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INTRODUCTION 
In spite of the progress of surgical techniques the 
number of patients with tracheal cicatricial stenoses 
remains high. Tracheal cicatricial stenosis is one of the 
most serious complications which arise as a result of 
prolonged orotracheal intubations, tracheostomies, 
neck injuries with damage to the trachea [1].

Many issues of pathogenesis, diagnostics, surgical 
treatment and prevention have been largely studied, 
annual increase of patients with this pathology equals 
to approximately 5% [2]. 

It is well known that up to 25-30% of surgical inter-
ventions on the trachea are accompanied with various 
complications, as a result of which 10% of patients 
die [3].

Patients with tracheal cicatricial stenosis are observed 
during a long period of time, are repeatedly hospital-
ized into medical institutions, they undergo complex 
reconstructive operations which do not always lead to 
the patient’s recovery.

According to the data of a number of authors up to 
25% patients remain disabled after the surgical inter-
ventions they underwent as a result of chondromalacia, 
large scars and tissue fibrosis [4].

According to the data of the World Health Organi-
sation (WHO) 93 people per 1000 of population suffer 
injuries, poisoning and other effects of external causes 
which make from 7,7 to 8,1% in the general structure 
of hospital morbidity [5].

The main cause for tracheal cicatricial stenosis is 
long-term artificial ventilation of lungs (ventilator) as a 
result of severe combined trauma, major surgical inter-
ventions, and severe somatic pathology. Up to 25% of 
patients in the intensive care unit are on ventilators for 
more than a week. According to a number of authors 
frequency of complications of long-term mechanical 
ventilation through a tracheostomy or intubation tube 
is up to 80%. Out of all complications tracheal cicatricial 
stenosis makes up to 25% of cases. The share of post 
intubation tracheal stenoses in the structure of morbid-
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ity makes from 14 to 45%, share of post tracheostomy 
stenoses makes from 51 to 73% [6].

Neck injuries with damage to the trachea occupy 
the third place among the causes of tracheal cicatri-
cial stenoses, making from 4,8 to 12% of the number 
of diseases [6]. Idiopathic tracheal stenosis occurs in 
1-2,9% cases [6].

Among the known factors leading to tracheal cicatri-
cial stenosis the main one is the influence of the intu-
bation tube cuff on the tracheal wall. In spite of use of 
low-pressure cuffs in the modern resuscitation practice, 
this problem remains acute. The main traumatic factor 
is considered to be the excess pressure in the cuff of 
intubation tube in relation to the capillary pressure in 
the mucous trachea.

A number of factors can be identified related to direct 
mechanical trauma of trachea leading to formation 
of cicatricial stenosis. They comprise damage to the 
cartilage tissue during tracheostomy, trauma to the 
tracheal wall by the free end of the tracheostomy or 
intubation tube [7].

Other factors which aggravate damage to the mu-
cous membrane of the trachea and lead to chronic 
inflammation is reflux of gastric and duodenal con-
tents followed by aspiration, autoimmune process by 
the type of reaction of the delayed type to cartilage 
collagen [7].

Under compression syndrome in patients with nod-
ular goiter such complications may arise as difficult 
intubation caused by the presence of difficult airways. 
«Difficult airways» (DA) are all the clinical situations 
under which as a result of various combinations of 
anatomic or/ and functional changes in patients and/ 
or irrational actions of a professional predicted and 
unpredicted difficulties with provision of effective 
ventilation through a face mask, supraglottic airway de-
vice, difficulties with trachea intubation, performing of 
cricothyroidotomy arise or there are various combina-
tions of the indicated situations, which create potential 
or direct threat to the development of critical violations 
of gas exchange. To identify difficult airways in patients 
including those with compression syndrome, scale 
El-Ganzouri is applied [8].

AIM
The purpose of the research is study of the data about 
the results of tracheal cicatricial stenoses treatment 
with the goal of further improvement of its results on 
the basis of diagnosis enhancing, identification of fac-
tors of prognosis of the disease and by conducting a 
differential analysis of tactics of surgical treatment with 
the use of minimally invasive interventions.

MATERIALS AND METHODS
We have studied modern, accessible to us, literary 
sources for the last ten years on the topic of modern 
directions of treatment of cicatricial stenosis of the 
trachea and its complications in adults. The studied 
material is summarized and presented in the form of a 
literature review in this article. 

In the presented review of literary sources, the opinions 
of various world authors are cumulative. Own research 
results are the subject of scientific development and will 
be further presented in specialized scientific journals.

In this article, the analysis of the course and possibility 
of treatment of this pathology in children was not the 
purpose of the work. 

REVIEW AND DISCUSSION
ETIOLOGY AND PATHOGENESIS OF TRACHEAL STENO-
SIS. CLASSIFICATION OF TRACHEAL STENOSIS
The basis of tracheal cicatricial stenosis lies on patholog-
ical process leading to the replacement of the normal 
wall of scarred trachea with the tissue which narrows 
the lumen of the respiratory tract. This is often accom-
panied by destruction of the cartilaginous trachea 
leading to the loss of the framework of the tracheal 
wall, occurrence of tracheomalacia [8].

The trigger of occurrence of cicatricial stenosis is 
the development of a purulent-inflammatory process, 
necrosis of the mucous trachea resulting in rough scar 
after critical ischemia of the tracheal wall [9]. 

Frequency of occurrence of narrowing of the trachea 
against the long-term artificial ventilation of the lungs, 
according to the data of a number of authors makes 
from 0,2% to 25%. It is impossible to estimate reliably 
the frequency of this complication occurrence due to 
great variability of the terms of its occurrence. Tracheal 
stenosis is often diagnosed only several months after ar-
tificial ventilation or performance of tracheostomy [10].

In the first half of the previous century the main cause 
for cicatricial stenosis of the respiratory tract occurrence 
were specific infectious diseases, such as diphtheria 
croup, tuberculous lesion, scleroma, syphilis, actino-
mycosis. In the middle of ХХ century the main etiologic 
factor in the formation of cicatricial stenosis became 
mechanical damage to the trachea [11].

Since the mid-1970s due to the development and 
wide use of ventilator and tracheostomy the leading 
etiological factor of the disease became iatrogenic 
damage to the trachea. With the aim of ventilator they 
used orotracheal and tracheostomy tubes with cuffs 
that exert pressure on the tracheal wall, which further 
leads to ischemia, necrosis and finally formation of scar 
tissue [12].
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In some patients cicatricial stenosis of the respirato-
ry tract develops in the absence of an obvious cause: 
in such cases it is classified as idiopathic. As a rule 
pathological process in such patients is localized in 
the subclavian part of the larynx and the cervical part 
of the trachea [13].

Today the main etiological factor of cicatricial steno-
sis development is mechanical damage of its wall as a 
result of trauma under various resuscitation measures 
and manipulations. Most often nowadays trauma to 
the trachea has iatrogenic nature and occurs during 
artificial ventilation through an intubation or trache-
ostomy tube, or as a result of complications during a 
tracheostomy or tracheal intubation [12]. 

According to the data of authors the highest per-
centage of complications (up to 18,5%) was observed 
in patients who underwent circular resection due to 
post-intubation tracheal stenosis [14].

This is related to the presence of chronical inflamma-
tory process in tracheobronchial tree, presence of areas 
of tracheomalacia, impaired blood supply to the trache-
al wall after its injury, including those outside the area 
of scar process, severe somatic status of patients after a 
long-term treatment in the intensive care unit. During 
interventions for idiopathic stenosis the percentage 
of complications is much lower (6,6%) in spite of the 
fact that during idiopathic stenosis laryngotracheal 
resections were also performed [15].

All the processes described above are more pro-
nounced with post-tracheostomy stenosis. Having a 
history of tracheostomy is an unfavorable factor and 
it increases frequency of postoperative complications.

At present there is no unified classification of tracheal 
cicatricial stenosis. The variety of classification is related 
to the specialization of the author and provided data 
of surgical interventions. Thus for example in the ear-
liest classifications proposed by otolaryngologists the 
main attention was paid to localization of scar process 
in relation to the vocal folds, their involvement to the 
scarring process. The extent of cicatricial changes has 
not received close attention due to low prevalence of 
radical resection operations [16].

A number of foreign authors offered classifications 
based on localization of cicatricial stenosis in relation 
to the tracheostomy: narrowing of the trachea, cranial 
tracheostomies, caudal tracheostomies, narrowing of 
the tracheal segment at the site of tracheostomy [17].

	 Otolaryngologists offered a classification which 
differentiates stenosis by the degree of narrowing of 
the airway lumen: 1 degree – up to 50% of trachea 
lumen, 2 degree – 51-70% of trachea lumen, 3 degree 
- 71-99% of trachea lumen, 4 degree – tracheal atresia. 
The classification described above does not reflect 

localization, extent of cicatricial changes; presence of 
a tracheostomy, areas of tracheomalacia. Nevertheless 
the provided classification is still most frequently used 
in the foreign practice [18].

Starting from the mid 60-s treatment of cicatricial 
stenosis of the trachea became the prerogative of 
thoracic surgeons, radical intervention came into 
practice, it allows to reach satisfactory trachea lumen 
within one operation– circular resection of the trachea. 
Correspondingly more attention was paid to the extent 
of cicatricial changes as a main factor which limits per-
formance of resection.

The offered classification based on dividing of steno-
ses into primary ones caused by a pathological process 
in the wall of the trachea, and secondary ones caused 
by compression of trachea from outside. Stenoses 
were classified into long (more than 2 cm) and limited 
(up to 2 cm). The author also classified all stenoses by 
narrowing of trachea lumen into 3 degrees (I degree – 
narrowing by 1/3; II degree - from 1/3 to 2/3; III degree 
more than 2/3) [11].

This classification was improved and completed later, 
with cicatricial stenoses of the trachea classified by: 
etiology – post-resuscitation, post-intubation, post-tra-
cheostomy, post-traumatic, postoperative, idiopathic; 
by localization - subfold department (with damage 
to folds, without damage to folds), cervical trachea, 
thoracic trachea, combined lesions; by the degree of 
narrowing - 1 degree (0,9- 0,7 cm), 2 degree (0,7-0,5 
cm), 3 degree (less than 0,5 cm); by prevalence– limit-
ed (up to 2 cm), long (more than 2 cm); by anatomical 
form of the lesion - front-side walls, circular narrowing, 
atresia; by the condition of the walls of trachea: with 
tracheomalacia, without tracheomalacia; by the pres-
ence of a tracheostomy - with a tracheostomy, without 
a tracheostomy [6].

At present the most complete and convenient in prac-
tice are classifications of tracheal cicatricial stenoses 
with a transition from absolute to relative values, as the 
length of trachea, its lumen are individual for each pa-
tient and depend on anthropometric data, anatomical 
and physiological features of the body [1]. 

Stenoses are classified: 
1) �by etiology: post-intubation, post-tracheostomy, 

post-traumatic, idiopathic;
2) �by localization: larynx (with damage to the subfold, 

vocal folds), cervical part of the trachea, upper tho-
racic, middle thoracic, suprabifurcation parts of the 
trachea, combined lesions;

3) �by the narrowing degree: 1 degree (lumen narrowed 
by 1/3 of diameter of respiratory tract), 2 degree 
(from 1/3 to 2/3 of diameter), 3 degree (more than 
2/3 of diameter);
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4) �by prevalence: 1 degree – less than 15% of all the 
trachea length of a particular patient; 2 degree – from 
15 to 30%; 3 degree – from 30% to 60%; 4 degree – 
more than 60%.

5) �by the anatomical form of the lesion: anterolateral 
wall, circular narrowing, atresia;

6) �by condition of the walls of trachea: with tracheom-
alacia, without tracheomalacia;

7) �by the presence of a tracheostomy - with a tracheos-
tomy, without a tracheostomy [19].

Lack of a united generally accepted classification of 
tracheal cicatricial stenosis does not permit to assess 
reliably the frequency of complications and mortal-
ity after surgical interventions for tracheal cicatricial 
stenosis depending on etiology, localization, length 
of process, presence of a tracheostomy and areas of 
tracheomalacia in the patient.

DIAGNOSIS OF STENOTIC LESIONS OF THE 
TRACHEA
Tracheal stenosis is diagnosed on the basis of anam-
nesis, complaints of a patient, characteristic clinical 
picture, radiological and endoscopic examination data. 
A pathognomonic symptom which allows to judge 
on the narrowing of respiratory tract is noisy difficult 
breathing. However, stridor in cicatricial stenosis of 
the trachea must be differentiated from an attack of 
bronchial asthma, inspiratory stridor in paralytic and 
cicatricial stenosis of the larynx. The severity of the clin-
ical picture depends on the degree of the trachea nar-
rowing. Thus, at the I-II degree of narrowing – difficult 
breathing may arise only during physical exertion, and 
at III-IV degree – patients more often have stridorous 
breathing even at rest [19].

Patients complain on shortness of breath of various 
degrees of expressiveness, hoarseness, sputum which 
is difficult to evacuate. Stridor at tracheal cicatricial 
stenoses is mixed as a rule. In case of localization of 
pathological process in the cervical part of trachea 
inspiratory component prevails, in case of stenosis of 
thoracic trachea or in the presence of tracheomalacia 
– expiratory one [1].

During objective examination condition of a patient 
even with compensation of tracheal stenosis is unstable 
as far as asphyxia can occur when the preserved lumen is 
blocked by bronchial secretions. Breathing is conducted 
with the help of auxiliary muscles, position of a patient is 
forced. Retraction of the flexible muscles of the neck and 
chest is observed. Cough with a metallic hue and difficul-
ty in expectorating sputum attract attention. Inspiratory 
shortness of breath, stridorous shallow breathing, cya-
nosis, and heart failure may occur [20].

The most frequent symptom of tracheomalacia is 
expiratory stridor, which is accompanied by respirato-
ry attacks and cyanosis, which are aggravated during 
exertion. The given symptoms most frequently arise 
during 1-6 weeks after extubation, as far as within this 
time formation of scar tissue in the wall of the trachea 
with subsequent narrowing of the tracheal lumen takes 
place [20].

Today the most informative methods of instru-
mental diagnostics are X-ray, endoscopic methods 
of research and research of the function of exter-
nal breathing. To assess the condition of external 
breathing function standard methods of research 
are used: spirography, pneumotachometry, and 
body plethysmography. Decrease of vital capacity of 
the lungs and speed indicators of forced breathing 
allow to diagnose tracheal narrowing of I degree, 
and also roughly determine the degree of tracheal 
stenosis. However, because of considerable change 
of bronchial resistance reliable relations between 
these indicators and the degree of tracheal narrowing 
cannot be identified [21].

Extremely inconvenient seems to be the examination 
of patients with a functioning tracheostomy. That is 
why indicators of the function of external breathing are 
better studied in patients which undergo rehabilitation 
after restoration of tracheal lumen [22].

Taking into account all the stated above these meth-
ods can be considered to be auxiliary in diagnostics of 
tracheal stenosis. In the algorithm of examination of 
patients with tracheal cicatricial stenosis an important 
place belongs to radiological diagnostics. At present 
leading role among radiological methods of diagnos-
tics belongs to multispiral computed tomography with 
three-dimensional image reconstruction. The advan-
tage of computed tomography is fact that it provides 
information not only on the degree and prevalence of 
airway lumen narrowing, but also on the condition of 
walls of trachea and peritracheal space [23].

Computer processing of the image with the help of 
special programs allows receiving a visual three-di-
mensional reconstruction of the image of trachea and 
pathological changes located in it [24].

Number of identified stenosis during multispiral 
computed tomography corresponds to the data of en-
doscopic examination. According to the data of authors 
axial and coronal images obtained during multispiral 
computed tomography tend to overestimation of ste-
nosis degree, and virtual bronchoscopy and sagittal 
images tend to underestimation. The indisputable ad-
vantage of multispiral computed tomography is safety 
of the examination, therefore, multispiral computed 
tomography is the method of choice for patients with 
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methods of artificial ventilation of lungs with the use 
of intubation or tracheostomy tubes are applied [26].

Tracheostomy is perceived as the method of choice 
for long-term artificial lung ventilation (ventilator) in 
critically ill patients. However if the rules of medical 
care for patients during connection to a ventilator are 
violated, defects of tracheostomy may cause no less 
life-threatening conditions later. One of such severe 
complications is tracheal cicatricial stenosis. Due to 
wide implementation of artificial ventilation of lungs 
into clinical practice and increase of general injuries 
number of patients with this pathology increases 
steadily [27].

Treatment of tracheal cicatricial stenoses at pres-
ent remains one of the most complicated and not 
completely solved problems in surgery. Frequency of 
development of tracheal cicatricial stenoses after long-
term artificial ventilation according to different authors 
varies from 0,1 to 25% on average equals to 2-3% [27].

Etiological factors and pathogenesis of tracheal ste-
noses are well studied. Nowadays the majority of all 
cicatricial stenoses are iatrogenic in nature. The main 
reason of increase of number of acquired tracheal 
stenoses is ever wider application in clinical practice 
of artificial ventilations of lungs through intubation or 
tracheostomy tubes. Ventilator performed through a 
naso- or orotracheal tube for more than 3 days, with a 
higher probability leads to persistent cicatricial stenoses 
and deformations of the trachea and larynx lumen [23].

The basis of pathogenesis of post-intubation and 
post-tracheostomy stenosis is trauma with inflatable 
cuff or the end of the tube of tracheal walls with fur-
ther accession of infection. The trigger of the disease is 
tracheal wall damage and development of purulent-ne-
crotic process in it [28].

The periods of time between extubation and the on-
set of symptoms of cicatricial stenoses vary from several 
hours to several months, but usually do not exceed 6 
weeks. Later manifestation of stenosis symptoms is 
also possible. In clinical practice shortness of breath 
and coughing are often associated only with lung 
diseases and special methods of trachea study are not 
carried out. This is the reason for stenosis to be often 
diagnosed late [29].

The fact that first endoscopic intervention which is 
carried out in specialized institutions in many patients 
(more than 40%) is performed as an emergency, quite 
often in the first hours, proves the importance of timely 
diagnosis of the disease at the pre-hospital stage [29].

Instrumental methods of diagnostics comprise ra-
diological, endoscopic and studies of the function of 
external breathing. The main tasks of these methods 
are determination of stenosis localization, its extent, 

subcompensated breathing with critical narrowing of 
the trachea [24].

Nowadays, magnetic resonance imaging is actively 
used in the examination of patients with tracheal ste-
noses. The technique allows conducting research of 
patients with subcompensated breathing, but unlike 
X-ray research methods during magnetic resonance 
imaging patient does not receive radiation exposure. 
Relative disadvantages of the research are related to the 
physical principles of the research: performing of MRI is 
absolutely contraindicated if patients have implanted 
pacemakers and other foreign bodies in the body that 
are made of magnetic materials. Moreover the possi-
bilities of digital processing of the obtained image do 
not allow building three-dimensional reconstructions. 
Besides performing of MRI is rather long procedure 
possible only for patients with compensated and sub-
compensated stenosis [5].

The standard of diagnostics of stenotic lesions of 
respiratory tract nowadays is laryngotracheoscopy. Ex-
amination of mucosa of the trachea and larynx through 
an endoscope makes it possible not only to identify 
the pathology, to determine its degree of narrowing 
and extent, localization, but also permits to assess the 
severity of tracheobronchitis, carry out rehabilitation of 
tracheobronchial tree, to obtain material for bacterio-
logical study. Results of cultures of bronchial secretions 
and determination of sensitivity of microorganisms to 
antibacterial drugs allow achieving high efficiency of 
the conducted antibacterial therapy and decreasing 
the risk of infectious complications [20].

In presence of critical narrowing of trachea diagnos-
tic procedure can be transformed into a therapeutic 
manipulation – endoscopic expansion of the airway 
lumen [25].

SURGICAL TREATMENT OF TRACHEAL 
CICATRICIAL STENOSES WITH THE USE OF 
MINIMALLY INVASIVE INTERVENTIONS
Tracheal cicatricial stenosis is life-threatening disease 
characterized by replacement of normal structures of 
the tracheal wall with coarse scar tissue which narrows 
the respiratory tract lumen. For total recovery from this 
pathological state complex, traumatic surgical interven-
tions are necessary. Many patients are forced to remain 
disabled, live with a tracheostomy, periodically visiting 
specialized medical institutions [26].

Nowadays due to achievements of modern medicine, 
anesthesiology and possibility of long resuscitation, 
lives of many most seriously ill patients with difficult 
independent breathing as well as patients in a state of 
asphyxiation can be saved. To achieve this goal various 
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operation complications and total mortality. Providing 
quick and adequate restoration of the airway patency, 
the method allows liquidating chronic hypoxia, which 
creates favorable conditions for the scheduled exam-
ination and choice of optimum tactics of treatment. 	
One of the first interventions performed on the patient 
with decompensated tracheal cicatricial stenosis is 
emergency restoration of airway patency. To carry out 
this task various endoscopic methods can be applied. 
They can be classified into two big groups:
-	� Methods aimed at removing part of scar tissue from 

the trachea lumen (mechanical, physical).
-	� Methods aimed at expansion of the narrowed part 

of trachea.
Physical methods of influence are based on the use of 
properties of different types of radiation or high-fre-
quency currents to destroy biological tissues. These 
methods can be applied in two modifications – to 
destroy scar-granulation tissues in a circle or their dis-
section along [3].

The main advantage of electrosurgical method lies 
in the fact that thermal tissue damage is minimal and 
general availability and low cost of equipment makes 
it the most attractive method. Serious disadvantages 
comprise the presence of contact of the electrode with 
tissues, as a result of which carbon deposits and welding 
of the electrode occur, which can lead to bleeding. At 
the application of all the physical methods of destruc-
tion of scar-granulation tissues there is high probability 
of damage to adjacent unchanged areas of trachea. 
Later it will inevitably lead to development of inflam-
matory process, which in turn leads to involvement of 
ever more tissues to the scarring process and can have 
negative impact on the results of treatment [4].

The safest ways in this regard are methods aimed 
at expansion of the stenosis - bougie and balloon 
dilatation. These interventions in patients with critical 
tracheal stenosis are usually performed first. The most 
available method of one-time expansion of lumen in 
patients with cicatricial stenosis is bulging with tubes 
of a rigid bronchoscope. As a result of such influence 
local rupture of scar occurs. Consistently using tubes 
of increasing diameter, one can most quickly (within 
0.5-1 minute) and quite effectively restore the lumen 
of the respiratory tract with the evacuation of the se-
cretion accumulated in the substenotic department. 
This operation can be performed with plastic bougie 
and a set of intubation tubes put on the fiberscope. 
In the presence of tracheostomy bougie or tubes are 
sometimes passed through the tracheostomy hole 
under local anesthesia [2].

Currently, expansion of the narrowed area before the 
introduction of endoprostheses is successfully used [30].

condition of the larynx above and below stenosis, 
general condition of a patient [3].

Role and place of each method is identified individu-
ally depending on the severity of a patient’s condition, 
the level of equipment of a medical institution and 
training of medical personnel.

In emergency situations when a patient has stridor 
at rest or with a slight physical exertion the method of 
choice is diagnostic laryngotracheoscopy. If necessary, 
diagnostic examination can be transformed into endo-
scopic operation. In the shortest period of time and with 
a minimum trauma with the help of special techniques 
it is possible to restore the lumen of respiratory tract in 
majority of patients. Such tactics allows refusing from 
emergency surgical operations accompanied with high 
mortality or unjustified tracheostomies, which later 
complicate treatment and worsen the prognosis. The 
decisive method of diagnostics of tracheal cicatricial 
stenoses is endoscopic one [30].

Laryngotracheoscopy allows not only to detect steno-
sis but also evaluate the mucous membrane of larynx 
and tracheobronchial tree, degree of expressiveness 
of its inflammatory changes, with the help of endo-
scopic ruler measure in millimetres the diameter of the 
narrowed area and determine the degree of stenosis, 
determine its length with accuracy up to 1 cm, distance 
to the main anatomical landmarks (bifurcation of the 
trachea, vocal folds, tracheostomy) [16].

Besides in the postoperative period it is possible to 
evaluate the healing process of the tracheal anasto-
mosis with the help of tracheobronchoscope and de-
termine the effectiveness of operation treatment [14].

The main method of tracheal cicatricial stenoses 
treatment is surgical one. The only radical operation 
which allows restoring airway patency and removes 
scar tissue is circular resection of trachea with inter-
tracheal anastomosis. Other operations including 
endoscopic ones are considered to be palliative, and 
indications for them must be reasonable and restricted. 
Nevertheless resection of trachea is rather complicated 
and traumatic intervention, for this reason it requires a 
great experience from a surgeon. Number of possible 
complications according to the authors, Murgu S. et al., 
may reach 15%, and postoperative mortality may vary 
between 1,5 and 12,4% [24]. 

For part of patients such operations are impossible or 
not indicated due to prevalence of scar changes, severity 
of the condition, high level of operation risk or anatomic 
peculiarities. One of conditions for their performing is 
absence of tracheostomy at the time of operation [16].

Wide application of endoscopic method of treatment 
has given a chance to refuse from emergency opera-
tions, and this in turn decreases the frequency of post 
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of this task cylindrical structures (stents) are installed 
in the lumen of the trachea for a long time, preventing 
its narrowing [20].

The choice of method and way of installation depend 
on localization of stenosis, presence or absence of tra-
cheostomy, general condition of a patient and personal 
experience of a doctor. If the situation regarding the 
severity of a patient’s condition allows determining 
further tactics during the day, then in order to provide 
reliable patency of the respiratory tract an orotracheal 
intubation tube is used [2].

In the presence of tracheostomy and low localization 
of stenosis a split section of thermoplastic intubation 
tube, extended tracheostomy cannula or T-tubes are 
used. With “immature” cicatricial stenoses, some authors 
leave the tube in the trachea for 3-4 months, during 
which the scar tissue matures in the form of cicatricial 
compaction of the walls of the trachea itself, which 
keeps its lumen from collapsing [17]. 

In the absence of tracheostomy it is advisable to 
use endoprosthesis. In case of emergency when the 
stenosis is localized in the cervical and upper thoracic 
parts of the trachea, the most accessible method was 
previously considered to be the placement of a trache-
ostomy below the narrowing and the introduction of 
a tracheostomy tube. If the narrowing was localized 
in the middle or lower third of the thoracic part of the 
trachea, when the length of conventional tracheos-
tomy tubes was insufficient, extended tracheostomy 
tubes were used. In the absence of tracheostomy tube 
of the required length sometimes individually split 
section of thermoplastic tube was sometimes used. 
Advantage of such constructions lied in the fact that 
being individually fitted they as a rule did not damage 
the trachea walls, they were easy to pull out and insert 
again. However, despite the obvious advantages, all the 
methods had a significant drawback - the need for the 
imposition and long-term support of a tracheostomy, 
which significantly worsens the patient’s quality of 
life and the conditions for performing a subsequent 
surgical operation [9].

The introduction into clinical practice of prosthe-
ses completely located in the trachea, as well as the 
development and improvement of methods of their 
installation using endoscopic techniques allowed in 
many cases to completely refuse from emergency open 
operations. Nowadays majority of researches believe 
that in the absence of tracheostomy it is more appro-
priate to use endoprosthesis [11]. 	

Prosthetic trachea as an organ has been developed for 
many years all over the world. Those applied at the first 
stages with the goal of replacing the cartilage frame-
work, grafts, as well as monolithic, fine-porous, mesh 

According to some authors balloon dilatation allows 
restoring the trachea lumen with minimum trauma to 
the mucous membrane. Apart from temporary expan-
sion of the narrowed part of trachea this method can 
be applied as an independent method of treating scar 
stenosis after lung transplantation, circular resection of 
trachea, radiation therapy [31].

An important advantage of operations of one-time 
endoscopic expansion of tracheal cicatricial stenoses is 
the fact that they allow quickly and effectively expand 
the lumen, eliminate ventilation disorders, and stabilize 
the patient’s condition, at the same time trauma to the 
intact parts of the trachea is minimal [25].

A significant drawback of the method is unstable 
effect of the treatment with development of restenosis 
in a considerable part of patients. So as an independent 
method of treatment it is applied only in a restricted 
number of patients according to strict indications. 
«Bright» period lasts from several hours to several 
months, most often 7-14 days. Then regardless of the 
method of endoscopic influence on the scar tissues 
in a considerable part of patients the lumen of the 
trachea narrows again. The best results were obtained 
only when conducting repeated expansion of mem-
brane-like stenosis [3].

At present universal method of restoring airway pa-
tency, it forces specialists to resort to combined meth-
ods. For example, photodestruction, electrocoagulation 
or mechanical removal of tissues supplemented with 
bougie or balloon dilatation. Opinions of specialists 
regarding application of the endoscopic methods 
mentioned above in emergency situations differ. Thus 
some authors believe that the only way to help with 
decompensated stenoses in seriously ill patients is 
emergency tracheoscopy with recanalization of the 
trachea using a laser, they emphasize that endoscopic 
laser interventions are simple, effective and safe way of 
restoring tracheal patency [30]. 

Other researches note that in emergency situations, 
in the absence of a tracheostomy, when hypoxemia 
increases after anesthesia, only the tube of a rigid bron-
choscope can be used to quickly expand the lumen and 
restore adequate breathing [15, 22].

Thus different authors apply different methods of 
endotracheal impact on scar tissue. Each one chooses 
one or several most convenient ways of restoring air-
way patency. The choice of the method is affected by 
the personal experience of a doctor, as well technical 
capabilities of a clinic as for a specific clinical situation.

The most important and not fully solved problem 
for today in the surgery of cicatricial tracheal stenoses 
is maintaining the lumen of the respiratory tract at a 
level sufficient for adequate breathing. For provision 
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removal of the stent stable positive (good and satisfac-
tory) results were obtained in 13 patients, unsatisfactory 
ones in 9 patients. In all the patients with localization 
of stenosis in the cervical region, as a result of the 
treatment, a lumen sufficient for breathing was formed. 
When the stenosis was localized in the chest such a 
result was obtained in only 1 patient out of 10. Out of 
this the author makes a conclusion that temporary in-
sertion of a stent of different construction for cicatricial 
stenosis in the cervical part of trachea allows to achieve 
stable effect in all the operated patients but for stenosis 
localized in the thoracic area this variant of treatment is 
of low efficiency. Thus results of long-term dilatation of 
cicatricial stenosis on the stents are controversial. The 
range of positive results is very wide and includes from 
20 to 94,6% [30]. 

This condition must be related to the lack of uniform 
criteria in the selection of patients and insufficiently 
large number of patients in whom the technique of 
treatment by dilatation on the endoprosthesis was 
used. Besides it should be noted that in the literature 
researches completely divide the results of treatment 
with tubular structures which are fully inserted into 
the tracheal lumen, and therapeutic tracheostomy 
tubes that require a functioning tracheostomy, which 
is fundamental.

CONCLUSIONS
Summing the information obtained by the data of the 
literature review, we can state the lack of generally 
accepted concept of application of mini-invasive inter-
ventions for tracheal stenosis. In the available literature 
there are no clearly formulated indications and contra-
indications for their application.

In the publications in this filed there are no researches 
devoted to the comparative analysis of endoscopic and 
traditional surgical interventions for of tracheal stenosis. 
All of it dictates the necessity of conducting further 
researches in this important section of clinical surgery.

and combined alloprostheses caused granulation and 
cicatricial stenosis. All the prostheses were inserted into 
trachea during open surgical operations [19].

Requirements for all the endoprostheses are as 
follows: non-toxicity, biological inertness, stability in 
body tissues, sufficient rigidity, strength, elasticity and 
flexibility, sufficient drainage function, which allows 
to remove mucus from the respiratory tract, imperme-
ability to liquid, air and bacteria, easy availability and 
possibility of sterilization [15].

After inserting endoprostheses in all the patients at 
the beginning (from several days to weeks) problems 
may arise related to the presence of foreign body in 
the trachea lumen – reflex cough and increased tra-
cheobronchial secretion. Inner surface of the prosthe-
ses contributes to the deposition of sputum, due to 
this obturation of the lumen may occur. This process 
can be prevented when using aerosols with regular 
mechanical removal of overlays during tracheoscopy. 
Tracheoscopies with sanitation must be performed 
regularly, and during the first once every three months. 
Due to the contact of foreign body with the trachea wall 
granulomas can be formed. In case of their detection 
granulomas must be removed mechanically or with 
the help of laser and electrocoagulation. With recurrent 
granulomas brachytherapy can be used [30].

It is known that dilatation of tracheal cicatricial steno-
ses with the help of stents allows not only temporarily 
restore adequate patency of the airways and prepare a 
patient for the planned operation but also contributes 
to the formation of reliable fibrous framework around 
the protector [4].

Nowadays in literature (Bourinet V et al.) there is no 
consensus as for how long a stent should be kept in the 
area of stenosis for the lumen to be formed. Authors 
believe it to be appropriate for endoprosthesis to stay 
in the trachea for approximately 4 months [15].

There is a report where the duration of endoprosthe-
sis in the tracheal lumen varied from 5 to 24 months. 
Remote results are traced back to 1 to 5 years. After 

REFERENCES
	 1.	�Ezemba N, Echieh CP, Chime EN et al. Postintubation tracheal stenosis: Surgical management. Niger J Clin Pract. 2019;22:134-7. 

doi: 10.4103/njcp.njcp_288_18.
	 2.	� Aydogmus U, Kis A, Ugurlu E. Superior Strategy in Benign Tracheal Stenosis Treatment: Surgery or Endoscopy? Thorac. Cardiovasc. Surg. 

2021;69(8):756-763. doi: 10.1055/s-0040-1715435. 
	 3.	� Freitas C, Martins N, Novais-Bastos H. The role of interventional bronchoscopy in the management of post- intubation tracheal stenosis: 

A 20-year experience Pulmonology. 2021;27(4):296-304. doi: 10.1016/j.pulmoe.2019.12.004.
	 4.	� Özgül MA, Gül Ş, Çetinkaya E et al. Our eight years experience in postintubation/posttracheostomy tracheal stenosis Tuberk Toraks. 

2019;67(1):55-62. doi: 10.5578/tt.68188.
	 5.	� Ulusan A, Sanli M, Ahmet M et al. Surgical treatment of postintubation tracheal stenosis: A retrospective 22-patient series from a single 

center. International Journal of Health Sciences. 2018;41(4):356-362. doi:10.53730/ijhs.v6nS7.11417.

https://doi.org/10.4103/njcp.njcp_288_18
https://doi.org/10.1055/s-0040-1715435
https://doi.org/10.1016/j.pulmoe.2019.12.004
https://doi.org/10.5578/tt.68188
https://doi.org/10.53730/ijhs.v6nS7.11417


Diagnosis and surgical treatment of tracheal cicatricial stenoses: literature review

185

	 6.	� Ansari A, Thomas A. Multimodality Surgical Approach in Management of Laryngotracheal Stenosis. Case Rep Otolaryngol. 
2018;2018:4583726. doi: 10.1155/2018/4583726. 

	 7.	� Bibas BJ, Guerreiro Cardoso PF, Minamoto H et al. Surgical Management of Benign Acquired Tracheoesophageal Fistulas: A Ten-Year 
Experience. Ann Thorac Surg. 2016;102(4):1081-7. doi: 10.1016/j.athoracsur.2016.04.029. 

	 8.	� Feinstein AJ, Goel A, Raghavan G et al. Endoscopic Management of Subglottic Stenosis. JAMA Otolaryngol Head Neck Surg. 2017;143(5):500-
505. doi: 10.1001/jamaoto.2016.4131. 

	 9.	� Madariaga ML. Reresection for recurrent stenosis after primary tracheal repair. J Thorac Dis. 2016;8(2):153-9. doi: 10.3978/j.issn.2072-
1439.2016.01.66.

	10.	� Verret DJ, Jategaonkar A, Heilman S.  Holmium Laser for Endoscopic Treatment of Benign tracheal Stenosis. Int. Arch. Otorhinolaryngol. 
2018;22(3):203-207.

	11.	� Sun K, Zhang H, Zhang W et al. Long-term prognostic factors of clinical success after interventional bronchoscopy in patients with scarring 
central airway stenosis. BMC Pulm Med. 2021;21(1):73. doi: 10.1186/s12890-021-01434-5. 

	12.	� Wright CD, Li S, Geller AD et al. Postintubation Tracheal stenosis: management and results 1993 to 2017. Ann Thorac Surg. 
2019;108(5):1471–7. doi:10.1016/j.athoracsur.2019.05.050.

	13.	� Zuo T, Gao Zh, Chen Zn et al. Surgical Management of 48 Patients with Retrosternal Goiter and Tracheal Stenosis: A Retrospective Clinical 
Study from a Single Surgical Center Med Sci Monit. 2022;28:e936637. doi: 10.12659/MSM.936637.

	14.	� Dalar L, Karasulu L, Abul Y. Bronchoscopic Treatment in the Management of Benign Tracheal Stenosis: choices for Simple and Complex 
Tracheal Stenosis Ann. Thorac. Syrg. 2016;101:1310-1317. doi: 10.1016/j.athoracsur.2015.10.005.

	15.	� Bourinet V, Raguin T, Fortin M et al. Experience with Transcordal Silicone Stents in Adult Laryngotracheal Stenosis: A Bicentric Retrospective 
Study. Respiration. 2018;95(6):441-448. doi: 10.1159/000487242. 

	16.	� Ciccone AM, Vanni C, Maurizi G et al. A Novel Technique for Laryngotracheal Reconstruction for Idiopathic Subglottic Stenosis. Ann Thorac 
Surg. 2016;102(5):e469-e471. doi: 10.1016/j.athoracsur.2016.03.098. 

	17.	� Costantino CL. Idiopathic laryngotracheal stenosis. J Thorac Dis. 2016;8(2):204-9. doi: 10.3978/j.issn.2072-1439.2016.01.71.
	18.	� Auchincloss HG, Wright CD. Complications after tracheal resection and reconstruction: prevention and treatment. J Thorac Dis. 

2016;8(2):S160-7. doi: 10.3978/j.issn.2072-1439.2016.01.86. 
	19.	� Bolca C, Păvăloiu V, Fotache G et al. Postintubation Tracheoesophageal Fistula - Diagnosis, Treatment and Prognosis. Chirurgia (Bucur). 

2017;112(6):696-704. doi: 10.21614/chirurgia.112.6.696. 
	20.	� Özgül MA, Gül Ş, Çetinkaya E et al. Our eight years experience in postintubation/posttracheostomy tracheal stenosis Tuberk Toraks. 

2019;67(1):55-62. doi: 10.5578/tt.68188.
	21.	� D’Andrilli A, Maurizi G, Andreetti C et al. Long-term results of laryngotracheal resection for benign stenosis from a series of 109 consecutive 

patients. Eur J Cardiothorac Surg. 2016;50(1):105-9. doi: 10.1093/ejcts/ezv471. 
	22.	� Wright CD. Nonoperative Endoscopic Management of Benign Tracheobronchial Disorders. Thorac Surg Clin. 2018;28(2):243-247. doi: 

10.1016/j.thorsurg.2018.01.009. 
	23.	� Özdemir C, Kocatürk CI, Sökücü SN et al. Endoscopic and Surgical Treatment of Benign Tracheal Stenosis: A Multidisciplinary Team 

Approach. Ann Thorac Cardiovasc Surg. 2018;24(6):288-295. doi: 10.5761/atcs.oa.18-00073. 
	24.	� Murgu SD, Egressy K, Laxmanan B et al. Central Airway Obstruction: Benign Strictures, Tracheobronchomalacia, and Malignancy-related 

Obstruction. Chest. 2016;150(2):426-41. doi: 10.1016/j.chest.2016.02.001. 
	25.	� Xiong XF, Xu L, Fan LL et al. Long-term follow-up of self-expandable metallic stents in benign tracheobronchial stenosis: a retrospective 

study. BMC Pulm Med. 2019;19(1):33. doi: 10.1186/s12890-019-0793-y. 
	26.	� Kim SS, Khalpey Z, Hsu C, Little AG. Changes in Tracheostomy- and Intubation-Related Tracheal Stenosis: Implications for Surgery. Ann 

Thorac Surg. 2017;104(3):964-970. doi: 10.1016/j.athoracsur.2017.03.063. 
	27.	� Elsayed H, Mostafa AM, Soliman S et al. First-line tracheal resection and primary anastomosis for postintubation tracheal stenosis. Ann 

R Coll Surg Engl. 2016;98(6):425-30. doi: 10.1308/rcsann.2016.0162. 
	28.	� Comeche Casanova L, Ortega de Vitoria L, Moradiellos J. Estenosis traqueal y enfermedad por IgG4. Arch Bronconeumol. 2016;52:175.
	29.	� D’Andrilli A, Venuta F, Rendina EA. Subglottic tracheal stenosis. J Thorac Dis. 2016;8(2):S140-7. doi: 10.3978/j.issn.2072-1439.2016.02.03. 
	30.	� Dahlqvist C,  Ocak S,  Gourdin M et al. Corrigendum to «Fully Covered Metallic Stents for the Treatment of Benign Airway Stenosis». Can 

Respir J. 2018:2018:6202750. doi: 10.1155/2018/6202750.
	31.	� Crowley C, Birchall M, Seifalian AM. Trachea transplantation: from laboratory to patient. J Tissue Eng Regen Med. 2015;9(4):357-67. doi: 

10.1002/term.1847. 

CONFLICT OF INTEREST
The Authors declare no conflict of interest 

https://doi.org/10.1016/j.athoracsur.2015.10.005
https://doi.org/10.5578/tt.68188


Valeriy Boyko et al. 

186

CORRESPONDING AUTHOR
Anastasiia Sochnieva
Kharkiv Polytechnic Institute
2 Kyrpichova St., 61000 Kharkiv, Ukraine
e-mail: sochnevanastya@gmail.com

ORCID AND CONTRIBUTIONSHIP
Valeriy Boyko: 0000-0002-3455-9705  
Vasyl Kritsak: 0000-0002-3712-6235  
Anastasiia Sochnieva: 0000-0003-0106-5247  
Volodymir Tkachenko: 0009-0004-5194-4340  

 – Work concept and design,  – Data collection and analysis,  – Responsibility for statistical analysis,  – Writing the article,  – Critical review,  – Final approval of the article

RECEIVED: 29.04.2024
ACCEPTED: 09.12.2024 C R E AT I V E  C O M M O N S  4 . 0

https://orcid.org/0000-0002-3455-9705
https://orcid.org/0000-0002-3712-6235
https://orcid.org/0000-0003-0106-5247
https://orcid.org/0009-0004-5194-4340

