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Association Between Length of Intubation and Subglottic Stenosis
in Children
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Objectives/Hypothesis: To investigate the role of the length of intubation and other risk factors in the development of
laryngeal lesions in children undergoing endotracheal intubation in an intensive care unit and to determine the incidence of
subglottic stenosis (SGS).

Study Design: Prospective study.
Methods: Children aged from birth to <5 years admitted to the Pediatric Intensive Care Unit of Hospital de Clinicas de

Porto Alegre who required endotracheal intubation for more than 24 hours were eligible. Children underwent flexible fiber-
optic laryngoscopy (FFL) after extubation. Those who presented moderate to severe abnormalities in this first examination
underwent another FFL between 7 and 10 days. If lesions persisted or symptoms developed, regardless of initial findings,
laryngoscopy under general anesthesia was performed.

Results: We followed 142 children. In the first FFL, 58 children (40.8%) had moderate to severe laryngeal lesions.
During follow-up, 16 children developed SGS, representing an incidence of 11.3% (95% confidence interval, 7.1–17.5). Multi-
variate analysis showed that for every 5 additional days of intubation, there was a 50.3% increase in the risk of developing
SGS, and for each additional sedation doses/day, there was a 12% increase in the same outcome.

Conclusions: In this first prospective research protocol in children, we found a higher incidence of SGS than in most
previous studies. The length of intubation and the need for additional sedation doses appear to be key factors for the devel-
opment of SGS during endotracheal intubation.
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INTRODUCTION
Until the late 60s, subglottic stenosis (SGS) was

predominantly considered a congenital condition. With
the increased use of mechanical ventilation (MV) in chil-
dren, the reported incidence of acquired SGS due to
endotracheal intubation has increased considerably, from
0.9%1 to 24.5%.2

Risk factors for the development of laryngeal
lesions after intubation remain unclear. A better under-
standing of these risk factors is key to transforming
laryngeal stenosis into a preventable complication of

intubation. The aim of this study was to investigate the
role of the length of intubation and other risk factors in
the development of laryngeal lesions in children under-
going endotracheal intubation in an intensive care unit,
as well as to determine the incidence of SGS in this
population.

MATERIALS AND METHODS
Patients undergoing endotracheal intubation in the Pedi-

atric Intensive Care Unit (PICU) of Hospital de Clinicas de
Porto Alegre (HCPA) were selected for the study. Inclusion crite-
ria were patients aged from birth to <5 years requiring
intubation for more than 24 hours. Informed consent was
obtained from parents or guardians before children were en-
rolled in the study. Exclusion criteria were history of dysphonia
or stridor, prior intubation, current or past tracheostomy, cra-
niofacial malformations (this information was ascertained
together with the parents to exclude conditions that could pose
important biases, as they could result in undiagnosed SGS
before intubation). Patients identified as terminal by the PICU
staff were also excluded, as it would be unethical to burden
those patients with research procedures while discussing end-
of-life terms with the family.

Parents were interviewed within the first 24 hours of
admission to the PICU to collect data regarding pregnancy,
comorbid conditions, and previous hospitalizations. Data con-
cerning the diagnosis and intubation procedures, such as
number of attempts, level of training of the physician perform-
ing the procedure (pediatric resident or pediatric intensivist),
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size of endotracheal tube (ETT), and presence or absence of
cuff, were obtained from the medical staff.

Concerning the PICU routines, all intubation procedures
(except some that were urgent) followed a protocol of fast intu-
bation sequence, with usage of midazolam, fentanyl, and
rocuronium. The size of the tube was determined by guidelines
from the American Heart Association,3 and the tubes used were
the Portex (Portex Limited, Kent, UK) or Rusch (Teleflex Medi-
cal, North Carolina, USA) brand. Verification of tube size
adequacy is done by evaluating the difference of inspiratory and
expiratory tidal volumes, as measured by the PICU assistant;
tube size is considered adequate when there is a difference of
around 20% to 25% between the two measured volumes; if the
difference is greater than that or the condition present is itself
severe enough to require high ventilatory parameters, then the
tube size is changed or a cuffed tube is used. The cuffed tube
option does not follow any particular recommendation; the indi-
cation is subjective, according to PICU assistant impression
that the patient is going need higher ventilation pressures.
When used, the insufflation pressure of the cuff is measured by
the nurse assistant and kept under 20 cm H2O. Tube fixation is
performed by the PICU nurse assistant, with an appropriate ad-
hesive bandage; and the verification of tube fixation and the
dead space is performed on each shift (three times a day). The
children who have undergone intubation are sedated with mida-
zolam 0.2 mg/kg/hour and fentanyl 2 mcg/kg/hour continuously.

During their stay in the PICU, children were monitored
daily for events like repositioning of ETT by the staff, number
of reintubations, need to increase sedation, or use of additional
doses to maintain the desired level of sedation. The need for
extra doses of sedation was evaluated through a subjective eval-
uation done by the PICU medical staff. This evaluation was
based on parameters like respiratory response, physical move-
ment, blood pressure, heart rate, and muscle tone, among
others, but without the use of an objective scale. The authors
did not influence whether or not extra sedation was used during
patients’ PICU stay.

Patients underwent flexible fiber-optic laryngoscopy (FFL)
in the first 8 hours after extubation, with an Olympus ENF-P4
fiber-optic laryngoscope (Olympus, Tokyo, Japan), with an outer
diameter of 3.4 mm, no side channel for suction or biopsy. The
fiber-optic laryngoscope was connected to a camera and video
monitor and to a Pinnacle video capture/transfer device (Pinna-
cle Systems, California, USA).

Examinations were performed at bedside in the PICU,
without use of sedation, by two researchers (D.M., C.S.). Patients
were positioned across the bed, without neck hyperextension,
while oximetry and cardiac monitoring were maintained. As the

examinations were performed in the first hours after extuba-
tion, all patients were receiving supplemental oxygen via nasal
cannula, which was maintained during the procedure. After
positioning, the patient was immobilized by the nursing staff,
and a lidocaine hydrochloride 2% gel was applied in the nasal
cavity and around the endoscope. Complications were recorded
by the examiner immediately after the examination. Minor com-
plications included desaturation to 85% with rapid recovery,
mild nasal bleeding, and laryngospasm not requiring positive
pressure ventilation. Desaturation below 85%, bradycardia, and
laryngospasm requiring intubation or positive pressure ventila-
tion were considered severe complications.

The recorded videos were evaluated by an investigator
(G.K.) blinded to other patient data. The examinations were clas-
sified into two groups. The first group encompassed normal
examinations and those with mild lesions (edema, hyperemia,
hemorrhage, and nonobstructive laryngomalacia) (Fig. 1). Mod-
erate or severe lesions (laryngeal immobility, obstructive
laryngomalacia, ulceration, and granulation of the posterior
glottic or subglottic tissue) were included in the second group
(Fig. 2). Laryngomalacia was classified as obstructive when it
blocked visualization of the glottis and subglottis.

The children who were classified as normal or with mild
alterations were followed up on an outpatient basis a month af-
ter discharge from the hospital. If they were asymptomatic,
monthly telephone contact was maintained until 12 months of
follow-up. Parents were questioned about the presence of laryn-
geal symptoms (stridor, dysphonia, swallowing disorders, and
laryngitis episodes). Patients with moderate to severe lesions in
the first FFL following extubation were submitted to a second
FFL in 7 to 10 days after extubation. If that exam turned out to
be normal, they were followed up in the same manner as chil-
dren from the first group. Persistent lesions detected in review
FFL warranted treatment and follow-up with the otolaryngol-
ogy staff. These patients and those who presented laryngeal
symptoms during follow-up (even if classified as normal in the
first FFL) underwent examination under anesthesia, and in the
follow-up those who developed SGS were classified according to
Myer-Cotton.4 It is important to emphasize that all families
were oriented to bring their children exclusively to the research
medical staff whenever respiratory symptoms developed. None
of the patients had a diagnosis established without being sub-
mitted to direct laryngoscopy.

Statistical analysis was performed with PASW Statistics
version 17.0.2 (IBM, Somers, NY). Quantitative variables were
expressed as mean 6 standard deviation when distribution was
normal. Otherwise, they were described by median, 25th and
75th percentiles, and minimum and maximum values, with

Fig. 1. Postextubation flexible fiber-optic laryngoscopy: normal
subglottis; hemorrhage in right vocal cord.

Fig. 2. Post-extubation flexible fiber-optic laryngoscopy: granula-
tion in right vocal cord and subglottis.
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Mann-Whitney U test for difference between strata. Categorical
variables were described by number of patients (n) and percent-
age (%). Fisher exact test with v2 distribution was used to test
for difference between proportions. Multivariate analysis was
performed using Poisson regression with robust variance. Wil-
son’s score method was used to calculate 95% confidence
interval (CI).

This study was approved by the research ethics committee
of HCPA under the number 05–266.

RESULTS
A total of 175 patients were eligible for enrollment

from November 2005 to October 2010, of which 170
agreed to participate. Of these, two underwent tracheos-
tomy for prolonged MV, 15 progressed to death before
extubation, and 11 others died after the initial examina-
tion; all were considered as lost to follow-up (16.5%).
The study sample consists therefore of 142 patients who
completed the study and for whom the necessary data
for analysis were fully available (Fig. 3).

The median age was 3.1 months, ranging from 0.3
to 59.5 months, and 84 (59.2%) patients were male. As
for diagnosis, 62% presented with bronchiolitis, 19.7%
with other respiratory disorders, 8.4% with meningitis,
and 9.9% due to other causes. The median interval
between extubation and the initial FFL was 6 hours,
ranging from 15 minutes to 7 hours 50 minutes. The me-
dian duration of the examination was 3 minutes 30
seconds, ranging from 1 to 6 minutes. Three children
experienced oxygen desaturation to 85%, which recov-
ered spontaneously without intervention, allowing for
the completion of the examination. Only one child had a
fall in oxygen saturation to 75%, which reversed with
oxygen supplementation through a Venturi mask, not
requiring reintubation. However, the procedure had al-
ready been completed and the recorded data were
analyzed.

The subglottic region was adequately visualized (in
360 degrees) in 116 patients (81.7%) and partially in 17
(12%). In nine patients (6.3%), the subglottis was not
visualized, in four cases because of obstructive laryngo-
malacia and in five due to the presence of glottic
granulation tissue. These patients underwent further ex-
amination in 7 to 10 days.

On the initial FFL, 58 children (40.8%) had moder-
ate to severe laryngeal lesions. Of the 84 children with
normal FFL, one developed laryngeal symptoms and
underwent direct laryngoscopy, in which SGS was
diagnosed afterwards. In the group that underwent a
second FFL because of moderate to severe lesions on
the initial examination, 15 children presented SGS
eventually (Fig. 4).

The incidence of SGS in the sample was 11.3% (95%
CI, 7.1–17.5). Of the 16 children with SGS, two (12.5%)
had grade I SGS, five (31.25%) grade II, six (37.5%)
grade III, and three (18.75%) grade IV.

Data regarding group characteristics after the sec-
ond FFL are presented in Table I. Univariate analysis
revealed a significant difference (P < .05) in number of
reintubations and use of a cuffed ETT.

Three models of regression were built using multi-
variate Poisson regression. These models included the
variables with P < .2 in the univariate analysis, which
were considered clinically relevant by the researchers
(Table II). In all three models, the number of days of
intubation and additional doses of sedation per day of
intubation significantly affected the investigated out-
come, whereas the use of a cuffed ETT and the number
of reintubation procedures did not. Thus, the final model
including only two variables showed that for every 5
additional days of intubation, there is an increase of
50.3% in the risk of developing SGS, and for each addi-
tional dose of sedation per day, there is a 12% increase
in the same outcome.

Fig. 3. Study flowchart. FFL ¼
flexible fiber- optic laryngoscopy;
MV ¼ mechanical ventilation; SGS ¼
subglottic stenosis; TQT ¼ tracheos-
tomy; *¼ diagnosis confirmed by
laryngoscopy under general
anesthesia
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DISCUSSION
Bedside FFL without anesthesia, after the extuba-

tion of children in a PICU, was recently evaluated and
proven useful and safe.5 In our case series, there was
only one significant complication, which did not require
reintubation or discontinuation of the procedure. More-
over, only one child who later developed SGS presented
a normal or mildly abnormal FFL immediately after
extubation, showing great sensitivity of the first evalua-
tion to identify acute lesions that should be followed
after extubation with laryngoscopy performed under an-
esthesia if patients develop symptoms or lesions persist
and to serve as a screening tool.

It is emphasized again that all children who had a
second flexible laryngoscopy procedure with an altered
result or who developed symptoms underwent subse-
quent direct laryngoscopy as many times as needed in
follow-up. As reported by Hawkins,6 the process of an
airway lesion repair begins with granulation tissue that
is progressively replaced by collagen that, depending on
its extension, will exert minor or major distortions on
airway architecture, possibly leading to stenosis. Consid-
ering this, patients were classified according to Myer-
Cotton only weeks after extubation, when SGS were
steadily settled. Of the 16 children with SGS, the two
with grade I SGS needed no treatment. All of the re-
mainder were treated with endoscopic or open surgery.

Currently, it is agreed that laryngoscopy performed
with general anesthesia is a better exam for evaluating
the subglottic region. The goal of the present study was
to evaluate all children after extubation, regardless of
symptoms. However, it would not be reasonable to indi-
cate a procedure needing general anesthesia to a patient
with only a few hours of extubation. Considering the
frame-by-frame analysis in FFL that can be seen on the
first two figures of the article, it is feasible to choose
whether a patient could be clinically followed up or effec-
tively needs laryngoscopy under anesthesia for a better
definition of laryngeal lesions. If FFL results created
any doubt about laryngeal conditions or if the child
became symptomatic regardless of the initial exam, the
patient was warranted direct laryngoscopy. As a screen-
ing examination, based on the data collected from this
study, we have found that FFL has a sensitivity of
93.7%, a specificity of 65.9%, a positive predictive value
of 25.9%, and a negative predictive value of 98.8%, thus
performing well in this context.

To our knowledge, this is the first prospective
research protocol evaluating the incidence of postintuba-
tion SGS and its potential risk factors in children, by
carrying out FFL in all of them. The incidence described

Fig. 4. Laryngoscopy under general anesthesia: grade II subglottic
stenosis.

TABLE 1.
Groups’ characteristics and univariate analysis..

Subglottic stenosis n ¼ 16 Normal larynx n ¼ 126 P

Age (months) 4.19 (1.43 – 13.14) [1 – 58.7] 2.88 (1.69 – 6.59) [0.3 – 59.5] 0.488

Male sex (%) 8 (50%) 76 (60.3%) 0.434

Gestational age (weeks) 38.5 (36.25 – 40) [32 – 41] 38 (35.75 – 40) [24 – 42] 0.684

Attempted intubations 1 (1.0 – 1.0) [1 – 3] 1 (1.0 – 1.0) [1 – 10] 0.304

Reintubations 0.5 (0 – 1.0) [0 – 2] 0 (0 – 0) [0 – 4] 0.017

Days of intubation 9 (5.25 – 15.75) [3 – 33] 7 (5.0 – 9.0) [1 – 31] 0.068

Additional doses of
sedation/days ETT

8.61 (6.65 – 14.62) [5 – 21.2] 7.72 (4.64 – 11.0) [0 – 17.8] 0.070

Cuffed tube 7 (23.3%) 9 (8.0%) 0.044

Quantitative variables are described by median, 25th and 75th percentiles (in parentheses) and minimum and maximum (in brackets). Categorical varia-
bles are described by number of patients (n) and percentage (%). P value represents significance of Poisson univariate regression.

TABLE 2.
Risk factors in the multivariate analysis.

Variable Relative risk CI 95% P

Model 1

Days of intubation 1.07 1.02–1.12 0.005

Additional doses of
sedation/days ETT

1.09 1.02–1.18 0.012

Cuffed tube 2.02 0.74–5.52 0.171

Model 2

Days of intubation 1.06 1.00–1.13 0.037

Additional doses of
sedation/days ETT

1.12 1.04–1.21 0.001

Reintubations 1.29 0.78–2.13 0.314

Final Model

5-day periods of intubation 1.50 1.19–1.91 0.001

Additional doses of
sedation/days ETT

1.12 1.04–1.19 0.001

ETT: endotracheal tube
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in the literature is quite variable, either because of lack
of uniformity in the classification of laryngeal lesion
(Myer-Cotton,1,5 mild/moderate/severe,2 airway diameter
<4 mm,7 need for intervention8,9) or in the denominator
(all patients in MV1 or patients in MV for different peri-
ods: more than 7 days,2 more than 48 hours,8 more than
24 hours5). When compared with most studies, the inci-
dence of SGS after extubation in our study was higher.
This is probably because we included all patients extu-
bated regardless of symptoms, unlike most studies that
considered the presence of symptoms to indicate the en-
doscopic examination of the larynx. Moreover, most of
the available studies on this subject were held in the
Neonatal Intensive Care Unit (NICU), and young age
seems to be related to greater tolerance of laryngeal
injury, as demonstrated in an experimental study that
compared rabbits aged 4 weeks, 8 weeks, and 18
months.10 In the present study, the median age of the
group that developed SGS was higher than the normal
group (4.2 vs. 2.9 months), but this difference did not
reach statistical significance.

Regarding risk factors for laryngeal lesions during
intubation, it is clear that the information available in
the literature is often conflicting and, in most cases, gen-
erated from studies with inadequate designs.

Length of intubation is traditionally regarded as
the most relevant factor in the development of laryngeal
lesions. Several studies in adults strongly suggest that
this hypothesis is true.11,12 In the pediatric population,
some authors have reported finding this association in
neonates.2,13 This study is the first to show this associa-
tion in children beyond the neonatal period. However,
the development of SGS in children with a short intuba-
tion time suggests that laryngeal lesions secondary to
intubation are probably part of a multifactorial phenom-
enon, involving both patient-related factors and
endotracheal intubation itself. For example, two children
in our sample developed SGS with only three days of
intubation. Analyzing these two patients individually,
we see that one of them was in the upper percentiles of
additional doses of sedation per day of ETT (80th per-
centile). Although this seems to be an important factor,
such reasoning does not apply to the other patient,
which was in the 50th percentile, reinforcing the hypoth-
esis that other factors are involved in the development
of laryngeal injuries after intubation.

The presence of simultaneous respiratory infection
is another known risk factor.14 In the study, of those
who presented with SGS, 94.1% had a respiratory dis-
ease warranting intubation. Of those who did not, 79.4%
had the same etiology. We have analyzed this difference
in proportion using the v2 test, but it failed to demon-
strate significance (P ¼ .26), possibly because of
insufficient number of events.

Regarding the use of additional doses of sedation, it
can be inferred that the need for additional sedation is
an indirect measure of the patient’s level of agitation.
However, despite many texts suggesting that agitation is
a risk factor for laryngeal lesions, possibly provoked by
friction between the tube and neighboring airway mu-
cosa, there are no studies addressing this issue

objectively. The ideal design would involve measuring
patient agitation in the PICU with existing validated
scales,15 which were not applied in this study. The sub-
jective evaluation done by the medical staff regarding
the need for extra doses of sedation is undoubtedly a li-
mitation of the study. We are planning to include
standard sedation scores on our evaluation soon.

Uncuffed tubes are usually recommended for chil-
dren younger than 8 years, because the normal subglottic
narrowing would allegedly provide a ‘‘functional cuff.’’16,17

However, this practice has been reviewed in the light of
studies showing that the incidence of postextubation stri-
dor is similar among patients using cuffed and uncuffed
tubes.16,18 This study also found no evidence that a cuffed
tube increases the risk of developing laryngeal lesions.

Finally, regarding the number of reintubation pro-
cedures, Nicklaus et al.7 described a low incidence of
SGS and argued that perhaps this is due to the NICU
routine, where the mobilization of tubes is avoided. In
our case series, the number of reintubations, although
statistically significant in the univariate analysis, lost
its significance when length of intubation was included
in the model. In our PICU, the mobilization of ETT is
avoided, and the statistical analysis shows that the im-
portant factor is the length of intubation and not the
number of reintubations.

Historically tracheostomy was indicated to prevent
laryngeal damage during MV.19,20 According to a random-
ized prospective study, there is benefit of an early
tracheostomy approach during MV in adults.21 Further
studies are necessary to define the benefit of tracheos-
tomy after a specific time period of intubation versus the
risks of a surgical procedure in the pediatric population.

CONCLUSION
In this prospective research protocol in children, we

found a higher incidence of SGS compared to most previ-
ous studies. The length of intubation and the need for
additional doses of sedation appear to be critical factors
for the development of SGS during endotracheal intuba-
tion. Further studies are needed to better identify the
population at risk of airway stenosis after intubation,
aiming at the development of screening and early treat-
ment programs for these patients.
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