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Abstract The article presents an analysis of the literature, which reflects the influence of connective tissue dysplasia on
structural and functional changes in the respiratory system in children, indicating the significant importance of connective
tissue dysplasia in changing the clinical picture of respiratory diseases, including pneumonia, which greatly complicates their
diagnosis, contributes to the formation of numerous complications.
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1. Introduction

Connective tissue dysplasia (CTD) remains an important
problem in pediatrics due to its widespread prevalence,
influence on the formation of chronic pathology, disability,
and requires close attention [39,2,28,30].

The complexity of the organization of connective tissue,
its ubiquitous presence in the organs and tissues of the body
and the many functions it performs leads to the fact that the
clinical manifestations of connective tissue defects are
extremely diverse [26,28,31].

Connective tissue forms the supporting frame (skeleton)
and the outer covering (skin); forms the internal environment
of the body with blood and lymph; participates in the
regulation of metabolic and trophic processes. The cellular
elements of connective tissue are represented by fibroblasts
and their varieties (osteoblasts, chondrocytes, odontoblasts,
keratoblasts), macrophages (histiocytes) and mast cells (mast
cells). The extracellular matrix is represented by 3 types
of fibers: collagenous, reticular and elastic. CT performs 5
main functions: biomechanical (support-framework), trophic
(metabolic), barrier (protective), plastic (reparative) and
morphogenetic (structural-educational) [2,4,28,31].

The unique structure and functions of connective tissue
creates conditions for the occurrence of a huge number of its
anomalies and diseases caused by gene defects that have a
certain type of inheritance, or due to the mutagenic effects of
unfavorable environmental factors in the fetal period
(unfavorable environmental conditions, unbalanced nutrition,
stress, etc.) [28,2,30].

Currently, the term “connective tissue dysplasia” (CTD) is
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understood as an abnormality of tissue structure with a decrease
in the content of certain types of collagen or a violation of
their ratio, which leads to a decrease in the strength of the
tissue of organs and systems. The consequence of this is a
disorder of homeostasis at the tissue, organ and organism
levels, which is accompanied by various morphofunctional
disorders of the visceral and locomotor systems with a
progressive course) [28,2,31].

The main causes of DST include changes in the rate of
synthesis and assembly of collagen and elastin, synthesis of
immature collagen, disruption of the structure of collagen
and elastin fibers due to their insufficient cross-linking. This
indicates that in DST, connective tissue defects in their
manifestations are very diverse. The basis of these morphological
disorders are hereditary or congenital mutations of genes
directly encoding connective tissue structures, enzymes and
their cofactors, as well as unfavorable environmental factors.
In other words, DST is a multi-level process, because it can
manifest itself at the gene level, at the level of imbalance of
enzymatic and protein metabolism, as well as at the level of
disruption of the homeostasis of individual macro- and
microelements. In recent years, special attention has also
been drawn to the pathogenetic significance of diselementosis,
in particular hypomagnesemia [3,8,9,13].

Connective tissue, the share of which in the body makes
up more than half of the body weight, performs numerous
functions and responds to all physiological and pathological
influences, and its damage leads to secondary disorders of
internal organs and systems, the development of diseases
[5,12,17,42].

In recent years, many researchers have obtained
convincing data on the features of the course of a number
of diseases associated with connective tissue dysplasia
[6,12,13,15,16,17,18,35,30,36,37,39,40]. Connective tissue
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dysplasia (CTD) is one of the most important and poorly
understood problems. The authors interpret DST as a
genetically determined disorder of the development of
connective tissue, leading to a disorder of homeostasis at the
tissue, organ and organism levels with a progressive course
and determining the features of the associated pathology
[10,38,43,20].

The literature widely presents works examining the
characteristics of the heart, respiratory system, gastrointestinal
tract, kidneys, blood, and nervous system in DST [13,1,
11,24].

The problem of studying the characteristics of the course
of respiratory diseases against the background of CTD in
children is very relevant, given the wide prevalence of
connective tissue dysplasia, the variety of its clinical
manifestations, and participation in the formation of chronic
and recurrent processes of the respiratory tract [31,30,4].

DST leads to significant morphological and functional
changes in the respiratory organs [5,12,17,42]. A congenital
morphological defect of the cartilaginous and connective
tissue framework of the trachea and bronchi (“softening”)
leads to increased mobility of the trachea and bronchi, the
occurrence of bronchiectasis, and pneumosclerotic changes.
An increase in the mobility of the trachea and bronchi during
respiratory maneuvers was revealed - tracheobronchial
dyskinesia with excessive invagination of the membranous
wall (expiratory prolapse) with a high incidence of
bronchospasm of the peripheral bronchi and the formation of
broncho-obstructive syndrome (BOS) [12,34].

DST is associated with recurrent, chronic inflammation
of the respiratory system, associated with impaired drainage
function of the bronchi and changes in the viscosity of
bronchial secretions. Anomalies in the structure of the
bronchopulmonary system against the background of DST
contribute to the deterioration of the elimination of
pathogenic agents in conditions of altered immune reactivity
[15,29].

In studies of the influence of DST on the structure and
function of the bronchopulmonary system, a violation of the
formation of the elastic framework of the lungs is noted: a
change in the architecture of the lung tissue in the form of
destruction of the interalveolar septa and underdevelopment
of elastic and muscle fibers in the small bronchi and
bronchioles, leading to reduced elasticity of the lung tissue
with the formation of emphysematous bullae ; polycystic
disease against the background of bronchial obstruction and
the formation of spontaneous pneumothorax. A congenital
defect in the cartilaginous and connective tissue framework
of the trachea and bronchi leads to impaired mobility
(dyskinesia), the occurrence of bronchiectasis, and
pneumosclerosis. Tracheobronchial dyskinesia contributes
to the development of bronchospasm [13,11,1,25].

The respiratory organ is under special conditions of
constant physical activity, as a result of which the connective
tissue proteins - collagen and elastin - are subject to completely
different requirements than the proteins of the liver, kidneys
and other organs. It is these proteins that determine the
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stability and pliability that are necessary to perform the main
function - the function of gas exchange [8,27,32].

Morphological changes in the bronchopulmonary system
in DST lead to changes in the function of the muscular-
cartilaginous framework of the tracheobronchial tree and
alveolar tissue, making them more elastic, which negatively
affects the drainage function of the bronchi and the stromal
stability of the alveoli [27,23].

Changes in the tracheobronchial tree are accompanied
by dyskinesia of the airways (bloating on inhalation and
collapse on exhalation, expiratory prolapse), the clinical
manifestations of which (dry paroxysmal cough, chest pain
in the projection of the tracheal bifurcation, attacks of
difficulty breathing, simulating an attack of bronchial asthma
(BA)) and changes in function external respiration (ER)
depend on the local or diffuse nature of the lesion, the early
appearance of complications, especially pulmonary emphysema.
Primary diffuse pulmonary emphysema is associated with
congenital weakness or atrophy of the elastic framework of
the lungs. Since all connective elastic tissue suffers with
emphysema, the elasticity of the bronchial wall decreases,
therefore, with dynamic compression, it is not expiratory
stenosis that occurs, but expiratory collapse, which results in
impaired bronchial patency. The lumen of the intrapulmonary
airways ceases to be stable, and the bronchi collapse
even with a very slight increase in intrathoracic pressure.
Chronic oxygen starvation can be clinically expressed in
the development of severe asthenia, the formation of
dystrophic changes in the heart muscle, deterioration of
the functional state of the whole organism and aggravation
of dysplastic-dependent changes in internal organs in
conditions of increased sensitivity of abnormal collagen
to changes in pH, which closes the pathological circle. With
cystic underdevelopment of the bronchi, more pronounced
disturbances in bronchial patency are detected than with
acquired bronchiectasis, but the severity of diffusion
disturbances is less than in the latter, which indicates the
presence of compensation processes. DST leads to impaired
elasticity of the lung tissue, which is accompanied by a
tendency to develop emphysema, polycystic lung disease
and spontaneous pneumothorax [8,23,27].

Structural and functional changes in the respiratory system
in CTD, directly or indirectly associated with genetic defects
of connective tissue structures, are extremely complex and
are present to varying degrees in most patients with CTD
[8,27]. In addition, bronchopulmonary dysplasia naturally
changes the course of associated respiratory pathology.
Children with DST often experience pneumonia with a more
severe protracted course, there are features of the course
of bronchial asthma, and they also more often develop
obstructive bronchitis [15,41,25].

In children with DST, chronic bronchopulmonary pathology
is very often detected. This syndrome in bronchopulmonary
pathology occurs in 52-66.7% of cases, which significantly
exceeds the population (9.8-34.3%) and confirms its role in
the development of bronchial obstruction [4,2,30].

One of the most common associated pathologies in
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DST associated with dysplastic-dependent changes in
the bronchopulmonary system is community-acquired
pneumonia. The morphological and functional features of
the external respiration system discussed above in DST
(impaired drainage function of the bronchi, impaired
mucociliary clearance function, changes in the viscosity
of bronchial secretions, the presence of deformation of
the chest and spine, deterioration in the elimination of
pathogenic agents in conditions of altered immune reactivity)
create a favorable background for the development of the
infectious process.

During inflammation, a cascade of pathophysiological
reactions occurs, the most significant of which are disruption
of the protease-inhibitor balance, as well as activation of
lipid peroxidation with the formation of reactive oxygen
species. Oxidative aggression is the direct cause of collagen
destruction and leads to additional disturbances in the
membrane architecture of structural elements. Macrophages
and neutrophils destroyed during inflammation are the main
source of proteases, the action of which leads to the
destruction of interalveolar septa and the destruction of the
elastic framework of the lungs, which naturally leads to the
formation of centriacinar pulmonary emphysema - an irreversible
and progressive component of bronchial obstruction.
Anomalies in the structure of the bronchopulmonary system
in DST contribute to the deterioration of the elimination of
pathogenic agents in conditions of altered immune reactivity,
as well as the long-term persistence of infectious agents, the
formation of a recurrent course of pneumonia with predominant
damage to interstitial tissue. In patients with DST, atypical
pneumonia is more often formed, caused by intracellular
pathogens (chlamydia, mycoplasma), with predominant
damage to the interstitium of the lungs, with a recurrent
course of which pneumofibrosis and pulmonary hypertension
progresses [7,21,22,23,24]. Thus, bronchopulmonary dysplasia
changes the course of associated respiratory pathology.

Such pronounced changes in the respiratory organs of a
morphofunctional nature, as well as regulatory processes,
could not but affect the clinical course of bronchopulmonary
diseases, including pneumonia. Changes in the clinical
course of pneumonia have recently been noted by many
authors. Rapidly occurring pneumonia is less common. The
number of patients with mild, asymptomatic forms of the
disease, with a protracted course, with an outcome in chronic
nonspecific diseases and pulmonary fibrosis has increased
[33,41,25]. A.V. Papayan and his colleagues note that 48%
of the examined children with pneumococcal pneumonia had
a combination with respiratory chlamydia, which caused a
longer course of pneumonia [29,15]. A feature of these
pneumonias is the development of an inflammatory process
in the interstitial, peribronchial, perivascular and perilobular
connective tissue, in the lymphatic vessels of the lungs, with
subsequent involvement of the alveoli, bronchioles in the
inflammation process, with the accumulation of exudates
in the alveoli. In pneumonia with predominant damage to
the interstitium of the lungs, the intra-alveolar exudative
component is less pronounced in comparison with typical

ones, which causes frequent medical errors and is often
regarded as an acute respiratory viral infection [41,39,34].
Considering the persistent course of infections caused by
“atypical” pathogens (chlamydia, mycoplasma), pneumonia
can acquire a recurrent course, being a source of pulmonary
fibrosis, bronchiectasis, cystic changes in patients with DST,
with possible subsequent transformation into interstitial lung
diseases. A feature of the clinical course of atypical pneumonia
(AP) is not only relapses, progressive deterioration with
the formation of respiratory failure, but also the occurrence
of spontaneous pneumothorax. The morphological basis of
these changes is the formation of pneumofibrosis, cystic
cavities against the background of DST [5,12,41]. Thus, the
ontogenetic consolidation of hypoplastic deviation in the
formation of both the respiratory organs and other organs
and systems modifies the classic clinical symptoms of
pneumonia. Conditions are created for gross medical errors,
which contributes to the severe course of the disease and the
emergence of complications.

Among the clinical features of bronchial asthma in this
group of children, the following are noted: vegetative
coloring of the attack, a high proportion of anomalies of
the bronchial tree and minor anomalies in the development
of the heart, the development of pulmonary hypertension,
the predominantly proximal nature of bronchospasm, a
small response to bronchospasmolytic drugs [4,2,39,25]. The
involvement of several organs and systems simultaneously
in the pathological process in children with CTD can explain
the more severe, non-classical manifestation of clinical
symptoms in diseases of the respiratory system, including
prolonged pneumonia. The weakness of the connective
tissue structures of the lung tissue predisposes to the
development of various pathologies of the respiratory system
[8,21,23,26].

2. Conclusions

Thus, an analysis of the literature reflecting this problem
indicates the significant importance of connective tissue
dysplasia in changing the clinical picture of respiratory diseases,
including pneumonia, which significantly complicates their
diagnosis and contributes to the formation of numerous
complications. Therefore, studying the role of DST in changing
the clinical course of prolonged pneumonia is relevant.
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