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ABSTRACT

Objective: To evaluate the management and outcomes of children with subglottic stenosis (SGS) at a pediatric tertiary center over 15 years.
Methods: The analysis included all the patients diagnosed with SGS during 2004 through 2018. Data were analyzed for age, sex, grade of ste-
nosis, numbers and types of intervention, tracheostomy, comorbidities, follow-up, complications, and treatment outcomes.

Results: In this period, we treated 16 children (2 girls and 14 boys) with SGS, seven with acute SGS and nine with chronic SGS. Evaluated on
the Myer-Cotton scale, nine (56%) patients had grade |, two (13%) had grade I, four (25%) had grade Ill, and one (6%) had grade IV SGS. Tra-
cheostomy was performed in 13 (81%) patients. Microlaryngoscopy was performed a median nine times in patients with acute SGS and seven
times in patients with chronic SGS. Eight of the 16 patients underwent successful decannulation, two patients have a tracheostomy to this

time, and two patients died.

Conclusion: We observed no patients with congenital SGS. We observed no statistically significant differences in the numbers of laryngosco-
pies, dilatations, and endotracheal intubations between patients with acute and chronic SGS. We observed no statistically significant relation-
ship between the grade of stenosis and length of intubation. We observed no statistically significant difference between patients with acute and
chronic SGS in the length of therapy. Early microlaryngoscopy with dilatation of stenosis using either bougie or balloon appears to be effective.
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Introduction

Subglottic stenosis (SGS) is a narrowing of the larynx occurring
from the vocal ligaments to the lower edge of the cricoid carti-
lage. SGS can be categorized by etiopathogenesis as congeni-
tal (primary) or acquired (secondary).

Stenosis can be described as congenital only when we are
certain that a child has had no larynx injury, caused either by
aspiration of a foreign body or by endotracheal intubation (1,
2). Because of advancements in intensive perinatal care of
premature or critically ill neonates, the number of intubated
neonates is increasing, which makes it difficult to determine
the incidence of congenital SGS (2). According to the litera-
ture, 5%-10% of stenoses are congenital and 90%-95% are
post-intubation (3-6).
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The most common cause of SGS is prolonged endotracheal in-
tubation, and SGS usually begins to manifest itself a few weeks
after extubation (2, 3, 7, 8). Stenosis develops over two to four
weeks (3). Several classification schemes are followed in deter-
mining the extent of stenosis. The Myer—Cotton scale is most
commonly used in children, and it divides SGS into four grades (9).

There is no consistent recommendation as to the procedure
to follow in cases of SGS in pediatric patients. The therapy is
completely individualized and depends on the degree, dura-
tion, and nature of stenosis as well as the age and overall con-
dition of the patient (4, 6, 10). Some studies showed a good
effect of balloon dilatation in pediatric patients (11, 12).

In this study, we aimed to evaluate the management and
treatment outcomes in children with SGS at a tertiary center.
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Methods

The study included patients with SGS, who from January
2004 to December 2018, underwent direct laryngoscopy
and dilatation under general anesthesia at the tertiary cen-
ter. The parents of all the children signed informed consent
and agreed to the treatment. The study was approved by the
institutional review board no 03-170220/EK (University Hos-
pital Brno). The data analyzed included sex, age, grade of ste-
nosis (endoscopic findings), number of intubations and their
duration, number of laryngoscopies and dilatations, and num-
ber of tracheotomized and decannulated patients. The data
were obtained from AMIS, the hospital information system.
The legal representative of each patient signed a consent to
the processing of the data and their use for scientific and
publication purposes.

The stenosis grade was evaluated using the Myer—Cotton clas-
sification (Figure 1). Patients with other airway pathologies that
was the only defect in this area (e.g. laryngomalacia with laryn-
geal wall collapse, subglottic hemangioma, subglottic cyst, or
laryngeal cleft) were excluded. Acute SGS is found within 30
days from extubation, whereas chronic SGS is stenosis found
more than 30 days after extubation. We used the endovascular
balloon and plastic bougies with increasing diameter for dila-
tation of SGS.

A balloon (Balloon Dilatation Catheter Tracoe GmbH) was de-
termined by the normal airway diameter for patient age. Bal-
loon dilatation was performed depending on how well it was
tolerated by the children. It was generally maintained between
15 atmospheres (atm) and 17 atm for 30 s to 1 min or up to
89% of oxygen saturation level. The procedure was repeated
an average of two times during the operation.

Rigid dilations using bougies were done under general anes-
thesia with increasing diameter endotracheal tubes, depending
on the patient’s age. Dilation was started with silastic (plastic)
bougies when stenosis prevented the introduction of a 3-mm
endotracheal tube.

The following statistical tests were used for statistical analysis:
Mann-Whitney U test, Fisher exact test, Pearson test, and lo-
gistic regression. The level of significance was set at p = 0.05.
The data analysis was performed using “Statistica, 2018, ver-
sion 13.0 (Tibco Software Inc., Palo Alto, USA)".

Results

Between January 2004 and December 2018 (15 years), SGS
was detected in 16 patients. Basic patient data is presented
in Table 1.

Main Points:

Subglotic stenosis in children is a very rare condition.

Even a single short-term intubation may lead to serious ste-
nosis.

Microlaryngoscopy with dilatation of the stenosis using ei-
ther a bougie or balloon appears to be a suitable method for
dealing with SGS in children.

Subglottic stenosis in children

Acute SGS was detected in seven patients. It was diagnosed
within median five days after extubation. Chronic SGS was de-
tected in nine patients within median 161 days after extuba-
tion. We observed no patient with congenital SGS. In one pa-
tient, SGS was detected as late as after 1,765 days (four years
and 10 months) and only randomly during airway management
for adenoidectomy.

The median ages at diagnosis were 12.9 and 33.5 months for
acute and chronic SGS patients, respectively; and 5% of pa-
tients were younger than 12 months of age when SGS was
detected. There was no significant difference in the age dis-
tribution of patients with acute versus chronic SGS (p = 0.46)
(Table 1). There was a correlation between age and cause of
SGS as it is evident that polytrauma is the most common
cause of intubation with increasing age (Figure 2).

There were two girls and 14 boys in the group; however, there
was no significant difference in the proportion of sex with re-
spect to the total number of patients (p = 0.7; Table 1).

Table 1. Patient data and comparison of outcomes between
acute and chronic SGS

Acute Chronic Total p

(7) (9) (16)
Median age (months) 12.9 335 16.3 0.46
Sex (M:F) 1:6 1:8 2114 0.7
Preoperative grade (M-C 0.06
scale)
l. 6 3 9
Il 0 2 2
M. 1 3 4
IV. 0 1 1
Postoperative grade (M-C
scale)
l. 5 5 10
Il. 0 0
. 0 0
IV. 0 0
Median number of 2 2 55 0.87
intubations
Median intubation time 9 5 6.5 1
(days)
Median number of MLB 9 7 8 0.87
without dilatation
Median number of 6 5 55 0.71
dilatation
Tracheostomy 4 9 13 0.19
No tracheostomy 2 1
Number of decannulation 2 5 7 0.6
patients

SGS: subglottic stenosis, M:F: male:female, M-C: Myer-Cotton classification,
MLB: microdirect laryngoscopy and bronchoscopy
*p < 0.05.
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Subglottic stenosis in children

Of the patients, 12% (n = 2) suffered from an associated air-
way defect, such as laryngomalacia and vocal cord synechia.
The study group included one patient with Down syndrome,
one with Schwachman-Diamond syndrome, and one female
patient with Apert syndrome. In two patients, Hirschsprung
disease was a secondary diagnosis.

On the Myer-Cotton scale, 56% of preoperative stenoses
were grade | (n = 9), 13% grade Il (n = 2), 25% grade Il (n = 4),
and 6% grade IV (n = 1) (Table 1). We observed no statistical-
ly significant relationship between the grade of stenosis and
length of intubation.

Laryngoscopy without intervention was performed a median
nine times in patients with acute SGS and seven times in pa-
tients with chronic SGS. The median numbers of dilatations in
acute and chronic SGSs were six and five, respectively. All pa-
tients with acute SGS were followed for a median 561.5 days,
whereas those with chronic SGS were followed for a median
483 days.

In all the patients, the airways had been managed at least once
using an intubation cannula, (i.e., 100% of the patients had ac-
quired post-intubation SGS). Prior to diagnosis, five patients
had been intubated only once (for polytrauma, bronchopneu-
monia, and epilepsy). The median number of intubations (two)
was the same in both the studied groups. We observed no sta-
tistically significant relationship between SGS grade according
to the M-C scale and the number of intubations (p = 0.47) or
SGS grade by the M-C scale and intubation duration (p = 0.15).

Airway tracheostomy was performed in 81% (n = 13) of pa-
tients. Two patients with tracheostomy did not return for
further check-ups. One of them had not had stenosis at the
last check-up, and the monitoring for this diagnosis was dis-
continued. We do not know whether or not he has been de-
cannulated. Two patients are still having the tracheostomy
cannula, whereas two patients expired. We observed no statis-
tically significant difference in the number of tracheostomies
performed between patients with acute and chronic SGS (p
= 0.19). Patients with acute SGS had tracheostomy cannulae
for a median 585 days and those with chronic SGS for medi-
an 487.5 days. Till date, decannulation has been performed in
seven patients. In three of those patients, their stenoses was
grade Il and in three patients it was grade | (Table 1, Figure
3) and one patient had grade IV stenosis. Children with grade
| stenosis and tracheotomy were the “difficult patients” with
other complications as SGS after intubation, Apert syndrome,
many surgeries under general anesthesia, recurrent granula-
tion tissue in tracheostoma, and others; or their family was not
cooperative.

Four patients had been born prematurely. Only two of them
had been intubated immediately after delivery for hypoxia and
asphyxia.

The most frequently chosen therapeutic procedure, dilatation
of stenosis using bougies, was performed in 64% of the pa-
tients (n = 65 — total number of dilatations) (Figures 4 and 5),
followed by endotracheal cannula in 18% (n = 18), balloon in
14% (n = 14), metal dilator in 2% (n = 2), and in one patient,
laser was used twice. We did not use cold steel techniques. Mi-
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Figure 1. Myer-Cotton scale.
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Figure 3. Relationship between Myer-Cotton grade and tracheostomy
and decannulation.

tomycin was repeatedly applied locally to the site of stenosis
during dilatations in one patient. All patients received 1-2 mg/
kg of prednisone for several days. We observed no statistically
significant difference in the numbers of laryngoscopies, dila-
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Figure 4. Subglottic stenosis (SGS) in a child before dilatation. 1 -
anterior commissure, 2 - SGS, 3 - trachea, 4 - vocal cords.

-

Figure 5. Subglottic stenosis (SGS) in a child four days after dilatation.
1 - anterior commissure, 2 - SGS, 3 - trachea, 4 - vocal cords.

tations, and endotracheal intubations between patients with
acute and chronic SGS. Similarly, there was no statistically
significant difference in the length of therapy between these
patients.

During the study period, conservative therapy failed in only one
patient, who had to undergo open surgical treatment, namely
laryngoplasty with the replacement of cartilage from the rib.
Stenosis began to develop two months after that operation.

Subglottic stenosis in children

Despite repeated dilatations by cannula, balloon, and bougies;
it progressed such that two years after the first surgery it was
again necessary to operate, and laryngotracheoplasty was per-
formed. Initially, a control laryngoscopy showed a completely
free lumen; however, stenosis began to develop again in the
second month after the operation. Thus, the stenotic part of
the larynx and trachea were resected and end-to-end anas-
tomosis performed. After this operation, the patient was only
being monitored and no further dilatations were necessary,
and the patient was decannulated. Antireflux therapy is not a
standard in all patients with recurrent stenosis and is adminis-
tered only if the patient has evidence of reflux.

Discussion

Between January 2004 and December 2018, SGS was di-
agnosed in 16 children. None of the patients had congenital
SGS, which corresponds to reports from studies abroad (2, 7).
Pelser et al. reported one (4%) patient having congenital SGS
from a total of 30 patients (13). According to the literature,
the incidence of congenital SGS is 1%-5% (3, 4). The patients
in our group ranged from one month to nine and a half years
in age. Studies from abroad show patient ages ranging from
one month to seven or 14 years (2, 7). Most patients within
our study were diagnosed with M-C grade | stenosis (Figure 3).
This finding does not correspond to data available in the liter-
ature reporting most patients with M-C grade Il stenosis (1, 2,
7). This could be due in part to subjective assessment of the
stenosis grade by surgeons. In our patients, we used imaging
examination methods only in patients when there was a risk
of diagnostic embarrassment. The M-C scale is the SGS clas-
sification system most commonly used in pediatric patients. In
adults, the Lan and McCaffrey classifications are additionally
used to assess the grade of laryngeal and tracheal stenoses
(14).

We observed no statistically significant relationship between
SGS grade according to the M-C scale and number of intuba-
tions or between SGS grade according to the M-C scale and
intubation duration. In our clinic, laryngoscopy is performed
under general anesthesia in patients with respiratory problems
after intubation. Airways are treated locally, even repeatedly, if
necessary. Dilatation in our patients was performed a median
five times, whereas studies from abroad report lower numbers
of dilatations, namely about two (2, 7). This difference is be-
cause of the fact that most studies state mean numbers; how-
ever, given the small numbers of total patients, it is statistically
more accurate to consider the median. In contrast to the other
studies mentioned here, there was one patient in our group
with grade IV, twice-recurring stenosis. This reflects a higher
number of necessary dilatations. Similarly, more dilatations
were required in a patient with chronic stenosis who had had
no airway tracheostomy. In general, there is no uniform rec-
ommended procedure that would define an ideal number of
dilatations, control laryngoscopies, or follow-up times for chil-
dren with SGS. The procedure is always individualized and also
depends upon a physician's experience as well as the tech-
nigue used in the dilatation (bougie, cannula, or balloon dilata-
tion). We observed no statistically significant difference in the
number of dilatations between patients with acute and chron-
ic SGS. The numbers of acute (43.8%) and chronic (56.2%)
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SGSs in our group were similar to those reported by Lee et al.?
The mean duration of intubation in our patients was 11.6 days
(median 6.5 days, ranging from several hours during the sur-
gery to a maximum of 36 days), whereas Cuestas et al. (7) re-
ported 15.8 days (ranging from four days to three months). The
data suggest that even one short-term intubation during sur-
gery may lead to stenosis of varying severity. This fact should
be borne in mind when taking a patient’s medical history.

Tracheostomy was performed in 57.1% of our patients with
acute SGS and 88.8% of patients with chronic SGS. In both
groups, decannulation was performed in 50% of cases. Four
patients with tracheostomy are no longer in our care as two
expired (one patient died as a result of chest burns, and the
second patient died of heart disease) and two failed to show
up for further examinations. According to Lee et al. (2) the
proportions of tracheostomized patients are 22.1% in acute
SGS cases and 100% in chronic SGS cases. We observed no
significant difference in the numbers of tracheostomized and
decannulated patients between the acute and chronic SGS
groups (Table 1).

The intervals between control laryngoscopies and dilatations
were chosen entirely individually according to the general con-
dition of the patient, severity of the stenosis, and established
practice of the surgeon. The data suggest, however, that dila-
tations and laryngoscopies initially occur more frequently. The
longer is the time of observation, the longer are the intervals
between individual examinations. Sources in the literature re-
port mean intervals of two to three weeks between dilatations
(2, 7). Patient follow-up after what can be termed “curing” is
completely individual.

We present our diagnostic and treatment results in patients
with SGS from the past 15 years. Owing to advancements in
intensive perinatal care, children who are born at the edge of
viability often survive and need long-term artificial lung venti-
lation. In pediatric patients with newly developed dyspnea and
stridor, it is necessary to bear in mind the possibility of post-in-
tubation SGS when taking the medical history. Even a single
short-term intubation may lead to serious stenosis. Both stri-
dor and dyspnea may occur within weeks of extubation. Our
results identified no significant differences in the numbers of
control laryngoscopies, dilatations, or intubations performed
prior to the discovery of stenosis between patients with acute
versus chronic SGS. Our results also indicated no correlation
between the grade of stenosis and number of intubations and
no relationship between grade of stenosis and intubation du-
ration. We observed no significant difference in our patients
regarding the duration of therapy. Microlaryngoscopy with dil-
atation of the stenosis using either bougie or balloon appears
to be an effective method for managing SGS in children. In
patients where endoscopic methods fail, an open surgical ap-
proach should be chosen.
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