pathologically compressed lungs
and hemodynamics in the heart, with an assessment
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of their functionality, by which it will be possible to
determine indications to surgical treatment and
specify the period of correction.

Based on the results of instrumental and
laboratory research methods, patients with PE are
consulted by an orthopedist to determine the tactics
of surgical treatment, in the presence of secondary
changes in the cardiorespiratory system, they are
examined by a pulmonologist, a cardiologist to
correct impairments. The psychological counseling
of these patients is of great importance.

According to literary sources, at present conser-
vative treatment (physiotherapy exercises, massage,
kinesitherapy, manual therapy) is possible only with
PE of the I degree, but it does not lead to a notice-
able restoration of not only the surface of the chest,
but also the anatomical position of the mediastinal
organs. Operations for PE 1 degree are rarely per-
formed, only at the insistence of patients and their
parents, and they are aimed at eliminating a cosmet-
ic defect (functional disorders of the cardiovascular
and respiratory systems are most often absent). Ab-
solute indications for thoracoplasty are 11 and III de-
gree deformities in the decompensated and subcom-
pensated stages. Contraindication to thoracoplasty
is: comorbidity, which significantly increases the risk
of early postoperative and anesthetic complications;
severe mental illness.

The history of the development of surgical
interventions in children with pectus excavatum has
several decades. Thus, the operation was performed
by the German surgeon L. Meyer in 1911, and by
another German surgeon, the founder of thoracic
surgery F. Sauerbruch in 1920 [28]. The essence of
their operations was to remove compression of the
ribs on the heart, in this connection 2-3 ribs were
resected on both sides. In 1949 thoracic surgeon
M.M. Ravitch proposed a surgical correction
technique based on resection of the costal cartilages
that form the deformity zone, while preserving the
perichondrium, and osteotomy of the sternum [29].

Previously, complex traumatic interventions
associated with resection of the ribs and sternum
were often used. However, they have been replaced
with new minimally invasive techniques. Currently,
more than 100 methods of thoracoplasty and
their modifications are known for the operational
correction of PE. All surgical interventions include
two stages: mobilization of the sternocostal complex
and its fixation in the correction position [19].

In 1998 D. Nuss proposed a completely new
method of surgical treatment of pectus excavatum,
which made it possible to correct simultaneously
all components of multiplanar chest deformity
without resection thoracoplasty. Correction of chest
deformity according to Nuss’'s method is achieved
by inserting a special corrective plate under the
sternum, at the site of maximum deformity. Myotomy
of the intercostal muscles is performed at the
intended points of insertion of the plate, after which
the parietal pleura is mobilized from the posterior
surface of the sternum and ribs, and a tunnel is
formed in the retrosternal space [30, 31]. A pre-
modeled corrective plate is fixed, the plate is set with
traction by the conductor in the direction from right
to left, along the formed tunnel, bending backwards,
without contact with the lungs and pleura. At the last
stage, the corrective plate is fixed with clamps on the
distal sections on both sides, after which the 180°
rotation is performed and the plate is placed on the
anterior sections of the ribs in strict accordance with
the new contour of the chest. The correction plate
remains in the patient’s body for 1 to 4 years and is
then removed.

Correction by D. Nuss’s method today allows
you to get the best cosmetic result compared to
other operations and is the method of choice for
the treatment of PE. This type of thoracoplasty has
its advantages: correction is performed through
small incisions, minimal blood loss, good cosmetic
result, short operation time, the possibility of long-
term wearing of endofixators until complete chest
remodeling [32]. Many published studies have
confirmed the improvement in the quality of life,
both in children and adults, as a result of surgical
correction of PE [30-32].

Conclusion

Modern clinical diagnostic studies make it
possible to assess comprehensively the state of
the cardiorespiratory system in children with PE,
and analyze the cosmetic and social aspects of
the problem. Taking into account the obtained
indicators, a differentiated approach, with regard to
all factors, to minimally invasive surgical correction
of this pathology, which in the delayed period allows
obtaining a positive physical, psychological and
social effect.
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