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Laryngeal injury is a very common complication after intubation, especially in children. It carries a great economic
burden for parents and the medical system and greatly disrupts the child’s physical and social development.
Treatment of chronic post-intubation complications is time-consuming and resource-intensive and may end up
unsuccessful even after many years. To prevent the development of laryngeal stenosis in children after intubation,
careful evaluation of the risk factors leading to soft tissue scarring is necessary. Our goal was to analyze the literature
on the incidence of post-intubation laryngeal injuries in children and the underlying risk factors. We reviewed the
literature on post-intubation laryngeal complications available in the following databases: Clinicalkey, PubMed,
PubMed Central, UptoDate, and Embase. According to the collected data, we categorized all factors into patient-
related and procedure-related. However, all risk factors have a low level of evidence, which requires additional
studies in the future.
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LITERATURE REVIEWS |

TpaBMa roptaHu ABNSETCSH O4eHb PACNPOCTPaHEHHbIM OCNOXHEHWEM MOCIE MHTYy6aummn, 0CO6eHHO y aeTel. OHa
HeceT 60JIbLUYI0 S9KOHOMUYECKYIO Harpy3ky A8 poguTenen U MEQULMHCKON CUCTEMbI, 3HAYUTENBHO HapyLuaeT
hmamyeckoe 1 coumanbHoe pa3BuTne pedbeHka. JleueHne XpOHNYECKMX MOCTUHTYOaLMOHHBIX OCITIOXHEHWI TpebyeT
MHOIO BPEMEHW 1 PECYPCOB U [axe CryCTs MHOMO NET MOXET okasaTbes 6e3ycneLuHbiM. HYTo6bl NpefoTBpaTuThb
pasBuTMe CTEHO3a ropTaHu y feTen nocne HTybaumnm, He06X0AMMO TLLATENbHO N3YUYnTb (DAKTOPbI pUCKa, NPUBO-
Jslme K pybueBaHuio MArkux TkaHen. Liens — npoaHanmampoBatb nutepaTtypy nNo Teme YacToTbl NOCTUHTY6aLM-
OHHbIX TPaBM FOpTaHW y AeTen N X OCHOBHbIX (DaKTOPOB pucka. Mbl U3yunnu nutepaTypy no Teme OCNOXHEHWI
ropTaHu nocre MHTy6aLum, NpeacTaBneHHyo B cneaytoLmx 6asax gaHHblx: Clinicalkey, PubMed, PubMed central,
UptoDate n Embase. CornacHo cobpaHHbIM AaHHbIM, Mbl Pa3fenuiv Bce (hakTopbl, HA CBA3aHHbIE C NaLMEHTOM U
cBsizaHHble ¢ npoueaypon. OaHaKo Bce hakTopbl pUCKa MMEKT HU3KUIA YPOBEHb oKal3aTeslbHOCTU, YTO TpebyeT
[OMNOSNTHUTENbHbIX UCCNeoBaHNI B ByayLLEM.

KnrouyeBble crioBa: CTEHO3 rOpPTaHN U Tpaxew, AbixaTesibHble MyTU y AeTen, NOACBA304HbIV CTEHO3, PaKTOpbl pUcKa

KoH(NMKT HTepecoB. ABTOPbI 3aBNSIOT 06 OTCYTCTBUM KOH(SIMKTA MHTEPECOB.
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obpasoBaHus Pecnybnukn KasaxctaH (rpaHT NeAP27510665) «[MpuMeHeHne NCKYCCTBEHHOMO UHTENNeKTa Ang
paHHen AMarHoCTKM pybLOBbLIX CTEHO30B ropTaHn y AeTemn».
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Introduction challenge in clinical practice due to its impact on airway patency

and long-term morbidity [2]. Early diagnosis and accurate risk

Post-intubation laryngeal stenosis (PILS) remains a significant  stratification are essential to minimize complications and guide
complication in pediatric patients, particularly in those requiring  timely interventions.

prolonged or repeated intubation [1]. This condition, characterized The etiology of PILS is multifactorial, encompassing patient-

by narrowing of the laryngeal airway due to scarring, poses a critical ~ related [3], procedural [4], and environmental factors [5]. Advances
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|7 No stridor / Ctpuzop otcytcTayer
[ stridor / Crpupop npucyTcTeyet
|7 Subglottic stenosis / MoaCBsi304HbIN CTEHO3

Fig. 1. The incidence of post-extubation stridor among children by L.L. Veder, et al. [1]

Puc. 1. YacroTa BcTpeuyaeMoCTH CTpUIOpA MocCie 3KCTybanuu y aereil mo nanHabiM L.L. Veder, et al. [1]

in diagnostic modalities, including imaging techniques [6] and
endoscopic evaluations [7], have improved the ability to detect
laryngeal stenosis [8]. However, variability in clinical presentation
and diagnostic accuracy often complicates early identification [9].
Additionally, understanding the risk factors — such as age [10],
intubation duration [11], and underlying comorbidities [12] — plays
a pivotal role in prevention and management strategies.

This review aims to provide a comprehensive analysis of the
current diagnostic methods and risk factors associated with PILS
in pediatric patients. By synthesizing recent evidence, the review
highlights gaps in knowledge and offers insights into optimizing
clinical approaches to reduce the incidence and severity of this
condition.

Incidence of Laryngeal Injury

The reported incidence of post-extubation laryngeal injuries varies
significantly across studies. Post-extubation stridor was observed

Mostly edema and erythema / B ocHOBHOM 0Tek 1 3puTeMa

in 1.0 to 30.3% (Fig. 1), post-extubation upper airway obstruction
in 1.2 to 39.6%, laryngeal injury found at laryngoscopy in 34.9 to
97.0%, diagnosed laryngotracheal stenosis (LTS) in 0to 11.1% [13].

After a brief period of intubation (1.0 and 4.5%), there was a
decreased incidence of post-extubation stridor [2] (Fig. 2). Children
with trisomy had a high rate of complications of PILS of 30% [14],
and then an important factor was the performance of cardiac surgery
for congenital defects [15], as well as the duration of stay under
the tube [16].

Edema and erythema were reported in 34.9 to 97% with recovery
rates of 3.0 t0 65,1% [17].

The forms of damage to the larynx and trachea after insertion of
the tube were studied (Fig. 3). Up to 30% of patients had some form
of damage, which was expressed in stridor in 12% of patients, while
recovery occurred in almost all (92%) [18].

These variations highlight the importance of considering both the
patient’s medical background and the specifics of their intubation
procedure.

Persisting moderate to severe obstruction / Mepcuctupy-
loLasi cpeaHe-Taxenas u Taxenas 06CTpyKLvs

Lowest inc /
HavmeHbluas yactota

Lowest inc /
HavmeHbluas yactota

34,9%

Significant lesions /
3HauMMble NOpaxeHus

Lowest inc /
HavmeHbluas yactota

Lowest inc /
HanmeHbluas yactota

9,8%

11,8%

. Lesions /

. Recovered /
TMopaxenui

Paspewuunocs

Obstruction / Recovered /
. O6eTpykums . Paspelumnnocb

Fig. 2. Endoscopic confirmed lesions within two days after extubation according to de M. Wit, et al. [2]

Puc. 2. DHa0CKONMMYECKH MTOATBEPKACHHbBIE MOPaXKEHMS Yepe3 2 CyTOK Iociie 9KCeTydarmu no gaHHeiM de M. Wit, et al. [2]
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cucteme MOPOKOB CepaLa
B min B max

Fig. 3. Post-extubation stridor incidence among infants according to de A.L. Jong, et al [3]

Puc. 3. YacroTa BcTpeyaeMoCTH CTpUIOpa Tocie 9KCTyOaluu cpeau MiaaieHIes o fauHeim de A.L. Jong, et al [3]

Patient-Related Risk Factors

The review identifies several patient-related factors that may
increase the risk of post-intubation laryngeal injuries:

1. Requirement for additional sedation doses: Severe laryngeal
injuries were reported in 44.2-66.7% of cases; however, the
authors highlighted a very low level of evidence for this association
[19].

2. Gastroesophageal reflux (GER): GER is a common risk factor for
post-extubation upper airway obstruction and LTS [20].

3. Younger age: Neonates and younger children are particularly
vulnerable to such injuries. However, there is no statistically
significant relationship between the incidence of stenosis and
age [21].

4. Low body weight: One study reported lower body weight as a
significant risk factor, but seven other studies found no correlation
[22].

5. Gender. Although some studies have shown a link between
the occurrence of stenosis and gender, this link has not been
statistically proven [23].

6. Comorbidities: Conditions such as trisomy 21 and GER
significantly increase the likelihood of laryngeal injuries [24].

7. Infections: Infections may complicate post-extubation recovery
according to some studies, but the overall level of evidence for
this association was rated as very low [25].

Procedure-Related Risk Factors
We highlight eight procedural factors associated with an increased
risk of laryngeal injury:

1. Prolonged intubation: the risk of laryngeal damage increases with
the duration of intubation [26]. However, conflicting results and

HEAD AND NECK RUSSIAN JOURNAL Vol 13, Ne2 - 2025

a critical risk of bias result in a very low level of evidence. This
also applies to multiple intubation attempts.

2. Traumatic intubation: difficult or forceful intubation is linked to a
higher risk of injury in some studies, but overall evidence is rated
as very low [27].

3. Use of oversized tubes: tubes that are larger than necessary for
the patient’s age or size can cause airway trauma. Despite this,
conflicting findings and a critical risk of bias lead to a very low
level of evidence [28].

4. Absence of an air leak: this has been suggested as a risk factor
for laryngeal injury, but, as with other factors, conflicting results
and a critical risk of bias contribute to a very low level of evidence
[29].

5. Others: Unrelated factors as gestational age and intubation
ability, cuffed tube usage, and steroid treatment cannot show an
association with laryngeal injury [30-33].

Classification

Over the past 10 years, there has been an active discussion
about the grading of the stenosis degree in children. In response,
various classification systems have developed in the literature to
encapsulate the intricate anatomy, clinical variability, and treatment
alternatives related to these conditions [34]. This chapter delineates
the principal classification systems employed to inform diagnosis
and management.

Myer-Cotton. This type of classification is most adapted to modern
clinical manifestations of stenosis and is convenient from the point
of view of assessment using endoscopy. It considers subglottic,
laryngeal and tracheal stenosis in adults and children [35]. When it
comes to the classification, there are four different categories that
are decided by the proportion of lumen obstruction: grade I: there
is a decline of 0 to 50 percent; Gradation II: a decrease of 51-70%;
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Grade III: a decline of 71-99% total; Complete occlusion with no

discernible lumen is the fourth grade of obstruction;

McCaffrey. This system was developed by McCaffrey to identify the
location of stenosis [36] in adults and children. Using both univariate
and multivariate analysis, the classification was formed. The findings
of these studies revealed that the anatomical site is the most reliable
predictor of the amount of time required for decannulation. The
classification consists of the following four groups:

« Stenosis that is either restricted to the subglottis or the trachea,
with a craniocaudal extension that is less than one centimeter is
the first stage.

« Stenosis is expressed in the subglottic ares, with a spread of more
than 1 centimeter.

Table The laryngeal stenosis classification system

Tabnuya Knaccngpnkaynsa cTeH03a roptanm

« Stenosis that affects both the subglottis and the trachea is part
of the third stage.

« Grade 4 stenosis extends along the larynx, with scarring and
paralysis of at least one vocal cord.

Lano-Netterville. This classification is based on the number of
involved areas of the respiratory tract, which consists of three types
of stenosis:

Stage I: Involvement of one subsite; Stage II: Involvement of
two subsites; Stage Ill: Involvement of both the glottis and trachea.

The authors supported the implementation of this system based
on its significant correlation with surgical outcomes and disease
stage. Surgical success rates in the retrospective analysis were 94%
for Stage I, 78% for Stage II, and 20% for Stage IIl.

Characterized by acute airway narrowing (e.g.,

edema, ulcerations, granulation tissue) which requires
treatment to prevent cicatricial stenosis
XapakTepusyetcs 0CTPbIM CYyXEHUEM [bIXaTelIbHbIX
nyTei (Hanpumep, 0TeKOM, N3bA3BIIEHUAMM, rPaHy-
TIAUMOHHON TKaHbI0), KOTOPOE TPEBYET NIe4eHns Ans
npesoTBpaLyeHns PyoLOBOro CTeH03a

Developing
PassusaroLymniica
Differences
Pasnun4ns
Stenosis type
Tun cTeHo3a
Developed
PassusLuniics

Represents established narrowing, typically treated
surgically

peacrasnser cob6ovi cchopMnpoBaBLLEECS CYKEHUe,
00bIYHO NIEYNTCH XUPYPIrUHECKUM MyTEM

Endoscopic tools
JHI0CKONNYECKIME
WNHCTPYMEHTbI

The Myer—Cotton Airway Grading System
LLIkana ouerHku cteHo3a Myer-Cotton

employed to quantify the severity of stenosis (Grades
I-IV)

Ucnonb3yercs Ans KONMHECTBEHHON OLIEHKU TAXECTN
cTeHo3a (crenenu I-IV)

et el Direct laryngoscopy and

Identifies the location (supraglottic, glottic, subglottic,
tracheal) and extent of involvement
OnpegensieT nokanu3aunio (Hafces3049Hoe, B 0671acTh

peHme

3a 0T ro/10C0BbIX CKIa4oK A0 TPaxeocToMbl, UCI0JTb-
3y TaKNe UHCTPYMEHTBI, KaK TEJIECKON C JINH3O0M

- TNFL r0/10C0BbIX CBAXOK, MOACBA30YHOE, TPaxeanbHoe) u
jgﬂggf;ﬁoga%b’e lpsmas napuHrockonus | CTENEHb MOPaXEHNS
n THOJ1 If multiple sites are affected, it is recorded accordingly
Ecnn nopaxeHo HECKOIbKO 0671aCTeN, 3TO (hukcnpy-
eTCs COOTBETCTBYOLMM 06pa30M
) Telescqpm measurements assess the length of This step ensures detailed mapping of the cranio-
Measurement using stenosis from the vocal folds to the tracheostoma, caudal extent, essential for surgical planning
Extension telescopes using instruments like the rod-lens telescope 3707 3721 0 6écnekm3aer ETATIbHOE KADTHDOBAHNE
[IpOTsXKEHHOCTb | SHAOCKONNYECKOE N3MeE- | SHAOCKOMUYECKM OLEHNBAKOT MPOTSKEHHOCTb CTEHO-

KpaHno-KayanbHou NpOTSXKEHHOCTHU, YTO HEOOXOANMO
15 NNIaHUPOBAHNS XUPYPrUYECKOro BMELLIATebCTBa

Provides a primary assessment of vocal fold (VF)

It checks for normal VF movement, restricted
abduction (common with PGS), or VF immobility (due

Awake TNFL I e,
mobility to paralysis or joint fixation)
TH®J1 B cocTosiHnm
GOpCTEORAHNA 06ecre4mnBaeT nepBudHyr OLEHKY MOABUXHOCTA OuyeHnBarOT HopManbHoe fBmxeHne 'C, orpaHnyexHne
ronocosbIx cknagok () abaykumu (xapaktepHo Ans C3C) unm HemogBUXHOCTL
['C (n3-3a napanu4a nan gomkcaumm cycraBa)
Used if awake assessment fails or is inconclusive,
Laryngeal motility Asleep TNFL especially in children or uncooperative patient
TogBMXHOCT Wcnonb3yetes, ecnn oLeHka B 604pCTBYOLLEM
TH®J1 B 6ecco3Hatesb-
ro710C0BbIX TR COCTOSHNN HE YAAeTCs UN He JaeT Pe3ysbTaros,
CBA30K 0COBEHHO y fieTeli U NaLNeHTOoB, HE JOCTYMHbIX
KOMMYHUKaLmn
Differentiates between neurogenic paralysis and PGS
by observing arytenoid movements and interarytenoid
Microlaryngoscopy with retraction instruments adhesion
MukponapuHrockonus ¢ ucnonb30BaHNEM PETPAKLMUOHHBIX UHCTPYMEHTOB [Tomoraet gnghchepeHymnpoBaTe HEMPOreHHbI napanmy
u C3C, Habnogas 3a ABUXKEHNAMA YepnanoBugHoro
XPALYA Y MEXH4epnanoBuLHbIMY aAre3namm
Airway lumen . Grade |-1V) evaluates the degree of airway obstruction
Hpoc;,erab/xa The Myer-Cotton grading system Sl 1% CTener) oLieHnBaet cre%eﬁb o6cTp ;);um// Abixa
. LLikana oyeHkn Myer-Cotton b Yy
TeNbHbIX NyTei TeNbHbIX NyTei

Note. TNFL — Transnasal Fiberoptic Laryngoscopy, PGS — posterior glottic stenosis.
lpumeyarme. THOJT - TpaHcHa3anbHas pubpoontnyeckas napuHrockonusi, C3C — cTeH03 3aJHeli CTeHKN ropTaHu
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Cohen. Indicated only for congenital interligamentous membrane,
which may also be associated with variable manifestations of stridor
[38]. This classification comprises four categories determined by
the degree of glottic lumen involvement.

Type 1: Involves 35% or less of the glottic lumen; Type 2: Involves
35-50% of the glottic lumen; Type 3: Involves 51-75% of the glottic
lumen; Type 4: Involves 76% or more of the glottic lumen.

This system enables clinicians to assess the severity of obstruction
and customize management strategies accordingly.

Bogdasaryan, et al. The classification proposed by the group of
authors is aimed at the category of patients with posterior PILS of
the larynx [39]. This system is aimed at assessing the respiratory
function, the diameter of the larynx, the localization of stenosis and
its extent. According to the FLECS staging system, the assessment
is carried out in a comprehensive manner [40].

European Laryngological Society Classification. ELS proposed
a system for preoperative endoscopic airway assessment, which
consists of 5 pathways [8]. Below are the main classification criteria
for determining the severity of laryngeal stenosis (table.).

The ELS classifications have been applied to large retrospective
cohorts from the centers involved in its development [8], confirming
its accuracy in predicting both peri-operative outcomes, such as
complication rates and the need for further treatments, as well as
long-term outcomes, including decannulation rates, in both pediatric
and adult populations affected by LTS and treated with tracheal or
crico-tracheal resection and anastomosis. The value of this factor in
predicting outcomes for patients undergoing endoscopic treatments
has not yet been evaluated.

There are five standardized sequential steps for diagnosing
postintubation laryngeal stenosis:

1. Awake indirect laryngoscopy (TNFL) this method is employed
to assess vocal fold (VF) mobility in conscious patients and to
identify PGS, neurogenic VF paralysis, or cricoarytenoid joint
fixation;

2. Asleep TNFL; Facilitates a dynamic airway assessment during
anesthesia for both pediatric and adult populations;

3. Direct transoral laryngotracheoscopy utilizing a bare zero-degree
rod-lens telescope; facilitates visualization of the stenotic segment
in relation to the vocal folds and tracheostoma, and allows for
measurement of the length and grade of the stenosis;

4. Suspension microlaryngoscopy; utilized to distinguish between
vocal fold paralysis and PGS;

5. Bronchoesophagoscopy: Critical for evaluating the lower airways
and esophagus in patients with LTS.

Diagnostic tools

Functional assessment refers to the systematic evaluation of an
individual's performance in various tasks and activities, often to
determine their capabilities and needs in specific contexts.

Mpexze BCero, BaXXHO OLEHNUTb FONOCOBYHO U AbIXaTeNbHYH0 (DYHK-
Lnto, paboTy fero4Horo annapara. [ns oLeHnBaHus ronocoBoro
annapara 1cnonb3yKTca CTaHAAPTU3MPOBAHHbIE LLIKANbI, KOTOPYHO
Janee LOMMKHbI JOKYMeHTUpoBatbea [41].

Radiological evaluation. The use of radiological evaluation for
stenosis in pediatric patients is a subject of ongoing debate. CT
scans are essential for evaluating the craniocaudal extent and
severity of airway obstruction [42]. Additionally, they provide 3D
reconstructions of the airways, which is especially beneficial when
awake TNFL fails to deliver adequate visualization [43]. In cases
of Cotton—Meyer grade Il or IV stenosis, radiological imaging is

| HEAD AND NECK RUSSIAN JOURNAL Vol 13, Ne2 - 2025

essential prior to any sedation or general anesthesia, except in
emergencies requiring immediate tracheotomy [44].

For the assessment of neck masses or mediastinal vascular
anomalies, standard CT or MRI scans may be necessary. Sedation
must always be conducted under the supervision of an anesthetist.
MRI is favored due to its superior resolution, rendering it ideal
for assessing airway compression resulting from mediastinal
abnormalities.

Health Status. A comprehensive evaluation of comorbid diseases
is essential in the assessment of airway stenosis. This includes
pulmonary and cardiac assessments to confirm adequate respiratory
and circulatory function, as well as a comprehensive neurological
evaluation to identify any potential impairments that may affect
airway management. In individuals with a tracheostomy history, the
severity of stenosis can be evaluated by temporarily occluding the
tracheostomy cannula. This provides immediate assessment of the
patient's pulmonary function and the degree of airflow resistance
in the stenotic region, particularly in cases of diminished airflow or
elevated pressure [45]. To form a diagnosis in the ELS system, the
degree of stenosis according to Mayer-Cotton, Lano—Netterwild
observation, and additional diseases are taken into account. The
Myer—Gotton score ranks the degree of airway stenosis into four
grades: Grade | implies mild obstruction; Grade IV represents
complete occlusion.

The updated Lano-Netterville classification then is used, which
includes a fourth anatomical subsite — the supraglottis. Engagement
at a site is represented as follows: involvement of one location.
Involvement increases gradually; indicates that all four subsites —
supraglottis, glottis, subglottis, and trachea — are affected. A “+”
symbol is applied to the final score in cases when the patient
shows notable comorbidities or congenital abnormalities, therefore
indicating the increased clinical load that could influence treatment
outcomes. This rating system forecasts surgical outcomes and helps
in treatment planning.

The ELS classification offers a whole framework for the
management of LTS, therefore aiding the development of diagnosis
and therapy planning [46]. The three-dimensional framework of
the scoring system evaluates the cranio-caudal degree of stenosis
as well as its minimum axial plane diameter. The classification
emphasizes the need of comorbidities, which are crucial for decision-
making and so guarantee that treatment planning takes the patient's
whole state into account. This all-encompassing strategy improves
treatment result prediction and quality of treatment.

Preoperatively endoscopic review. Many necessary tests
targeted at completely examining the airway make up the
endoscopic diagnostic assessment for LTS. Among the methods
include bronchoesophagoscopy, direct transoral laryngoscopy,
suspension microlaryngoscopy, and TNFL [47]. CT, MRI is an
optional component in the preoperative preparation of patients
with stenosis. General examination, respiratory function assessment
and other tests should be performed [48].

TNFL. An integral component of in-office airway examination is
TNFL. It is necessary to check the patency starting from the nasal
cavity and ending with the larynx [49].

Diagnosing obstructive supraglottic lesions — including
laryngomalacia, lymphovascular abnormalities, and cysts — also
depends on flexible nasoendoscopy. It assesses vocal fold movement
and points up signs of impaired swallowing, including secretions
accumulating in the hypopharyngeal channel. To differentiate
between neurogenic bilateral paresis/paralysis of the vocal cords and
stenosis in the posterior commissure of the glottis, it is necessary
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to perform an endoscopic examination under general anesthesia.
Still, TNFL has limitations since this technique still slightly hides the
trachea and subglottic area [50].

Not every patient depends on direct laryngoscopy. If
laryngomalacia is suspected, further examination with a
laryngoscope should not be performed. However, if the patient
has stridor and other clinical symptoms of stenosis, then invasive
diagnostic methods should be performed.

TNF in Sleep. The presence of developmental delay in a child
combined with problems of feeding, sleep and breathing requires
transnasal fibrolaryngoscopy under general anesthesia, especially
relevant for active and small children who find it difficult to follow
instructions [51]. Either intravenous propofol or sevoflurane is used
for anesthesia; atropine is given intravenously prior to the operation
to prevent bradycardia [52].

This method also allows to identify other pathologies not
associated with the larynx (hypertrophy of adenoids, atresia of the
choanae, tumors, etc.) Also, problems with the muscular system,
hypertrophy of the tonsils, prolapse of the epiglottis can also be the
cause of stridor, so it is necessary to exclude them first. Particularly
during the preoperative assessment of subglottic stenosis (SGS),
both awake and asleep TNFL are vital for the comprehensive
investigation of a damaged airway [53].

Direct laryngoscopy. This diagnostic method is complex, so
sedation is required before it is performed. A complete examination
of the larynx is achieved using a 4 mm rigid Storz endoscope [54].
Even minor damage to the mucous membrane can cause obstruction,
S0 great care is required. There are stands with a smaller diameter
(2.7 and 1 mm), which is most effective for small children.

Typically evaluated using the Myer-Cotton grading system, which
runs telescopes or bougies of varying diameters across the stenotic
segment to determine the degree of narrowing, the severity of SGS,
interference with suspension makes a tracheostomy resulting from
procedural trauma or airway compromise unsuitable for a diagnostic
endoscopy [55].

Micro-laryngoscopy. Benjamin- Lindholm laryngoscope is perfect
for clear pharynx, larynx, and subglottis view during an airway
examination. Several experts' instruments define the process: 0°
and 70° telescopes, the Lindholm vocal cord retractor, angulated
probes, and tapered bougies.

Although the degree of airway narrowing is measured with
bougies, telescopes help to ascertain the craniocaudal extension of
the stenosis. The telescope advances to the vocal folds, noting any
pathological changes in the larynx along the way. The underlying
structures are examined through the tracheotomy. Especially in
preparation for tracheal resections and anastomoses, these accurate
measurements are quite important [56]. More complex and severe
types of laryngeal stenosis should be examined by creating a 3D
model, especially in patients with a history of intubation.

PGS can be further separated and categorized utilizing
Bogdasarian's method by means of an angulated probe, therefore
ensuring correct diagnosis and appropriate treatment planning.

Bronchoesophagoscopy. Bronchoesophagoscopy is indicated for
almost all patients with stenosis, especially chronic cerebrospinal
fluid carriers [57]. In SGS, a soft bronchoscope should be used, also
for the tracheotomy opening, which allows for a better assessment
of the condition of the lower respiratory tract, esophagus. A rigid
bronchoscope is used in cases of laryngeal resection, for an
adequate assessment of the condition of the cartilages, the distance
between the carina and the tracheostomy [58].The bronchoscopy
should investigate acquired or congenital anomalies including

tracheoesophageal fistula, malacia, extrinsic compression, or
injuries resulting from the suction or cannula. To keep interference
from bleeding throughout the examination, bronchoalveolar lavage
and biopsiesshought to follow. The identification of infections that
may compromise surgical outcomes requires a bacteriological
examination of secretions, thus averting challenges which includes
graft infections or anastomotic dehiscence.

Alongside bronchoscopy, esophagoscopy — using rigid or flexible
scopes — helps assess GER diesease and eosinophilic esophagitis [59].
While 24-hour pH monitoring or impedancemetry is more accurate for
diagnosing GOR, endoscopy can reveal erosive esophagitis. If the angle
of His is absent or the cardia opens directly into the gastric pouch,
chronic reflux may result. Biopsies of thickened or ringed esophageal
mucosa confirm eosinophilic esophagitis.

Decision Making. To achieve maximum surgical efficiency in
children with PILS of the larynx and trachea, a comprehensive
approach to the initial assessment is necessary. The proposed
classifications are necessary for an adequate assessment of the
stenosis degree. The previously described diagnostic methods can be
used both separately and in combination, leaving the final word to the
medical council. An important task of surgical treatment of stenosis
is the removal of the tracheostomy tube, which significantly improves
the surgery outcome, the quality of life of young patients. Successful
treatment ensures that laryngeal function is preserved, balancing the
need to reopen the airway with maintaining the patient’s ability to
protect against aspiration and communicate effectively.

Discussion

Our review was devoted to the topical issue of laryngeal and
tracheal stenosis that arose after intubation. We made a thorough
literature review on this topic, analyzed the factors influencing the
development of tissue scarring, defined classification systems and
modern diagnostic methods.

The incidence of post-intubation laryngeal stenosis is
approximately 30% [1, 6], although there is a wide variation in
subtypes of stenosis. Younger age, gastrointestinal reflux, and
comorbidities such trisomy 21 have been connected to a higher
incidence of these injuries [3, 8] as well as other patient-related
elements. Furthermore adding to the risk are procedure-related
factors including extended or traumatic intubation and the use
of large tubes, but the data supporting these links is sometimes
contradicting [2, 4, 5]. These differences highlight the need of
tailored patient evaluations and careful intubation methods to
reduce possible consequences [1, 2]. Defining these risk factors
and creating standardized processes for preventing post-extubation
laryngeal injury [3, 8] depend on additional research.

Over recent decades, the diverse presentations of LTS have driven
the development of multiple classification systems to standardize
definitions and guide management [12-14]. The Myer-Cotton
classification, for instance, categorizes stenosis severity based on
the percentage of luminal obstruction and is widely used for mature
subglottic lesions [12]. McCaffrey’s system extends this approach
by considering the anatomical involvement of the glottis, subglottis,
and trachea, which has proven useful in predicting decannulation
times [13]. The Lano—Netterville staging simplifies assessment by
focusing on the number of affected subsites, with surgical outcomes
correlating with each stage [14]. Moreover, recent consensus by
the European Laryngological Society has incorporated detailed
endoscopic evaluations and objective measurements to further refine
diagnostic precision and treatment planning [8].
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Combining extensive endoscopic assessments, including TNFL,
direct transoral laryngoscopy, and bronchoesophagoscopy with
thorough functional assessments including voice evaluation using the
GRBAS scale, spirometry, and radiological imaging like CT and MRI,
the diagnostic workup for LTS is this all-encompassing technique
guarantees correct stenosis mapping, comorbidity evaluation, and
finally directs customized therapy based on best results.

Limitations

For generalization of findings related to the available literature is
limited, as the search was related only to PILS. In addition, there
is heterogeneity in the data, which makes it difficult to combine
the results

Conclusion

Laryngeal stenosis in children is a complex condition that
significantly affects both short- and long-term health, making
accurate diagnosis and effective management crucial. Our review
highlights the importance of thorough diagnostic approaches, from
endoscopic exams to radiologic imaging, alongside understanding
patient- and procedure-related risk factors. By recognizing these risk
factors — such as prolonged intubation, younger age, and conditions
like GER - clinicians can better anticipate and work to prevent
complications.

Standardized tools like the European Laryngological Society’s
classification system and the Myer-Cotton grading help bring
consistency to diagnoses and treatment planning, but every patient’s
situation is unique. Because of this, we emphasize the need for
flexible, personalized approaches that cater to each patient’s specific
risks and needs.

Looking ahead, more research is needed to solidify the evidence
around risk factors and to refine diagnostic methods, ideally
making them less invasive for children. With a growing focus on
both prevention and individualized care, we hope to support better
outcomes and quality of life for young patients facing laryngeal
stenosis.
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